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903. TAXONOMIC AND PALEOZOOGEOGRAPHIC SIGNIFICANCE 
OF CENOZOIC HUNCH-BACK LIKE VENERIDS 

PART I. GIGANTOCALLISTA, GEN. NOV. (MOLLUSCA: BIVALVIA), 
A NEW ENDEMIC VENERID GENUS FROM THE PLIOCENE 

TATSUNOKUCHI FORMATION, SENDAI CITY, 
MIYAGIPREFECTURE,NORTHEASTERNJAPAN* 

TOSHIO TAKAGI 

Suncoh Consultants Co., Ltd., 1-8-9, 
Kameido, Koto-ku, Tokyo 136 

Abstract. A new genus of hunch-back like Bivalvia, Giganlocallisla, is proposed and 
Pilar sendaica Nomura is designated as the type-species. The genus is monotypic and may 
have evolved from the Miocene genus Neogenella. Giganlocallista sendaica occurs only in 
the Pliocene Tatsunokuchi Formation, and may reflect localized zoogeographic or 
paleoecological conditions within the Pliocene Paleo-Sendai Bay. 

Key words. Hunch-back like shell, Giganlocallista, Tatsunokuchi Formation, Tatsu­
nokuchi Fauna, Pliocene. 

Introduction 

The extraordinary group of PitaI' (Haya­
saka and U ozumi, 1954), or "the so-called 
Tertiary PitaI''' (Iwasaki, 1963) is a venerid 
with an unusually thick hunch-back like 
shell. In Japan, PitaI' okadana (Yoko­
yama), P. itoi Makiyama, P. hokkaidoensis 
Nomura, and P. sendaica Nomura have been 
included in this above-mentioned "Pitar" 
group (Iwasaki, 1963). This group of PitaI' 
has long been well known from Miocene and 
Pliocene deposits of Japan, Korea, Sakhalin 
and Kamchatka. Particular attention has 
been paid to this type of PitaI' because of its 
biostratigraphic value as well as its unusual 
morphology (Makiyama, 1926, 1936; Yoko­
yama, 1932; Nomura, 1935, 1938, 1940; 
Slodkewitsch, 1938; Nomura and Hatai, 
1936, 1937; Uozumi, 1953, 1962; Hayasaka 
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and Uozumi, 1954; Tanaka, 1961 ; Iwasaki, 
1963; I wai, 1965; Masuda, 1966; Zhidkova 
et al., 1968, 1972; Itoigawa, et al., 1974; 
Itoigawa et al., 1981a, b; Amano, 1983, 
1986; Gladenkov, 1984; Menner, 1984). 

Though this type of venerid has long been 
included in PitaI', its dentition is clearly 
different from PitaI' Romer (Iwasaki, 1963). 
The taxonomic position of this venerid has 
not been settled to many authors yet, who 
either include the above-mentioned "PitaI''' 
species in Romer's PitaI', or in Pseudamiantis 
Kuroda (1933). Krishtofovich (1955, fide 
Zhidkova et at., 1968) proposed Neogenella 
as a subgenus of PitaI' Romer and some 
authors included this type of "PitaI''' in his 
subgenus. But as already mentioned by 
Iwasaki (1963), its dentition is not of Pitar­
type, so this type of "PitaI''' should not be 
included in the genus PitaI'. 

These so-called PitaI' species are biogeogra­
phically significant. They and their allied 
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species are known only in eastern Asia, 
although significant changes in their geo­
graphic distribution have occurred during the 
Neogene. In Miocene time they inhabited 
Korea, Honshu, Hokkaido, Sakhalin and 
western Kamchatka, but in Pliocene time they 
were confined only to Sendai Basin (Takagi, 
1987, 1989 MS). 

The present writer was recently given the 
opportunity to re-examine the extraordinary 
group of Pitar from the Miocene and the 
Pliocene deposits of various localities in 
Hokkaido, Honshu, Korea, and western 
Kamchatka. He proposed a new genus, 
Gigantocallista, based upon Pilar sendaica 
Nomura (1938) and included Miocene 
species, P. okadana, P. itoi, and P. hok­
kaidoensis in the genus Neogenella Krish­
tofovich. 

In this paper, the writer discusses the tax­
onomic and paleozoogeographic positions of 
the new genus Gigantocallista. The tax­
onomic and paleozoogeographic problems of 
Neogenella will be discussed in another 
paper. 

Systematic description 

Order Veneroida H. and A. Adams, 1858 
Superfamily Veneracea Rafinesque, 1815 

Family Veneridae Rafinesque, 1815 
Genus Gigantocallista Takagi, gen. nov. 

Type species.- Pitar sendaica Nomura, 
1938, by original designation. Pliocene Ta­
tsunokuchi Formation, Sendai, Miyagi Pre­
fecture, Japan. 

Diagnosis.- Hunch-back like Callista-type 
genus with high and strong hinge plate, pecu­
liar cardinals and laterals; Neogenella-like 
cardinals in right valve and A-shape strong 
cardinals of (2a)-(2b), and remarkably large 
and heavy lateral in left valve. 

Description.- Shell large, test thick, 
trigonalovate, strongly inflated; lunule wide, 
cordate, obscurely impressed; escutcheon in­
distinct; sculpture consisting of incremental 

(:i h) 

2 (A-TYPE) 3 (B-TYPE) 

Figure 1. Hinge area of Gigantocallista. I: 
right valve; (I): middle cardinal, (3a): anterior 
cardinal, (3b): posterior cardinal, (AI) and (AIlI) : 
anterior lateral lamellae, N.: nymph. 2-3: left 
valve; (2a): anterior cardinal, (2b): middle cardi­
nal, (4b): posterior cardinal, (All): anterior lateral. 
Hinge of right valve: consisting of 3 cardinals and 
two anterior laterals; the anterior (3a) and middle 
(I) cardinals almost perpendicular to the hinge 
margin, middle (I) one heavy; the anterior (3a) one 
short, posterior (3b) one bifid, anterior lateral lamel­
lae (AI) and (AIII) indistinct and flanking a deep 
socket, (AIlI) almost parallel to middle (I), cardinal. 
Hinge of left valve: consisting of 3 cardinals and one 
anterior lateral; anterior (2a) one rather thin; the 
middle (2b) one very heavy, posterior (4b) one slen­
der and almost joined to the nymph, anterior (2a) 
narrowly continuing to middle (2b) one and making 
A-shape, anterior lateral (All) heavy, conical, and 
bifid, the base of (All) extending toward the beak. 
The type species of Gigantocallista, G. sendaica 
exhibits dimorphism in anterior lateral (All); most 
of specimens have large thickened and strongly 
inflated anterior lateral All (A-type), but one speci­
men, large but thinner than A-type and distinctly 
bifid one (B-type). 

growth lines and very weak radial striae; 
hinge plate high, thick; hinge of right valve 
consisting of 2 indistinct anterior lateral 
lamellae (AI and AlII) flanking a deep 
socket, and strong 3 cardinals, the anterior 
(3a) and middle (I) ones almost perpendicu­
lar to hinge margin, the middle (1) one heavy, 
the anterior (3a) one short, the posterior one 
bifid; hinge of left valve consisting of a 
heavy, conical, bifid anterior lateral (All) and 
3 cardinals, the anterior one (2a) rather thin, 
the middle one (2b) very heavy, the posterior 
one (4b) slender and almost joined to nymph, 
the base of All extending toward beak; pal-
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lial sinus deep; ventral margin smooth. 
Comparison.- Gigantocallista, gen. nov. 

differs from all other venerid genera in posses­
sing a high and strong hinge plate, and pecu­
liar cardinals and laterals; Neogenella-like 
cardinals in right valve, A-shaped strong car­
dinals of (2a)-(2b), and a remarkably large 
and heavy lateral in the left valve (Figure I). 
Above mentioned dentition of Gigantocallis­
ta is dissimilar to that of Pitar, but of 
Callista. 

Callista Poli (1791, fide Cox et al., 1969) 
resembles the present genus by having A­
shaped cardinals of (2a)-(2b) and beak-side 
stretched All in the left valve, which are 
common characters of the subfamily Callis­
tinae N ordsieck ( 1969 ; fide Cox et al., 
1969). However, the present genus differs 
from Callista in possessing a thin and less 
inflated shell, a lower and thinner hinge plate, 
and a smaller and thinner anterior lateral in 
the left valve. 

