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578. ONTOGENIES OF TWO UPPER CAMBRIAN TRILOBITES 

FROM NORTHERN BLACK HILLS, SOUTH DAKOTA':' 
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Introduction 

In the summer of 1962 the senior 
author, Dr. Christina LOCHMAN-BALK, 
and a few students of the Department 
of Geology, New Mexico Institute of 
Mining a nd Techno logy, had a Summer 
Field Camp around the Black Hills, South 
Dakota, to study the Cambrian strati­
graphy and paleontology. Among the 
various co llections, a small sample was 
obtained from about half way to the top 
of the Moll section, Bear Butte, south­
eastern Deadwood City, northern Black 
Hills. The material weighs approxi­
mately 5 kgs. , and is of light gray color. 
It is a fine to medium crystalline lime­
stone, filling with a few small intrafor­
mational pebbles and abundant of disar­
ticulated trilobite fragments . It is very 
fossiliferous and contains AjJhelasjJis 
walcotti RESSER, ClajJhyrasjJis parva 

* Received Jul y '1, 1970 ; read Sept. 12, 
1970 a t Na t !. Sci. Mus. , Tok yo. 

• • P resent adress: E arth Science Depart ­
me nt , Che ng K un g U ni vers it y , Taina n, T a i­
wa n, R epubli c of China . 
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(WALCOTT), CheilocejJ/wlus sp., and inar­
ticulate brachiopods specimens. 

Preparation of the co llection by the 
senior author yielded over 266 cranidia, 
70 pyg idia, 97 librigenae, 6 hypostomata, 
and 201 immature forms of AphelasjYis 
walcott i ; 76 cranidia, 41 pygidia, 32 
librigenae, 6 hy postomata, and 49 im­
mature forms of ClajJhyraspis jJarva 
(WALCOTT) ; 6 rather poorly preserved 
f ragments of CheilocejJ/wlus sp., and a 
larger numbers of inarticulate brachio­
pods. Because the material was collected 
from the same limited position and hori­
zon, it is believed that each of the gene­
ra is represented by a single species 
within ·which intraspecific variation may 
be observed. 

Two trilobites are described here: 
A jJhelasjJi s walcotti and Claphy1·aspis 
jJarva. They are interpreted as the same 
ecolog ical habitants, and the morphologic 
variations within a single population are 
possib ly sex ual as in so many recent 
arthropods; there are distinctive differ­
ences between the male and the fema le 
forms. The male individuals are !J1Qre 



62 Chnng-I-hmg Hu and Li-Lin TAN 

abundant than the female and often 
possess a small body size. The onto­
genetic separation and the sex ual recog­
nition are based on the schemes in the 
senior author works (Hu, 1968a, b). 

The senior author wishes to express 
his thanks to Dr. K. E. CASTER, Univer­
sity of Cincinnati, Ohio for his supervi­
sion. Thanks also go to Drs. Christina 
LOCI-! MAN-BALK, New Mexico Institute 
of Minin g and Technology, New Mexico 
for her fi eld guidance, and D. S. ]OHNSO 1, 

University of Singapore, for kindl y read­
ing over the present manuscript. 

All of the figured specimens are stored 
in the Geology Museum of Cincinnati, 
Ohio (U. C. M.). 

Systematic Paleontology 

Famil y Pterocephaliidae 

KOB AY ASHI, 1935 

Genus Aphelaspis RESSER, 1936 

A /Jhelaspis walcott i RESSER 

Pl. 8, fi g s . 1- 36; Pl. 9, fi gs _ 34- 36 ; 
.. t ext :fi gs. 1A- N 

A pheLasjJis wa lcoll i R Ess ER , 1938, p. 59, pl. 
13, 14; PALMER, 195'1, p. 746, pl. 86, fi gs. 
2, '1- 8; SHAW, 1956, p. 51 , pl. 3, figs. 1- 6; 
P ALMER, 1962, p. 33, pl. 4, fi g s. 24, 28, 33; 
R ASETT I, 1965, p. 76, pl. 18, fi gs. 10- 20. 

Aphelaspis simulans R ESSER , 1938, p . 59, pl. 
13, fi gs. 19- 21. 

A phelaspis minor R AS ETT I, 1962, p. 89, pl. 
19, figs. 18- 25. 

Aphelaspis transversa R ASETTI , 1962, p. 88, 
pl. 16, figs . 21- 27. 

R emar!zs : The present species is re­
presented by a few hundreds of both 
mature and immature specimens which 
permitted a detailed study of individual 
variati"on and of morphogenesis during 
their ontogenetic developmental stages. 

According to the cranidia and pygidia, 
the adult forms can be segregated into 
two clear different groups which sepa­
rate from each other in a single distinct 
feature. One group is characterized b y 
a less relieved cranidium, shallow axial 
and frontal furrows, weakly convex gla­
bella, preglabellar field moderately slop­
ing downward and somewhat convex, 
anterior border flat , librigena with ocular 
platform broad and of low convexity, 
and the short genal spine rather rapidl y 
tapered ; pygidi um ovate-transverse and 
with the posterior margin bending sli­
ghtly inward. The other group is chara­
cterized by a highly relieved cranidium, 
deeper axial and frontal furrows, strong­
ly convex glabella, preglabellar field and 
anterior border more convex, fi x igena 
convex and directed upward, librigena 
with ocular platform narrow and of 
high convexity, and the long genal spine 
gently tapered ; pygidium semicircular­
transverse and without posterior mar­
ginal border notch. 

It is postulated that these slight but 
consistent diffe rences in the adult exo­
skeletons are the expressions of sexual 
dimorphism. The first group is tenta­
ti vely regarded as the female form and 
the second as the male form. The sex ual 
ratio of the present species is about 182. 
The largest female cranidium is about 
1.2 em in length (sag.), that of the male 
is 1.0 em (sag.) only. 

Careful examination of both female 
and male groups indicates that the 
length of the male glabella is statisti­
cally shorter than that of female and 
tapers shortl y, however these features 
are by no means constant (compare pl. 
8, figs. 30, 33 to 32, 36) and some males 
may show both longer and nearly sub­
quadrate glabella resembling those of 
the female. The distinct character be­
tween the fem ale and the male forms 
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is that the male cranidium always pos­
sesses deeper dorsal furrows (compare 
pl. 9, figs. 35 to 34, 36) than the female, 
and that of female is shallower. 

The species Aphelaspis transversa, 
Aphelaspis minor reported by RASETTI 
(1965) from Tennessee, and Aphelaspis 
walcotti illustrated by SHAw (1956) from 
Wyoming, possessing the deeper dorsal 
furrows and shorter glabella are syno­
nymized as the male form of the present 
species. Aphelaspis buttsi (KOBA Y ASH!) 
and Aphelaspis lata RASETTI reported 
by RASETTI from Tennessee present 
similar structure as those found in 
Aphelaspis walcotti and presumably be­
long to a single species, the morpholo­
gical differences being sexual. 

The ontogenetic development of the 
present species is similar to that of 
Aphelaspis subditus PALMER (Hu, 1969) 
and Aphelaspis sp. (PALMER, 1962), ex­
cept that the present species shows the 
anaprotaspid shield consisting of four 
axial segments; this is the earliest larva 
known. The metaprotaspid shield shows 
faintly impressed cephalic segmental 
furrows on the fixigenal area ; both of 
these features are well conformed with 
many other species as reported by the 
author (Hu, 1968a, b) and STq)RMER (1942). 

Aphelaspis walcotti RESSER, ontogeny 

Anaprotaspid stage (Pl. 8, fig. 1, and 
text-fig. lA). The shield is round, con­
vex, about 0.25-0.28 mm in length (sag.). 
The axial lobe is well defined by dorsal 
furrows, narrowly cylindrical, and di­
vided into four indistinct rings; the an­
terior lobe or the first axial ring is broad 
and expanding forward, and the follow­
ing three are narrower and of uniform 
width. The pleural lobe is convex and 
about twice as wide as the axis (tr.). 
The distinctly impressed anterior pits 

are situated on the sides of the frontal 
lobe. Short paired supercilioid ridges 
extend postero-laterally from the sides 
of the frontal lobe. The surface is co­
vered with fine granules. A narrow 
but well defined border surrounds the 
shield margin, and a longitudinal fissure 
is faintly impressed along the central 
axis. 

The present stage is represented by 
only one specimen which is low convex, 
and in which the axial lobe and rings 
are indistinctly marked compared with 
those of the later stages. This pheno­
menon may indicate that the skeleton 
is thin and has low hardness at this 
stage, and so is deformed due to the 
compaction of the sediments. 

Metaprotaspid stage (Pl. 8, figs. 2, 3 and 
text-fig. lB). The shield is round in 
outline, convex, about 0.29-0.32 mm long 
(sag.). The axial lobe is slenderly cylin­
drical and divided into five axial rings 
by well defined dorsal and ring furrows ; 
the first ring or the frontal lobe is round 
and convex, and a pair of short super­
cilioid ridges extending laterally from the 
sides ; the second to fourth axial rings 
are of about the same size, convex, and 
marks with faint fissure along the cen­
tral axis ; the last or the occipital ring 
is smaller than the previous one, which 
is round and located on the posterior 
margin of the shield. The pleural lobe 
is convex, about twice as wide as the 
axis (tr.). The surface of the shield is 
covered by medium sized granules. A 
pair of deeply marked pits is situated 
on the sides of the frontal lobe, and the 
pleural lobe is faintly impressed by two 
or three pairs of postero-laterally direc­
ted furrows. 

The present stage differs from the 
previous one is that the axial lobe has 
five axial rings. 

Paraprotaspid stage (Pl. 8, figs. 4-8 and 
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Text-figure 1. A growth sequence of Aphelaspis walcotti REssER. A, Anaprotaspis, 
x 45; B, Metaprotaspis, x 45; C, D, Paraprotaspides, x 50; H, G, Early meraspides, 
x 40, x 35; F, E, Late meraspides, x 30, x 20; I, A "male" pygidium, x 4; J, A "female" 
pygidium, x 4; L, M, A "male" cranidium and a librigena, x 4, x 3; K, N, A "female" 
cranidium and a librigena, x 4, x 5. (all drawings were made from photographs.) 
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text-figs. lC, D). The shield is rounded 
or subcircular in outline, convex, about 
0.32-0.40 mm in length (sag.). The gla­
bella is divided by rather deeply im­
pressed ring furrows into a large frontal 
lobe, three uniform glabellar segments, 
and a small occipital ring. The frontal 
pits are distinct and triangular. The 
palpebral lobe is narrow, well delimited 
by a furrow, and continuous with the 
palpebral ridge towards the posterior 
lateral margin of the frontal lobe. The 
fixigena is about one and a half as wide 
as the glabella, convex, and with the 
narrow posterior border well delimited 
by a border furrow. The posterior 
border curves slightly postero-laterally 
and continues into a short and broad 
fixigenal spine directed backward. The 
protopygidium is lenti-form, convex, 
sloping downward steeply behind of the 
cranidial shield. One or two segments 
are visible. The axial ring is oval­
transverse and convex above the pleural 
lobe. The pleural lobe is low and has 
single interpleural groove. The surface 
is covered by medium sized granules. 

The main characters of the present 
stage are that the protopygidium ap­
pears, the fixigena becomes narrower, 
and the central axial fissure is absent. 

Early ·meraspid stage (Pl. 8, figs. 9-13 
and text-figs. lH, G). The cranidium is 
regularly trapezoidal in outline, convex 
and about 0.45 to 0.60 mm in length 
(sag.). The glabella is nearly cylindrical 
but expanding slightly forward. It is 
divided into four convex segments; the 
first glabellar segment is the largest, 
convex, and marked with a pair of 
lateral pits at the margin ; the second 
to fourth are equal in size. The occi­
pital ring is narrower than those of the 
glabellar segments, convex, and with a 
minute median nodule. There is a nar­
row, forwardly arched anterior border 

appears in front of the glabella. The 
convex fixigena is about the same width 
as the glabella (mid-line, tr.), with the 
narrow and well elevated palpebral lobe 
situated in front of the mid-length of 
the glabella. The palpebral ridge is 
elevated, curving continuously from the 
palpebral lobe and directed to the sides 
of the first glabellar segment. The 
posterior fixigenal furrow is distinctly 
impressed, horizontal and curving for-· 
ward before ending at the extreme 
lateral border. The anterior facial 
suture is short and convergent-convex, 
and the posterior one is broadly diver­
gent-convex. The surface is covered by 
medium sized granules. 

The distinct characters of the present 
stage are that the cranidium is trape­
zoidal in outline, the glabella and the 
fixigena are about the same width (tr.), 
and the anterior border has appeared. 

Late meraspid stage (Pl. 8, figs. 14-18, 
20 and text-figs. lE, F). The cranidium 
is trapezoidal, convex, about 0.80-1.6 mm 
in length (sag.). The glabella is cylin­
drical or slightly tapering forward, con­
vex, divided into four segments by in­
complete or complete glabellar furrows. 
The occipital ring is crescentic, convex 
both vertically and posteriorly, and 
bearing a tiny median tubercle. A nar­
row preglabellar field appears in be­
tween the glabella and the anterior 
border, and is flat to slightly convex. 
The anterior border is convex, arches 
slightly forward and is well delimited 
by a frontal furrow. The fixigena is 
narrower than the glabella, horizontally 
convex or slightly sloping upward. The 
palpebral lobe is sickle-shaped, convex, 
well demarked by a palpebral furrow, 
and its anterior end is continued by the 
narrow and well elevated palpebra.! ridge. 
The anterior facial suture is slightly 
divergent-convex, whereas the posterior 
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facial suture is divergent and straight. 
The surface of the exoskeleton is faint­
ly granulated. 

The present stage is distinguished 
from the previous one in having the 
glabella parallel sided or slightly taper­
ing forward; the glabellar furrow com­
plete ; fixigena narrower than the gla­
bella ; the palpebral lobe sickle-shaped 
and situated on the mid-line of the 
glabella (tr.), and the posterior fixigena 
is greatly reduced in width (sag.). 

Remarks: The morphologic changes 
of the present species during its onto­
genetic development very closely resem­
ble those of Aphelaspis sp. (PALMER, 
1962), APhelaspis subditus PALMER (Hu, 
1969), Dunderburgia ? anyta (HALL & 
WHITEFIELD) (Hu, 1968a). Parabolinoides 
contractus FREDERICKSON (HU, 1969), and 
Parabolinoides nwustonus Hu (Hu, 1970).. 
The similarities suggest that these 
genera form an allied group perhaps 
are family level? 

Figured spzcimens: Anaprotaspis, 
U. C. M. 40309; Metaprotaspides, U. C. M. 
40309a-b; Paraprotaspides, U. C. M. 
40309c-g; Early meraspides, U. C. M. 
40309h-l ; Late meraspides, U. C. M. 
40309m-q, s; Immature pygidium, U.C.M. 
40309u; Hypostoma, U. C. M. 40309t. 

Female form: Cranidia, U.C.M. 40309d', 
h', i' ; Pygidia, U. C. M. 40309v, y, a'; 
Librigena, U. C. M. 40309g'. 

Male form: Cranidia, U. C. M. 40309r, 
z, b', c', e', j', k'; Pygidia, U. C. M. 
40309w, x; Librigena, U. C. M. 40309f'. 

Family Lochocephalidae HuP£, 1953 

Genus Glaphyraspis RESSER, 1937 

Glaphyraspis parva (WALCOTT) 

Pl. 9, figs. 1-33 and text-figs. 2A-O 

Liostracus parva WALCOTT, 1899, p. 463, pl. 

65, fig. 6. 
Glaphyraspis parva (WALCOTT), RESSER, 

1937, p. 12; LocHMAN & Hu, 1962, p. 438, 
pl. 68, figs. 7-52; RASETTI, 1965, p. 40, 
pl. 10, figs. 9-17. 

Raaschella ornata LoCIIMAN, 1938, p. 82, pl. 
18, figs. 6-10; PALMER, 1954, p. 767, pl. 
98, figs. 7-9. 

Raaschella occiden.talis LocHMAN, in LocH­

MAN & DUNCAN, 1944, p. 43-44, pl. 4, 
figs. 1-5. 

Glaphyraspis omata (LocHMAN), RAsETTI, 

1961, p. 1.12; PALMER, 1962, p. 93, pl. 19, 
figs. 15-19, 26, 27 and text-fig. 2C, and 
1965, p. 51, pl. 7, figs. 15-17, 20-22; 
RASETTI, 1965, p. 41, pl. 10, fig. 8, and 
pl. 11, figs. 13, 14. 

Glaphyraspis ode1·i RASETTI, 1965, p. 41, pl. 
10, figs. 18-22. 

Remarks: The material from the Moll 
section consists of about 250 mature-and 
immature specimens. The specimens 
are interpreted as representing the dis­
articulated moults of a single popula­
tion of Glaphyraspis parva which were 
normally the habitants of the area dur­
ing the early Aphelaspis zone period. 
The smallest immature is about 0.22 mm 
and the largest adult 1.8 mm in length 
(sag.), and the series forms a very con­
tinuous growth sequence between these 
limits. 

A detailed comparison of the speci­
mens of this population reveals that 
two kinds of intraspecific variant can 
be recognized in the cranidia, librigenae, 
and pygidia. One group is characterized 
by a shorter nearly subtrapezoidal gla­
bella, broader ocular platform, and hav­
ing the rounded pygidium well marked 
by larger pleural nodes; the other group 
by a slightly rectangular-oblongus gla­
bella, narrow ocular platform, and hav­
ing the pygidial margin without distinct 
node. These morphologic variations 
again possibly represent the sexual dif­
ferences within the same species popula-
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Text-ftgure 2. A growth series of Glaphyraspis parva (WALCOTT). A, Anaprotaspis, 
x 60; B, C, Dorsal and lateral views of a metaprotaspis, x 60; D, E, Two paraprota­
spides, x 60, x 55; F, An early meraspis, x 35; G, H, Two late meraspides, x 25, x 20; 
I, M, A male and a female Iibrigenae, x 20; J, N, A male and a female pygidia, x 14, 
x 20; K, Hypostoma, x 14; L, 0, A female and a male cranidia, x 12, xI l. (all draw­
ings were prepared by tracing the outline from photographs.) 
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tion, as seen in Aphelaspis walcotti. The 
first group is tentatively designated as 
the male form and the second as the 
female. The sex ratio is 123. 

It seems that the ornamentations of 
fine to coarse granules, and the occipital 
median tubercle, present on the dorsal 
surface of the exoskeleton may have no 
actual specific significance since within 
the same population these features may 
or may not preserved and are very 
variable. They thus appear to be in­
dividual variations. 

The species Glaphyraspis oderi report­
ed by RASETTI (1965) from Tennessee, G. 
ornata by PALMER (1965, pl. 7, figs. 16, 17 
only) from Nevada and G. occidentalis 
by LOCHMAN & DUNCAN (1944) from 
Montana all possessing elongate glabella 
are possibly the female form of G. 
parva, whereas those of G. parva by 
WALCOTT (1899) from Yellowstone Park, 
G. ornata by RASETTI (1965) from Ten­
nessee, by LaCHMAN (1938) from Texas, 
and PALMER (1965, pl. 7, figs. 15, 20-22) 
from Nevada all having the shorter 
trapezoidal glabella are presumably the 
male form. Those cranidia illustrated 
by SHAW (1956), RASETTI (1965, pi. 10, 
figs. 9-16 & 1961, p1.22, figs. 14-17),and 

· LOCHMAN & Hu (1960, pl. 97, figs. 1-8) 
with nearly parallel sided glabella do . 
not belong to this species. 

Glaphyraspis parva (WALCOTT), 

ontogeny 

Anaprotaspid stage (Pl. 9, fig. 1 and 
text-fig. 2A).-The shield is about 0.20-
0.22 mm in length (sag.), moderately 
convex, and with no clear dorsal fur­
rows. The axial lobe is slightly elevated 
and with a round node at both the an­
terior and posterior ends. 

In the present stage the specimen!> 

surface shows no any distinct characters, 
except for a pair of elevated nodes at 
the anterior and posterior margins, 
which suggest the orientation of the 
shield. The specimen is presumably as 
early larva of this species before the 
metaprotaspid stage, and the distinctive 
characters arise later in ontogeny. It 
is the earliest and the smallest specimen 
which has been recovered from the ma­
terial, the specimen been also slightly 
deformed and possibly indicates that the 
skeleton was thin and not well hardened 
in this stage. 

Metaprotaspid stage (Pl. 9, figs. 2, 3 
and text-figs. 2B, C).-The shield is sub­
circular, convex, with well differentiated 
axial and pleural lobes, and about 0.23 
to 0.28 mm in length (sag.). The axial 
lobe extends the full length of the shield, 
expands slightly anterioly, and is indis­
tinctly divided into five convex seg­
ments. The pleural lobes are convex, 
swelling laterally along the margin, and 
of about the same width as the axial 
lobe. The anterior pits are indistinctly 
impressed, a pair of superciliary eye 
brow ridges extends posterolaterally 
from the sides of the first axial segment 
-the frontal lobe. 

The present stage differs from the 
previous one in having the axis and the 
pleural lobes well differentiated, and 
the axis divided into five convex seg­
ments. The stage can presumably be 
correlated to the stage assigned by 
PALMER (1962, p. 93) to the anaprotaspid 
stage. 

Paraprotaspid stage (Pl. 9, figs. 4-8 
and text-figs. 2D, E).-The shield is 
convex, about 0.30-0.35 mm long, sub­
circular and divided into cephalic and 
protopygidial shields by a distinct su­
ture. The cephalic shield is trapezoidal 
in outline, convex, and ·well differen­
tiated into axial and pleural lobes by 
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distinct dorsal furrows. The axial lobe 
is expanded forward from the small 
occipital ring, divided into four unequal 
segments ; the anterior segment being 
the largest. The fixigena is about the 
same width as the axis and convex 
along the lateral margin. A pair of 
indistinct anterior pits is impressed 
on the sides of the first glabellar seg­
ment. The narrow supercilioid ridges 
run postero-laterally from the sides of 
the frontal lobe along the anterior fixi­
genal border. The posterior fixigenal 
border is deeply separated by a border 
furrow; it is narrow and curves poster­
iorly at the extreme lateral end. The 
protopygidium slopes steeply downward 
from the posterior cephalic margin. It 
is presumably lenti-form and consists of 
one or two segments. 

The· present stage is equivalent to 
PALMER's (1962) metaprotaspid and early 
meraspid stages, and it is mainly chara­
cterized by the presence of the proto­
pygidium and broadened posterior fixi­
genal border, but no anterior border has 
yet appeared. 

Early mer.aspid stage (Pl. 9, figs. 9-12, 
20 and text-fig. 2F).-The cranidium is 
trapezoidal in outline, convex, about 
0.40 mm in length (sag.). The glabella 
is regularly oblong with parallel sides, 
convex, and divided into four transverse 
segments. The glabellar furrows are 
all shallow across the central axis and 
deepen laterally. A pair of faint pits 
impressed on the sides of the first gla­
bellar segment. The occipital ring is 
deeply separated by an occipital furrow, 
is convex posteriorly, and bears a minute 
median node. The anterior border is 
narrow, distinctly marked by a frontal 
furrow, and arched forward. The fixi­
gena is about the same width as the 
glabella on the mid-line (tr.), convex. 
The narrow palpebral lobe located late-

rally, and the palpebral ridge is elevated, 
running continuously from the anterior 
end of the palpebral lobe direct to the 
sides of the first glabellar segment. The 
posterior fixigenal furrow is broad and 
deep, with the elevated marginal border 
slightly wider than the occipital ring. 
The anterior facial suture is very short 
and convex, and the posterior one is 
broadly divergent-convex. 