Nomura (1938) applied the genus Pitar 
Romer (1857) to his new species sendaica, 
designated as Gigantocallista herein, because 
its teeth arrangement is of Pitar and its large 
and heavy shell may be placed in Megapitar­
ia. However, at that time, he had only worn 
and imperfect specimens to examine. How­
ever, Pitar differs from Gigantocallista in 
possessing a low and thin hinge plate, bridged 
cardinals of (2a)-(2b) that are almost parallel 
to the hinge margin anterior lateral in the left 
valve. The subgenera of Pitar, Pitarina 
lukes-Browne (1913, fide Cox et al., 1969), 
Lamelliconcha Dall (1902) and Hyphanto­
soma Dall (1902), have similar dentition, but 
differ from Gigantocallista. 

Hysterochoncha Dall (1902) and Costel­
/ipitar Habe (195 I) also have Pitar-type denti­
tion as mentioned above except for their 
posterior cardinal in left valve and can be 
easily distinguished from Gigantocallista by 
having low and thin hinge plate, and bridged 
cardinals of (2a)-(2b). 

Nomura (1938) also discussed the relation 
of Pitar sendaica with Megapitaria Grant 

and Gale (1931), and Amiantis Carpenter 
(1864, fide Grant and Gale, 193 I). However, 
Megapitaria, which was raised from the sub­
genus of Pitar to generic rank by Hertlein and 
Grant (1972), differs from the present genus in 
possessing a thinner shell, a low and thinner 
hinge plate, bridged cardinals of (2a)-(2b), 
and a thinner anterior lateral in the left valve. 

Amiantis resembles Gigantocallista in hav­
ing large and heavy shell, but differs from the 
latter in possessing a low and thin hinge 
plate, a thin and short (3a) cardinal in its 
right valve, bridged cardinals of (2a)-(2b) 
and an isolated long anterior lateral in the 
left valve, that is almost parallel to hinge 
margin. 

Macrocallista Meek (1876 fide Grant and 
Gale, 1931; Korobkov, 1954) resembles 
Gigantocallista in having a large shell and 
A-shaped cardinals of (2a)-(2b) in the left 
valve, but differs from the latter in possessing 
a thin and elongated shell, a low and thin 
hinge plate, and a thin anterior lateral in the 
left valve. 

Ezocallista Kamada (1962) resembles the 
present genus in having a large shell, and 
A-shaped cardinals of (2a)-(2b) in its left 
valve, but differs from Gigantocallista in 
possessing independent cardinals of (2a) and 
(2b), and a thin anterior lateral in its left 
valve. 

Saxidomus Conrad (1897, fide Grant and 
Gale, 1931) resembles the present genus in 
having rather distinct concentric lines on its 
surface, and A-shaped cardinals of (2a)-(2b) 
in the left valve, but differs from Gigantocal­
!ista in possessing a thin shell, a low and thin 
hinge plate, and an anterior denticle joined to 
(3a) cardinal in its right valve. 

Pseudamiantis Kuroda (Kuroda, 1933; 
Iwasaki, 1963; Habe, 1977) resembles the 
present genus in having a large shell and 
similar dentition in the right valve. Chinzei 
and Iwasaki (1967) applied the generic name 
Pseudamiantis Kuroda (1933), without 
description or remarks, to the type-species of 
the present genus and some authors followed 
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them (e.g., Chinzei, 1978; Masuda, 1986; 
Matsui, 1988). But Pseudamiantis differs 
from Gigantocallista in possessing low and 
thinner hinge plate, bridged cardinals of (2a)­
(2b), isolated (= not joined to nymph) (4b) 
cardinal in the left valve, distinct radial 
threads on the surface, and a thinner shell 
(Figure 7-5). 

Neogenella Krishtofovich (1955, fide Zhid­
kova et al., 1968) resembles Gigantocallista 
in having a high and thick hinge plate and a 
thick hunch-like shell. Amano (1983) in­
cluded the type-species of the present genus in 
Neogenella, but it differs from the present 
genus in possessing bridged cardinals of (2a)­
(2b) in the left valve, and large middle cardi­
nals (1) and short anterior (3a) one in the 
right valve (Figures 6-5a-b and Figure 7-6). 

Gigantocallista is represented only by the 
Pliocene G. sendaica (Nomura) from the 
Tatsunokuchi Formation in Miyagi Prefec­
ture and may be restricted to the Pliocene 
Paleo-Sendai Bay (Chinzei and Iwasaki, 
1967; Masuda and Ogasawara, 1981). From 
the peculiar hunch-back like shell, high and 
thick hinge plate, and similar dentition except 

for anterior and middle cardinals in left valve, 
Gigantocallista may have evolved from the 
Miocene Neogenella. The relation of both 
genera with the taxonomic problem of 

Beak Position 

I 

L 
• Length 

t--
Dc p t h 

~~~~~.....L~ 
Figure 2. Measurement of Gigantocallista sen­

daica. 

Table I. Measurements (in mm) of G. sendaica from the Tatsunokuchi Formation. B.P.: Beak 
position (= distance anterior end to beak); Ds: depth of sinus; V: valve; R: right; L: 
left; CON: conjoined. Locality; Goroku: G6roku Cliff, Sendai City; Sendai: unknown, 
but in Sendai City; Chuo-5: Chl16 5-chome, Sendai City. SHK: Saito Ho-on Kai Museum 
register number; UH: University of Hokkaido register number; * I : Masuda's collection at 
Miyagi University of Education, * 2: single valve %. 

No. Loc. Meg. No. Length Height Depth B.P. Os. H/L% D/H%*2 BP/L% V. 

00-1 Ooroku SHK 4017 66.0 55.0 22.0 15.1 19.8 83.3 40.0 22.9 R 

00-2 Ooroku SHK 4017 96.0 78.0 33.0 22.4 81.3 42.3 23.3 L 

00-3 Ooroku SHK 4017 74.0 61.0 27.0 82.4 44.3 L 

00-4 Ooroku SHK 4017 69.0 57.0 25.0 82.6 43.9 R 

00-5 Ooroku SHKcl6131 82.0 78.0 64.0/2 29.4 95.1 41.0 35.6 CON. 
00-6 Ooroku *' 96.5 84.2 71.6/2 28.0 87.3 42.5 29.0 CON. 
00-7 Ooroku UH 31000 58.0 47.0 17.0 17.2 81.0 36.1 29.7 L 
00-8 Ooroku UH 31001 72.0 62.8 21.5 24.0 87.2 34.2 33.3 L 
00-9 Ooroku UH 31002 86.0 72.8 26.0 26.9 84.7 35.7 31.2 L 
Se-I Sendai *' 90.2 77.0 51.4/2 26.0 85.4 33.4 28.8 CON. 
Cu-I Chuo-5 UH 31003 96.0 90.0 28.9 26.8 21.5 93.8 32.1 27.9 R 
Cu-2 Chuo-5 UH 31004 86.2 78.0 25.5 25.5 28.2 90.5 32.6 29.6 R 
Cu-3 Chuo-5 UH 31005 81.6 76.6 27.9 26.0 20.0 93.9 36.4 31.9 L 
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Neogenella will be discussed In another 
paper. 

Gigantocallista sendaica 
(Nomura, 1938) 

Figures 6-1-4b; 7-1-4 

Pilar sendaica Nomura, 1938, p. 258, pI. 35(3), figs. 1-

60 1 0 

3, lOa-b. 
Pilar sendaica monstrosa Nomura, 1938, p. 259, pI. 

35(3), figs. 8a-b, 9a-b. 

Remarks: - The present writer re­
examined the specimens of this species from 
the Tatsunokuchi Formation including 
Nomura's type specimens in the Saito Ho-on 
Kai Museum. Measured specimens are not 

H II 90 IOOmm 

Length 

Figure 3. Relation between height/length and length of Gigantocallista sendaica 
(Nomura). H/L %: height/length %; I: specimens from Goroku Cliff, Sendai City; 2: 
specimens from Sendai City (locality unknown); 3: specimens from ChQo 5-chome, Sendai 
City; 4: type-specimen of Pilar sendaica monslrosa Nomura. 

1>/119' 
5 0 

0 0 
o 0 
o 

4 0 

0 o 
0 

30 

50 60 1 0 H II 90 95mm 

He I g h t 

Figure 4. Relation between depth/height and height of Gigantocallista sendaica 
(Nomura). D/H %: depth/height %; symbols are the same as in Figure 3. 
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III' /L" 
3 5 

3 0 

2 5 
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0 

A 

0 

0 

A 0 
t:. 

A 

o 

20J-----r----r----.---~----,_----~--_r----~---, 
60 7 0 80 90 lOOmm 

Length 

Figure 5. Relation between beak position (= distance from anterior end to beak)/ 
length and length. BP /L %: beak position/length %; symbols are the same as in Figure 3. 

so many because most of materials at hand 
are imperfect. Statistically useful measured 
data, therefore, will be needed for discussing 
the strict variation of this species. Examin­
ing all material at hand, the writer recognized 
a variation of height/length ranging from 81 % 
to 95% (Figure 3), and a variation of depth/ 
height ranging from 32% to 44% (Figure 4). 
Generally speaking, the most common pro­
portion is about 80-88% in the former, and in 
the latter, 32-38%, both being observed in 
both immature and adult shells. The present 
species exhibits dimorphism in the anterior 
lateral of the left valve (Figure I). Most 
specimens have an A-type lateral, which is 
large, thickened and strongly inflated. But 
one specimen has a B-type lateral, which is 
large, but thinner than the A-type, and dis­
tinctly bifid. The B-type lateral may be 
abnormal form of this species. 

Nomura (1938) described Pitar sendaica 
monstrosa based on specimens from the same 
locality as Pitar sendaica, and noted that this 
subspecies can be distinguished from sen­
daica (s.s) by "having more inflated valves, 
beaks placed slightly more anteriorly with a 
more convex, or somewhat hump-back curva­
ture along the postero-dorsal border". But 
the type specimens of Nomura's P. sendaica 
(s.s) have more inflated shells (42.3-44.3% in 
depth/height) than those of P. sendaica 
monstrosa (41 %), and the proportion of beak 
point/length of Gigantocallista sendaica 
from the Tatsunokuchi Formation grades 
continuously from 27.9% to 36.3% (Figure 5). 
Since they occur form the same place and can 
not be divided from each other by mor­
phological characters, Nomura's P. sendaica 
monstrosa may be considered herein to be a 
junior synonym of P. sendaica (s.s). Similar 

~ Figures 6-1 - 4b. Gigantocallisla sendaica (Nomura) 1-3, hinge area of left valve, I : U.H. Reg. No. 
31006, X 1.35; 2: U.H.Reg.No.31007, Xl; 3: U.H.Reg.No.31008, xl; 4a-b: dorsal (4a) and right 
(4b) views, Prof. Masuda's collection in Miyagi University of Education, X I ; 1 - 3, Tatsunokuchi 
Formation, ChOo 5 chome, Sendai City; 4, Tatsunokuchi Formation, Goroku Cliff, Sendai City. 5a - b, 
Neogenella okadana (Yokoyama), interior and exterior views of left valve, for comparison, U.H. Reg. No. 
31011, X I, Tachikaraushinai Formation, Utanobori-chou, northern Hokkaido. 
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morphological variation IS observed in its 
related species Neogenella okadana (Yo­
koyama). Over 80 specimens of this species 
are measured and examined, the writer recog­
nized that some old large specimens of 
Neogenella okadana tend to have more 
inflated or somewhat hump-back curvature 
along the postero-dorsal border, in general. 
This species from the type locality has large 
varietal form and ranges from typical hunch­
back like N. okadana form to low convex 
even including N. hokkaidoensis form. The 
variation and its relation to geological and 
geographical distributions of this species will 
be discussed in another paper. 

Geologic and paleozoogeographic 
distribution of Gigantocal/ista 

The hunch-back like shells of the Miocene 
Neogenella species and Pliocene Gigantocal­
!ista sendaica, may be closely related to each 
other genetically and ecologically. Many 
distinctive morphological characters are shar­
ed by these species and they also show a 
remarkably crowded occurrence in coarse­
grained sandstone. Based on associated fos­
sils and substrate, they evidently lived on 
shallow, sandy, and level bottoms (Chinzei 
and Iwasaki, 1967). In Miocene time, 
Neogenella was distributed widely in eastern 
Asia, including Korea, Honshu, Hokkaido, 
Sakhalin, and western Kamchatka. During 
late Middle to Late Miocene time, Neogenella 
lived in Hokkaido, Sakhalin and western 
Kamchatka, but not to the south in Honshu 
and Korea. During this period, the Wak­
kanai and Atsunai-Togeshita Faunas oc­
cupied in those northern areas. It seems that 

this faunas lived in water which was cool­
temperate, but still slightly warm, because 
they were associated with intermingled cool 
and warm elements (U ozumi, 1962; Zhid­
kova et af., 1968; Amano, 1983, 1986; 
Gladenkov, 1984; Menner, 1984). 

Another hunch-back like venerid, Giganto­
callista, was restricted geologically and geo­
graphically to the Pliocene Tatsunokuchi 
Fauna in the "Paleo-Sendai Bay" (Chinzei 
and Iwasaki, 1967; Masuda and Ogasawara, 
1981). Though the Tatsunokuchi Fauna has 
been recognized to be composed of cool water 
elements, this fauna also includes some warm 
water elements such as Trachycardium goro­
kuense, Meretrix parameretrix, Anisocorbula 
venusta, and Neverita kiritaniana (Nomura, 
1938). Since this fauna is composed of inter­