The pygidium is semicircular in out­
line, convex, transverse, and consists of 
4 or 5 disankylosed segments. The axis 
is conical, tapers slightly posteriorly and 
is marked with distinctly convex axial 
rings. The pleural lobe is flat or slight­
ly convex along the inner marginal 
border and is wider than the axis. The 
pleural bands end with a pair of short 
broad spines. The skeletal surface is 
covered by dense granules, and a pair 
of large nodes is on the lateral ends of 
each pygidial segment. 

The present stage is characterized by 
the oblong glabella, narrow anterior 
border, and the disankylosed pygidial 
segments. 

Late meraspid stage (Pl. 9, figs. 13, 17, 
21, 27, 28 and text-figs. 2G, H).-The 
cranidium is rectangular in outline, con­
vex, about 0.50 to 0.70 mm in length 
(sag.). The glabella is cylindrical but 
tapering forward, and with a rounded 
anterior margin. The glabellar furrows 
are complete but the anterior one is 
shallower than the next. The occipital 
ring is crescentic convex, and well deli­
mited by the occipital furrow, and 
marked with a minute median granule. 
A narrow preglabellar field appears in 
front of the glabella ; it is flat or slight­
ly depressed. The anterior border is 
narrower than the preglabellar field, 
gently convex, arching slightly forward, 
and with the median notch directed to 
the glabella. The fixigena is narrower 
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than the width of the glabella bet­
ween the palpebral lobes (tr.), convex, 
and the narrow small palpebral lobe is 
located in front of the mid-line of the 
glabella (tr.) ; its end is continuous with 
the well-elevated palpebral ridge for­
ward to the anterior glabella. The pos­
terior fixigena is rather broadly convex, 
and has the posterior border about the 
same length as the occipital ring (tr.). 

fine or medium-sized granules, and 
parallel ridges are marked along the 
anterior cephalic border. 

The present stage is differentiated 
from the preceding one in having the 
glabella conical ; a preglabellar field; 
fixigena narrower ; and subtriangular 
pygidium. It is differentiated from the 
holaspis by the slender glabella; by the 
frontal furrow absence of the median 
notch; and the transverse-triangular 
pygidium. 

The librigena has generally the same 
form as that of the adult but slightly 
narrower and the free margin curves 
gently. The pygidium is subtriangular 
in outline, and has no marginal spine. 
All of the exoskeleton is covered by 

Remarl<s: PALMER (1962) reported a 
growth series of Glaphyraspis "ornata" 
from Nevada. The skeletons are beau­
tifully preserved and silicified, showing 

Explanation of Plate 8 

Aphelaspis walcotti RESSER 

Fig. 1. Anaprotaspid shield, showing four axial segments, x 45, U. C. M. 40309. 
Figs. 2, 3. Two metaprotaspides, showing five axial segments and a longitudinal fissure 

along the central axis, x 45, U. C. M. 40309a; x 45, U. C. M. 40309b. 
Figs. 4-8. Five paraprotaspid shields, showing the appearence of the protopygidia, 4, 

x50, U.C.M. 40309c; 5, x50, U.C.M. 40309d; 6, x50, U.C.M. 40309e; 7, x50, 
u. c. M. 40309f; 8, X 45, u. c. M. 40309g. 

Figs. 9-13. Five early meraspid cranidia, showing the presence of the anterior border, 9, 
x35, U.C.M. 40309h; 10, x30, U.C.M. 40309i; 11, x40, U.C.M. 40309j; 12, x25, 
u. c. M. 40309k; 13, X 30, u. c. M. 403091. 

Figs. 14-18, 20. Six late meraspid cranidia, showing the .presence of the preglabellar 
field, 14, x30, U.C.M. 40309m; 15, x25, U.C.M. 40309n; 16, x20, 40309o; 17, x17, 
U. C. M. 40309p; 18, x 14, U. C. M. 40309g; 20, x 10, U. C. M. 40309s. 

Figs. 19, 29, 30, 33. Top views of a few male cranidia, 19, x 4.5, U. C. M. 40309r; 29, 
x 3.3, U. C. M. 40309b'; 30, x 3.5, U. C. M. 40309c'; 33, x 4, U. C. M. 40309e'. 

Fig. 21. A complete hypostoma, x 8, U. C. M. 40309t. 
Fig. 22. An immature pygidium, showing the disankylosed thoracic segments, x 20, 

U. C. M. 40309u. 
Figs. 23, 26, 28. Three female pygidia, showing the rounded posterior marginal border, 

x 23, x 6, U. C. M. 40309v; 26, x 3, U. C. M. 40309y; 28, x 4, U. C. M. 40309a'. 
Figs. 24, 25. Two male pygidia, x 7, U. C. M. 40309w; x 4, U. C. M. 40309x. 
Fig: 27. Front view of a male cranidium, showing the deep dorsal furrow, x 4, U. C. M. 

40309z. 
Figs. 31, 32. Front and top views of a nearly complete female cranidium, showing the 

shallow dorsal furrow, x 3, U. C. M. 40309d'. 
Fig. 34. A male librigena, showing the narrow ocular platform, x 3, U. C. M. 40309f'. 
Fig. 35. A female librigena, x 5, U. C. M. 40309g'. 
Fig. 36. A nearly complete female cranidium, showing the subquadrate glabella, x 3, 

U. C. M. 40309h'. 
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both ventral and dorsal well. The smal­
lest shield "anaprotaspis" bears a pair 
of posterior fixigenal spines, and demon­
strates the common structure held by 
most of the trilobite larvae. It is un­
fortunate that PALMER gives only a 
few figures ; more photographs would 
possibly show the complete growth se­
quence and the adult variations. 

The ontogenetic development of the 
present species is most closely similar 
to that of the Welleraspis lata HOWELL 
(Hu, 1964), Welleraspis swartzi (TASCH), 
Welleraspis lochmanae Hu, (Hu, 1969), 
and Pemphigaspis bulla/a HULL (Hu, 
1968b), indicating that these species are 
phylogenetically closely related. Here 
RASETTI's (1959) taxonomic assignment 
(Family Lonchocephalidae) and PALMER's 
(1962, p. 95) interpretation are strongly 
supported. 

Figured specimens: Anaprotaspis, 
U. C. M. 40310; Metaprotaspides, U. C. M. 
40310a-b; Paraprotaspis, U. C. M. 
40310c-g; Early meraspides, U. C. M. 
40310h-k; Late meraspis, U. C. M. 
403101; Immature librigena, U. C. M. 
40310t; Hypostoma, U. C. M. 40310w. 

Female form: Cranidia, U. C. M. 
40310m, n, q, b', f'; Pygidia, U. C. M. 
40310c', d'; Librigena, U. C. M. 40310r. 

Male form: Cranidia, U. C. M. 40310o, 
u, x, e'; Pygidia, U. C. M. 40310s, y, z, 
a'; Librigena, U. C. M. 40310v. 
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Explanation of Plate 9 

Giaphyrasj;is parva (WALCOTT) 
F ig. 1. A s lightly defo rmed anaprotaspid shi eld, showing no di s tin ct a x ial segments, 

X 60, u. c. M. L10310. 
F igs. 2, 3. Two metaprotasp id s hie ld s, s howing the we ll differentiated dorsa l furrows 

and axia l rings, x 60, U. C. M. 40310a; x 60, U. C. M. <10310b. 
F igs. 4-8. Five paraprotaspid shi eld s, showing t he appearence of protopygidi um , 4, x 60, 

U.C.M. 40310c; 5, x 50, U.C.M. 40310d ; 6, x 55, U.C.M. 40310e; 7, x'10, U.C. M. 
40310g. 

F igs. 9- 12. Four ea rl y merasp id cranidi a, no t ice the presence of the anterior border, 9, 
x 35, U.C.M. 40310h; 10, x 35, U.C.M. 40310i ; 11, x 35, U.C.M. 40310i; 12, x 30, 
U. C. M. 40310k. 

F ig. 13. A la te meraspid cranidium, showing the appea rence of t he preglabell ar fie ld , 
X 25, u. C. M. '103101. 

F igs. 14, 15, 18, 29, 33. A few female cranidi a , showin g t he rectangula r-oblon gus g labell a, 
14, x 20, U.C.M. 40310m; 15, x 22, U.C.M. 40310n; 18, x 24, U . C.M. 40310q; 29, 
X 15, u. c. M. 40<U0b'; 33, X 12, u. c. M. <10310£'. 

F igs . 16, 22, 25, 32. Four male cranidia, sho win g th e trapezoidal g labell a, 16, x 22, U. C. M . 
40310o; 22, x 15, U. C. M. 40310u ; 25, x 20, U. C. M. 40310x; 32, x 11, U. C. M. 40310e'. 

Figs. 17, 21. Two immature li brigenae, x 20, U. C. M. 40310p ; x 26, U. C. M. 40310t. 
Fig. 19. A fema le li brigena, x 20, U. C. M. 40310n. 
F igs. 20, 26- 28. Four mal e pygidia, 20, x 30, U. C. M. '10310s; 26, x 14, U. C. M . '10310y; 27, 

x 11, U. C. M. 40310z ; 28, x 30, U. C. M. '10310a' . 
F ig. 23. A mal e libri gena, x 20, U . C. M . 40310v. 
F ig . 24. A hypostoma, x 14, U. C. M . 40310w . 
F igs. 30, 31. T wo fe male pyg idi a, sho wing the smaller pleural granules, x 17, U. C. M. 

40310c'; X 20, U. C. M. 40310d'. 
Aph.elaspis wa/cotti RESSER 

F igs. 34, 36. T wo ma le cranidia, showin g the deeper dorsal furrows and longer g labellae, 
x 6, U.C. M. 40309j'; x 4, U.C.M. 40309k'. 

F ig. 35. A fema le cranidium , showin g t he sha ll ow dorsal f urrows, x 3.6, U. C. M. 40309i' . 
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Introduction and Acknowledgments 

The fossil bryozoans described in the 
present article form the first record of 
the phylum from Okinawa-jima. The 
specimens were collected by Dr. Hiroshi 
NonA of the Institute of Geology and 
Paleontology, Tohoku University, during 
his field work and fossil collecting in 
several parts of Okinawa-jima in the 
winter of 1969. The bryozoans are all 
from the single newly discovered local­
ity in the lower part of a cliff newly cut 
for the purpose of building a fertillizer 
mixing tank, and situated near to the 
Yagena Harbor, Yonagusuku-son in the 
south-central part of the Island. 

The purpose of this article is to des­
cribe the bryozoan fauna and thus con­
tribute to the geological distribution of 
the phylum in the Cenozoic rocks of 
Japan and to aid in the establishment 
of a bryozoan chronological scale for 
Japan. 

Here the writer expresses her thanks 
to Professor Kotara HATAI of the Insti­
tute of Geology and Paleontology, To-

* Received July 15, 1970; read June 27, 1970 
at the Ibaraki University, Mito. 
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hoku University, for his kindness and 
guidance throughout the course of the 
present work. Thanks are due to Dr. 
Hiroshi NonA of the same Institute for 
his kind offer of the specimens and valu­
able information on the stratigraphic 
position of the fossils. Appreciation is 
due to Messrs. Kimiji KUMAGAI and Sho­
hei 0TOMO of the same Institute for 
their photographic work. 

Notes on the Stratigraphy of the 

Fossil Bryozoan Sandstone Beds 

The fossil bryozoans described in the 
present article were collected with other 
fossil invertebrates by Hiroshi NonA 
from a newly cut cliff not far from the 
Yagena Harbor, Yonagusuku-son in the 
south-central part of Okinawa-jima (Text­
fig. 1). This cliff measures about 20 
meters in width and more than 10 meters 
in height, and in it is exposed the fol­
lowing sequence. In the lower part of 
the cliff is developed the Yonabaru Clay 
of a little more than 8 meters in thick­
ness and its base is not exposed. Super­
posed on the Y onabaru is a laminated 
sandstone of about 50-60 em in thickness, 
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Text-fig. l. Map showing the position of the fossil localities. 

succeeded upward with about 3m thick 
fossiliferous sandstone (bryozoans and 
molluscs), and a 5 m thick white tuff 
intercalated with siltstone at the top. 
The sandstone situated above the Yona­
baru Clay is correlated by NonA with 
the lowest part of the Shinzato Tuff of 
MACNEIL (1960). The mentioned sequ-

ence was not exposed at the time of 
MACNEIL's survey. 

The stratigraphic position of the Shin­
zato Tuff according to the classification 
by MACNEIL (1960) is as shown in Table 1. 

The stratigraphic sequence observed 
in the newly cut cliff is remarkably 
similar to that of the type locality (MAC-
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Table l. Stratigraphic classification of 
the younger Neogene rocks in Okinawa­
jima, according to MAcNEIL (1960). 
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<..) 

0 

~ 

NEIL, 1960). 

Machinato limestone 

Yontan c 
limestone ( Residuum= 
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in part 

I 
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.2 Absent? 1 

0 I 
member 

E - - - - --- ---.L~~"'-------~__, 
>- I 

.E 1 i> Clay and 
.~.... !UQ; 
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E 1-@E ---------
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The fossil bryozoans are from the 
fossiliferous sandstone mentioned above, 
and in association there were found 
abundant, well preserved specimens of 
gastropods, bivalves and solitary corals. 
The gastropods and bivalves are now 
being studied by NooA. 

The geological age of the Shinzato 
Tuff was stated to be Miocene or Plio­
cene by MACNEIL, but NODA is in the 
opinion that the basal part of the for­
mation which is represented by the fos­
siliferous sandstone mentioned above 
may be Early Pliocene in age (oral com­
munication). 

The Fossil Bryozoa 

The fossil bryozoans washed out of 
the fossiliferous sandstone are repres­
ented by 33 species distributed among 
20 genera (Table 2). These bryozoans 
are rather well preserved as shown in 
the annexed plates and represent the 

first record of the phylum from the Is­
land. From the occurrence of the bryo­
zoans some interesting features can be 
recognized concerning their geographic 
distribution (Text-fig. 2). Among the 33 
species distinguished in the fauna, only 
13 are in common with the fauna of the 
so-called " Ryukyu Limestone" (KAT A­
OKA, 1960). The Ryukyu Limestone is 
superposed with unconformity upon the 
Shinzato Tuff in Okinawa-jima and thus 
one would expect a larger number of 
species mutual between the two forma­
tions. Probably bottom control and local 
ecological factors played an important 
role in establishing the dissimilar bryo­
zoan fauna of the Ryukyu Limestone 
and Shinzato Tuff. Only two species 
(Steganoporella magnilabris (BusK) and 
Parasmittina trispinosa (JOHNSTON)) seem 
to be cosmopolitan in distribution, being 
recorded from the Philippine Region, Kii 
Peninsula, Sagami Bay and its vicinity, 
Tsugaru Strait and Mutsu Bay, Off Florida 
and Tortugas Islands, Galapagos Islands, 
Panama Canal Zone, the Cenozoic of 
Venezuela, Pleistocene of Kikai-jima and 
the Quaternary of Louisiana. The re­
maining species are all of Indo-Pacific 
distribution, Recent and fossil. Since 
none of the 33 species are known from 
the waters around the Kuril Islands and 
Hokkaido, it is evident that the fauna 
is a typical Indo-Pacific one. The two 
species ( Caberea hataii OKADA and Para­
smiltina trispinosa (JOHNSTON)) that have 
been recorded from Mutsu Bay in north­
ern Northeast Honshu seem to be, at a 
glance, species having relation with cool 
water temperature. However, it is known 
that the bay is influenced by the warm 
water Tsushima Current; the same two 
species are also known from off Florida 
and Tortugas Island. Thirteen of the 33 
species are known from the Philippine 
Islands and neighboring seas. Three spe-
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Table 2. Distribution of the Bryozoa; numbers refer to Text-fig. 2. 

, - --.=-----_ Distribution 11213141516171819110111112113114115116 Genus and species --__ 

Antropora tincta (HAsTINGs) · · · · · · · • • • • · • · • · · · • · · · · · · · ·l·i· · · · · · · · ··+I I 
Cranosina coronata (HINCKS) •.•......•••.......•.... + . ·r·. . . . ... I ...... + 
Copidozoum planum (HINCKS) • · · · · · · · • • • • · • • · · · · · · · · · · · + · · · · · · + 
Steganoporella magnilabris (BusK) • · · · · • · · · · · · · • · · · · + + + + · · ·"j"· + · ·'· · · · + + 
Thalan:oporella novae-hollandiae (HASWELL) · · · · · • · · + · J ·i· · · J · · · · · · · · · · · · .

1

+ 
Cellana punctata (BusK) • · · · · · · · · · · • · • • · · · · · · • • • · · · · · · + +I+ · · · · · · · · · · + 
Caberea halaii OKADA · · • • · · · · · · · · · · · · · · • · · · · · • · · · · · · · + · · · · + 
Schizomavella ovoidea CANU & BASSLF-Il · · · · · · • · · · · · + · · · · · · · · · · · · · · · · + 
S. sp. 

Cleidochasma biavicularia (CANU & BASSLF-R) · · · · · · + · · · · · · · · · · · · · · · · · · · · · · + 
C. bassleri (CAL VET) · • · · · · · · · · · · · · · · · · · · · · · • · · · · · · • · • · · · · · + 
C. granifera (CANU & BASSLER) · · · · · · • • · · • · · · · · · · · · + 
C. aff. fallax (CANU & BASSLER) • · · · · · • • · · · · · · · · · · · · · · · · · · · · · · · · · · • · • · · · • · · · + 
Hippoporella spinigera (PHILIPPS)···················· + 
Cigclisula occlusa (BusK) · · · · • · • · · · · · · · • · · · · · · · · • · · · · + 
Mucronella sp. I 
Parasmittina aviculoumbonata KATAOKA · · • · • · · · • · • · · · · · · · · · · ·1· · · · · · · · · · · · · · + 
P. spathulata (SMnT) · · · · · · · · .. ·. · · .. · · · · · · · · · · · · · · · · · · + · · + · ·1+ 
P. peristoaviculata KATAOKA · · · · · · · · · ·• · · · · ...•. · • . . · · · ·, + 
P. trispinosa (JoHNSTON) ••...•........................ + .. + + .... + + + .... 

1

1+ 
Smittina sp. 

Smittoidea acaroensis (LEVINSEN) · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · .

1

. · · · · · + 
Rhynchozoon aff. grandicella CANU & BAssLER I 
R. sp. 1 

? I I I R. (.) sp. t 

- I ,1 Adeonellopsis arculifera (CANU & BASSLER) · · · · ·. ·. + 
A. subteres (ROEMER) 

A. yarraensis (WATERS) · · · · • · • · • · • · • • • • • • • · · · · · · · · · + · · · · + · · · · · · · · · · · · · · + · · + 
Holoporella palmata (MICHELIN) 

H. sp. 

Costazia rad~ata (ORTMANN) · · · · · · · · · · · · · · • · · · · · · · · · + + + +1· ' · · · · · · · · · · .,. · + 

~~":i':;;:;:~",:,:'~:~: ~A;~<~C~~,~~~~ • •••••••••• : j__ J----~~ 

cies (Steganoporella magnilabris (BusK), 
Cellaria puncta/a (BusK) and Costazia 
radiata (ORTMANN)) extend their range 
northward to the Izu Peninsula, Shizuoka 
Prefecture and six are known from the 
Kii Peninsula, Wakayama Prefecture. 

Thus as mentioned above, the bryo­
zoan fauna is typically Indo-Pacific in 
geographical distribution. However, ex­
planation for the difference in the bryo­
zoan biota between the Shinzato Tuff 
and superjacent "Ryukyu Limestone" 
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Text-fig. 2. Index map of localities showing geographical distributions. 

1. Philippine Region. 2. Kii Peninsula. 3. Izu Peninsula. 4. Sagami Bay and its vicinity. 
5. Tsugaru Strait and Mutsu Bay. 6. Kuril Islands and neighbouring district. 7. Gulf of 
Mexico. 8. Off Florida and Tortugas Islands. 9. Panama Canal Zone. 10. Galapagos Islands. 
11. Quaternary of Louisiana. 12. Cenozoic of Venezuela. 13. Pleistocene of Kikai-jima. 14. 
Miocene of Hokkaido. 15. Tertiary of Southwest Victoria. 16. Tertiary of New Zealand. 

must be reserved until the bryozoans 
from more localities of the two forma­
tions have been studied. 

The environment of the bryozoan 
fauna, so far as the present locality is 
concerned, is judged to have been a 
warm water inner neritic zone area prob­
ably not influenced directly by the open 
sea although free connection therewith 
is evident from the assemblage of the 
bryozoans, gastropods and bivalves. 

Descriptions and Remarks 

on th~ Bryozoa 

Order Cheilostoinata BusK, 1852 

Suborder Anasca LEVINSEN, 1909 

Family Hincksinidae CANU 

& BASSLER, 1927 

Genus Antropora NoRMAN, 1903 

Antropora tincta (HASTINGS, 1930) 

Pl. 10, fig. 1. 

1930. Crassimarginatella tincta HASTINGS, p. 
708, pl. 5, figs. 16-19; pl. 17, fig. 120. 

1950. Antropora tincta (HAsTINGS); OsBURN, 

p. 54, pl. 4, fig. 7; pl. 29, figs. 7, 8. 
1965. Antropora tincta (HASTINGS); MAWA· 

TAR!, p. 600. 

Description: Zoarium encrusts shell 
fragment. Zooecium oval, distal part 
narrower than proximal. Gymnocyst 
vestigial or wanting. Mural rim smooth 
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and not bearing spines, cryptocyst nar­
row. Vestigial avicularia triangular and 
small at proximal end of each zooecium. 
One septule located on distal wall. No 
dietellae. Ovicell not found. 

Measurements (in mm): 
Zoaria: Lz=0.60-0.64, Wz=0.44-0.48; 
Opecia : lop=0.40-0.42, wop=0.32-0.36. 

Distribution: Recent : Galapagos Is­
lands, Panama Canal Zone (HASTINGS, 
1930), Point Conception, California to 
Peru a-nd Galapagos Islands [4-143 m] 
(OSBURN, 1950). 

Depository: IGPS coil. cat. no. 91480. 

Genus Cranosina CANU & BASSLER, 1933 

Cranosina coronata (HINCKS, 1881) 

Pl. 10, fig. 4. 

1881. Membranipora coronata HINCKS, p. 147, 
pl. 10~ fig. l. 

1882. Membranipora coronata HINCKS; HIN­

CKs, p. 118. 
1920. Ellisina coronata (HINCKs); CANU & 

BASSLER, p. 126. 
1926. Setose!!ina coronata (l-IINCKS); HARM: 

EI~, p. 265, pl. 16, figs. 2-4. 
1929. El!isina coronata (HINCKs); CANU & 

BASSLER, p. 104, pl. 7, figs. 9, 10. 
1953. Cranosina coronata (HINCKs); BAss­

LER, p. 160, fig. 122, 6. 
1960a. Cranosina coronata (l-IINCKs); KATA­

OKA, p. 227, pl. 25, fig. 7. 