mingled cool and warm elements, the Tatsu­
nokuchi Fauna seems to have lived in water 
that was cool-temperate, but still somewhat 
warm. 

In Pliocene time, the Takikawa-Honbetsu 
Fauna lived in Hokkaido, Sakhalin and 
Kamchatka, but not in the Miyagi Prefecture 
and its south. It seems that this fauna lived 
within cool-water currents, similar to those of 
the present day along the Pacific coast of 
eastern Hokkaido (Uozumi, 1962; Takagi, 
1982; Uozumi et al., 1986). In addition, 
Dosinia tomikawensis Takagi, one of the 
characteristic species of the Takikawa­
Honbetsu Fauna, was distributed in Aomori, 
Hokkaido, and southern Sakhalin, but not in 
the Sendai Basin and further south (Takagi, 
1986; Uozumi et al., \986). 

The Tatsunokuchi and the Kakegawa 
Faunas were intermingled in the southern 
area of Sendai (= the Ishiguma Formation of 

~ Figures 7-la - 4. Gigantocallista sendaica (Nomura), la - b, exterior and interior views of right 
valve, U.H. Reg. No. 31004, X I; 2 - 3, hinge area of right valve, 2: U.H. Reg. No. 31009, X 1.2; 3: U.H. 
Reg. No. 310 I 0, X I ; 4, exterior view of the right valve, U.H. Reg. No. 3100 I, X I ; la - 3: Tatsunokuchi 
Formation, Chuo 5 chome, Sendai City; 4: Tatsunokuchi Formation, Goroku Cliff, Sendai City. 5, 
Pseudamiantis tauyensis (Yokoyama), interior view of the right valve, for comparison, U.H. Reg. No. 
31012, X I, Upper Ikeda Formation, Obihiro City, eastern Hokkaido. 6, Neogenella okadana (Yokoyama), 
hinge area of right valve, for comparison, U .H. Reg. No. 310 13, X I, Oiwake Formation (= upper Iwamizawa 
Formation), Iwamizawa Cily, central Hokkaido. 
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Futaba and Tomioka Formation of Hirono, 
Futaba-gun, Fukushima Prefecture). In 
these mixed fauna, Fortipecten takahashii 
(Yokoyama) or F. kenyoshiensis Chinzei, 
and cool-water elements, such as Puncturella 
nobilis, Ariadnaria insignis, Turritella Jortilir­
ata, Velutina plicatilis cryptospira, Cryptona­
lica janthostoma, Nucella lamellosa, Nucella 
lapillus, Neptunea arthritica, Japelion perico­
chlion, AulacoJusus periscelidus, Obestoma 
simplex, A cirsa ochotensis, Glycymeris yes­
soensis, Limatula vladivostokensis, and 
Spisula polynyma are associated with warm 
Kakegawa faunal elements (e.g., Suchium 
giganteum yamamotoi, Neverita didyma, 
Adusta onyx, Sydaphera spengleriana, Tur­
ritella ikebei, Glycymeris cf. nakamurai, 
Chlamys miurensis, Chlamys satoi, CrYPlo­
pecten vesiculosus, Nemocardium samaran­
gae, and Anisocorbula venusta) (Hayasaka 
and Hangai, 1966; Masuda and Ogasawara, 
1981; O'Hara and Nemoto, 1988; Noda, 
Kikuchi and Nikaido, 1989). Though it 
contains cool-water elements, this fauna of 
the Ishiguma and Tomioka Formations 
seemed to live in warm-temperate habitat, 
warmer than that of the Tatsunokuchi Fauna 
and the Takikawa-Honbetsu Fauna (Hayasa­
ka and Hangai, 1966; Takahashi, 1986; 
Noda, Kikuchi and Nikaido, 1989). 

Though this fauna includes FOrlipeClen, the 
molluscan fauna of the Ishiguma and Tomio­
ka Formations is more similar to the southern 
Kakegawa Fauna than to the Tatsunokuchi 
and Takikawa-Honbetsu Faunas. 

The Tatsunokuchi Fauna, which includes 
Gigantocallista, lived in distinctive condi­
tions, which resemble those of the late 
Middle-Late Miocene of Hokkaido, Sakhalin 
and western Kamchatka. These distinctive 
conditions are reflected in the many endemic 
species of shallow, sandy, level-bottom 
dwellers that lived only within the Pliocene 
"Paleo-Sendai Bay". Such species include 
GZvcymeris gorokuensis Nomura, Chlamys 
sendaiensis Masuda, Ostrea palaeoden­
selamellosa Nomura, "EI)'cina" sendaiensis 

Nomura, Trachycardium gorokuense Nomu­
ra, Dosinia tatunokutiensis Nomura, Meretrix 
parameretrix Nomura, "Venerupus" hirose­
gawana Nomura, Tellina sendaica Nomura, 
ZilJaea hataii Masuda and Noda, Relusa 
gorokuensis Nomura, Batillaria shataii 
Nomura, Caecum yotume Nomura, Lacuna 
ihayasakai Nomura, Ch/orostoma yabei 
Nomura, Sukenea basilirata Nomura, and 
Gigantocallista sendaica (Nomura) (Nomura, 
1938; Masuda, 1962; Hayasaka and Hangai, 
1966; Masuda and Noda, 1969; Takagi, 
1986; Masuda, 1986). These characteristic 
species in the Tatsunokuchi Fauna imply an 
unusual specialization under the influence of 
intermingled cold and warm currents caused 
by special zoogeographical conditions 
(Nomura and Hatai, 1936; Hayasaka and 
Hangai, 1966; Matsui, 1988; Noda, Kikuchi 
and Nikaido, 1989). As mentioned above, 
such a water condition was restricted geo­
logically and geographically to the Pliocene, 
which is why Gigantocallista lived only 
within the Pliocene Paleo-Sendai Bay. 
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904. EARL Y CARBONIFEROUS (VISEAN) CEPHALOPODS 
FROM THE HIKOROICHI FORMATION, 
SOUTHERN KITAKAMI MOUNTAINS* 

SHUJI NIKO 

Faculty of Integrated Arts and Sciences, 
Hiroshima University, Hiroshima 730 

Abstract. A new Early Carboniferous cephalopod fauna is described from the 
Hikoroichi Formation of the southern Kitakami Mountains, northeast Japan. The fauna 
consists of five species including three new taxa: Mooreoceras kinnoi, sp. nov., Neocyclocer­
as (?) sp., Adnatoceras onimarense, sp. nov., Dolorthoceras (?) sp. and Slieroceras nishimllr­
ai, sp. nov. These are the first Carboniferous orthocerids from northeast Japan. 

Key words. Hikoroichi Formation, Kitakami Mountains, Visean orthocerid fauna. 

Introduction 

Carboniferous nautiloids from the Kita­
kami Mountains have been little investigated. 
To date only a single form, Coelonautilus sp. 
from the Lower Carboniferous of the Setamai 
area, Iwate Prefecture has been previously 
reported (Hayasaka, 1954). However, recent 
collections by the staff members of the 
Onimaru Quarry in the Hikoroichi area, 
I wate Prefecture clarify the presence of a 
diverse molluscan fauna including ceph­
alopods in the Lower Carboniferous Hikoroi­
chi Formation at this quarry. Based mainly 
on this material, five species of orthocerid 
nautiloids including three new species are 
described herein. 

Specimens utilized in this report are stored 
at Geological Section of Of una to City 
Museum, Iwate Prefecture (OCM) or the 
University Museum of the University of 
Tokyo (UMUT). 

'Received October 3, 1989: revised manuscript 
accepted Septem ber I. 1990 
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Systematic paleontology 

Order Orthocerida 
Superfamily Pseudorthocerataceae 

Flower and Caster, 1935 
Family Pseudorthoceratidae 

Flower and Caster, 1935 
Subfamily Pseudorthoceratinae 

Flower and Caster, 1935 
Genus Mooreoceras Miller, 
Dunbar and Condra, 1933 

Type species. - Mooreoceras normale 
Miller, Dunbar and Condra, 1933, from the 
Middle Pennsylvanian of Kansas. 

Mooreoceras kinnoi Niko, sp. nov. 

Figures 1-1-3, 5 

Material.- Holotype, OCM G-SNOI, an 
imperfect phragmocone. 

Diagnosis.- Mcoreoceras with ornamenta­
tion of lattice pattern; siphuncle consists of 
barrel- shaped to pyriform connecting rings 
and cyrtochoanitic septal necks with very 
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short brims. 
Description.- The holotype is an ortho­

conic shell with a subcircular cross section, 
70.5 mm in length. The shell surface is 
marked by fine cancellate ornamentation of 
longitudinal and transverse lirae. Sutures 
are oblique and faintly sinuous. Septa are 
relatively deep; approximately five camerae 
occupy the corresponding dorsoventral shell 
diameter. The siphuncle is situated centrally 
and composed of barrel-shaped to pyriform 
connecting rings and cyrtochoanitic septal 
necks; dorsal necks are abruptly recurved 
(Figure 1-5). Siphuncular segment heights 
range from 2.5 to 3.3 mm; maximum segment 
expansion is 3.0 mm in width. Width 
[max.Jjheight ratio of siphuncular segments 
ranges from 0.93 to 1.10. Brims are very 
short. Camerae and endosiphuncle lack evi­
dent biogenic deposits. 

Remarks.- The sinuate and oblique 
sutures, broadly inflated connecting rings, 
and absence of both cameral and siphonal 
deposits suggest that the new species belongs 
to the genus Mooreoceras Miller, Dunbar and 
Condra, 1933. Other species of Mooreocer­
as, however, lack conspicuous surface orna­
mentation, whereas M. kinnoi has cancellate 
markings of lirae. 

Occurrence and age.- This species was 
recovered from a calcareous sandstone bed of 
the H2 Member (Kawamura, 1983), Hikoro­
ichi Formation at the Onimaru Quarry (loc. 
NSM-PCL6-53-3, see fig. I in Kase, 1988). 
The calcareous sandstone bed has been re­
garded as Visean in age, based on the 
productid brachiopods (Tazawa, 1984) and 
gastropods (Kase, 1988). 

Etymology.- The species is named in 
honor of S. Kinno, who discovered this ce­
phalopod. 

Genus Neocycloceras 
Flower and Caster, 1935 

Type species.- Neocycloceras obliquum 
Flower and Caster, 1935 from the Upper 

Devonian of Pennsylvania. 

Neocycloceras (?) sp. 

Figure 1-4 

Material.- One figured specimen, UMUT 
PM 18784. 

Remarks.- A single deformed and frag­
mentary shell, 28.4 mm in length, is tentative­
ly referred to the genus Neocycloceras Flower 
and Caster, 1935 based on its slender shell 
shape, and slightly oblique and scattered 
annulations. The shell surface is also sculp­
tured by transverse lirae; each interspace of 
annulation is marked by five to six transeverse 
lirae. The internal structure is not preserved. 

The surface ornamentation of the present 
species is most similar to Neocycloceras har­
risi Flower and Caster, 1935 from the Upper 
Devonian of Pennsylvania. However, N. 
harrisi differs from this species in having a 
closer spacing of annulations and lirae. The 
present species can be distinguished from 
Cycloceras dombarense Shimansky, 1968 
from the Lower Namurian of southern Urals, 
U.S.S.R., in that the latter possesses a less 
slender shell. 

Occurrence and age.- Same as Mooreo­
ceras kinnoi Niko, sp. nov. 

Subfamily Spyroceratinae 
Shimizu and Obata, 1935 

Genus Adnatoceras Flower, 1939 

Type species.- Orthoceras spissium Hall, 
1879 from the Middle Devonian of New 
York. 

Adnatoceras onimarense Niko, sp. nov. 

Figures 2-2-5 

Material.- Holotype, UMUT PM 18785, 
an imperfect phragmocone. 

Diagnosis.- Adnatoceras characterized by 
slowly expanding shell of elliptical cros.s .sec­
tion and subcentral siphuncular position. 
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Cameral deposits episeptal-mural and hypo­
septal type which form pseudoseptum in ven­
tral side. Endosiphuncular deposits form 
continuous lining on ventral wall. 

Description.- The holotype is a slowly 
expanding phragmocone, 47.0 mm in length, 
with an elliptical cross section and smooth 
shell surface. Diameter of the conch is 6.0 X 
4.5 mm at the apical end and expands up to 
approximately 7.5 mm (dorsoventral diame­
ter) over the length of the fragment. Septa 
are moderately curved; approximately two 
and one-half to three camerae occupy the 
corresponding dorsoventral shell diameter. 
The siphuncle occupies a subcentral position, 
and consists of cylindrical connecting rings 
and subcyrtochoanitic septal necks; connect­
ing rings are abruptly contracted at the septal 
foramen (Figure 2-4). Siphuncular segment 
heights range from 1.4 to 2.4 mm; maximum 
segment expansion is I. I mm in width. 
Width [max.] /height ratio of siphuncular seg­
ments ranges from 0.54 to 0.67. The area of 
adnation is nearly equal to the width of 
brims. Cameral deposits are well developed. 
On the ventral side of the siphuncIe, deposits 
can be differentiated into episeptal-mural and 
hypo septal deposits, and they form pseudose­
ptum. Dorsally, biogenic carbonates consist 
of episeptal-mural deposits. Endosiphun­
cular annulus deposits are restricted to the 
ventral side, and fusing to form continuous 
lining. 

Remarks.- Adnatoceras onimarense, sp. 
nov., most resembles A. ichinotaniense Niko 
and Hamada, 1987 from the upper Bashkirian 
of the Ichinotani Formation, central Japan, 
in that both taxa possess a slender shell with 
smooth surface and hyposeptal deposits. 
The former species, however, does not exhibit 
a rapid siphuncular shifting to the venter as 
the shell growth, unlike A. ichinotaniense. 

Furthermore, the latter species has a less 
elliptical cross section than that of the former. 
A. araskense Gordon, 1957 from the middle 
to upper Visean of Alaska, is also similar to 
the present species in the siphuncular struc­
ture, but di ffers in having a circular cross 
section of the shell and more rapid shell 
expansion. In addition, A. araskense lacks 
hyposeptal deposits. A. kipchakense 
Shimansky, 1968 from the lower Visean of 
Kazakhstan, U.S.S.R. is easily distinguished 
from A. onimarense by its larger shell expan­
sion ratio. 

Occurrence and age.- Same as Mooreo­
ceras kinnoi Niko, sp. nov. 

Etymology.- The species is named for the 
occurrence at Onimaru Quarry. 

Genus Dolorthoceras Miller, 1931 

Type species.- Dolorthoceras circulare 
Miller, 1931, from the Upper Carboniferous 
of the Karakoram Mountains, India. 

Dolorthoceras (?) sp. 

Figure 2-1 

Material.- Figured specimen, UMUT PM 
18787, an imperfect phragmocone. 

Remarks.- A single orthoconic phragmo­
cone of moderately expanding shell rep­
resented by a cast and silicified connecting 
ring. The specimen is 37.0 mm in length and 
increases in diameter from 4.5 to 8.7 mm over 
the fragment. There is no obvious external 
ornament. Septa are gently to moderately 
curved, forming straight and slightly oblique 
sutures. The siphuncIe shifts slightly ventral 
side in the adoral part; its segment is expand­
ed in camerae. Cameral deposits consist of 
L-shaped episeptal-mural type. 

+--- Figure 1. 1-3,5, Mooreoceras kinnoi Niko, sp. nov., holotype, OeM G-SNOI, 1, ventral view, X 
1.5; 2, silicon rubber cast, showing surface ornamentation, X 5.0; 3, dorsoventral thin section, venter left, X 
3.0; 5, partial enlargement of Figure 1-3, showing siphuncular structure, X 8.0. 4, Neocycloceras (?) sp., 
UMUT PM 18784, lateral view, X 2.5. 6, 511eroceras nishimllrai Niko, sp. nov., partial enlargement of Figure 
3-5, showing siphuncular structure, X 8.0. 
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Figure 20 1, Dolorthoceras (?) sp. , UMUT PM 18787, weathe red lateral v iew venter right, X 3.0. 
2 - 5, Adnaloceras onimarense Niko , sp. nov. , holorype, UMUT PM 18785; 2, lateral view of silicone 
rubber cast, venter left, X 2.0 ; 3, cross thin section near apical e nd of the specimen , venter down , X 8.0 ; 4, 
partial enlargement of Figure 2- 5, show ing siphuncular structure, X 15.0 ; 5, dorsoventral thin secti o n , vente r 
left, X 4.0. 

These features are characteristic of typical 
pseudorthoceratids such as Dolorthoceras 
Miller, 1931 but poor preservation of the 
internal structure makes taxon o mic assign­
ment of the specimen equivocal. 

Occurrence and age.- Same as MOOloeo­
ceras kinnoi Niko , sp. nov. 

Genus Sueroceras Riccardi 
and Sabattini , 1975 

Type species.- Sueroceras irregulare Ric­
cardi and Sabattini , 1975, from the Carboni ­
ferous of Chubut, Argentina. 

Sueroceras nishimurai Niko , sp. nov. 

Figures 1- 6, 3- 1- 6 

Malerial.- Holotype, OCM G234, an Im­
perfect phragmocone. Para type s, OCM 
G235 , a sma ll fragment of external shel l ; 
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4 