Description: Zoarium encrusting. Zoo­
ecia large, without gymnocyst, aperture 
occupying the entire front; spines want­
ing. Cryptocyst narrow but deep, strong­
ly tuberculate, particularly at the sides 
of opecia. Avicularium at distal end of 
each zooecium placed transversely. Pore­
chambers and ovicells not found. 

Measurements (in mm): 
Zooecia: Lz=0.80-1.04, Wz=0.56-0.60; 
Opecia : lop=0.48-0.56, wop=0.20-0.24. 

Distribution: Recent: Philippine, Cey­
lon (HINCKS, 1881 and 1882), Celebes, New 
Guinea [18-32 m] (HARMER, 1926), Philip­
pine Region [53-104m] (CANU & BASSLER, 
1929). Pleistocene: Kikai-jima (KATAOKA, 
1960a). 

Depository: IGPS coli. cat. no. 91481. 

Family Calloporidae NORMAN, 1903 

Genus Copidozoum HARMER, 1926 

Copidozoum Planum (HINCKS, 1880) 

Pl. 10, fig. 2. 

1880. Membranipora plana l-IINCKS, p. 81, pl. 

11, fig. 2. 
1923. Membranipora vibraculoides OKADA, p. 

223, fig. 25. 
1930. Copidozoum planum (l-IINCKS); HAST­

INGS, p. 713. 
1950. Copidozoum planum (HINCI<S); OsBURN, 

p. 73. 
1965. Copidozoum planum (l-IINCKS); MA\L"­

TAI~J, p. 601, fig. 54b. 

Descri}Jtion: Zoarium encrusting. Zoo­
ecia moderate size, distinct, oval. Gymno­
cyst slightly developed, and cryptocyst 
narrow, descending to center, crenated. 
Mural rim smooth, without spines. Inter­
zooecial avicularia placed scattering. 
Ovicell globose, perforated With small 
pores. Dietellae and septules not found. 

Measurements (in mm): 
Zooecia : Lz=0.60-0.72, W z=0.32-0.44; 
Opecia: lop=0.48-0.60, wop=0.24-0.32; 
Interzooecial avicularia : 

lav=0.48, wav=0.20; 
Diameter of ovice\1=0.32. 

Distribution: Recent: Panama Region 
[18-55 m] and Galapagos Islands [9-11 m] 
(HASTINGS, 1930), Straits of Korea [218 
m] (OKADA, 1923). 

Depository: IGPS coli. cat. no. 91482. 
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Family Steganoporellidae HINCKS, 1884 

Genus SteganoP01'ella SMITT, 1873 

Steganoporella magnilabris (BUSK, 1854) 

Pl. 10, figs. 3, 11. 

1884. Steganoporel!a magni!abris (BusK); 
BusK, p. 75, pl. 23, fig. 2. 

1890. Steganoporella magnilabris (BusK); 
ORTMANN, p. 30, pl. 2, fig. 7. 

1923. Steganopore!.!.a magnilabris (Busi<); 
OKADA, p. 224. 

1923. Steganoporella magnilabris (Busi<); 

CANU & BASSLER, p. 63, pl. 14, figs. 
12, 13. 

1926. Steganoporella magnilabris (BusK); 
HARMER, p. 277, pl. 167, figs. 1-3, 7, 9, 
12, text-fig. 10. 

1928. Steganoporella magni!abris (BusK); 
CANU & BASSLER, p. 64, pl. 7, figs. 8-
12 ; pl. 32, fig. 6. 

1929. Steganoporella magnilabris (BusK) ; 
CANU & BASSLER, p. 144, pl. 1.5, figs. 
1, 2. 

1935. Steganoporella magnilabris (Busi<) ; 
OKADA & MAWATARI, p. 130. 

1941. Steganoporella magnilabris (Busi<) ; 
Sru1N, p. 62. 

1952. Steganoporella magnilabris (BusK); 
MAWATARI, p. 263. 

1953. Steginoporella magnilabris (BusK) ; 
BASSLER, p. 172, figs. 132, la, lb. 

1960a. Steginoporella magnilabris (BusK) ; 
KATAOKA, p. 236, pl. 28, fig. 9. 

1965. Steginoporella magnilabris (Busi<); 
MAWATARI, p. 604, figs. 63a-d. 

1967. Steginoporella magnilabris (Busi<) ; 
WEISBORD, p. 35, pl. 2, figs. 1-3; pl. 
6, fig. 1. 

1967. Steganoporella magnilabris (Busi<); 
RUCKER, p. 824, fig. 13, i. 

Description: Zoarium encrusts pele­
cypod-shell, uni- or bilamellar. Zooecia 
distinct, large, separated by a shallow 
furrow. Mural rim thin, salient. Frontal 
cryptocyst finely porous. Opecia irregu­
lar or semilunar, a little elongate. 

Mcasureme.nts (in mm): 
A-Zooecia: Lz=0.80-1.20, Wz=0.60-0.72; 
B-Zooecia : Lz= 1.00-1.40, W z=0.80-0.88. 

Distribution: Recent: Sagami Bay [0-
366 m] (ORTMANN, 1890), Straits of Korea 
[93-110 m] (OKADA, 1923), Philippine, 
Celebes Region [0-350 m] (HARMER, 1926), 
Gulf of Mexico Region [44-333 m] (CANU 
& BASSLER, 1928), Philippine Region [37-
421 m] (CANU & BASSLER, 1929). lzu (Ja­
pan) (OKADA & MAWATARI, 1935), Japan 
[0-600 m] (SILEN, 1941), Venezuela (WEIS· 
BORD, 1967). Lower Pliocene : Venezuela 
(WEISBORD, 1967). Pliocene and Miocene: 
Florida (CANU & BASSLER, 1923). 

Depository: IGPS coll. cat. no. 91483. 

Family Thalamoporellidae 

LEVINSEN, 1902 

Genus Thalamoporella HINCKS, 1887 

Thalamoporella novae-hollandiae 

(HASWELL, 1880) 

Pl. 10, fig. 8. 

1926. Thalamoporella novae-hollandiae (HAs­
WELL); HARMER, p. 295, pl. 19, figs. 

. 14-16, 18, 19, text-fig. 11. 
1960a. Thalamoporella novae-hollandiae (HAs­

WELL); KATAOKA, p. 238, pl. 27, fig. 12. 

Description: Zoarium free, cylindrical, 
stem quadrangular. Zooecia large, elon­
gate, separated by a thin thread. Fron­
tal porous cryptocyst. Aperture almost 
round, with proximal round wide sinus. 
Two large opeciules asymmetrical, pier­
ced, porous cryptocyst. Avicularium in­
terzooecial larger than zooecia, rounded 
distally. 

Measurements (in mm): 
Zooecia: Lz=0.92-l.OO, Wz=0.40-0.44; 
lnterzooecial avicularia: 

lav=L08, wav=0.42. 
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Distribution: Recent: Jedan, Aru Is­
land [13m] (HARMER, 1926), Pleistocene: 
Kikai-jiina (KATAOKA, 1960a). 

Depository: IGPS coil. cat. no. 91484. 

Family Cellariidae HINCKS, 1880 

Genus Cellaria ELLIS & SOLANDER, 1786 

Cellaria punclata (BusK, 1852) 

Pl. 12, fig. 7. 

1890. Cellaria triangularis ORTMANN, p. 32, 
pl. 2, fig. 13. 

1921. Cellqria triangularis BusK; OKADA, p. 
30, text-fig. 7. 

1926. Cellaria punctata (BusK); HARMER, p. 
337, pl. 21, figs. 14-16, text-fig. 13, a. 

1929. Cellaria japonica CANU & BASSLER, p. 
171, pl. 20, fig. 8. 

1935a. Cellaria triangularis ORTMANN; SA­

KAKURA, p. 15. 
1935b. Cellaria triangularis ORTMANN; SA­

KAKURA, p. 108. 
1935. Cellaria triangularis ORTMANN; OKADA 

& MAWATARI, p. 1.32. 
1941. Cellaria punctata (BusK) ; SILEN, p. 70, 

figs. 85, 86. 
1952. Cellaria punctata (BusK); MAWATARI, 

p. 275, pl. 12, fig. 6, text-fig. 10. 
1957. Cel!aria. punctata (BUsK); KATAOKA, 

p. 145. 
1960a. Cellaria punctata (BusK:); KATAOKA, 

p. 240, pl. 27, fig. 13. 
1.965. Cellaria punctata (BusK); MAWATARI, 

· p. 605, text-figs. 68a-d. · 

Description: Zoarium free, articulat­
ed ; segments cylindrical, formed of 8 
rows of zooecia. Zooecia distinct, sepa­
rated by a slight furrow, hexagonal, 
arranged in transverse rows. Mural rim 
thick, smooth ; cryptocyst deep, lozenge­
shaped, smooth. Aperture semilunar, 
transverse, bordered by a thick salient 
peristome; pro_ximal border ~rraight 

sometimes . mounted, with two lateral 

denticles. A 'vicularia interzooecial, as 
large as, or sometimes larger than zoo­
ecia. 

Measurements (in mm): 
Zooecia: Lz=0.40-0.42, W z=0.30-0.32; 
Avicularia: lav=0.40-0.44, wav=0.36; 
Diameter of zoarium=LOO. 

Distribution: Recent: Japan [64-275 
m] (ORTMANN, 1890), japan [18-128 m] 
(OKADA, 1921), Philippine Region [0-113 
m] (HARMER, 1926), Japan Sea (CANU & 
BASSLER, 1929), japan and Straits of Ko­
rea (OKADA & MAWATARI, 1935), Bonin 
Islands [100-120 m] (SILEN, 1941). Pleis­
tocene: Boso (Japan) (SAKAKURA, 1935a), 
Kikai-jima (KATAOKA, 1960a). Pliocene: 
Aomori (Japan) (KATAOKA, 1957). 

Depository: IGPS coil. cat. no. 91485. 

Family Scrupocellariidae LEVINSEN, 1909 

Genus Caberea LAMOUROUX, 1816 

Caberea hataii OKADA, 1929 

Pl. 12, fig. 12. 

1929. Caberea hataii OKADA, p. 13, pl. 1, fig. 

2; pl. 4, fig. 2, text-fig. 2. 
1935b. Caberea hataii OKADA; SAKAKURA, p. 

109. 
1937. Caberea hataii OKADA; OKADA & MA­

W A TAR I, p. 437. 
1941. Caberea hataii OKADA; SILEN, p. 82, 

figs. 96, 97; pl. 5, fig. 19; pl. 6, fig. 22. 
1965. Cab ere a hataii OKADA; MAWATARI, p. 

610, figs. 88d-f. 

Description: Zoarium free, tuft irregu-. 
Jar flabellate. Zooecia arranged in trans­
verse rows of four serial, somewhat 
elongate, nearly uniformly wide through­
out length. Scutum may not entirely 
fill opecia. Two spines present at distal 
part of mural r.im. Avicularia located 
at proximal part of zooecium, single or 
paired. 
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Measurements. (in mm): 
Zooecia: Lz=0.48, Wz=0.28. 

Distribution: Recent: Goto Islands (Ja­
pan) [200-300 m] and Sagami Bay (Ja­
pan) [50-600 m] (SILEN, 1941), Tsugaru 
Strait (Japan) (OKADA, 1929). 

Depository: IGPS coli. cat. no. 91486. 

Family Schizoporellidae ]ULLIEN, 1903 

i' Genus Schizomavella CANU & 

BASSLER, 1917 

Schizomavella ovoidea CANU & 

BASSLER, 1929 

Pl. 10, fig. 12. 

1929. Schizomavella ovoidea CANU & BAss­

LER, p. 305, pi. 33, figs. 6-8. 
1960a. Schizomavella ovoidea CANU & BAss­

LER; KATAOKA, pi. 33, fig. 13. 

Description: Zoarium multilamellar, 
encrusts she.U fragment. Zooecia dis-

. tinct, separated by a thin thread. Frontal 
granular, bordered by a row of thread 
like areolar pores. Aperture pyriform, 
with two small cardelles. No lyrula. 
Avicularia small, located before aper­
ture, median rounded. Peristome thin. 

Measurements (in mm): 
Zooecia: Lz=0.44-0.52, Wz=0.40-0.48. 

Distribution: Recent : Philippine Re­
gion [35-48 m] (CANU & BASSLER, 1929). 
Pleistocene: Kikai-jima(KATAOKA, 1960a). 

Depository: IGPS coli. cat. no. 91487. 

Schizomavella sp. 

Pl. 11, fig. 5. 

Description: Zoarium encrusting, zoo­
ecia of moderate size. Frontal porous 
cryptocyst. Aperture almost round and 
proximally wide a round sinus. Two 

lateral cardelles. Suboral avicularium 
small, triangular, transverse. Ovicell not 
found. 

Measurements (in mm): 
Zooecia : Lz=0.76, W z=0.44-0.48. ·I 

Remarlls: The present specimens re­
semble Schizomavella cincta (HINCKS), 
but differ from it in having no promi­
nent umbo. 

Depository: IGPS coli. cat. no. 91488. 

Family Cleidochasmatidae CHEETHAM 

& SANDBERG, 1964 

Genus Cleidochasma HARMER, 1,957 

Cleidochasma biavicularia (CANI!' & 

BASSLER, 1929) 

Pl. 10, fig. 9. 

1929. Gemellipora biavicularia CANU & BAss­

LER, p. 312, pi. 34, fig. 7. 
1960a. Gemelliporella biavicularia (CANU & 

BASSLER); KATAOKA, p. 252,· pi. 29, 
fig. 3. 

Description: Zoarium free, bilamellar. 
Zooecia distinct, undulated, convex·, se­
parated by a deep furrow. Frontal reti­
culate, pores sporadic, or marginal are­
olae present. Aperture keyhole-shaped. 
Frontal avicularia, transverse and sub­
oral avicularia present. Ovicell not 
found. 

Measurements (in mm): 
Zooecia: Lz=0.48-0.68, Wz=0.40-0.48. 

Remarks: According to the original 
description by CANU & BASSLER (1929), 
this species . is an encrusting type, but 
KATAOKA (1960a) stated" the zoarial fea­
tures have two types, one is the same 
as the original description ; encrusting 
form, and the other is. the bifurcating 
narrow cylindrical tube . type." ·The 
present writer found only the narrow 
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cylindrical type in the present collection. 
The zooecia are arranged back to back. 

Distribution: Recent: Philippine Re­
gion [39-104 m] (CANU & BASSLER, 1929). 
Pleistocene: Kikai-jima(KATAOKA, 1960a). 

Depository: IGPS coli. cat. no. 91489. 

Cleidochasma bassler£ (CALVET, 1931) 

Pl. 10, fig. 13. 

1890. Schizoporella cleidostoma ORTMANN, p. 
49, pl. 3, fig. 37. 

1890. ? Schizoporella cleidostoma var. inermis 
ORTMANN, p. 50. 

1890. ? Schizoporella cleidostoma var. japonica 
ORTMANN, p. 50. 

1929. ? Hippoporina planulata CANU & BAss­
LER, p. 321, pl. 37, fig. 6, text-figs. 132], 
133C. 

1929. Hippoporina fallax (pars) CANU & 
BASSLER, p. 320, text-figs. 1.32 I, 1.33 B. 

1957. Cleidochasma bassleri (CAL VET) ; HAR­
MER, p. 1042, pl. 71, figs. 5, 16. 

1965. C!eidochasma bass!eri (CAL VET); MA­
WATARI, p. 616, figs. 114a, .b .. 

Description: Zoarium encrusts on shell 
fragment, bilamellar. Zooecia subhexa­
gonal, obscure. Frontal smooth, flat, 
marginal with several pores. Aperture 
keyhole-shape with two cardelles, avicu­
laria small, triangular, aperture unilat­
eral or bilateral, sometimes wanting, 
typically directed outwards and distally. 
Ovicells small, smooth, immersed distal 
zooecium. No spines. 

Measurements (in mm): 
Zooecia: Lz=0.60-0.62, Wz=0.48-0.50; 
Aperture: lap=0.28, wap=0.14. 

Distribution: Recent: Sagami Bay (Ja­
pan) [183m] (ORTMANN, 1890), Philippine 
Region [35-422 m] (CANU & Bf\SSLER, 
1929), Sulu Archipelago [16-23 m], Sum­
bawa [69 m], and Badjo Bay [0-40 m] 
(HARMER, 1957). 

Depository: IGPS coli. cat. no. 91490. 

Cleidochasma granifera (CANU & 

BASSLER, 1929) 

Pl. 10, fig. 7. 

1929. Hippoporina granifera CANU & BAss­
LER, p. 319, pl. 35, fig. 10. 

Description: Zoarium encrusts on shell 
fragment. Zooecia distinct, separated by 
a little elongated furrow, deformed by 
avicularium. Frontal very convex, orna­
mented with large granulations. Aper­
ture keyhole-shaped, avicularia lateral 
and under aperture, forming small umbo. 
Ovicell hyperstomial, globose, numerous 
granular, not closed by operculum. 

Measurements (in mm): 
Zooecia: Lz=0.36-0.48, Wz=0.24-0.40; 
Ovicell: lov=0.24, wov=0.24. 

Distribution: Recent : Philippine Re­
gion [421 m, 11.6.C] (CANU & BASSLER, 
1929). • 

Depository: IGPS coli. cat. no. 91491. 

Cleidochasma aff. fallax (CANU & 

BASSLER, 1929) 

Pl. 11, fig. 9. 

Aff.: 
1929. Hippoporina fallax CANU & BASSLER, 

p. 320, pl. 37, figs. 4, 5. 
1929. Gemelliporella obesa CANU & BASSLER, 

p. 313, pl. 35, figs. 3, 4. 
1957. Cleidochasma faltax (CANU & BAss­

LER); HARMER, p. 1043, pl. 71, figs. 6-8. 
1960a. Gemelliporella cf. fallax (CANU & 

BASSLER); KATAOKA, p. Z52, pl. 37, 
fig. 5. 

Description: Zoarium encrusts on shell 
fragment. Zooecia distinct, frontal gar­
nished, reticulate, marginal pores rare. 
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Aperture keyhole-shaped : peristome not 
salient. Avicularia frontal with pivot, 
its direction inconstant and sometimes 
form umbo. Ovicell hyperstomial, reti­
culate, no pores. 

Afeasurements (in mm): 
Zooecia: Lz=0.44-0.52, Wz=0.36-0.48; 
Aperture: lap=0.20-0.22, wap=0.12; 
Ovicell: lov=0.25, wov=0.20. 

Distribution: Recent: Philippine Re­
gion [35-439 m] (CANU & BASSLER, 1929), 
New Guinea and Timor [0-118m] (HAR­
MER, 1957). Pleistocene: Kikai-jii:na (KA­
TAOKA, 1960a). 

Remarks: The present specimen re­
sembles this species by the characters 
of the frontal, aperture, and other fea­
tures, but differs from it in the char­
acter of the avicularia. It may be a 
new species. 

Depository: IGPS coli. cat. no. 91492. 

Family Hippoporinidae BASSLER, 1935 

Genus Hippoporella CANU, 1917 

Hippoporella spinigera (PHILIPPS, 1899) 

Pl. 10, fig. 10. 

1929. Hippoporina squamosa CANU & BAss­
LER, p. 322, pl. 37, figs. 8, 9. 

1957. Hippoporella spinigera (PHILIPPS); HAR­

MER, p. 1100, pl. 73, fig. 13. 

Description: Zoarium encrusts on shell 
fragments. Zooecia small, smooth, out­
line slightly indistinct. Aperture sub­
circular, transverse; suboral lip distally 
with a straight, denticulate edge over­
hanging orifice; rising gradually on one 
side, descending on other, where a min­
ute sinus exists. Suboral avicularia 
acute, present on both sides of aperture, 
frontal avicularia larger than suboral 
one, their orientation inconstant. Spines 
6 to 8. 

Measurements (in mm): 
Zooecia: Lz=0.28-0.32, Wz=0.28-0.36. 

Distribution: Recent: Philippine Is­
lands (CANU & BASSLER, 1929), Sumbawa 
[69 m] (HARMER, 1957). 

DejJOsitory: IGPS coli.· cat. no. 91493. 

Suborder Ascophora LEVINSEN, 19'09 

Family Stomachetosellidae CANU & 

BASSLER, 1917 

Genus Cigclisula CANU & BASSLER, 1927 

Cigclisula occlusa (BUSK, 1884) 

Pl. 10, fig. 5. 

1884. Escharoides occlu.sa BusK, p. 150, pl. 
21, figs. 8-8b. 

1927. Cigclisula (Escharoides) occlusa (BusK); 
CANU & BASSLER, p. 7. 

1929. Cigclisula occlusa (BusK); CANU & 
BASSLER, p. 291. pl. 31, figs. 3-10. 

1953. Cigclisula occlusa (BusK) ; BASSLER, p. 
200, fig. 150, 2. 

1957. Cigclisula occlusa (BusK); HAR:VIER, p. 
1057, pl. 69, figs. 16-18. 

Description: Zoarium free, ramose. 
Zooecia large, separated by a thread, 
back to back. Frontal very porous 
pleurocyst, marginal pores large. Aper­
ture large, with small lateral cardelles. 
Suboral avicularium located laterally 
under aperture, form small umbo. Ovi­
cell hyperstomial with marginal grilled 
pores. Frontal avicularia small, 1-6, in­
terzooecial avicularium large, spatulate. 

Measurements (in mm): · 
Zooecia: Lz=0.96-1.20, Wz=0.52-0.92; 
Avicularia: lav=0.80, wav=0.60. 

Distribution: Recent: Indian Ocean 
[384m] (BUSK, 1884), Philippine Region 
[37-104 m] (CANU & BASSLER, 1929), Ti­
mor [0-40 m] (HARMER, 1957). 

DejJository: IGPS colt.· cat. no. 91494. 
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Family Smittinidae LEVINSEN, 1909 

Genus Mucronella HINCKS, 1880 

Mucronella sp. 

Pl. 11, fig. l. 

Description: Zoarium encrusts, bila­
mellar. Zooecia of moderate size, dis­
tinct, separated by a ·salient thread. 
Frontal small granular, with a row of 
marginal areolae. Aperture rather round, 
with a broad lyrula at proximal portion. 
No avicularia, or cardelles. Ovicell not 
found. 

Remarks: The present specimen re­
sembles M. major (HINCKS), but differs 
from it by lacking of the oral spine 
and smaller measurements. 

Depository: IGPS coli. cat. no. 91495. 

Genus Parasmittina OsBURN, 1952 

Parasmittina aviculoumbonata 
KATAOKA, 1960 

Pl. 11, fig. 6. 

1960a. Parasmittina aviculoumbonata KATA­
OKA, p. 256, pi. 36, fig. 8. 

Description: Zoarium encrusts, bila­
mellar. Zooecia distinct, separated by a 
salient thread, rectangular, arranged in 
linear series. Frontal granular, border­
ed by a row of areolar pores. Aperture 
subcircular, with broad lyrula and no 
cardelles. Small avicularia on both sides 
of aperture, frontal avicularia one or 
two, sometimes wanting, small, spatulate. 
Ovicell hyperstomial, large globose with 
perforated area bordered by raised thin 
ridge on the frontal. 

Measurements (in mm): 
Zooecia : Lz=0.80, W z=0.40-0.48; 
Ovicell: lov=0.36, wov=0.52. 