Figure 3. Sueroceras nishimurai Nik o , sp. nov., 1 - 3, 5, ho lo type, Oe M G234, 1, parti a l en largement 
of Figure 3- 2, show ing surface orna mentati o n, X 5.0 ; 2, dorsa l view , x 2.0 ; 3, la tera l view, venter left , x 
2.0 ; 5, dorsoventral polished sectio n, ve nter ri ght , X 3.0. 4, para type, OeM G236, weatherd shell , ap ica l 
end of the specimen, X 3.0. 6, para type, OeM G235 , latera l view, venter right , X 2.0. 

559 



560 Shuji Niko 

OCM G236, a deformed phragmocone with 
partial body chamber. 

Diagnosis.- Sueroceras with relatively 
rapid shell expansion, subcircular cross sec­
tion, sinuous transverse lirae, and fine longi­
tudinal lirae which disappear on ventral side 
in advanced growth stages. Siphuncular 
position subcentral; septal necks very short 
and partly cyrtochoanitic. Connecting rings 
strongly contracted at septal foramen. 

Description.- The holotype is an ortho­
conic phragmocone, 62.1 mm in length, with 
subcircular cross section. The shell diameter 
of the apical end is 15.7 X 14.2 mm. The 
surface ornamentation exhibits reticulate pat­
tern; it is composed of considerably sinuous 
transverse lirae, and fine longitudinal lirae of 
which spacing shifts dorsal ward to close. 
Sutures are straight and slightly oblique. 
Septa are moderately curved; approximately 
three camerae occupy the length of apical 
conch diameter. The siphuncle is subcentral 
and circular in cross section; it consists of 
suborthochoanitic to cyrtochoanitic septal 
necks, and cylindrical connecting rings which 
are strongly and abruptly constricted at the 
septal foramen (Figure 1-6). Siphuncular 
segment heights range from 5.2 to 5.5 mm ; 
maximum segment expansion is 3.5 mm in 
width. Width[max.J/height ratio of siphun­
cular segments is approximately 0.59. Brims 
are very short. Biogenic carbonates are not 
preserved in the present material. 

One of the paratypes (OCM G235, Figure 
3-6) is a fragment of the shell wall, approxi­
mately 40 mm in length. The shell surface is 
sculptured by sinuous and closely spaced 
transverse lirae that are replaced by coarse 
transverse lirae with broad salients in adoral 
shell, and dorsal ornamentation of longitudi­
nal lirae. 

The other paratype (OCM G236, Figure 3-
4) is a natural mold of flattened orthoconic 
shell, approximately 110 mm in length, and 
this represents earlier growth stages than the 
holotype and the other paratype. Approxi­
mately one-half of the shell is a body chamber 

that bears transverse and fine longitudinal 
lirae. Connecting rings are cylindrical and 
constricted at the septal foramen. 

Remarks.- The present species is placed 
in the genus Sueroceras Riccardi and 
Sabattini, 1975, because of the characteristic 
reticulate surface markings with Dolortho­
ceras-like internal structure. 

Eight species from the Lower Carbonifer­
ous to Permian had been referred or tentative­
ly assinged to Sueroceras. Among them this 
species is most similar to S. irregulare Riccar­
di and Sabattini, 1975 in general morphology 
of the siphuncle. It differs from S. irregulare 
by having a more rapidly expanding conch, 
cyrtochoanitic septal necks with abruptly 
contracted connecting rings, and closer septal 
spacing. Moreover, longitudinal lirae of the 
present new species are coarser than in S. 
irregulare. 

Occurrence and age.- Same as MOOl'eo­
ceras kinnoi Niko, sp. nov. 

Etymology.- The species is named in 
honor of S. Nishimura, who discovered this 
cephalopod. 

Acknowledgments 

The author thanks Messrs. S. Nishimura, S. 
Kinno (Onimaru Quarry Limited) and A. 
Kaneko (Kyoto University) for providing the 
material utilized. In addition, Drs. T. Kase 
(National Science Museum) and T. Kawa­
mura (Miyagi University of Education) assist­
ed him with field work and discovered several 
fossils. Thanks are also due to Dr. K. Mori 
(Tohoku University) and Mr. E. Sato (Of una­
to City Museum) for access to some important 
specimens. He also acknowledges to Drs.T. 
Hamada and K. Tanabe (University of 
Tokyo) for critical reading of the first draft. 
This research was supported by grants from 
the Japanese Ministry of Education, Science 
and Culture (No. 01790346). 



904. Carboniferous cephalopods from Kitakami 561 

References 

Flower, R.H., 1939: Study of the Pseudorthocera­
tidae. Palaeontographica Americana, vol. 2, no. 
10, p. 1-214, pIs. 1-9. 

-- and Caster, K.E., 1935: The stratigraphy and 
paleontology of northwestern Pennsylvania. 
Part II: Paleontology. Section A: The ceph­
alopod fauna of the Conewango Series of the 
Upper Devonian in New York and Pennsylvania. 
Bull. American Paleont., vol. 22, no. 75, p. 199-
271. 

Gordon, M., 1957: Mississippian cephalopods of 
northern and eastern Alaska. U.S. Geol. Sur­
vey Prof. Paper 283, p. 1-61, pIs. 1-6. 

Hall, J., 1879: Descriptions of the Gastropoda, Pter­
opoda and Cephalopoda of the Upper Helder­
berg, Hamilton, Portage and Chemung Groups. 
N. York Geol. Survey, Palaeont. New York, vol. 
5, pt. I, xv +492 p., pt. 2, 113 pIs. 

Hayasaka, I., 1954: Younger Paleozoic cephalopods 
from the Kitakami Mountains, Japan. Jour. 
Fac. Sci., Hokkaido Univ., Ser. 4, vol. 8, no. 4, 
p. 361-374, pIs. 22,23. 

Kase, T., 1988: Early Carboniferous (Visean) gas­
tropods from the Hikoroichi Formation of the 
Kitakami Mountains, northeast Japan. Trans. 
Proc. Palaeont. Soc. Japan, N.S., no. 149, p. 
361-370. 

Kawamura, T., 1983: The Lower Carboniferous for­
mations in the Hikoroichi region, southern Kita­
kami Mountains, northeast Japan (Part I). 

Stratigraphy of the Hikoroichi Formation. 
Jour. Geol. Soc. Japan, vol. 89, no. 12, p.707-
722. (in Japanese with English abstract) 

Miller, A.K., 1931 : Two new genera oflate Paleozoic 
cephalopods from Central Asia. Amer. Jour. 
Sci., Ser. 5, vol. 22, no. 131, p.417-425. 

--, Dunbar, C.O. and Condra, G.E., 1933: The 
nautiloid cephalopods of the Pennsylvanian Sys­
tem in the Mid-continent region. Nebraska 
Geol. Survey, Ser. 2, Bull. 9, p.I-240, pIs. 1-24. 

Niko, S. and Hamada, T., 1987: Adnatoceras from 
Middle Carboniferous of the Ichinotani Forma­
tion, Fukuji district, central Japan. Trans. 
Proc. Palaeont. Soc. Japan, N.S., no. 148, p. 
223-227. 

Riccardi, A.C. and Sabattini, N., 1975: Cepalopoda 
from the Carboniferous of Argentina. Pala­
eontology, vol. 18, pt. I, p. 117-136, pIs. 22-24. 

Shimansky, V.N., 1968: Kamennougolnye Orthocer­
atida, Oncoceratida, Actinoceratida i Bactrida. 
Academia Nauk SSSR, Trudy Paleontologiches­
kogo Institut, vol. 117, p. I-lSI, pIs. 1-20. (in 
Russian) 

Shimizu, S. and Obata, T., 1935: New genera of 
Gotlandian and Ordovician nautiloids. Shang­
hai Sci. Inst., Jour., Sec. 2, vol. 2, p. 1-10. 

Tazawa, J., 1984: Occurrence of Gigantoproductus 
(Carboniferous Brachiopoda) from the lower 
Hikoroichi Formation, Kitakami Mountains and 
its significance. Earth Sci. (Chikyu Kagaku), 
vol. 38, no. 2, p. 132-134, pI. I. (in Japanese) 

Hikoroichi B ~m, Ichinotani -rJ);fr, Kitakami Mountains ~U::illJt!!, Of una to ::kJiJ(}l1t, 
Oimaru Jlb1L, Setamai ilt EH *. 
m$~~illJt!!B~m~.E_eMM(~~-ilt)a~.:m$~~illJt!!rJ)~*~::kJiJ(}l1t 

mJlb1Ll*E~~.::.ltlli-t G T1l1lE_* f3 ~m~rJ) H2 $~ (~~ -ilt) iJ· Ga~.>a:'~tr~ 
.~.~.~~EW>a:'.lli-tG~t~, ~l*E~rJ)~M., .ff.~reGrJ)~ •• *Kl 
I) IjJl GiJ'l.::.t.(.-0t.: o *glfi-elt, 3 fJT1m>a:'1l;tr:;t/L-- 'J ~ '7 A § rJ)a~. 5 f.i>a:'§C.:tH .. t.: o .:ttL 
G ft, Mooreoceras kinnoi, sp. nov., Neocycloceras (?) sp., Adnatoceras onimarense, sp. 
nov., Dolorthoceras (?) sp., Sueroceras nishimurai, sp. nov. -e, *~~ B *iJ· G rJ)E_*c:;t Iv 
'J ~ '7 A §a~ •• llirJ)1JJ~c~t t.(.G o YC.T~~ 



Trans. Proc. Palaeont. Soc. Japan, N.S., No. 159, pp. 562-586,9 Figs., September 30, 1990 

905. LOWER JURASSIC RADIOLARIAN 