Distribution: Pleistocene: Kikai-jima 
(KATAOKA, 1960a), 

Depository: IGPS coli. cat. no. 91496. 

Parasmittina spathulata (SMITT, 1873) 

Pl. 11, fig. 2. 

1928. Smittina tr£spinosa spathulata SrviiTT; 
CANU & BAssum, p. 114, pl. 15, figs. 
9-13, text-fig. 21. 

1929. Smittina trispinosa var. spathulata 
SMITT; CANU & BASSLER, p. 349. 

1952. Parasmittina spathulata (SMITT); Os­
BURN, p. 415, pl. 49, figs. 12-14. 

1960a. Parasmittina spathulata (St..! ITT); KA· 
TAOKA, p. 258, pi. 35, fig. 4. 

19611. Parasmittina spathulata (SMITT); CHEE­
THAM & SANDBERG, p. 1.037, text-figs. 
44-47. 

Description: Zoarium encrusts on shell 
fragments. Zooecia large, distinct, sepa­
rated by a salient thread. Frontal gran­
ulated, polished, bordered by a row of 
areolar pores, sometimes additional pores 
present, especially at proximal part. 
Aperture rounded, with large lyrula. 
Peristome thin not raised, not bearing 
spines. Frontal avicularia of three types; 
one very large and spatulate, other small, 
oval and very long. 

Measurements (in mm): 
Zooecia: Lz=0.60-0.92, Wz=0.32-0.60. 

Distribution: Recent : Gulf of Mexico 
Region (CANU & BASSLER, 1928), Florida 
[24-81 m] (CANU & BASSLER, 1929), Gala­
pagos Islands [46-183 m] (OSBURN, 1952). 
Quaternary: Louisiana (CHEETHAM & 
SANDBERG, 1964). Pleistocene: Kikai-jima 
(KATAOKA, 1960a). 

Depository: IGPS coil. cat. no. 91497. 

Parasmittina peristoaviculata 

KATAOKA, 1960 

Pl. 11, fig. 7. 

1960a. Parasmittina peristoaviculata KATA­
OKA, p. 256, pi. 34, llg. 4. 
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DescrijJtion: Zoarium encrusting, bi­
lamellar. Zooecia very large, exceeding 
1.00 mm in length, distinct, separated 
by a thread. Frontal granulated, border­
ed by large areolar pores, slightly cos­
tate. Aperture somewhat elliptical, with 
broad lyrula in proximal part. Peristo­
mie entire, thick, salient especially at 
distal part. A vicularium occurs along 
peristomie in peristomice. Ovicell not 
found. 

Measurements (in mm): 
Zooecia: Lz= 1.00-1.52, W z=0.48-0.60. 

Distribution: Pleistocene: Kikai-jima 
(KATAOKA, 1960a). 

Depository: IGPS col!. cat. no. 91498. 

Parasmittina trispinosa (JOHNSTON, 1838) 

Pl. 11, fig. 3. 

1890. Smittina trispinosa JoHNSTON; Owr· 
MANN, p. 45, pl. 3, fig. 26. 

1923. Smittina trispinosa JoHNSTON; CANU & 
BASSLER, p. 143, pl. 22, figs. 7-14. 

1929. Smittina trispinosa JoHNSTON; CANU & 
BASSLER, p. 340, pl. 41, figs. 1-3. 

1930. Smittina trispinosa JoHNSTON; CANU 

& BASSLER, p. 27, pl. 4, figs. 1-5. 
1953. Parasmittina trispinosa (JoHNSTON); 

OsBURN, p. 412, pl. 49, figs. 7, 8. 
1960a. Parasmittina trispinosa (JoHNSTON); 

KATAOKA, p. 258, pl. 35, fig. 3. 
1960b. Parasmittina trispinosa (JoHNSTON); 

KATAOKA, p. 397. 
1965. Parasmittina trispinosa (JoHNSTON) ; 

MAWATARI, p. 619, fig. 125c. 

Description: Zoarium short cylindri­
cal, multilamellar (?). Zooecia distinct, 
separated by a salient thread, forms and 
direction and regular. Frontal granular, 
bordered by a row of small, rounded 
areolar pores. Peristome thin, sometimes 
rises on side. Aperture rough, circular, 
with narrow lyrula. Two frontal avicu­
laria small, short spatulate or oval. Ovi­
cells not found. 

Measurements (in mm): 
Zooecia: Lz=0.56-0.68, Wz=0.40-0.44. 

Distribution: Recent: Cosmopolitan 
down to a depth of 160m (CANU & BASS­
LER, 1923), Philippine Region [42 m] and 
China Sea [198m] (CANU & BASSLER, 
1929), Galapagos Islands [62-73 m] (CANU 
& BASSLER, 1930), from Oregon to the 
Galapagos Islands (OSBURN, 1952). Pleis­
tocene: South Carolina (CANU & BASS­
LER, 1923), Kikai-jima (KATAOKA, 1960a). 
Pliocene: Florida (CANU & BASSLER, 
1923). Miocene: North Carolina (CANU 
& BASSLER, 1923). 

Depository: IGPS col!. cat. no. 91499. 

Genus Smittina NORMAN, 1903 

Smittina sp. 

Pl. 11, fig. 8. 

Description: Zoarium encrusting, mul­
tilamellar. Zooecia distinct, pores large. 
Aperture rather round with large lyrula 
bearing avicularium. Every zooecium 
with avicularium cradled in depressed 
incomplete part of peristome. Oral spines 
and ovicell not found. 

Measurements (in mm): 
Zooecia: Lz=0.52-0.72, Wz=0.40-0.44. 

Remar!?s: The present specimen re­
sembles S. canui ROGICK, 1956, but dif­
fers from it in the smaller measurements, 
shape of lyrula, and because the ovicells 
were not found, specific determination 
is reserved. 

Depository: IGPS col!. cat. no. 91500. 

Genus Smittoidea OsBURN, 1952 

Smittoidea acaroensis (LEV!NSEN, 1909) 

Pl. 10, fig. 6. 

1952. Smittina acaroensis LEVINSEN; BROWN, 

p. 329, fig. 253. 
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Description: Zoarium encrusting, uni­
lamellar. Zooecia vary in size, distinct, 
a thin thread on surface. Frontal gran­
ulate, bordered by a row of areolar 
pores. Aperture round when non-ovi­
celled and somewhat rectangular when 
ovicelled, with lyrula. Median avicu­
larium small and oval, placed always in 
same location, within peristome border, 
proximal and just external to lyrula. 
Ovicell hyperstomial, not globose, front 
face punctured by a number of small 
irregular pores. Two small cardelles 
present. 

Measurements (in mm): 
Zooecia: Lz=0.56-1.04, Wz=0.28-0.40; 
Ovicell: lov=0.32. 

Distribution: Recent: New Zealand, 
Curtis Island, Bass Strait, Great Barrier 
Reef (BROWN, 1952). Upper Pliocene : 
Castlecliff (BROWN, 1952). 

Depository: IGPS col!. cat. no. 91501. 

Family Reteporidae SMITT, 1867 

Genus Rhynchozoon HINCKS, 1895 

Rhynchozoon aff. grandicella CANU 

& BASSLER, 1923 

Pl. 12, fig. 3. 

Aff.: 
1923. Rhynchozoim grandicella CANU & BASS­

LER, p. 156, pl. 47, figs. 7, 8. 
1956. Rhynchozoon grandicella CANU & BAss­

LER; OsBURN, p. 459, pl. 54, figs. 7, 
8, 11. 

Description: Zoarium encrusts on shell 
fragment. Zooecia distinct, separated by 
a furrow, elongated. Frontal smooth, 
with few areolar pores in marginal part. 
Aperture rounded, proximal somewhat 
sinuate. Avicularia usually placed lat­
eral of aperture, forming large umbonate 
process. Frontal avicularia elongate, 
sometimes oblique. Spines and ovicell 

not found. 
Measurements (in mm): 

Zooecia: Lz=0.52-0.96, Wz=0.56-0.64; 
Frontal avicularia: !a v=0.32, wav=0.08. 

Distribution: Recent: OSBURN (1952) 
stated "The known range is from about 
34 o to 28° N Lat. and the bathymetric 
range from 33 m to 121 m." Pleistocene : 
Southern California (CANU & BASSLER, 
1923). 

Ajfinities: The present specimen a­
grees with the original description of 
CANU & BASSLER, except for the pre­
sence of frontal avicularium. And this 
also resembles OSBURN's description. But 
because the ovicell was not found spe­
cific determination is withheld until more 
specimens are found. 

Depository: IGPS col!. cat. no. 91502. 

Rhynchozoon sp. 

Pl. 12, fig. 2. 

Description: Zoarium encrusting, bi­
lamellar. Zooecia distinct, quincunx, se­
parated by a thin thread. Frontal reti­
culate, with marginal spotted areolar 
pores. Aperture rounded, with asym­
metrical narrow sinus. Suboral avicu­
larium chamber forming small umbonate 
process, and located somewhat peristo­
mie. No frontal avicularia. 

Measurements (in mm): 
Zooecia: Lz=0.64-0.88, Wz=0.40-0.44. 

Remarlls: This specimen belongs to 
the genus Rhynchozoon and may repre­
sent a new species. 

Depository: IGPS col!. cat. no. 91503. 

Rhynchozoon (?) sp. 

Pl. 11, fig. 10. 

Description: Zoarium erect, free, for­
ming semicyclic column, multilamellar. 
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Zooecia distinct, rather inflated frontal, 
bordered by a row of round areolar 
pores. Frontal smooth or sometimes 
reticulate, umbo places at middle or lat­
eral of aperture; aperture semicircular, 
with more or less straight proximal 
border. A vicularia of moderate size and 
located that tip of umbo. No spines. 

Measurements (in mm): 
Zooecia: Lz=0.52-0.60, W z=0.32-0.44 . 
. Remarks: The present specimen re­
sembles Holoporella, but differs from it 
in wanting the interzooecial avicularium. 
Whether this specimen belongs to this 
genus or some other one must be deter­
mined after more and better preserved 
specimens are found. 

Depository: IGPS coil. cat. no. 91504. 

Family Adeonidae ]ULLIEN, 1903 

Genus Adeonellopsis MACGILLIVRAY, 1886 

Adeonellopsis arculifera (CANU & 

BASSLER, 1929) 

Pl. 11, fig. 12. 

1929. Adeona arcu/ijera CANU & BASSLER, 
p. 377, pl. 52, figs. 1, 2. 

1957. Adeonel!opsis arculifera (CANU & BAss­
LER); HARMER, p. 800, pl. 53, figs. 
13, 14, text-figs. 82C, 84A. 

Description: Zoarium free, bilamellar. 
Zooecia distinct, separated by a furrow 
with a marginal row of sporadic pores. 
Aperture semicircular, transverse; peri­
stome somewhat salient proximally. 
Ascopore small. Between aperture and 
ascopore, a triangular avicularium with 
acute tip proximally or sometimes trans­
verse. Interzooecial avicularia almost 
as large as suboral one, and directed 
distally or transverse. 

Measurements (in mm): 
Zooecia: Lz=0.60, Wz=0.36-0.40; 

Peristome: lper=0.08-0.10, 
wper = 0.12-0.20. 

Distribution: Recent: Philippine Is­
lands [39-53 m] (CANU & BASSLER, 1929), 
Paternoster Island (North of Sumbawa) 
[0-36 m] (HAI~MER, 1957). 

Depository,· IGPS coil. cat. no. 91505. 

Adeonellopsis subteres (ROEMER, 1863) 

Pl. 11, fig. 4. 

1968. Adeonel!opsis subteres (ROE!VIER); DA­
vm & PouYET, p. 89, pl. 13, figs. 7, 8. 

Description: Zoarium free, bilamellar ; 
frond fiat, rarely convex. Zooecia dis­
tinct, separated by a shallow furrow and 
surrounded by a row of slit-like pores. 
Aperture semicircular and transverse. 
Peristome salient in proximal part. As­
copore small, 4-8 stellate pores present. 
Between aperture and ascopore, one tri­
angular avicularia present, tip direct­
ed obliquely distally and outward from 
median line of zooecium. 

Measurements (in mm): 
Zooecia: Lz=0.52-0.60, Wz=0.32; 
Peristome: lper=0.10-0.12, 

wper=0.14-0.16. 
Distribution: Chattien: Kassel (Ger­

many) (DAVID & POUYET, 1968). 
Depository: IGPS coil. cat. no. 91506. 

Adeonellopsis yarraensis (WATERS, 1881) 

Pl. ll, fig. 11. 

1881.. Microporel!a yarraensis WATERS, p. 
331, pl. 15, figs. 27, 28. 

1881. ? Microporella clavata WATERS, p. 332, 
pl. 18, fig. 84. 

1884. Adeonella tuberculata BusK, p. 180. 
1890. Adeonella tuben:ulata BusK; ORTMANN, 

p. 53, pl. 4, figs. 9a, b. 
1929. Adeonellopsis pentapora CANU & BAss­

LER, p. 382, pl. 53, figs. 1-5. 
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1957. Adeonellopsis yarraensis (WATERS); 
BROWN, p. 79. 

1957. Adeonellopsis yarraensis (WATERS); 
HARI\!ER, p. 799, pl. 53, figs. 18, 19. 

1960a. Adeonellopsis pentapora CANU & BAss­
LER; KATAOKA, p. 264, pi. 32, fig. 10. 

Description : Zoarium free, bilamellar ; 
frond flat or somewhat inflated. Zoo­
ecia rather distinct, separated by a shal­
low furrow and surrounded by a row of 
pores. Aperture somewhat embedded, 
semicircular, transverse. Cribriform area 
small, perforated by stellate pores. Be­
tween aperture and cribriform area, two 
avicularia, sometimes only one. Salient 
avicularium on front, at base of each 
zooecium but sometimes wanting. 

Measurements (in mm): 
Zooecia: Lz=0.48-0.52, Wz=0.32. 

Distribution: Recent: Maizuru [64-73 
m] and Sagami Bay [183m] in Japan 
(ORTMANN, 1890), Philippine Region [37-
970 m] (CANU & BASSLER, 1929). Pleis­
tocene : Kikai- jima (KATAOKA, 1960a). 
Miocene (?): Victoria (Australia) (WAT­
ERS, 1881). 

Depository: IGPS col!. cat. no. 91507. 

------

Family Celleporidae BusK, 1852 

Genus Holoporella WATERS, 1909 

Holoporella palmata (MICHELIN, 1847) 

Pl. 12, fig. l. 

1930. Holoporella palmata (MICHELIN) ; CANU 
& LECOINTRE, p. 111, pl. 23, figs. 1-11. 

Description: Zoarium free, ramose, 
zooecium of moderate size, distinct, nar­
row, with shallow groove, frontal smooth 
but sometimes reticulate with a row of 
marginal areolae pores. Aperture rather 
round with very narrow lyrule and car­
delles. Two different avicularia pres­
ent; one at tip of umbo lateral of aper­
ture, and another interzooecial and as 
large as or larger than suboral avicu­
laria. Both with pivot. No spines, ovi­
cell not found. 

Afeasurements (in mm): 
Zooecia: Lz=0.56-0.72, Wz=0.48; 
Aperture: lap=0.20. 

Distribution: Miocene: Touraine 
(France) (CANU & LECOINTRE, 1930). 

Depository: IGPS col!. cat. no. 91508. 

Explanation of Plate 10 

Fig. 1. Antropora tincta (HASTINGS), x 20. 
Fig. 2. Copidozoum planum (HINcKs), x 20. 
Figs. 3, 11. Steganoporella magnilabris (BusK), x 30. 

3. Basal view of zoarium. 
11. 

Fig. 4. 
Fig. 5. 
Fig. 6. 
Fig. 7. 
Fig. 8. 
Fig. 9. 
Fig. 10. 
Fig. 12. 
Fig. 13. 

Frontal view of another zoarium. 
Cranosina coronata (HINCKs), x 30. 
Cigclisula occlusa (BusK), x 20. 
Smittoidea acaroensis (LEVINSEN), x 30. 
Cleidochasma granifera (CANU & BASSLER), x 20. 
Thalamoporella novae-hollandiae (HASWELL), x 20. 
Cleidochasnza biavicularia (CANU & BASSLER), x 20. 
Hippoporella spinigera (PHILIPPS), x 30. 
Schizomavella ovoidea CANU & BASSLER, x 20. 
Cleidoc!zasnza bassleri (CAL VET), x 20. 
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Holoporella (?) sp. 

Pl. 12, fig. 6. 

Description: Zoarium encrusting, uni­
lamellar. Zooecia somewhat indistinct, 
convex, with many irregularly directed 
avicularia; elongated triangular, or short 
triangular, sometimes ovate in shape. 
Knob-like salient at proximal and lateral 
of aperture. Proximal one with elon­
gated triangular avicularium. Areolar 
pores sometimes at marginal portion. 

Measurements (in mm): 
Zooecia: Lz=0.60, Wz=0.52. 

Remarks: The present specimen re­
sembles Holoporella and Hippoporella (es­
pecially Hippoporella gorgonensis HAST­
INGS), but differs from them by lacking 
spines. 

Depository: IGPS coil. cat. no. 91509. 

Genus Costazia NEVIANI, 1895 

Costazia radiata (ORTMANN, 1890) 

Pl. 12, figs. 4, 5. 

1890. Cellepora radiata ORTMANN, p. 56, pl. 
1, fig. 14. .. 

1929. Costazia radiata (ORTMANN) ; CANU & 
BASSLER, p. 432, pl. 63, figs. 8, 9. 

1935. Cellepora radiata ORTMANN; OKADA & 
MAWATARI, p. 141. 

1960a. Costazia radiata (ORTMANN); KATA· 

OKA, p. 267, pl. 33, fig. 3. 

Description: Zoarium encrusting, uni­
lamellar. Zooecia distinct, short cylin· 
drical, salient, nearly smooth. Basal 
border of zooecia with areolar pores. 
Peristome salient, tubular with a pair 
of avicularia on each side of peristome, 
but sometimes wanting. Avicularia with 
pivot. Aperture semicircular with wide 
triangular sinus in proximal part. Ovi­
cell not found. 

Measurements (in mm): 

Zooecia: Lz=0.52, Wz=0.44-0.48; 
Aperture: lap=0.18, wap=0.14; 
Peristome: lper=0.28-0.48, 

wper=0.22-0.44 ; 
Avicularia: lav=0.16, wav=0.10. 

Distribution: Recent: Sagami Bay (Ja­
pan) [61-73 m] (ORTMANN, 1890), Japan 
Sea and Philippine Region [ 42-53 m] 
(CANU & BASSLER, 1929). Pleistocene : 
Kikai-jima (KATAOKA, 1960a). 

Depository: IGPS coil. cat. no. 91510. 

Family Conescharellinidae 

LEVINSEN, 1909 

Genus Conescharellina D'ORBIGNY, 1852 

Conescharellina concava CANU & 

BASSLER, 1929 

Pl. 12, figs. 8, 9. 

1929. Conescharellina concava CANU & BAss­

LER, p. 488, pl. 66, figs. 8, 9. 

Description: Zoarium free, large cone­
shaped, transverse. Zooecia arranged in 
radial rows, with apertures very close 
together. Apertures elliptical with a 
wide semielliptical sinus. Radial rows 
separated by shallow furrows containing 
a row of small poriform avicularia close 
together. Base concave, perforated by 
large scattered pores. 

Measurements (in mm): 
Zoaria : height of zoaria=3.80, 

diameter of zoaria=2.50-4.00. 
Distribution: Recent : China Sea [161 

m] (CANU & BASSLER, 1929). 
Depository: IGPS coli. cat. no. 91511. 

Conescharellina cf. breviconica 

CANU & BASSLER, 1929 

Pl. 12, figs. 10, 11. 
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Cf.: 

1929. Conescharellina breviconica CANU & 
BASSLER, p. 491, pl. 69; figs. 10-17. 

Description: Zoarium free, short coni­
cal, less than 2.0 mm high. Zooecia large, 
numerous arranged in quincunx. Aper­
ture long elliptical, with wide sinus. In­
terzooecial avicularium large, elliptical. 
Base flat, exhibits zooecial ribs arranged 
around a more or less large cancellated 
center. 

Afeasurements (in mm): 
Zoaria: height of zoaria=l.83, 

diameter of zoaria=l.80. 
Remarks: The present specimens re­

semble C. breviconica, but differ from 
it in the measurements which are higher 
than wide, and sometimes as wide as 
high. 

Distribution: Recent : Philippine Re­
gion [145-214 m] (CANU & BASSLER, 1929). 

Depository: IGPS coli. cat. no. 91512. 
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Fig. 1.. Holoporella palmata (MICHELIN), x 20. 
Fig. 2. Rhynchozoon sp., x20. 
Fig. 3. Rhynchozoon aff. grandicella CANU & BASSLER, x 20. 
Figs. 4, 5. Costazia radiata (ORTMANN), x30. 

4. A pair of avicularia of peristome. 
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5. Another zoarium; cylindrical zooecia, avicularia obscured. 
Fig. 6. Holoporella (?) sp., x30. 
Fig. 7. Cellaria punctata (BusK), x30. 
Figs. 8, 9. Conescharellina conca11a CANU & BASSLER, 

8. Basal view of large conical zoarium, x 20. 
9. Lateral view of the same zoarium, x 30. ·· 

Figs. 10, 11. Conescharellina cf. breviconica CANU & BASSLER. 
10. Lateral view of conical zoarium, x 30. 
11. Basal view of the same zoarium, x 30. 

F'ig. 12. Caberea hataii OKADA, x 30. 
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Introduction and Acknowledgement 

The Permian System in the southern 
part of the Kitakami Massif has been 
accepted as one of the standard type 
sections in Japan. Among the problems 
still remaining on the geology, that on 
the "pre-Kanokura unconformity" is 
important for the Permian stratigraphy 
and tectonics in the Kitakami Massif. 
There are two views on the post-Saka­
motozawa pre-Kanokura break, one em­
phasizes a significant tectonic movement 
(MINATO, 1966) and the other denies such 
tectonism ; (ONUKI, 1956, 1969; SAITO, 
1965, 1968). From a bio-stratigraphical 
study of the Sakamotozawa Formation 
based on the fusulinids, and a paleonto­
logical study of the molluscs from the 
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uppermost part of the Sakamotozawa 
Formation in the type and the Setamai 
areas, it was found that the fusulinid 
fauna of the uppermost part of the Sa· 
kamotozawa Formation is characterized 
by Pseudofusulina ambigua (DEPRAT), 
Misellina sp. and Monodiexodina matsu­
baishi (FUJIMOTO), and that the Motoiwa­
zawa Sandstone Member of ONUKI (1956) 
in the Setamai District is contempora­
neous with the uppermost part of the 
thick limestone (Shiratorizawa Limestone 
Member) cropping out in the lower course 
of the Kanokurazawa Valley. The Mo· 
toiwazawa Sandstone Member yielded 
many brachiopods and molluscs, compris­
ing among the latter, three species of 
gastropods distributed among three gen­
era, five species of bivalves belonging 
to four genera and one species of cepha­
lopod. Among these nine species, two 
of bivalves and one cephalopod were 
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described by HAYASAKA (1925, 1962), HA­
YAMI (1960) and NAKAZAWA and NEWELL 
(1968) from the Kanokura Formation. 
The gastropods described in this work 
as new to science are from the Tenjin­
noki Formation in the Maiya District. 
In general, the molluscan fauna of the 
uppermost part of the Sakamotozawa 
Formation extends upward to the super­
jacent Kanokura Formation. 

The writer here offers his cordial 
thanks to Professor Kotora HATAI of 
the Institute of Geology and Paleonto­
logy, Tohoku University, for his help 
and advice during the course of this 
study. Acknowledgments are due to 
Professor Y oshio ONUKI of the Depart­
ment of Geology, Miyagi College of Edu­
cation, Professor Keiji N AKAZA w A of the 
Department of Geology and Mineralogy, 
Faculty of Science, Kyoto University, and 
Dr. Yasuji SAITO of the Department of 
Geology, National Science Museum for 
their suggestions and discussions. 

Note on the Stratigraphy of the 

Sakamotozawa Formation 

In general, the pre-Permian formations 
in the southern part of the Kitakami 
Massif comprise six major anticlinal 
structures, each plunging southwards, 
with the axes trending in N -S to NNE­
SSW directions. They are na:ned the 
Tsuchikura Anticline, Takainari Dome, 
Odaira Dome, Orikabe Anticline, Sen­
maya Dome and Tobigamori Dome, in 
the order from east to west. The 
Permian System in the south Kitakami 
Massif rests on the Early and Middle 
Carbrniferous formations with distinct 
unconformity, and is distributed around 
the anticlinal structures and in the syn­
clinal parts between them. Early to 
Middle Permian rocks in the southern 

part of the Kitakami Massif differ con­
siderably with area, due to the differ­
ent movement of the basement complex 
(MURATA, 1964b, 1969; SAITO, 1968). The 
Sakamotozawa and its synonymous for­
mations are developed in two belt areas 
each with N-S trend, and separated by 
a formation contemporaneous in age but 
of different litho-facies. The eastern 
belt area is named to the Hikoroichi Dis­
trict and extends along the western limb 
of the Takainari Dome from the north­
east of Yokamachi, Sumita-cho, Kesen­
gun, Iwate Prefecture, to the south of 
Hikoroichi, Ofunato City, Iwate Prefec­
ture, via the type area of the Sakamoto­
zawa Formation. The formation in the 
western belt covers the wide area be­
tween the western limbs of the Odaira 
Dome and the Orikabe Anticline, and 
extends from the east of Ohazama, Hie­
nuki-gun, Iwate Prefecture, to the vici­
nity of Kesennuma City, Miyagi Prefec­
ture and includes the Tatsusobe, Otomo, 
Setamai, and Yahagi areas (Text-fig. 1). 

The Early Permian Sakamotozawa For­
mation was named by ONUKI (1937, 1938) 
the Sakamotozawa "Stage" (formation 
in the present sense) of his Yukizawa 
"Series" (group in the present sence) 
for the sequence of basal conglomerate, 
sandstone, slate and thick limestone, ex­
posed in the Sakamotozawa Valley west 
of Sakamotozawa, Hikoroichi-machi, Ofu­
nato City, Iwate Prefecture, in his study 
on the Palaeozoic stratigraphy of the 
southern part of the Kitakami Massif. 
MINATO et al. (1954) studied the strati­
graphy of the Permian System in the 
Setamai District and proposed a time­
stratigraphic subdivision, and distin­
guished three litho-stratigraphic units 
in the Sakamotozawa Series, e. g. Group 
VII, Group IX and Group X in ascend­
ing order. The Group VIII begins with 
remarkable basal conglomerate and con-
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Text-fig. 1. Distribution of the Sakamoto­
zawa Formation. Large Capitals-area men­
tioned in text. 

sists mainly of sandstone and slate lay­
ers. The Group IX is a thick limestone 
formation. And the Group X is mainly 
of sandstone facies. Subsequently, ONUKI 
(1956) summarized the geology of the 
Kitakami Massif and established a stand­
ard succession of the Paleozoic and 
Mesozoic rocks distributed in the south­
ern part of the massif. ONUKI accepted 
the three litho-stratigraphic units of the 
Sakamotozawa Formation in the Setamai 
District of MINATO et al. (1950) and pro­
posed for them the names of Yubano­
sawa Slate, Shiratorizawa Limestone and 
Motoiwazawa Sandstone members 'in 
upward sequence. 

Hikoroichi District 
The Sakamotozawa Formation in the 

Hikoroichi District, includes the type 
area, lies upon the Middle Carboniferous 
Nagaiwa Formation (ranging from the 
late Millerella Zone to the Profusulinella 
Zone) with a distinct unconformity. The 
formation begins with notable basal con­
glomerate, sandstone and slate facies, 
and is succeeded upwards with confor­
mity by a thick limestone intercalated 
with sandstone and slate lenses. ONUKI 
(1956) classified the Sakamotozawa For­
mation in the type section into two parts, 
the Yubanosawa Slate Member and the 
thick limestone facies as the Shiratori­
zawa Limestone Member, and supposed 
the Motoiwazawa Sandstone Member in 
the Setamai District to be missing in the 
type area. Recently, MIKAMI (1965, 1969) 
and KANMERA and MIKAMI (1965a, b) 
studied the succession, sedimentological 
features and fusulinid fauna of the type 
Sakamotozawa Formation shown in Text­
fig.2. They subdivided this formation into 
two subformations by a disconformity. 
The Lower Subformation was classified 
into the basal part (Sa) and the main 
part of three members (Sb1 _ 3), and the 
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Text-fig. 2. Columnar sections of the Sakamotozawa Formation. 

Upper Subformation into the main (Mem­
ber Sc) and uppermost (Member Sd) parts. 
The Sa of the Lower Subformation cor­
responds to the Yubanosawa Slate Mem­
ber of ONUKI (1956) and the Sbl-3 and 
the Upper Subformation to his Shiratori­
zawa Limestone Member. 

The disconformity between the Lower 
and Upper subformations is an uneven 
surface and the basal limestone-conglom­
erate or conglomerate at the basal part 
of the Upper Subformation, is distributed 
northward from Sakamotozawa to the 
northeast of Yokamachi. However, no 
evidence of this disconformity has been 
found in the other districts in the south­
ern part of the Kitakami Massif. The 
disconformity may be a local phenome­
non of an uplifted belt. The Member 
Sc of the Upper Subformation is about 
60 meter~ in thickness, and consists main-

ly of bedded limestone of three cycles: 
of sedimentation, except at the basai 
part. Member Sd, nearly 30-50 meters 
in thickness, is composed of an alterna­
tion of sandstone and slate of various 
thickness, intercalated with limestone 
lenses. The lateral changes in lithofacies 
and thickness are striking in this part 
of the formation in north to south di­
rection. The sandstone facies is well 
developed in the northern part of this. 
district, in contrast to the slate and lime­
stone facies which thicken towards the 
south. 

The upper part of the Upper Subfor­
mation in the type section of the Saka­
motozawa Formation is missing by ero­
sions. However, elsewhere the Member 
Sd of the Upper Subformation is over­
lain with conformity by an alternation 
of coarse to medium grained sandstone· 



580. Sakamotozawa .Molluscan Fauna 97 

:and black slate about 50 meters ip. ,thick­
ness, and is succeeded upwards by a 
thick bed of the so-called Usuginu Con­
,glomerate. They had been referred to 
the Kanokura Formation by ONUKI (1956), 
YAMADA (1959), MIKAMI (1965, 1969), KAN­
MERA and MIKAMI (1968a, b) and SAITO 
(1968). The alternation facies yielded no 
fossil to date, but the writer considers 
that, the alternation should better be 
refered to the Motoiwazawa Sandstone 
Member of ONUKI (1956) than to the 
Kanokura Formation, because the fusu­
linid fauna from the upper part of the 
Member Sd indicates an age slightly 
·Older than the top of the Sakamotozawa 
Formation in the Setamai Area. 

In the west of Yokamachi, a thick lime­
stone is exposed along the eastern limb 
·Of the Odaira Dome with N-S trend at 
Okunigiri, Mt. Horo-oroshi and Mt. Azu­
mane. It was considered to be Permian 
in age and was referred to the Sakamoto­
za\va Formation by ONUKI (1956) and 
.SAITO (1966, 1968). Thus, the Sakamoto­
zawa Formation was thought to be con­
tinuous from the Hikoroichi District to 
the Setamai area. However, this lime­
stone yielded Middle Carboniferous corals 
:as Siphonodendron pseudomartini (Y ABE 
and HAYASAKA), Dibunophyllum sp., Sy­
ringopora sp., Kueichoupora setamaiensis 
MINATO, etc. The Permian System in 
the belt area between the Hikoroichi 
District and the eastern limb of the 
·Odaira Dome begins with poorly devel­
·oped basal conglomerate or conglom­
eratic coarse sandstone, and is succeeded 
upwards by coarse to medium grained 
sandstone, thick black slate intercalated 
with sandstone and thin limestone lay­
·ers, and has at the upper part thick 
black slate with lenticular limestone and 
the so-called Usuginu Conglomerate. The 
lithofacies of the lower. part of this 
Permian System changes eastward !at-

erally to grade into the type Sakamoto­
za~a Formation. And the upper part 
of. tne System succ~eds conformably the 
just mentioned, " Kanokura Formation" 
in the I-Iikoroichi District. Lithological­
ly, the Permian sequence in the belt area 
between the Hikoroichi District and the 
q~,aira Dome differs distinctly from the 
Sakamotozawa and the Kanokura forma­
tions by the poor development of basal 
conglomerate, limestone in the lower part 
and sandstone in the upper part, and by 
the lack of the basal conglomerate of 
Kanokura Formation. This formation 
should be referred to the Kowaragi For­
mation of ONUKI (1956, 1969) in the Ka­
raku wa Peninsula. 

Ohazama-Kesennuma District 
The Permian System in this wide belt 

area is distributed along the western 
limb of the Orikabe Anticline and in the 
synclinorium between the Orikabe Anti­
cline and the Odaira Dome. The Permian 
formations in the Tatsusobe area, the 
northern end of the Orikabe Anticline, 
was named by HIROKAWA and YOSHIDA 
(1956) as the Tatsusobe Formation in the 
lower and the Kumonoue-yama Forma­
tion in the upper. In this paper the 
Tatsusobe Formation is considered to be 
a synonym of the Sakamotozawa For­
mation, because of their mutual litho­
facies and stratigraphic position. The 
Kumonoue-yama Formation is a synonym 
of the Kanokura Formation for the same 
reasons. 

In general, the lithofacies and strati­
graphic successions of the three litho­
stratigraphic units of the Sakamotozawa 
Formation, defined by MINATO et al. 
(1954) and named by ONUKI (1956), extend 
over the district. The lateral change in 
lithofacies is rather distinct in east to 
west direction due to the different move­
ment of the basement of and around the 
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Odaira Dome and the Orikabe Anticline. 
The Sakamotozawa Formation of the 
western slope of the Orikabe Anticline 
covers the Middle Carboniferous lime­
stones as in the Hikoroichi District, and 
also the Lower Carboniferous formations 
with distinct clino-unconformity. The 
basal conglomerate of the Sakamotozawa 
Formation is well developed near both 
anticlinal structures. The sandstone and 
slate facies of the Yubanosawa Slate 
Member which intercalate dacitic tuff in 
the Ohazama-Kesennuma District are 
thicker and richer in coarse materials 
than at the type area, amounting to about 
50 to 200 meters in thickness. The sand­
stone facies just mentioned becomes thin­
ner in north to south direction along the 
Orikabe Anticline. 

The Shiratorizawa Limestone Member 
consists of a thin alternation of black 
slate and muddy limestone, and thick 
bedded gray limestone in ascending 
order. The alternation facies of the 
lower part is developed only along the 
western slope of the Odaira Dome. Con­
sequently, the thick bedded gray lime­
stone covers the Yubanosawa Slate Mem­
ber directly in the Orikabe Anticline 
area. According to the biostratigraphi­
cal evidence, as mentioned in the next 
paragraph, the lowermost part of the 
thick bedded gray limestone in the \Vest­
ern part of this belt area corresponds to 
the top of the lower part (less than 30 
meters in thickness) of ·the limestone 
member in the eastern part. The total 
thicknesl!>"Of the member attains nearly 
250 i:neters in the western limbs of the 
Odaira Dome and the Orikabe Anticline, 
but decreases westtward to 110 meters in 
the eastern limJ:y'\Qf/the Orikabe Anti­
cline. No evidences for the unconformity, 
found by MIKAMi (1965) between the Up­
per and Lower subformations of the type 
Sakamotozawa Formation, have been 

found in the Ohazama-Kesennuma Dist­
rict. 

The type section of the Motoiwazawa 
Sandstone Member is along the lower 
course of the Motoiwazawa Valley south­
west of Kawaguchi in the Setamai area,. 
where the axial part of the synclinorium 
between the Odaira Dome and the Ori­
kabe Anticline is developed. In the type 
section, this member lies on the thick 
bedded gray limestone of the Shiratori­
zawa Limestone Member with conformi­
ty, and consists of calcareous slate of 
about 30 meters in thickness and small 
limestone lenses in the lower part, and 
medium grained massive sandstone of 
nearly 150 meters in thickness in the· 
upper part. The sandstone facies changes 
laterally eastward to calcareous slate. 
The thickness of the Motoiwazawa Sand­
stone Member changes from 0 to 300· 
meters, reversally to the development of 
the Shiratorizawa Limestone Member.. 
The Motoiwazawa Sandstone Member is. 
not developed in the eastern margin of 
this district, but it thickens towards the· 
Orikabe Anticline. 

The Sakamotozawa Formation in the· 
Ohazama-Kesennuma District is overlain 
by the Kanokura Formation. In general,. 
the Kanokura Formation begins with 
basal conglomerate, and is succeeded up­
wards by thick sandstone facies of the 
Kattisawa Sandstone Member, and cal­
careous rocks of the Iwahata Limestone 
Member of ONUKI (1956). The type lo­
cality of the Kanokura Formation is along· 
the middle course of the Kanokurazawa. 
Valley, west of Kachizawa in the eastern 
marginal part of the Setamai area. In 
this area, the thick gray limestone of the 
Shiratorizawa Limestone Member is in 
fault contact with the basal granule to· 
pebble conglomerate (about 7 meters in 
thickness) of the Kanokura Formation_ 
A hornblende porphyrite dyke intrudes. 
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along the fault. The Motoiwazawa Sand­
stone Member is overlain by the basal 
conglomerate of the Kanokura Formation 
in the larger part of the Ohazama-Kesen­
numa District. The basal conglomerate 
of the Kanokura Formation is not dis­
tributed throughout the district. In the 
Tatsusobe area, the basal conglomerate 
is of pebble to cobble size distributed 
throughout, the size and thickness of the 
gravels decreases in south or southeast 
direction, and becomes a conglomerate 
with sporadic distribution of its granules 
in the Yahagi and the Kesennuma area. 

The lithofacies of the Sakamotozawa 
Formation in the Ohazama-Kesennuma 
District changes laterally into the pyro­
clastic Ubaishi Formation and into the 
lower part of the slaty Ochiai Formation 
at the west. 

Fusulinid Biostratigraphy of the 

Sakamotozawa Formation 

The Shiratorizawa Limestone Member 
of the Sakamotozawa Formation has 
yielded a rich fauna of fusulinids from 
many horizons of the limestone. MINATO 
et al. (1954) subdivided the Sakamoto­
zawa Series in the Setamai area into the 

Kawaguti and the Kabayama stages on 
the basis of the fusulinids. Subsequent­
ly MINATO, KATO and HASEGAWA (1964) 
referred the Kawaguti stage to the 
Pseudoschwagerina zone and the Kaba­
yama stage to the Pseudo fusulina zone. 
According to those authors the Pseudo­
schwagerina zone in the Kitakami Massif 
is characterized by Pseudoschwagerina 
(Robustoschwagerina) schellwieni HAN­
ZAWA, and the Pseudofusulina zone by 
the Pseudofusulina vulgaris and Pseudof. 
kraffti faunas. 

KANMERA and MIKAMI (1965a, b) pub­
lished the results of their biostratigraph­
ical and paleontological studies on the 
Sakamotozawa Formation in the type 
area. They recognized five fusulinid 
zones in the Sakamotozawa Formation, 
two of which were referred to the Lower 
Subformation, and these to the Upper, 
as follows: 

In general, the Early Permian forma­
tions in the southern part of the Kita­
kami Massif yield the same kind of fusu­
linid fauna as the Sakamotozawa For­
mation in its type area. However, the 
vertical ranges, abundancy and distri­
bution of the fusulinids differ with area 
even within the Sakamotozawa Forma­
tion. 

Subformation 

Upper Subformation 

Member I zone 

·-------------:~~~~~~~~~~ 

Sd , Pseudofusulina ambigua 

I Pseudo/. fusiformis 

subzone 
-~~~~~---------------

Sc 
I. Pseudo/. vulgaris (s.l.) 

! 

N agatoella minatoi 

Pseudo/. krafjti 

Pseudo/. aff. japonica 

Lower Subformation ! Sb2 : Monodiexodina langsonensis-
1 Nipponitella explicata 

Rugosofusulina alpina 

Sb1 I Zellia nunosei 
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The faunal assemblage and strati­
graphical distribution of the fusulinid 
fossils of the Sakamotozawa Form;1tion 
in the type area as described by KAN­
MERA and MIKAMI (1965a, b), are shown 
in Text-fig. 2. In the Hikoroichi district, 
Quasifusulina tenuissima (SCHELLWIEN), 
Rugosofusulina alpina (SCHELLWIEN), 
Monodiexodina langsonensis (S AURIN) 
and Nipponitella explicata HANZA w A are 
abundant in many horizons of the main 
part of the Lower Subformation. Zellia 
nunosei HANZA w A is also abundant, but 
is limitted to Member Sb 1 of the Lower 
Subformation in the Hikoroichi District. 
Member Sc of the Upper Subformation 
is characterized by abundant Pseudo­
fusulina aff. japonica (GUMBEL), Pseudo f. 
vulgaris vulgaris (SCHELLWIEN and DY­
RENFURTH), Pseudo/. vulgaris globosa 
(SCHELLWIEN and DYRENFURTH), Pseudo/. 
krajfti krajfti (SCHELLWIEN and DYREN­
FURTH) and Schwagerina aff. compacta 
(WHITE). Among the listed species, 
Pseudo/. vulgaris vulgaris decreases in 
abundancy upward from the base of 

·Member Sc, and Pseudo/. krajfti krajfti 
is limitted nearly to the upper part of 
Member Sc. The stratigraphical range 
of Pseudoschwagerina (Robustoschwage­
rina) shellwieni HANZA WA, an important 
Early Permian species in the Kitakami 
Massif, extends from Member Sb2 up to 
the upper part of Member Sc. The hori­
zon of maximum abundancy of Pseudo­
schwagerina (Robustoschwagerina) schell­
wieni in this district is apparently in the 
lower part of the Member Sc. The 
larger part of Member Sd is charac­
terized by Pseudofusulina fusiformis 
(SCHELLWIEN and DYRENFURTH) and Na­
gatoella minatoi KANMERA and MIKAMI. 
The uppermost part of Member Sd yield­
ed Pseudofusulina ambigua (DEPRAT). 

The lower part of the Shiratorizawa 
Limestone Member in the eastern half 

of the Ohazama-Kesennuma District, 
consists of a thin alternation of black 
slate and muddy limestone. In the east­
ern part of the Setamai area, Quasi­
fusulina tenuissima (SCHELLWIEN), Ru­
gosofusulina alpina (SCHELLWIEN), R. cf. 
rossica (SCHELLWIEN), and Paraschwage­
rina (Acervoschwagerina) sp. in associ­
ation with a few Monodiexodina lang­
sonensis (SAURIN) and Nipponitella sp. 
have been found. Zellia nunosei HAN­
ZA WA is found rarely in the lower part 
of the Shiratorizawa Limestone Member. 
Near the top of the lower part of the 
Shiratorizawa Limestone Member 8 me­
ters below the base of its upper part, 
abundant Pseudoschwagerina (Robusto­
schwagerina) schellwieni HANZA WA were 
found in association with some Zellia 
nunosei HANZAWA, Rugosofusulina cf. 
rossica (SCHELL WIEN) and Paraschwage­
rina (Acervoschwagerina) sp. This hori­
zon is the lowest of the abundant oc­
currence of Pseudoschwagerina (Robusto­
schwagerina) schellwieni HANZAWA in 
this district, and it probably corresponds 
with the Horizon I2 of MINATO et al. 
(1954). 

Three fusulinid zones and subzones of 
the Upper Subformation in the Saka­
motozawa Formation, defined by KAN­
MERA and MIKAMI (1965a, b) are recog­
nized in the Ohazama-Kesennuma Dis­
trict in the upper part of the Shiratori­
zawa Limestone Member. The fusulinid 
fauna in the lower and middle parts of 
the mentioned limestone, except the 
lowermost part in the Orikabe Anticline 
area, belongs to the Pseudofusulina vul­
garis (s.l.) and Pseudo/. fusifonnis zones. 
The lowermost part of the gray lime­
stone in the Orikabe Anticline area, less 
than 20 meters thick, where the upper 
part of the limestone member contacts 
with the Yubanosawa Slate Member di­
rectly, yielded abundant, Pseudoschwa-
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gerina (Robustoschwagerina) schellwieni 
HANZA w A, in association with Zellia 
nunosei HANZAW A, Quasifusulina cf. te­
nuissima (SCHELLWIEN), Rugosofusulina 
cf. rossica (SCHELLWIEN) and Paraschwa­
gerina (Acervoschwagerina) sp. These 
fusulinids are succeeded upwards by the 
fauna of the Pseudofusulina vulgaris (s.l.) 
zone. The just cited faunal assemblage 
is of the same composition as the fauna 
from the uppermost part of the lower 
part of the Shiratorizawa Limestone 
Member in the Odaira Dome area. The 
Pseudofusulina vulgaris (s.l.) zone in the 
Ohazama-Kesennuma District contains 
rarely Paraschwagerina (Acervoschwage­
rina) sp. in the lower horizon, and the 
faunal difference between the subzones 
of Pseudofusulina aff. japonica and Pseu­
dofusulina kraffti is not clear. The 
stratigraphical range of Pseudofusulina 
kraffti kraffti (SCHELLWIEN and DYREN· 
FURTH) extends from the middle level 
of the Pseudofusulina vulgaris (s.l.) zone 
up to the Pseudofusulina fusiformis zone 
in this district, although there is a 
decrease in abundancy upwards. The 
Pseudofusulina fusiformis zone can be 
recognized by the common occurrence 
of Nagatoella minatoi KANMERA and 
MIKAMI, Eoverbeekina cf. cheni THOMP­
SON and FOSTER and Sp!werulina eras ji­
spira (LEE). The range of Pseudofusu· 
lina fusiformis (SCHELLWIEN and DYREN­
FURTH) overlaps that of Pseudofusulina 
ambigua (DEPRAT) at the highest level 
of the Pseudof fusiformis zone. Tori­
yamaia laxiseptata KANMERA is rare in 
the Pseudofusulina vulgaris (s. 1.) and the 
Pseudofusulina fusiformis zones. The 
Pseudofusulina ambigua zone in this dis­
trict is characterized by abundant Pseu­
do fusulina ambigua (DEPRAT) and Pseu­
dofusulina sp. as in the type area of the 
Sakamotozawa Formation. The zone is 
recognized in the upper part of the gray 

limestone along the eastern margin of 
the Setamai area, and in the uppermost 
part on the western slope of the Orikabe 
Anticline. In the lower course of the 
Kanokura Valley, the highest level of 
the Pseudofusulina fusiformis zone is 
about 100 meters above the base of the 
upper part of the Shiratorizawa Lime­
stone Member. The thickness of the 
Pseudofusulina ambigua zone is nearly 
20 meters. The Misellina sp. zone about 
20 meters in thickness, occurs above the 
Pseudofusulina ambigua zone and is 
characterized by Misellina sp., Pseudo­
fusulina ambigua (DEPRAT) and Pseudof 
spp. The uppermost part of the Shira­
torizawa Limestone Member, about 30 
meters in thickness in the Kanokurazawa 
Valley in the eastern margin of the Se­
tamai area yielded ill-preserved Pseudo­
fusulina sp. The limestone member is 
in contact with the Kanokura Formation 
by a fault. At some horizons in the 
upper part of the Shiratorizawa Lime­
stone Member abundant well-preserved 
" Mizzia" spp. and J\!Iichelinia (Micheli­
napora) multitabulata Y ABE and HAY A­
SAKA have been found. 