ZONES OF SW JAPAN* 

RIE HORI 

Department of Geosciences, Faculty of Science, 
Osaka City University, Osaka 558 

Abstract. Four Lower Jurassic radiolarian assemblage-zones and four subzones are 
established on the basis of radiolarian biostratigraphic data from the Inuyama and three 
other areas of SW Japan. These zones are as follows in ascending order: the Parahsuum 
simp/um (divided into Subzone I to IV), Mesosaturnalis hexagon us (newly proposed), 
Parahsuum (?) grande and Hsuum hisuikyoense Assemblage-zones. These zones range in 
age from latest Triassic/earliest Jurassic (Rhaetian/Hettangian ?) to early Middle Jurassic 
(Bajocian). This age assignment is based on comparison with Early to Middle Jurassic 
radiolarian biostratigraphy established in North America and Turkey. 

Key words. Lower Jurassic, radiolarian assemblage-zones, SW Japan. 

Introduction 

Studies of Jurassic radiolarian biostratigra­
phy have advanced rapidly during the past 
two decades. In Japan, a pioneer study on 
Jurassic radiolarian zonation was made by 
Yao et al. (1980) in the Inuyama area of 
central Japan. At that time, each radiolarian 
zone represented an average of 10 m.y. inter­
val. Needs for radiolarian zones spanning 
shorter time ranges than those hitherto estab­
lished has increasingly been felt for undertak­
ing more precise analysis of stratigraphic 
sequences. Since then, many workers have 
proposed various zones which were summar­
ized by Yao (1986). These zonations, how­
ever, produced some confusion. 

The purpose of this paper is to revise and 
rearrange the radiolarian zones that had been 
established for the Lower Jurassic of Japan 
and to discuss their ages through a compari­
son with radiolarian data from North Amer­
ica and Turkey. Each radiolarian zone de-

'Received October 30, 1989; revised manuscript 
accepted September I, 1990. 
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scribed in this paper represents approximately 
half a 10 m.y. time span and the zonal frame­
work is derived from the assemblage-zones 
proposed by Yao (1982) and Yao et al. 
( 1982). 

Geologic setting 

The Lower Jurassic radiolarian zones de­
scribed in this paper are based upon biostrati­
graphic data obtained from continuous 
sequences of Upper Triassic to Middle Juras­
sic strata in SW Japan. These sequences all 
share almost the same lithostratigraphy, in 
which the lower part is composed of bedded 
chert and the upper part of clastic rocks. 
These units generally occur in a pile of im­
bricate tectonic slices and/or blocks in the 
Mesozoic subduction-accretion complexes. 

Eleven measured sections have been chosen 
for the present biostratigraphical study. 
These sections are located in four distinct 
areas in SW Japan: six in the Inuyama area 
and one in the Mt. Norikuradake area of the 
Mino Belt, two in the Kuzuu area of the 



905. Lower Jurassic Radiolarian Zones 563 

36~ / " 

SEA OFJAPAN 

/ 
~o 

/ [[J Mino Belt 
PACIFIC OCEAN 

/ 0 Chichibu Belt 
I 

I 
IJ81: 

100lm 

Figure 1. Localities of the Kuma, Inuyama, Mt. Norikuradake and 
Kuzuu areas of Japan. 

Ashio Belt, and two in the Kuma area of the 
Chichibu Belt in Kyushu (Figure 1). 

A. Inuyama area (lat. 3Y, 25±2'N, long. 
136°, 58±2'E) 

The sedimentary complex exposed in this 
area comprises bedded cherts and clastic sedi­
mentary rocks forming a large synform called 
the "Sakahogi Syncline" (Mizutani, 1964), 
and its lithologic distribution was studied in 
detail by Kondo and Adachi (1975), however, 
both stratigraphic and tectonic interpreta­
tions of the Triassic conodont occurrences in 
cherts underlie or overlie clastic rocks, which 
yield ammonite and plant fossils of Jurassic 
age had not been fixed. Yao et al. (1980) 
carefully examined the distribution of 
radiolarians and conodonts in chert and clas­
tic sedimentary rocks and found that im­
bricate slices composed of Triassic to Lower 
Jurassic chert and Middle Jurassic (and pos­
sibly much younger) clastic sedimentary 
rocks, were tectonically repeated at least four 
times (Figure 2). 

A generalized col umnar section of the chert 
and clastic sedimentary rocks in this area is 
shown in Figure 3. The section consists of 
the following six lithologic units in ascending 

order; 1) pale-green and black claystone 
with pyrite nodules, thin chert layer and 
dolomite; 2) varicolored bedded chert; 3) 
red and green siliceous mudstone; 4) black 
mudstone with thin sandstone layer; 5) mas­
sive sandstone; 6) sandstone with mudstone 
layer and tuff. The age of these rocks ranges 
from Middle Triassic or Early Triassic '? 
(Mizutani and Koike, 1982) to Middle or 
Late Jurassic (Adachi, 1988). Six chert sec­
tions were measured and sampled for this 
radiolarian study and their locations are 
shown in Figure 2. 

Katsuyama (UF) Section: This is one of 
the most complete sections of Upper Triassic 
to Lower Jurassic strata (ca. 32 m thick) 
available in this area. Nakaseko and Ni­
shimura (1979) described Late Triassic 
radiolarians from a chert in the lower part of 
this section. Fragments of Mesozoic plant 
fossils were obtained from sandstone over­
lying the chert (Nishida et al., 1974). A late 
Bathonian-early Callovian ammonite, 
Choffatia (Subgrossouvia) sp. was reported 
from a black siltstone float near this section 
(Sato, 1974; Sato and Westermann, 1985). 
This ammonite was probably derived from a 
mudstone facies of the clastic slice resting 
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Figure 2. Geological sketch map of the I nuyama area (modified from Kondo and 
Adachi , 1975: Yao el at. , 1980) and location s of measured sections. 

upon the chert unit (CH-3?). 
Iwayakannon (lY) Section: This section is 

located at the chert unit, CH-4 of Yao et al. 
(1980) , and consists of an approximately 25 m 
of bedded chert that is Early Jurassic in age 
(Hori , 1988). The chert is coherent with a 
Middle Jurassic mudstone at the top , though 
there is a stratigraphic break between the two. 
This break is equivalent to the Hsuum hisui­
kyoense Assemblage-zone of Yao and Matsu­
oka (1981). 

Kurusu (KU) Section: This section repre­
sents a complete sequence of Upper Triassic 
to Lower Jurassic strata including the 
Triassic-Jurassic boundary. It is composed 
of a 35 m thick sequence of rhythmically 
interbedded chert and mud stone (Hori , 1988) . 

Teishyoji (PT) Section: Thi s section is 
located above the chert unit CH -4 and struc­
turally eq uival ent to the IY Section 
mentioned above. At the top of this section , 
the chert which represents the Parahsuum (?) 

grande Assemblage (Yao et al. , 1982) is 
coherent with sandstone (Matsuda et al. , 
1981 ). 

UC Section: The section is composed of a 
rhythmically in terbedded sequence of chert 
and mudstone (Hori , 1986). The upper part 
of this section corresponds to the section 
studied by Isoza ki and Matsuda (1985a). 

UA Section: This section corresponds to 
the uppermost part of the section studied by 
Yao et al. (1980) and Yao (1982). Hori 
(1986) documented stratigraphic distribution 
of selected radiolarian species. The chert of 
this section includes the stratotype of the 
Parahsuum simp/urn Assemblage (Y ao , 
1982). 

B. Mt. Norikuradake area (Iat. 36°, 8± I'N , 
long. 13T, 37 ± l'E ) 

The Mesozoic sedimentary complex of this 
area is called Yukawa Complex and can be 
correlated with that of the Inuya ma area 
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Figure 3. Generalized columnar section of the 
Inuyama area. Lithologic units and ages are based 
on conodont and radiolarian data. W: stratigra­
phic position of fossil fragments of petrified Mesozoic 