The stratigraphically and paleontologi­
cally highest parts of the Shiratorizawa 
Limestone Member differ with area. 
Measured from the bottom, the highest 
part of the member is higher than the 
Misellina sp. zone in the eastern margin 
of the Setamai area. The limestone 
member is distributed in the Tatsusobe, 
the Otomo and the Kesennuma areas in 
the Hikoroichi District and the western 
limb of the Orikabe Anticline where it 
restricted t0 the top of the Pseudofusu­
lina ambigua zone. In the Motoiwazawa 
Sandstone Member the limestone mem­
ber is named the Pseudo fusulina fusifor­
mis zone. In the eastern slope of the 
Orikabe Anticline, the limestone member 
is distributed in the eastern part of the 
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Tatsusobe area, the Yokoiwazawa Valley 
and in the Yahagi area, where it does 
not extend up to the top of the Pseudo­
fusulina vulgaris (s. 1.) zone. IvliNATO, 
KATO and HASEGAWA (1964) and MINATO 
and KATO (1965) reported on the occur­
rence of Misellina claudiae (DEPRAT), 
Pseudofusulina kraffti (SCHELLWIEN), 
" Parafusulina" sp., lv!ichelinia (Micheli­
napora) multitaburata Y ABE and HAYA­
SAKA, Yatsengia kabayamensis MINATO 
and W entzelophyllum sp. from the top 
of the Shiratorizawa Limestone Member, 
and designated the fossil horizon as 
Horizon J,. However, there still remains 
doubt as to whether the horizons of 
their different localities are the same. 

The fusulinid fauna of the Motoiwa­
zawa Sandstone Member was not known 
before the discovery by the writer of 
Misellina sp., Pseudofusulina ambigua 
(DEPI~AT), Pseudo/. sp. and Monodiexo­
dina matsubaishi (FUJIMOTO) from four 
localities in this district, one of which 
includes the type locality of the sand­
stone member. In the type section, the 
lower part of the member, which con­
sists of calcareous slate with small lime­
stone lenses, yielded poorly preserved 
Monodiexodina matsubaishi (FUJIMOTO) 
admixed with a rich molluscan fauna in 
the slate facies and abundant Misellina 
sp. Pseudofusulina ambigua (DEPRAT) 
and Pseudo/. sp. from the limestone 
lenses. This fossiliferous horizon cor­
responds to the J\!fisellina sp. zone in the 
Kanokurazawa Valley. At about 80 me­
ters below the base of the Kanokura 
Formation in the Motoiwaza wa Valley, 
Monodiexodina matsubaishi (FUJIMOTO) 
was found. The same species is abun­
dant in the lower part of the Kanokura 
Formation where it forms a fossil layer 
several centimeters thick. Monodiexo­
dina matsubaishi (FUJIMOTO) was also 
collected from the middle and upper 

parts of this sandstone member in the 
Yokoiwazawa Valley, east of Orikabe, 
and at Yahagi in the Kesennuma Area. 

Molluscan Fauna from the Upper Part 

of Sakamotozawa Formation 

The Motoiwazawa Sandstone Member 
of the upper part of the Sakamotozawa 
Formation is short of macro-fossil re­
cords in general, however, some brachio­
pods and a coral were reported ; MOTEGI 
(1956, MS.) collected Buxtonioides sp. 
from the upper part of the Sakamoto­
zawa Formation in the Kesennuma area. 
Phricodothyris sp., Avonia echidniformis 
GRABAU em. CHAO, ]uresania juresanen­
sis (TSCHERNYSCHEW), Mesolobus mesolo­
bus (NORWOOD and PRATTEN) and Pro­
ductus yohi CHAO were described by 
NAKAMURA (1959), from his lower part 
of the Sakamotozawa Series, which how­
ever, was revised by MINATO and KATO 
(1965) to the Upper Sakamotozawa Series. 
This fossiliferous part was designated 
by MINATO and KATO (1965) as Horizon 
] 2 • TAKEDA (1963, MS) collected a poorly 
preserved Michelinia (Michelinopora) sp. 
from a sandstone of the upper part of 
the Sakamotozawa Formation in the 
Tatsusobe area. 

Recently, a rich molluscan fauna was 
found from the lower part of the Moto­
iwazawa Sandstone Member at its type 
section and in the Yokoiwazawa Valley. 
The fauna included Avonia echidnijonnis 
and Mesolobus mesolobus and fragments 
of other brachiopods. From the fauna 
the writer distinguished one species of 
nautiloid, three species of gastropods 
distributed among three genera and five 
species of bivalves belonging to four 
genera include one new genus, as fol­
lows:-
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Nautiloidea 
Tainoceras kitakamiense HAY ASAKA 

Gastropoda 
Bellerop!wn (Bellerophon) flitakami­

ensis MURATA, n. sp. 
Knightitej (Retispira ?) hanzawai 

MURATA, n. sp. 
" lvfurchisonia" n. sp. 

Bivalvia 
Towapteria nipponica N AKAZA w A 

and NEWELL 
W aagenoperna (Permoperna) 

hayamii NAKAZAWA and NEWELL 
Aviculopecten sp. 
Aviculopecten ? sp. 
Pseudoactinodontop!wra yabei 

MURATA, n. gen. and n. sp. 

Among the listed species Tainoceras lli­
takamiense, Towapteria nipponica, and 
W aagenoperna (Permoperna) hayamii 
were described by HAYASAKA (1925, 1962), 
HAY AMI (1960), NAKAZAWA and NEWELL 
(1968) from the lower part of the Kano­
kura Formation in the Kesennuma area 
and from the Tenjinnoki Formation in 
the Maiya District which is an equivalent 
of the lower part of .the Kanokura. Al­
though Actinodontop!wra katsurensis !CHI­

KA w A differs from Pseudoactinodonto­
phora yabei generically, the former is 
seemingly the most closely related spe­
cies to the latter. A. katsurensis was 
also recorded by NAKAZAWA and NEWELL 
(1968) from the Kanokura Formation in 
the Kesennuma area. The proposed new 
gastropod species also occurred from the 
Tenjinnoki Formation in the Maiya Dis­
trict. 

As a result of this work, it may be 
concluded that the molluscan fauna from 
the Motoiwazawa Sandstone Member of 
the Sakamotozawa Formation like Mono­
diexodina matsubaishi (FUJIMOTO) extends 
upwards to the Kanokura Formation. 
The continuous vertical distribution of 
the fossils is interesting from the view 

of the pre-Kanokura unconformity and 
suggests that there was no significant 
time gap between the two formations. 
Also it may be added that the said break 
is one of the unsettled problems on the 
Permian stratigraphy in the Japanese 
Islands. 

On the Pre-Kanokura Unconformity 

The stratigraphical and geo-tectonical 
significance of the basal conglomerate of 
the Kanokura Formation has been a sub­
ject of disputation by many authors. The 
pre-Kanokura unconformity was stated 
to be significant by MINATO et al. (1954), 
and to indicate the Abean Movement 
(MINATO, 1960, 1966, 1968). MINATO (loc. 
cit.), from reading of the geological map 
of the Setamai area concluded that the 
unconformity between the Sakamoto­
zawa and the Kanokura formations 
showed a structural difference and that 
the upper part of the Sakamotozawa 
Formation was eroded away before de­
position of the Kanokura Formation. The 
pre-Kanokura disturbance was stated by 
MINATO (1966) to indicate a slight posi­
tive diastrophic movement, less positive 
than the pre-Sakamotozawa movement, 
and was correlated w·ith the " Saalisch" 
phase of the Variscan Orogeny. How­
ever, ONUKI (1956, 1969) doubted the im­
portance of the pre-Kanokura uncon­
formity. SAITO (1968) admitted the pres­
ence of an unconformity, and without 
giving any evidence denied a tectonic 
movement between the two formations. 
Meanwhile, some authors (KANO and 
SEKI, 1954 ; KANO, 1955 ; YAMASHITA, 
1957) gave weight to the pre-Kanokura 
Unconformity pertaining to the granitic 
plutonism. In the Kitakami and Abuku­
ma massifs, the so-called "Usuginu Con­
glomerate" which commonly contains 
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pebbles of granitic rocks is intercalated 
in different horizons of the Permian 
System. The conglomerate occurs in the 
upper part of the Kanokura Formation 
in the areas of distribution of the Saka­
motozawa Formation. The basal con­
glomerate of the Kanokura and Saka­
motozawa formations contain only few 
pebbles of granitic rocks. The Hikami 
Granite a possible origin of the pebbles 
of granite, which is exposed in the south 
of Hikoroichi, was K-A dated to be 
> 222 X 106 y. B. P., according to KAWANO 
and UEDA (1964). 

MINATO (1966).and his co-workers (1964, 
1965) figured a generalized stratigraphical 
section of the Carboniferous and Permian 
formations in the southern part of the 
Kitakami Massif, when they proposed 
the pre-Kanokura disturbance. The con­
tact of the basal conglomerate of the 
Kanokura Formation with the Shiratori­
zawa Limestone Member in the Kano­
kurazawa and the Kachizawa valleys 
was explained by them as the result of 
folding and erosion before the deposition 
of the Kanokura Formation. Their figure 
showed that, the Shiratorizawa Limestone 
Member was originally covered uniform­
ly with the Motoiwazawa Sandstone 
Member, and after the folding due to 
the pre-Kanokura disturbance the upper 
part of the Sakamotozawa Formation 
over the Horizon ]0 was eroded away at 
the crest of an anticline before the de­
position of the Kanokura Formation. 
However, recent stratigraphical and bio­
stratigraphical evidences show that, the 
Shiratorizawa Limestone Member along 
the eastern margin of the Setamai area 
(including the Kanokurazawa, Kachizawa 
and Kamiyashiki valleys) is developed 
to its highest horizon, and is in contact 
with the basal csnglomerate of the Ka­
nokura Formation with a fault and the 
Motoiwazawa Sandstone Member was 

probably not deposited there. The strati­
graphically highest part of the limestone 
member differs in the other areas. The 
highest part just mentioned belongs to 
the Pseudofusulina ambigua zone in the 
Hikoroichi District and in the western 
limb of the Orikabe Anticline, to the 
Pseudofusulina fusiformis zone in the 
type area of the Motoiwazawa Sandstone 
Member and to the Pseudofusulina vul­
garis (s. 1.) zone in the Y okoiwazawa 
Valley, east of Orikabe. In the areas 
just mentioned the Motoiwazawa Sand­
stone Member is developed between the 
Shiratorizawa Limestone Member and the 
Kanokura Formation. The Misellina sp. 
zone stretches over both the upper part 
of the limestone member in the eastern 
margin of the Setamai area and the 
Motoiwazawa Sandstone Member in its 
type area. The faunal assemblages Cif 
the topment level of the limestone mem­
ber and of the Motoiwazawa Sandstone 
Member are not known however, the bio­
stratigraphical evidences may support 
the change in lithofacies from the upper 
part of the Shiratorizawa Limestone 
Member laterally to the Motoiwazawa 
Sandstone Member. 

The basal conglomerate of the Kano­
kura Formation is an extraneous con­
glomerate with the "Usuginu Conglom­
erate". It is succeeded upwards by a 
thick sandstone formation, and is devel­
oped in nearly all areas of distributions 
of the Kanokura Formation. But, the 
canglomerate is missing in some areas 
in the southern and south-eastern parts 
of the Ohazama-Kesennuma District, be­
cause of the lateral change in grain size 
and thickness of the conglomerate de­
creasing south- and east-wards, simul­
taneously with the increase in thickness 
of the overlying sandstone facies. The 
Tenjinnoki Formation in the Nagasaka­
Maiya District in the southwestern part 
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of the Kitakami Massif, which is an 
equivalent of the Kanokura Formation, 
has basal conglomerate like that of the 
Kanokura Formation. But, there are 
many broad areas in the southern part 
of the Kitakami Massif where neither 
the basal conglomerate nor the thick 
sandstone formation is developed, except 
in the Ohazama-Kesennuma and the 
Nagasaka-Maiya districts. Further, the 
stratigraphical ranges of Monodiexodina 
matsubaishi (FUJIMOTO) and the mollus­
can fauna of the Motoiwazawa Sandstone 
Member both extend up to the Kanokura 
Formation and cross the pre-Kanokura 
unconformity. From these reasons, the 
writer considers that the pre-Kanokura 
unconformity may be a local one due to 
the different movements of the sedimen­
tary basin. 

The pre-Kanokura unconformity is 
thought to have no relation with the 
granitic plutonism, even though pebbles 
of granitic rocks are found in the 
so-called " U suginu Conglomerate". Be­
cause the deposition of the "U suginu 
conglomerate commenced during depo­
sition of the Pseudofusulina ambigua 
zone in the southwestern part of the 
Kitakami Massif, as pointed out by 
MURATA and MAIYA (1964), SAITO (1966, 
1968), ONUKI (1959) and MURATA (1969). 
Some pebbles of the granitic rocks are 
also found in the tuffaceous sandstone 
of the Yubanosawa Slate Member of the 
Sakamotozawa Formation, at Kashiwari, 
in the Setamai area. Further, the ab­
solute age of a granite pebble from the 
so-called "Usuginu Conglomerate" at 
Kogaizawa, Sumita-cho, Kesen-gun, Iwate 
Prefecture, which belongs to the Ochiai 
Formation, is determined recently to be 
420-425x 106 y. B. P. by the K-A method 
(UEDA, MS). Therefore the pebbles of 
granitic in the so-called Usuginu Con­
glomerate are of a different origin. 

Systematic Description of 

Molluscan Fauna 

Class Gastropoda CUVIER, 1797 

Order Archaeogastropoda THIELE, 1825. 

Suborder Bellerophontina ULRICH 

and SCOFIELD, 1897 

Superfamily Bellerophontacea 

M'COY,. 1851 

Family Bellerophontidae M'COY, 1851 

Subfamily Bellerophontinae M'COY, 1851 

Genus Bellerophon MONTFORT, 1808 

Subgenus Bellerop!wn (Bellerop!wn) 

MONTFORT, 1808 

Bellerophon (BelleropJwn) kitakamiensis 

MURAT A, n. sp. 

Pl. 13, figs. 1-3. 

Description :-Somewhat elongate, rath­
er large bellerophontid gastropods with 
selenizone on a raised median crest, 
apertural opening elongate cardiform ; 
earliest growth stage unknown; early 
growth stages coiled uniformly to three­
fourths of body-whorl, but loosely in 
mature stage, whorl profile varying from 
slightly compressed to elongate sub­
cardiform ; upper surface well arched in 
early stages with a high, distinct median 
crest, but decreasing in curvature in 
mature stage; lateral surfaces slightly 
flattened, though not set off from upper 
surface by angulation; selenizone convex 
on median crest; slit depth unknown, 
but probably less than 10 per cent of 
body-whorl circumference; lateral lips 
curving back from anterior lips, their 
junction with body-whorl simple in early 
growth stages, becoming slightly reflex-
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Table 1. Measurements (in mm.) of Bellerophon (Bellerophon) 
kitakamiensis MURATA, n. sp. 

Specimen Length 

91389 Holotype 33. 7 
. 91390A Para type 34. 0+ 

91390B 19. 0+ 
91390C 22. 2+ 
913900 24. 0+ 
91390E 16. 2+ 

ed with maturity and a little thickened ; 
interior of lateral lips curved, but not 
excavated; spiral ornament lacking; ma­
ture stage characterized by increasing 
rugosities of growth lines. 

The measurements of Bellerophon (Bel­
lerophon) kitakamiensis MURATA, n. sp. 
are given in Table 1. 

Remarks:-This species is based on six 
specimens, including a nearly perfect 
mold specimen. Although this new spe­
cies is similar to many described Upper 
Palaeozoic species, the ontogenic changes 
of shell form serve to distinguish it from 
any of them. Bellerophon (s. str.) timor­
ensis WANNER, 1922, B. (s. str.) timorensis 
gibber WANNER, 1922, and B. (s. str.) 
triangularis W AAGEN, 1881, seem to be 
closely related to this new species, but 
they have a more elongate shell and a 
more distinct median crest. 

Repository: 
Holotype-IGPS* coil. cat. no. 91389. 
Paratypes-IGPS coli. cat. nos. 91390A-E. 

Occurrence :-Common in the lower 
part of the Motoiwazawa Sandstone 
Member of the Sakamotozawa Formation 
in the Motoiwazawa Valley, southwest 
of Kawaguchi, Sumita-cho, Kesen-gun, 
Iwate Prefecture. Several specimens of 
this species were also collected from the 
lower part of the Kanokura Formation 

* Abbreviation for the Institute of Geology 
and Paleontology, Tohoku University, Sendai, 
Japan. 

Width Thickness 

20.5 19. 5+ 
23. 0+ 
15. 0+ 13. 0+ 
18. 0+ 13. 5+ 
19. 6+ 
15. 5+ 

in Kesennuma City, Miyagi Prefecture, 
and from the Tenjinnoki Formation in 
the Teranosawa, Valley, Towa-cho, Tome­
gun, Miyagi Prefecture. 

Subfamily Knightitinae KNIGHT, 1956 

Genus Knightites MOORE, 1941 

Subgenus Retispira KNIGHT, 1945 

Knightites (Retispira ?) hanzawai 

MURATA, n. sp. 

Pl. 13, figs. 4-6. 

Description :-Rather elongate bellero­
phontid gastropods with collabral undu­
lation and a distinct selenizone on low 
median crest; shell medium in size, coil­
ed uniformly in early growth stages, 
loosening to nearly straight i11 mature 
stage without aperture flare; upper sur­
face arched moderately in early stages, 
flattened in mature stage, with a low 
distinct median crest ; lateral slopes well 
rounded in early stages, becoming flat 
with maturity, so whorl profile in ma­
ture stage more angular ; selenizone 
concave on low median crest, bordered 
by lirae; slit deep, approximately 25 per 
cent of body-whorl circumference; aper­
ture not flaring; narrowly phanerom­
phalous, details of umbilicus unknown; 
ornamented by numerous spiral lirae in 
two sets, two to four finer lirae inter-
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Table 2. Measurements (in mm.) of Knightites (Retispira ?) 
hanzawai MuRATA, n. sp. 

Specimen Length 

91391 Holotype 23.0 
91392A Para type 23.8+ 
91392B 18. 5+ 
91392C 22.4+ 
91392D 17. 2+ 
91392E , 16. 7 

calated between two coarser lirae, orna­
mented also by faint growth lines ; shell 
modified by transverse undulations on 
upper surface and upper part of lateral 
surfaces, strengthened at shoulder. 

The measurements of Knightites (Reti­
spira ?) hanzawai MURATA, n. sp. are 
given in Table 2. 

Remarks:-This new species is based 
on five molds of more or less deformed 
specimens. The selenizone on the low 
but distinct median crest of this species 
resemble Bellerophon (Pharkidonotus) of 
GIRTY (1912) rather than I\.nightites (Reti­
spira) of KNIGHT (1845). But its narrowly 
phaneromphalous umbilici, deeper slit 
and surface ornamentations have close 
affinity to Knightites (Retispira). There­
fore, this species is referred to Knightites 
(Retispira) MooRE (Op. cit.) with question. 
This new species is not identifiable with 
any known species of Bellerophon (Phar­
kinodotus) nor Knightites. 

Repository: 
Holotype-IGPS coli. cat. no. 91391. 
Paratypes-IGPS coli. cat. nos. 91392A-E. 

Occurrence :-Rather common in the 
lower part of the Motoiwazawa Sand­
stone Member of the Sakamotozawa For­
mation in the Motoiwazawa Valley. 

Order ? Archaeogastropoda THIELE, 1925 

Suborder Murchisoniina Cox 

& KNIGHT, 1960 

Width Thickness 

13.2 10. 5+ 
14. 0+ 
13.2+ 10.0+ 
14.4+ 

15. 6+ 
11. 4+ 

Superfamily Murchisoniacea KOKEN, 1896 

Family Murchisoniidae KOKEN, 1896 

Genus Murchisonia D' ARCHIAC 

& DE VERNEUIL, 1841 

" Murchisonia" n. sp. 

Pl. 13, figs. 7-10. 

Description :-Shell high-spired turbi­
nate with ten or more whorls, spire 
slightly convex conical whorl with an 
angular spiral ridge bearing selenizone 
on mid-whorl periphery; protoconch un­
known; selenizone flat to concave; su­
ture indistinct ; surface with narrow 
spiral threads and collabral nodes, about 
five spiral threads distributed on lower 
two-thirds of upper whorl surface, two 
or three more distinct spiral threads on 
lower whorl between sutures, collabral 
nodes developed regularly on upper 
whorl face only. 

The measurements of " Murchisonia" 
n. sp. are given in Table 3. 

Remarks :-Four fragmental external 
molds of high-spired gastropods are in 
the present collection. All of them are 
elongated or compressed by deformation, 
but the surface sculpture is well pre­
served. (Pl. 13, fig. 7). 

The present material, although not 
abundant, serves to show that they re­
present an undescribed species. Among 
the known species of Murchisoniidae, the 
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Table 3. Measurements (in mm.) of "Murchisonia" n. sp. 

Specimen Number of Height whorl 

91393A 10 38.2 
91393B 11 30. 5 ? 
91393C 7+ 20. 0+ 
91393D 7+ 14.2+ 

general shape and surface ornamenta­
tions of this species suggest affinity with 
"Murchisonia" yabei HAY ASAKA (1943, p. 
32, pl. 2, figs. 2, 3 ; pl. 4, figs. 1, 2 ; pl. 5 ; 
text-fig. 2) from the Middle Permian 
Akasaka Limestone in Japan. But the 
collabral nodes of " Murchisonia" yabei 
are developed on the upper and the low­
er whorl faces and sepa.rated with double­
crested selenizone. The characters of 
the surface ornamentationand selenizone 
of these species suggest two different 
genera, one resembles Helicospira of 
GIRTY (1915) and the other is similar to 
Micrentoma of DONALD (1898) rather than 
Murchisonia of D' ARCHIAC and DE VER­
NEUIL (1841). Two of the present speci­
mens, show a large, ovoidal apertural 
opening with a siphonal canal. From 
such characters the present species 
should be referred to some order other 
than the present one. 

Repository :-IGPS coli. cat. nos. 91393 
A-E. 

Occurrence:-Rather common in the 
lower part of the Motoiwazawa Sand­
stone Member of the Sakamotozawa: For­
mation in the Motoiwazawa Valley, south­
west of Kawaguchi, Sumita-cho, Kesen­
gun, Iwate Prefecture. 

Class Cephalopoda CUVIER, 1797 

Subclass Nautiloidea AGASSIZ, 1847 

Order Nautilida AGASSIZ, 1847 

Width Whorl Apical angle 
height (degrees) 

6. 8+ 6.2+ 12 
8.5 5. 8+ 17 
4.8+ 5. 0+ 13 

11.1 ? 4.3 41 ? 

Superfamily Tainoceratacea 

HYATT, 1883 

• Family Tainoceratidae HYATT, 1883 

Genus Tainoceras HYATT, 1882 

Tainoceras kitakamiense HAY ASAKA, 1962 

Pl. 14, fig. 13. 

1962. Tainoceras kitakamiense . HAY ASAKA, 
Bull. Natl. Sci. Mus., v. 6, n. 2, p. 140, 
Text-fig. 2, pl. 12, figs. 1, 2. 

Remarlzs :-A single incomplete stein­
kern of a heavily compressed specimen 
is at hand. It appears to be a part of 
the living chamber and eight chambers 
of the phragmocone. Although smaller 
in size (about two-thirds), this form may 
be identical with Tainoceras lzitakamiense 
HAYASAKA, 1962, from the Kanokura 
Formation at Imo, Yahagi-cho, Rikuzen­
Takada City, Iwate Prefecture, by the 
characteristic features of its row of 
large, prominent nodes on the ventro­
lateral border. The slightly concaved 
broad median depression is bordered 
with by pair of rows of less prominent 
nodes. The sutures are moderately close­
ly set (ca. 6 mm on venter). 

Repository :-IGPS coli. cat. no. 91394. 
Occurrence :-Rare in the lower part 

of the Motoiwazawa Sandstone Member 
of the Sakamotozawa Formation in the 
Motoiwazawa Valley, southwest of Ka­
waguchi, Sumita-cho, Kesen-gun, Iwate 
Prefecture. 
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Class Bivalvia LINNE, 1758 

Subclass Pteriomorphia BEURLEN, 1944 

Order Pterioida NEWELL, 1965 

Suborder Pteriina NEWELL, 1965 

Superfamily Pteriacea GRAY: 1845 

Family Bakevelliidae KING, 1850 

Genus Towapteria NAKAZAWA 

and NEWELL, 1968 

Towapteria nipjJonica N AKAZA w A 

and NEWELL, 1968 

Pl. 14, figs. 5-8. 

1959. Pteria sp., NAKAZAWA, Mem. Col!. Sci., 
Univ. Kyoto, Ser. B, v. 27, no. 2, p. 196, 
Text-fig. 1. 

1968. Towapteria nipponica NAKAZAWA and 
NEWELL, Mem. Fac. Sci., Kyoto Univ., 
Ser. Geol. & Min., v. 35, n. 1, p. 59, 
pl. 3, figs. 5-8. 

Remarks:-There are four left and 
one right ·valves at hand. They are all 
externaL and internal molds, and more 
or less deformed obliquely by compres­
sion. Taking the deformation into ac­
count, the present form is quite identical 
with Towapteria nipponica NAKAZAWA 
and NEWELL, 1968, from the Tenjinnoki 
Formation at Tenjinnoki, Maiya, Towa­
cho,. Tome-gun, Miyagi Prefecture. NA­
KAZA W A and NEWELL (1968) also record-

ed this species from the same formation 
at Teranosawa, Maiya, Towa·cho, the 
Kanokura Formation at Kamiyasse, Ke­
sennuma City, Miyagi Prefecture, and 
the Gujo Formation at Gujo, Oe-cho, 
Kyoto Prefecture. 

The measurements of the present spe­
cimens of Towapteria nipponica NAKA­
ZA w A and NEWELL are given in Table 4. 

Repository :-!GPS col!. cat. nos. 91395 
A-E. 

Occurrence :-Common in the lower 
part of the Motoiwazawa Sandstone 
Member of the Sa.kamotoza.wa Forma­
tion in the Motoiwazawa Valley, south­
west of Kawaguchi, Sumita"cho, Kesen­
gun, I wate Prefecture. 

Family Isognomonidae WoODRING, 1925 

Genus W aagenoperna TOKUY AMA, 1959 

Subgenus Permoperna NAKAZAWA 

and NEWELL, 1968 

W aagenoperna (Permoperna) hayamii 

NAKAZAWA and NEWELL, 1968 

Pl. 14, figs. 9, 11. 

1925. Liecea sinensis NEWELL, FRECH, HAYA­
SAKA (non FRECH, 1911), Sci. Rep., To­
hoku Imp. Univ., 2nd Ser. v. 8, n. 2, 
p. 14, pl. 8, figs. 11, 12, 13 ? 

1960. "]sognomon" n. sp., HAY AMI, jour. Fac. 
Sci., Univ. Tokyo, Sec. 2, v. 12, pt. 2, 
p. 327, Text-fig. 6. 

Table 4. Measurements (in n1m.) of Towapteria nipponica NAKAZAW A and NEWELL. 

Specimen Length 
----------··-------

91395A LV 
91395B 
91395C 
91395D 
91395E RV 

15.2 
11.5 
10. 2+ 
9.8 

11.4 

LV: Left valve. 

Height 

9.8? 
7.5 
6. 5+ 
7. 1 
7.2 

RV: Right valve. 

Hinge length 

13.9 
10.2 
10.0 

7. 0+ 
9.6 
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1968. Waagenoperna (Permoperna) hdyamii 
NAKAZAWA and NEWELL, Mem. Fac. 
Sci., Kyoto Univ., Ser. Geol. & Min., 
v. 35, n. 1, p. 62, pl. 3, figs. 9-11. 

Remarl<s :-Two specimens, one larger 
and the other smaller are in the collec­
tion. The smaller one is represented by 
a rather severely deformed internal mold 
of a right valve but most features ex­
cept the anterior ear and surface orna­
mentations are preserved. The ligament 
area is provided with four ligament pits. 
Near the last ligament pit a weak pos­
terior lateral tooth extends posteroven­
trally. The other one is represented by 
an external mold of a nearly perfect left 
valve except the posteroventral margin. 
The anterior ear is small, subtriangular 
and clearly demarcated from the body of 
the shell by a furrow. Apical angle 
about 55 degrees. The smaller specimen 
is quite identical with Waagenoperna 
(Permoperna) hayamii NAKAZAWA and 
NEWELL from the Tenjinnoki Formation 
in the Maiya District. The other speci­
men is larger than the type specimens 
of Waagenoperna (Permoperna) hayamii 
NAKAZAWA and NEWELL, and as large 
as the specimens of HAY ASAKA (1925) 
from the Kanokura Formation in the 
Yahagi area, and of HAY AMI (1960) from 
the same formation in the Kesennuma 
area. 

The measurements of the present spe­
cimens of Waagenoperna (Permoperna) 
hayamii NAKAZAWA and NEWELL are 
in Table 5. 

Repository:-IGPS coli. cat. nos. 91397, 

91398. 
Occurrence :-Rather rare from the 

lower and middle parts of the Motoiwa· 
zawa Sandstone Member of the Saka­
motozawa Formation in the Motoiwa­
zawa and the Yokoiwazawa valleys, Su­
mita-cho, Kesen-gun, Iwate Prefecture. 

Superfamily Pectinacea 

RAFINESQUE, 1815 

Family Aviculopectinidae MEEK 

and HAYDEN, 1864 

Subfamily Aviculopectininae MEEK 

and HAYDEN, 1864 

Genus Aviculopecten M'CoY, 1851, 

em. NEWELL, 1938 

Aviculopecten sp. 

Pl. 14, figs. 12a, b. 

Remarl<s :-A single fragmental com­
pressed external mold of right valve is 
at hand. The radial costae of different 
strength may be classified into three 
orders. First order costae 8 or 9 in 
number. Between two of them a costa 
of the second order is intercalated ir­
regularly and attains a size of first one 
in the early growth stage. Third order 
costae are more delicate and placed ir­
regularly. The ornamentation is some­
what similar to that of Aviculopecten 
hataii MURATA, (1964b), and A. cf. hataii 
by NAKAZAWA and NEWELL (1968). 

Repository :-IGPS coli. cat. no. 91396. 

Table 5. Measurements (in mm.) of Waagenaperna (Permoperna) 
lzayamii NAKAZAWA and NEWELL. 

Specimen 

91397 RV 
91398 LV 

Length 

14. 5+ 
35.4 

Height 

25.4 ? 
42.2 

Hinge length 

11. 2 
22.8 
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Occurrence :-Rare; the lower part of 
the Motoiwazawa Sandstone Member of 
the Sakamotozawa Formation in the Mo­
toiwazawa Valley, southwest of Ka wa­
guchi, Sumita-cho, Kesen-gun, Iwate Pre­
fecture. 

AviculojJecten ? sp. 

Pl. 14, fig. 10. 

Remarks :-A small external mold of 
a left valve of Aviculopecten-like shell, 
the ligamenta! area is not preserved. 
The surface of the shell is ornamented 
with several weak radial costae. 

Repository :-IGPS coli. cat. no. 86884. 
Occurrence :-Rare, the middle part of 

the Motoiwazawa Sandstone Member of 
the Sakamotozawa Formation in the Yo­
koiwazawa Valley, near Orikabe, Sumita­
cho, Kesen-gun, Iwate Prefecture. 

Subclass Palaeoheterodonta 

NEWELL, 1965 

Order U nionoida STOLICZKA, 1871 

Superfamily U nionacea FLEMING, 1828 

? Family Actinodontophoridae 

NEWELL, 1969 

Genus Pseudoactinodontophora 

MURATA, new genus 

Type species: Pseudoactinodontop!wra 
yabei, new species, Sakamotozawa For­
mation, northeast Japan; Early Permian. 

Diagnosis :-Shell medium in size, equi­
valve, elongate elliptical ; umbo proso­
gyre, located at least at one-fourth of 
shell length from anterior margin, only 
slightly salient above hinge margin ; 
dorsal margin nearly straight, ventral 
margin broadly convex, anterior margin 

short and well rounded, posterior mar­
gin probably subrounded and truncate 
obliquely; escutcheon distinct, deeply in­
cised, bounded by a sharp ridge extend­
ing to near posterior end of hinge ; 
lunule unknown ; ligament opisthodetic, 
nymphs well defined ; anterior muscle 
scar subcircular, deeply impressed close 
to anterodorsal margin with buttress, 
posterior scar large, obscure; surface 
with growth lines. Hinge-plate with a 
series of radiating cardinal and subcar­
dinal teeth located below beak, and an 
obscure lateral tooth and socket in each 
valve; four strong cardinal teeth, orna­
mented with rather coarse striations on 
each side three of which run antero­
ventrally, posterior most cardinal tooth 
vertical or directed slightly posteroven­
trally; seven to nine subcardinal teeth, 
directed posteroventrally, and becoming 
short and thin posteriorly. 

Remarlls :-The external and internal 
characters of the proposed genus are 
similar to the Permian Actinodontophora 
ICHIKAWA (1951, p. 327, type: A. /latsu­
rensis ICHIKAWA), but the details of the 
dentition are different. Actinodontophora 
llatsurensis ICHIKAWA, which is the only 
known species of the genus, posseses 
" two (in one case, three ?) cardinals and 
five to seven subcardinals" and thus dif­
fers from Pseudoactinodontophora. Acti­
nodontophora is known from the Middle 
or Upper Permian formation at Katsura 
in Shikoku, and from the Middle Permian 
Kanokura Formation in the Kesennuma 
area. Pseudoactinodontop!wra is from the 
Lower Permian Sakamotozawa Forma­
tion in the Setamai area. Although the 
present new genus differs from Actino­
dontophora, the latter seems to be the 
most closely related genus to the pres­
ent one. Possibly, Actinodontophora may 
be a descendant of Pseudoactinodonto­
p!wra. The Upper Triassic Palaeop!zarus 
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Tab_le 6. Measurements (in mm.) of Pseudoactinodontophora 
yabei MuRATA. n. gen. n. sp. 

---------------------
Specimen Length Height 

86885 Holotype RV 76.5 19.0 
LV 

86886A Para type LV 45.8+ 22.2 
86886B LV 44.0+ 19.4 
86886C RV ca 27.0 12.5 
86886D RV 43.5+ 14.2 
86886E RV ca 56 1.3.0 

- ------- ---------

KITTL (1907, p. 34, type: P. schell DIENER) 
is another genus similar to the newly 
proposed one but it can be distinguished 
from the new genus in the dentition and 
ornamentati_on of the shell surface. 

Pseudoactinodontophora yabei MURAT A, 

n. gen. and n. sp. 

Pl. 14, figs. 1-4. 

Description :-Shell m~dium in size, 
equivalve, inequilateral, strongly elon­
gated posteriorly ; umbo subdued locat­
ed at one-fourth to one-ninth of shell 
length from anterior margin. Dorsal 
margin nearly straight or gently con­
ve~, ventral margin broadly convex, 
anterior margin short and well round­
ed, posterior margin probably subround­
ed and tn.J.ncate obliquely; escutcheon 
long and d.eep, bounded by sharp ridge 
extending to near posterior end of 
hinge; ligament opisthodetic, nymphs 
well defin!'lcl ; dentition of four cardinal 
teeth, anterior three strong, thick, and 
becoming short posteriorly, but posteri­
or most cardinal tooth longer than 
others and bisected in right valve, seven 
to nine subcardinal teeth thin and some­
what geniculate. 

The measurements of Pseudoactino­
dontophora yabei MURATA, n. sp. are 
given in Table 6. 

Remarks:-This new species is based 
on about ten specimens, all of which 
are internal and external molds of .in­
complete valves. Their preservations 
are not so good, but the characters of 
their dentition are well observed in some 
specimens. As mentioned above, the 
present form seems to be closely related 
to ActinodontopJwra katsurensis ICHIKA­
wA, but the dentition is different. This 
species is named in honor of the late 
Dr. Hisakatsu YABE, who died on June 
23, 1969. 

Repository:-
Holotype-IGPS coli. cat. no. 86885. 
Paratype-IGPS coli. cat. nos. 86886A-I. 

Occurrence :-Abundant in the lower 
part of the Motoiwazawa Sandstone 
Member of the Sakamotozawa Forma­
tion in the Motoiwazawa Valley, south­
west Kawaguchi, Sumita-cho, Kesen-gun, 
Iwate Prefecture. 
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Explanation of Plate 13 

Figs. 1-3. Bellerophon (Bellerophon) kitakamiensis MuRATA, n. sp. 
1a, b. Right side and a pert ural views of a gum-type of the holotype; IGPS coli. cat. no. 

91389, X l. 
1c, 3. Enlarged view of the gum-type of the holotype and a paratype to show details of 

the umbilicus and surface ornamentation; IGPS coli. cat. no. 31389, 91390A, x 2. 
2a-c. Adapertural, left side and posterior views of the gum-type of a para type; IGPS 

coli. cat. no. 91390B, x 2. 
Horizon and Locality: Lower part of the Motoiwazawa Sandstone Member of the Saka­
motozawa Formation (Early Permian) in the Motoiwazawa Valley, Sumita-cho, Kesen-gun, 
Iwate Prefecture. 

Figs. 4-6. Knightites (Reptispira ?) hanzawai MuRATA, n. sp. 
4a-d. Adapertural, oblique adapertural, right side and posterior views of the gum-type 

of the holotype; IGPS coli. cat. no. 91391, x 2. 
4e. Enlarged view of gum-type of the holotype to show the details of surface ornamen­

tation, x 3. 
5a, b. Left side and adapertural views of internal mold of para type; IGPS coli. cat. no. 

91392A, x2. 
6. Ada pert ural view of the gum-type of a para type; IGPS coli. cat. no. 91392B, x 2. 
Horizon and Locality: Same as figs. 1-3. 

Figs. 7-10. "Murchisonia" n. sp. 
7, 8. Apertural view of gum-types; IGPS coli. cat. nos. 91393A, B, x 2. 
9, 10. Lateral view of gum-types; IGPS coli. cat. nos. 91393C, D, x 2. 
Horizon and Locality: Same as figs. 1-3. 
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Explanation of Plate 14 

Figs. 1-4. Pseudoactinodontophora yabei M uRATA, n. gen. n . sp. 
1a, b, 4. Gum-t ype of left and right valves of the same indi v idual, holotype; IGPS coil. 

cat. no. 86885, x 1. 
2. Gum-type of left valve, posterior part of hinge-plate shif ted slightly, para t ype; IGPS 

coli. cat. no. 86886A, x i. 
3a, b. Extern al mold and gum-type of left valve, para type; IGPS coil. cat. no. 86886B, 

3a. x 1, 3b. x2. 
Horizon and Loca li ty: Lower part of t he Motoiwazawa Sandstone Member· of tl1e Saka­
motozawa Formati on (Early Permian) in t he Motoiwazawa Vall ey, Sumi ta-cho, Kesen- gu n, 
l wate Prefectur e. 

Figs . 5-8. Towapteria nipponica NAKAZAWA and NEWELL. 
5a- c. Externa l and in terna l molds and gum- type of left valve; IGPS coil. cat. no. 91395A, 

x 2. 
6a, b, Sa, b. External mold an d gum-types of left valves; IGPS coli. cat. nos. 91395B, D, 

x 2. 
7. Gum-type of left valve ; IGPS coil. cat. no. 91395C, x 2. 
Horizon an d Locality: Same as fi gs . 1- 4. 

Figs. 9, 11. Waagenoj;erna ( Permoperna) hayamii NAKAZA w A a nd NEWELL. · 
9. Internal mold of right valve; IGPS coli. cat. no . 91397, x 2. 
Horizon and Loca li ty: Same as figs. 1-4. 
ll.a , b. Externa l mold and gum-t ype of left va lve; IGPS coil. cat. no. 91398, x 1. 
Horizon and Loca li ty: Middle part of the Motoiwazawa Sandstone Member of the Saka­
motozawa Format ion (Ea rly Permian) in the Yokoiwazawa Vall ey, southeast of Orikabe, 
Sumita-cho, Kesen-gun; Iwate Prefecture. 

F ig. 10. Aviculoj;ecten ? sp . 
Extern al' mold of left valve; IGPS coll. cat. no. 86884, x l. 
Hori zon and Loca li ty: Same as fi g. 1.1.. 

F ig. 12. AviculojJect en sp . 
a, b. Extern al mold and gum-t ype of ri ght va lve; IGPS coli. cat. no. 91396, x 2. 
Horizon and Locali ty : Same as figs. 1- 4. 

Fig. 13. Taino ceras ilitalwmiense I-IAYASA KA. 
Ventra l view of ste in kern ; coli. cat . no. 91394, x l. 
Hori zon an d Loca li ty: Same as figs . 1- 4. 
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581. CORRELATION OF LATE CENOZOIC MARINE SECTIONS 

IN JAPAN AND THE EQUATORIAL PACIFIC 
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Introductory note 

For the past year I have been studying 
Late Cenozoic diatoms in deep-sea sedi­
ment cores recovered from the eastern 
Equatorial Pacific. This work has been 
carried out in conjunction with similar 
studies on the Radiolaria, Foraminifera 
and paleomagnetic stratigraphy in the 
same cores (see for example; HAYS et 
al., 1969; SAITO et al., in prep.). In the 
course of this study it soon became ap­
parent that some of the more strati­
graphically useful diatom species are 
also present in the Miocene and Pliocene 
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sections of Japan (KANAYA, 1959; Kor­
ZUMI, 1966, 1968). These include such 
forms as: Actinocyclus ellipticus GRUN. 
var. javanicus REINHOLD, Coscinodiscus 
endoi KANA Y A, C. vetustissimus P ANTOC­
SEK, C. yabei KANA Y A, penticula hustedtii 
SIMONSEN and KANA Y A, Rouxia califor­
nica PERAGALLO, R hizosolenia praeber­
gonii MUCHINA and Thal(!ssiosira nativa 
SHESHUK. The purpose of this paper is 
to report on the geologic ranges of these 
species in the Equatorial Pacific and their 
possible correlation to sections in Japan. 
During the course of my discussion some 
questions must be raised regarding the 
age of certain formations on Japan. 

Since 1962, ships of the Lamont-Doherty 
Geological Observatory have recovered 
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Table 1. 

Position Water Depth ·Length Core No. 
Latitude Longitude 

(M) (em) 

RC12-63 05•58'N 142•39'W 4949±10 1558 

RC12-65 04•39'N 144•58'W 4868 2426 

RC12-66 02•36. 6'N 148•12.8'W 4755 2800 

more than 200 deep-sea sediment cores 
from the eastern Equatorial Pacific. 
These cores range in age from Eocene to 
Pleistocene and in length from less than 
a few centimeters to over 28 meters. 
The Eocene cores are generally Radio­
larian oozes with few diatoms, while 
Oligocene and Early Miocene sediments 
tend to be richly calcareous, containing 
mostly coccoliths although some diatoms 
and Radiolaria are also present. The 
Middle Miocene to Pleistocene cores, on 
the other hand, contain mostly diatoms 
and Radiolaria with few calcareous 
nannofossils and even fewer Forami­
nifera. 

Since 1966, all cores taken by Lamont­
Doherty ships have been oriented for 
paleomagnetic measurements. This tech­
nique is especially useful to the marine 
micropaleontologists because it permits 
him to compare ranges of microfossil 
species against actual time-lines (OPDYKE 
et al., 1966; HAYS and OPDYKE, 1967; 
HAYS et al., 1969). Of the cores recov­
ered from the Equatorial Pacific since 
1966, three are of special interest to this 
study (Table 1). They all penetrate into 
the Miocene and, on the basis of mag­
netic stratigraphy, have essentially com­
plete Pliocene and Pleistocene sections. 
One core (RC12-65) penetrates the Late 
Miocene and bottoms in the uppermost 
part of the Middle Miocene (Text-fig. 1). 
The diatom stratigraphy and the paleo­
magnetic stratigraphy of these three 
cores will provide the basis for the dis-

cussion to follow. 
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Previous work 

Modern work on Equatorial Pacific 
fossil diatoms began in 1954 when KOLBE 
published a study of diatoms in cores 
from this area taken by the Swedish 
Deep-Sea Expedition. Besides making a 
taxonomic study, he listed those forms 
which were restricted to the pre-Pleisto­
cene and made an attempt to define the 
Pliocene/Pleistocene boundary in one of 
the cores (SW76). KANA Y A (1969) sub­
sequently presented evidence that the 
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boundary defined by KOLBE was really 
.:an erosiona.l unconformity. 

MUCHINA (1963) discussed geologic 
ranges of selected diatom species from 
a single core from the Equatorial Pacific 
.:and included in her discussion two strati­
graphically important species: Rhizoso­
.lenia praebergonii and Thalassiosira con­
.vexa (MUCHINA, 1965). In subsequent 
. papers (MUCHINA, 1966, 1969) these spe­
·cies were used as early Pleistocene guide 
fossils with the first appearance of Th. 
convexa being used to define the Pliocene/ 
Pleistocene boundary and the range of 
R. praebergonii being used to define the 
upper part of the lower Pleistocene. 
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MUCHINA (1969) further reported on the 
occurrence of Coscinodiscus yabei KANA­
YA in Equatorial Pacific sediments and 
defined 'it as a largely Miocene species. 

More recently HAYS et al. (1969) pub· 
lished a combined· biostratigraphic (Fo· 
raminifera, Radiolaria, diatoms and dis­
coasters) and paleomagnetic study of 
selected Pliocene-Pleistocene cores from 
the Equatorial Pacific while BURCKLE 
(1969) related a Late Miocene to Pleisto­
cene diatom zonation for this region to 
zonations based upon other microfossil 
groups as well as to the record of pal­
eomagnetic reversals. These last two 
papers will be discussed more fullY 

i 1 

B 
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-~ ... _ 

I 
I 

-~ 
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Text-fig. 1. Proposed correlation between the Equatorial Pacific and the Oga Peninsula 
·section, Japan. Letter designations indicate the following species: A. Rhizosolenia prae­
bergonii MucH. ; B. Thalassiosira nativa SHESHUK. ; C. Denticula hustedtii SIMONSEN and 

·. KANAYA; D. Coscinodiscus yabei KANAYA; E. Coscinodiscus endoi KANAYA; F. Rouxia 
.californica PERAGALLO; G. Coscinodiscus vetustissimus PANTOCSEK. Japanese diatom zones 
.are after KOIZUMI, 1968. 
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later on. 
Modern work on Japanese fossil dia­

toms began in 1950 with publication by 
ICHIKAWA on a comparison of marine 
Miocene diatoms between the Noto Pe­
ninsula and the environs of Kanazawa 
City. KANA Y A (1959) defined several 
diatom zones in the middle Miocene On­
nagawa Formation of the Oga Peninsula 
and demonstrated that these zones were 
recognizable over a considerable area. 
This observation was amply borne out 
by subsequent work on the Miocene of 
Hokkaido (SAW AMURA and YAMAGUCHI, 
1961, 1963) and of Honshu (SAWAMURA, 
1963). Eventually it came to be recog­
nized that there were significant time­
parallel, sequential changes in diatom 
species combinations that could be re­
cognized in widely different localities 
(SAWAMURA, 1963). In 1966 KOIZUMI dis­
cussed the late Tertiary diatoms of the 
Ajigasawa district and in 1968 established 
a diatom zonation for the middle Miocene 
to Pliocene of the Oga Peninsula. 

Stratigraphy 

Paleomagnetic Stratigraphy-HARRISON 
and FUNNELL (1964) and FULLER et a!. 
(1966) were the first to record polarity 
reversals in deep-sea sediment cores 
while OPDYKE et a!. (1966) were the first 
to show that the direction of remanent 
magnetism, can be correlated from core 
to core. These same authors also related 
paleomagnetic correlations to correla­
tions based upon microfossils. Where 
the paleomagnetic stratigraphy is known, 
the ranges of microfossil species can be 
matched with it. Thus, for the last four 
million years, an absolute or near absolute 
time value can be placed upon the first 
and last appearance of species. 

Subsequent work on deep-sea cores has 
served to strengthen the interdependence 

of paleomagnetic stratigraphy and "bio­
stratigraphy (see for example; HAYS and 
OPDYKE, 1967 ; BERGGREN et a!., -1967 ; 
HAYS et al., 1969). Additional work has· 
also pushed our knowledge of geomag­
netic reversals back into the Tertiary. 
Recently, FosTER and OPDYKE (1970} 
reported on the paleomagnetic strati­
graphy on a long core (RC12-65) recov­
ered from the eastern, Equatorial Pacific. 
The core extends into the uppermost 
part of the Middle Miocene, is essentially 
continuous and contains eleven magnetic· 
Epochs (Text-fig. 1). As mentioned pre­
viously, this core along with several 
others from the Equatorial Pacific forms. 
the basis of my discussion (Table 1). 

Cores used in this study were inter­
nally oriented by cutting a groove down 
its length as it is extruded on board 
ship. Into this groove a string is laid" 
which serves to retain the orientation 
of the core during shipment. In the· 
laboratory, the core is split along this 
string making possible the detection of 
reversals as 180° shifts in magnetic de­
clination. Specimens were removed from 
the split cores at intervals of from 10' 
to 20 em and measured on a 5 cps spin­
ner magnetometer (FOSTER, 1966) after 
partial demagnetization by alternating 
fields. 

Middle/Upper Miocene Boundary-The 
Tortonian stage was originally proposed 
by MAYER EYMAR in 1857. More recently, 
GIANOTTI (1953) proposed a type section 
in the valley of the Rio Mazzapiedi­
Rio De Castellania, east of Tortona. In 
a discussion of this stage, CIT A and BLOW 
(1970) present evidence that the base of 
the Tortonian is referable to a horizon 
in the upper part of Zone N15 (BLOW,. 
1969). This is the Globorotalia (T.) con­
tinuosa Zone of BLOW (1969) and the· 
Globorotalia menardii Zone of BoLLI. 
(1957). 
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Because there are few foraminifera in 
our Equatorial Pa~ific cores it was not 
possible to use these criteria for defining 
the base of the Tortonian. However, 
WILCOXON and BRAMLETTE (1967), study­
ing Middle Tertiary samples from the 
Cipero section of Trinidad have related 
nannoplankton zones to. the foraminiferal 
zones of BOLLI. The most important of 
the nannoplankton within the G. menardii 
Zone is Discoaster hamatus MA,RTINI and 
BRAMLETTE which appears to be exclu­
sive to this zone. In one of our Equa­
torial Pacific cores (RC12-65) D. hamatus 
is present in two samples near the bot­
tom of the core within Geomagnetic 
Epoch 11. Ruling out any significant 
hiatuses in the lower part of the core I 
suggest that the very bottom of core 
RC12-65 penetrates into the up.permost 
part of the Middle Miocene and the 
Middle/Upper Miocene boundary falls 
somewhere within Geomagnetic Epoch 11. 

Miocene/ Pliocene Boundary-Using 
planktonic Foraminifera it has, so far, 
proved difficult to relate the Miocene/ 
Pliocene boundary in Italy with sections 
elsewhere in the world. The main reason 
for this is that the type Lower Pliocene 
{Tabianian of MAYER EYMAR, 1868) con­
tains a planktonic foraminiferal fauna 
indigenous to the intra-Mediterranean 
region. To circumvent this problem 
some authors (for example, BLOW, 1969 ; 
PARKER, 1967) have studied the more 
richly fossiliferous " trubi beds" (type 
section of the Zanclian of SEGUENZA, 
1868) of Sicily, a unit which is believed 
to be correlative with the Tabianian of 
northern Italy. Recently, however, BLOW 
(1969) and CIT A and BLOW (1970) have 
pointed out that the base of the Zanclian 
is younger than the base of the Tabia­
nian and, therefore, not strictly corre­
lative. BLOW (1969) indicates that the 
Miocene/Pliocene boundary, if based on 

the beginning of the Zanclian, falls within 
his Zone N18, whereas, if it is based upon 
the beginning of the Tabianian the ep­
ochal boundary will fall near the Zone 
N17 /N18 boundary. 

Because of the presence of the easily 
recognizable and widespread Sphaeroidi­
nella dehiscens datum some 12 to 15 meters 
above the base of the " trubi beds" CIT A 
and BLOW (1970) argue that the Zanclian 
be utilized as the base of the Pliocene 
in preference to the Tabianian. This 
criterion was applied to a long core 
(RC12-66) from the Equatorial Pacific by 
SAITO et al. (in prep.) and found to fall 
below the " c " event of the Gilbert Re­
versed Magnetic Epoch (Text-fig. 1). If 
this criterion is to be used, therefore, 
the Miocene/Pliocene boundary would 
occur near the boundary of the Gilbert 
Reversed. Epoch and Magnetic Epoch 5. 
If the beginning of the Tabianian is 
used as the base of the Pliocene than 
the Miocene/Pliocene boundary, based 
upon faunal criteria developed by SAITO 
et al. (in prep.) should fall between the 
end of Magnetic Epoch 6 and the begin­
ning of the Gilbert Reversed Magnetic 
Epoch. Sin~e the Tabianian has priority 
as the type section for the Lower Plio­
cene I choose to follow the suggestion 
of SAITO et al. (in prep.) in the place­
ment of this boundary with respect to 
the magnetic stratigraphy. 

The placement of the Miocene/Pliocene 
boundary in japan has been a matter of 
some concern owing to the paucity in 
this part of the section of fossils which 
can be used to correlate with the stand­
ard sections of Europe. In the Oga Pe­
ninsula section the boundary is normally 
placed at the contact between the Kita­
ura Formation and the Wakimoto For­
mation lsee for example, SAITO, 1963). 
TAKAYANAGI and 0BA (1966) reported 
that the highest occurrence of Sphaeroi-
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dinellopsis seminulina (SCHW AG.) within 
the Kitaura Formation and placed the 
Miocene/Pliocene boundary at the top 
of this unit. KOIZUMI (1968) followed 
the " general practice " but points out 
that the exact positioning of the boun­
dary is open to question. 

Pliocene/ Pleistocene Boundary-During 
the latter half of the 19th century and 
early part of the 20th century, the strati­
graphy of the continental and marine 
Pleistocene was roughed out in Europe. 
An important contribution was made by 
DE STEFANI .(1876) who introduced the 
following chronological succession in 
Italy : Pliocene, Lower Post Pliocene and 
Upper Post Pliocene. The base of the 
Lower Post Pliocene was marked by the 
immigration of cold water species into 
the Mediterranean. GIGNOUX ·(1910, 1913) 
introduced the term Calabrian, and de­
signated the type section for the Cala­
brian at Santa Maria de Catanzaro in 
southern Italy. He differed with DE 
STEFANI's chronology in placing the Cala­
brian in the uppermost part of the Plio­
cene. This designation was never univer­
sally accepted and RuGGIERI and SELLI 
(1950) redesignated it as the lowest Pleis­
tocene stage. The. 18th International 
Geological Congress (London, 1948) made 
a recommendation that the lower Pleis­
tocene should include as its basal mem­
ber in the type-area the Calabrian for­
mation and invited the Italian Geological 
Society to select a type area for the 
Pliocene/Pleistocene boundary. 

In 1961, EMILIANI et at. proposed that 
the type Plio-Pleistocene boundary be 
recognized at Le Castella (Calabria). 
Their reasons for proposing this section 
were that it was close to the classic 
Calabrian section at Catanzaro, was 
thicker, and less tectonically disturbed 
than the section in Catanzaro. 

A proposal was made and accepted at 

the 7th INQUA Congress in Denver, Col­
orado,· USA (1965) that the type section 
of the Plio-Pleistocene be established at 
Le Castella (Calabria), Italy. However,. 
as RICHMOND (1967) has pointed out, this 
proposal has no legal force since it must. 
be passed on by the International Geo­
logical Congress. Most workers, how­
ever, accept the Le Castella section as. 
the type section for the Plio-Pleistocene 
boundary. 

The Pliocene/Pleistocene boundary in 
deep-sea sediments was first defined by 
ARRHENIUS (1952) on the basis of carbo­
nate content. KOLBE (1954) utilized pal­
eontologic criteria in placing the boun­
dary in core 76 of the Swedish Deep-Sea 
Expedition-a boundary which KANAYA 
(1969) has since shown to be an uncon­
formity. RIEDEL (1957) suggested that. 
the last appearance of Pterocanium pris­
matium RIEDEL and Eucyrtidium elonga­
tum peregrinum RIEDEL in tropical Pacific 
cores be used to make the base of the 
Pleistocene. ERICSON et at. (1963) report­
ed on a significant floral and faunal 
change in eleven deep-sea cores which 
they suggested be used to define the' 
beginning of the Pleistocene. This boun­
dary was approximately correlative with 
the last appearance of Pteror:anium Pris­
matium (RIEDEL et at., 1963) in the Equa­
torial Pacific. 

Although T AKAY ANAGI and SAIT0(1962) 
first suggested that their new species. 
Globorotalia tosaensis may be ancestral 
to G. truncatulinoides (D'ORBIGNY) it was. 
BANNER and BLOW (1965) who applied 
this criterion to the Pliocene/Pleistocene 
section at Le Castella. Near the base of 
the Calabrian they noted the first evolu­
tionary appearance of G. truncatulinoides 
from G. tosaensis. The utility of this 
zonation was demonstrated by PARKER 
(1967) in deep-sea cores from the tropi­
cal Indo-Pacific. BERGGREN et al. (1967), 
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in a combined paleomagnetic and pale­
ontologic study of a deep-sea core from 
the North Atlantic, discovered that this 
evolutionary transition occurred in the 
Olduvai Event of the Matuyama Reversed 
Magnetic Epoch at about 1.71-1.86 m. y. 
(FOSTER and OPDYKE, 1970). This find­
ing was later corroborated by GLASS 
et al. (1967). Subsequent papers have 
developed criteria from other microfossil 
groups for defining this boundary. HAYS 
(in HAYS et al., 1969), for example, found 
that Pterocanium prismatium disappeared 
just after the Olduvai Event in the Equa­
torial Pacific, while BURCKLE (in HAYS 
et al., 1969), working on the same core, 
found that Rhizosolenia praebergonii also 
disappeared just after the Olduvai. Sub­
sequently, BuRCKLE (1969) pointed out 
that the first appearance of Pseudoeunotia 
doliolus (WALL.) GRUN. occurs in the 
Olduvai Event and may be used to define 
the base of the Pleistocene. 

In the Japanese section the transition 
from G. tosaensis to G. truncatulinoides 
has been recorded by TAKAYAMA (in 
IKEBE, 1969) in the Umegase Formation 
of the Boso Peninsula, central Japan just 
below the U6 tephra. Concommitant 
with this, NAKAGAwA et al. (1969) have 
shown that the U6 horizon corresponds 
to a magnetic polarity event which is 
correlated with the Olduvai. 

Discussion of floras 

Having defined the Late Cenozoic epoch 
boundaries with respect to the various 
biostratigraphic and paleomagnetic cri­
teria we now have the basis by which 
we can relate the Late Cenozoic diatom 
zones in the Equatorial Pacific to those 
on the Japanese Island. Of the several 
Miocene-Pliocene diatom species which 
occur in both the Equatorial Pacific and 
Japan, two are considered most signifi-

cant: Rhizosolenia praebergonii and Cos­
cinodiscus yabei (Plate I). As can be 
seen in Text-fig. 1, R. praebergonii first 
appears in the middle of the Gauss 
Normal Magnetic Epoch, a time-interval 
which we identify with the lower part 
of the Upper Pliocene (HAYS et al., 1969). 
Since this species bears a fairly close 
resemblance to R. bergonii PERAG., I 
suggest that this species is its most 
immediate ancestor. In fact, within a 10 
em interval below the first appearance of 
R. praebergonii a few forms are present 
which are morphologically intermediate 
between R. bergonii and R. praebergonii, 
indicating that its first appearance in 
the Equatorial Pacific is evolutionary 
rather than ecological. 

Except for its occurrence in the Oga 
Peninsula section of Japan (KOIZUMI, 1968) 
R. praebergonii appears to have been 
restricted to the low latitudes. It has 
not been found in the North or South 
Pacific (DONAHUE,· Personal Communica­
tion) nor has it been reported in any of 
the higher latitude land sections in the 
circum-Pacific area. Its presence in 
Japan, however, may be attributed to 
the northward flowing warm water Tsu­
shima Current (ASANO, 1957). 

I 
KOIZUMI (1968) reports the first appear-

ance of R. praebergonii in the middle of 
the Miocene Funakawa Formation of the 
Oga Peninsula (Base of Diatom Zone 4). 
The fact that this species appears to 
have originated in lower latitudes sug­
gests that a Miocene designation for the 
Funakawa is, in part at least, incorrect. 
If a direct correlation is drawn between 
the first appearance of R. praebergonii 
in the Equatorial Pacific and that in the 
Oga Peninsula section, the middle part 
of the Funakawa Formation should be 
early Late Pliocene in age, or younger. 
This means that the overlying Kitaura 
Formation, a unit which is normally 
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·placed within the Miocene, should also 
be moved up .into the Pliocene. Should 
the range of R. praebergonii in the Oga 
Peninsula section approximate that of 
the Equatorial Pacific, the Pliocene/Pleis­
tocene boundary should fall within the 
.upper part of the Kitaura Formation or 
the Shibikawa Formation. 

That this correlation is reasonable 
seems to be borne out by examination 
of ranges of other species which are 
common to both Japan and the Equato­
rial Pacific. Thalassiosira nativa, for 
example, first appears in Epoch 5 (latest 
Miocene) in Equatorial Pacific cores and, 
although its occurrence is sporadic, 
ranges concurrently with R. praebergonii. 
In the Japanese section, Th. nativa ap­
pears in the lower part of the Funakawa 
Formation (Oga Diatom Zone 3) and 
ranges concurrently with R. praebergonii 
to the upper part of Diatom Zone 5 
(KOIZUMI, 1968). The species Coscinodis­
.cus vetustissimus also has similar ranges 
in the Equatorial Pacific and Japan. 

A noticeable departure from this pat­
tern is Denticula hustedtii. In the Equa­
torial Pacific, this form disappears in the 
lower part of the upper Miocene. This 
observation is borne out by MUCHINA 
{1969) who places the range of D. hus­
tedtii in her upper Miocene and lower 
Pliocene. In the Japanese section, on the 
other hand, KOIZUMI (1968) records this 
species well into the upper Pliocene. 
Such an observation appears to be con­
sistant with my results for higher lati­
tudes where I see this form ranging up 
through much of the Pliocene. 

Still another important form found in 
both the Equatorial Pacific and Japan is 
Rouxia californica. Although described 
by PERAGALLO, it was HANNA (1930) who 
first emphasized the stratigraphic value 
of this species. He pointed out that it 
occurs abundantly in a narrow zone 

some 500 feet below the top of the 
Monterey shale and its stratigraphic 
equivalents. KANAYA (1959) reported it 
from the Matazawa Formation of Japan 
but not from any of its stratigraphic 
.equivalents. KOIZUMI (1968), on the other 
hand, does not report its occurrence 
from the Oga Peninsula section. In 
Equatorial Pacific cores this form occurs 
rarely in the middle part of the upper 
Miocene (i. e. approximately in the up­
permost part of Geomagnetic Epoch 8 
and the lower half of Geomagnetic Epoch 
7). Since this species is rare in the 
Equatorial Pacific we cannot draw an 
exact correlation between high and low 
latitudes. However, the range of this 
species in higher latitudes must encom­
pass the middle part of the upper Mio­
cene. 

A final species of importance to both 
the Japanese and Equatorial Pacific sec­
tion is Coscinodiscus yabei. KANA Y A 
(1959) described and named this species 
and pointed out its importance as a 
middle Miocene marker fossil. The value 
of this form in correlation has been de­
monstrated by a number of Japanese 
diatomists (see for example ; SAw AMURA, 
1963 ; ONO, 1968; KOIZUMI, 1968). In the 
Equatorial Pacific, BURCKLE (1969) notes 
that this species ranges up into the lower 
part of the. upper Miocene, while Mu­
CHINA (1969) records a sharp drop in 
abundance for the species across her 
Miocene/Pliocene boundary and then 
notes its sporadic occurrence throughout 
the Pliocene. In Text-fig. 1, I present evi­
dence that this species disappears well 
below the Miocene/Pliocene boundary. 
It would appear then that KANAYA's 
(1959) conclusion that the last appearance 
of this species defines the top of the 
Middle Miocene is essentially correct 
although my data places its last appear­
ance somewhat later in the early Late 
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:Miocene. 
If we accept the last appearance of C. 

yabei and the first appearance of R. prae­
bergonii as valid datum points which can 
·be correlated with the Equatorial Pacific 
·section then it follows that the Miocene/ 
Pliocene boundary in the Oga Peninsula 
section must fall in the upper part of 
the Onnagawa Formation or the lower 
half of the Funakawa Formation. Such 
a correlation also imp,lies that this part 
of the section between the upper part 
of the Onnagawa Formation and the 
lower part of the Funakawa Formation 
{KOIZUMI's Diatom Zones 2 and 3) has 
been greatly shortened. Forms such as 
R. californica which occur between the 
upper limit of C. yabei and the lower 
limit of R. praebergonii in the Equatorial 
Pacific have not been reported from a 
similar stratigraphic position in the Oga 
Peninsula section (KOIZUMI, 1968). 

Summary and conclusions 

In this report I have tried to point 
out the utility of diatoms in correlaitng 
between Late Cenozoic sediments in the 
Equatorial Pacific and the Japanese Is­
lands. In this case, their value is further 
enhanced because the diatom zones in 
the Equatorial Pacific have been related 
to zonations based upon other micro­
fossil groups as well as the paleomag­
netic stratigraphy. Such an interdis­
ciplinary approach permits us to develop 
fossil diatom criteria with which· to de­
fine epoch boundaries. 

When such criteria are applied to the 
Oga Peninsula section it becomes appar· 
ent that some adjustment i.n the age 
designations of these units are in order. 
These adjustments may be summarized 
as follows: 

1. The upper part of the Funakawa 
Formation and the oveilying Kitaura 

. Formation, units which _have been 
placed in the Miocene, should be as· 
signed to the upper part of the Plio­
cene. 
2. The Miocene/Pliocene boundary, if 
it is present in the Oga Peninsula sec­
tions, probably falls within the lower 
part of the Funakawa Formation. 
3. The upper part of the Onnagawa 
Formation probably extends into the 
Late Miocene. 
4. Since some parts of the Oga Penin­
sula section appear to be greatly short­
ened or truncated (eg. lower part of 
the Funakawa and upper part of the 
Onnagawa Formations) it is possible 
that unconformities or at least inter­
vals of reduced sedimentation rates 
are present. 

The basis upon which the above con­
clusions are drawn may be summarized 
as follows: 

1. The first evolutionary appearance 
of R. praebergonii in the Equatorial 
Pacific occurs in the middle part of 
the Gauss Normal Magnetic Epoch 
(early Late Pliocene). In the Oga Pe­
ninsula section it first appears in the 
middle of the Funakawa Formation 
(Base of Diatom Zone 4). Available 
evidence indicates that this form was 
largely restricted to tropical and sub­
tropical water and its first appearance 
in higher latitude sediments must 
either be correlative with or post-date 
its first appearance in lower latitude 
sediments. 
2. The first appearance of Th. nativa 
in the Equatorial Pacific occurs in 
Geomagnetic Epoch 5 near the Mio­
cene/Pliocene transition and ranges 
concurrently, though sporadically, with 
R. praebergonii. In the Oga Peninsula 
section, Th. nativa first .appears in the 
lower part of the Funakawa Formation 
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(Diatom Zone 3) where I suggest the 
Miocene/Pliocene boundary might be 
placed. 
3. In the Equatorial Pacific, Coscino­
discus yabei extends into the lower 
part of the Upper Miocene while in 
the Oga Peninsula section it last oc­
curs in the upper part of the Onna­
gawa Formation (Diatom Zone 1). KA­

NAYA (1959) and, later, KOIZUMI (1968) 
used the last appearance of this spe­
cies · to define the middle Miocene. 
Although it would be premature to 
say that the last appearance of this 
species in Japan and in the Equatorial 
Pacific is time-correlative, I would 
sugggest that part of the Upper Mio­
cene may be also included in the On­
nagawa Formation. 
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