wood. ? Am: possible stratigraphic position of a 
late Bathonian-early Callovian ammonite. 

based on similarities in the lithologic succes­
sion (Otsuka, 1988). The NK Section locat­
ed I km northwest of Kanayama in the Nori­
kura highlands consists of bedded chert and 
siliceous mudstone. Hori and Otsuka (1989) 
reported the stratigraphic distribution of 
well-preserved radiolarians from this section. 

C. Kuzuu area (lat. 36°, 26±4'N, long. 139°, 
35±4'E) 

Igo and Nishimura (1984) reported Upper 

Triassic to Lower Jurassic radiolarians from a 
continuous chert sequence of the "Adoyama 
Formation" in this area. They recognized 
four radiolarian assemblage-zones for the 
Upper Triassic to Lower Jurassic interval. 
Two sections, KuA (KA) and KuB-C-D 
(KD) were examined in this study. The KA 
Section corresponds to the upper part of the 
Section C of Igo and Nishimura (1984) and 
consists of a dark gray bedded chert of about 
8 m in thickness. The other section, KuB-C­
o (KD) is the upper part of the Section B 
reported by Igo and Nishimura (1984). It 
consists of a rhythmically interbedded 
sequence of chert and mudstone approximate­
ly 35 m in thickness, which is overlain by 
sandstone. Immediately below the chert­
sandstone contact, Brachyoxylon (silicified 
wood) was found (lijima et al., 1988). 
Radiolarians obtained from this section are 
Early to Middle Jurassic in age. 

D. Kuma area (lat. 32°, 21±4'N, long. 130°, 
37±4'E) 

Late Paleozoic and Mesozoic radiolarians 
from this area were studied by Nishizono et 
al. (1982), Nishizono and Murata (1983), 
Sato and Nishizono (1983), Sato et at. (1986) 
and others. Sato et al. (1986) established 13 
radiolarian zones for the Lower Triassic to 
Upper Jurassic interval in this area. Two 
sections, the Kaiji (KG) and Kajiki (KS) 
Sections were investigated in this study. 

The lithology and correlation of all mea­
sured sections are shown in Figure 4. The 
distribution of· representative radiolarian 
species in these sections studied are shown in 
Table I. 

Radiolarian zonation 

Four radiolarian assemblage-zones in the 
Upper Triassic to lower Middle Jurassic of 
the studied areas are described in this para­
graph. These zones are the Parahsuum sim­
plum (Ps), Mesosaturnalis hexagonus (Mh), 
Parahsuum (?) grande (Pg), Hsuum hisui-
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Figure 4. Lithology and correlation of the sections studied (see text for section names), showing selected sample 
localities, which yielded those radiolarian species listed in Table I. Hh: Hsuum hisuikyoense Assemblage-zone; Pg: 
Parahsuum (?) grande Assemblage-zone; Mh: Mesosaturnalis hexagonus Assemblage-zone; Ps: Parahsuum simp/um 
Assemblage-zone; Ct: Canoptum triassicum Assemblage-zone. All the assemblage-zones are described in the text with the 
exception of the Ct Assemblage-zone proposed by Yao (1982). 
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Table I. Occurrence of radiolarian species listed in Figure 5 and a conodont species in samples from SW Japan. Solid square: 
present, Open square: absent. (continued) 
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kyoense (Hh) Assemblage-zones in ascending 
order. Furthermore, four subzones of the Ps 
Assemblage-zone are proposed on account of 
species composition. The Mh Assemblage­
zone is newly proposed herein. 

A. Definition of zone 
Radiolarian zones are defined by the pres­

ence of a characteristic species or a pair of 
such species and in practice, taking maximum 
ranges of characteristic species into considera­
tion. This concept is similar to the radiolar­
ian zonation based on the Unitary Associa­
tions method (e.g., Baumgartner et a/., 1980; 
Baumgartner, 1984). Because which species 
among the Lower Jurassic radiolarians is 
endemic or pandemic is not known, there is a 
problem of selecting a species pair suitable 
for establishing a zonation by the use of U.A. 
method. Thus, further work is required to 
apply the U.A. method to a Lower Jurassic 
radiolarian zonation. 

The upper boundary of four zones is 
defined as the level which corresponds to the 
lower boundary of the superjacent or over­
lying zone. These four zones are described 
below beginning with the lowest. 

l. Parahsllum simp/um (Ps) Assemblage­
zone (Yao, 1984, emended) 

The base of this zone is defined by the 
lowest occurrence of P. simp/wn in associa­
tion with Dictyomitrella sp. C. 

The present author selected the U F Section 
(UF6-16) of the Inuyama area as the 
stratotype of this assemblage-zone and the 
following species including two diagnostic 
species, Parahsuum simp/um Yao, P. ovale 
Hori and Yao, are characteristic in this zone. 
These species are: Ares (?) sp. D (= Parares 
sp. of Takemura, 1986), Bipedis sp. A, B. sp. 
B, Dictyomitrella sp. C of Yao (1982), 
Dlimitricaella (?) sp. A, Eucyrtidiellum (?) sp. 
C group of Nagai (1986), Gigi aff. Justis De 
Wever, Gorgansium gongy/oideum Kishida 
and Hisada, G. aff. gongy/oidellm, Katroma 
kllrusuensis Hori, K. cf. bicornlls De Wever, 
Pantanellillm cf. k/uense Pessagno and 

Blome, P. aff. kluense, P. cf. danaense Pes­
sagno and Blome, Parahsuum aff. lon­
giconicum Sash ida, Syringocapsa co/iforme 
Hori, S. sp. B of Yao (1982), Trillus e/khorn­
ensis Pessagno and Blome, Xenorum sp. A, 
Bagotum spp., Napora spp., and Zartus spp. 

The geologic range of this zone is the 
uppermost Triassic to middle Lower Jurassic 
(upper Pliensbachian to Toarcian?). 

Remarks: The Dictyomitrella sp. C­
Archaeodictyomitra sp. A Assemblage was 
first proposed from the Inuyama area by Yao 
et a/. (1980). Subsequently, Yao (1982) 
renamed it as the Parahsuum simp/um (Ps) 
Assemblage. A biostratigraphic unit assign­
able to the Ps Assemblage was first described 
by Yao (1984) from the Kii-Yura area of the 
Chichibu Belt. 

This assemblage-zone is subdivided into 
four (I-IV) subzones in ascending order such 
as: the Parahsuum aff. /ongiconicum, 
Katroma kllrusuensis, Eucyrtidiellum (?) sp. 
C, and TI'illus e/khornensis Subzones. 

Subzone I (Parahsuum aff. /ongiconicum 
Assemblage-zone)-The following species are 
obtained from this subzone: Bipedis sp. A, 
B. sp. B, Dictyomitrella sp. C of Yao (1982), 
Gigi spp., Gorgansium gongy/oideum, G. aff. 
gongy/oideum, Pantanellium aff. kluense, P. 
cf. k/uense, Parahsuum ova/e, P. simp/um, P. 
aff. /ongiconicum, Syringocapsa coliforme, S. 
sp. B of Yao (1982), and Xenorum sp. A. 
Among them, Gorgansium gongy/oideum, G. 
aff. gongy/oideum, Xenorum sp. A and 
Pantanellium aff. k/uense are dominated 
species. The range of these species extends 
downwards into the Canoptum triassicum 
(Ct) Assemblage-zone (Yao, 1984). 

The geologic range of this subzone is the 
uppermost Triassic (Rhaetian) to lowest Jur­
assic (Hettangian to Sinemurian ?). 

Subzone II (Katroma kurusuensis Assem­
blage-zone)- This zone yields Ares (?) sp. D 
(= Parares sp. of Takemura, 1986), Bagotum 
spp., Bipedis sp. A, B. sp. B, Dictyomitrella sp. 
C of Yao (\ 982), Dumitricaella (?) sp. A, Gigi 
aff. Justis, Katroma kurusuensis, K. cf. bicor-
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nus, K. sp. N of Hori (1988), Pantanellium 
cf. danaense, Parahsuum ovale, P. simplum, 
Syringocapsa coliforme, S. sp. B of Yao 
(1982), Xenorum sp. A, and Zartus (?) sp. 
This subzone is defined by the co-occurrence 
of K. kurusuensis and G. aff. Justis. Many 
specimens of taxons belonging to the genus 
Katroma (e.g., K. kurusuensis, K. bicornus 
and K. sp. N) are found in this zone. Rare 
specimens belonging to the species of the 
genus Bagotum are observed in the chert 
sequences, but this genus is also common, and 
occasionally abundant, in a mudstone facies, 
e.g., Kaiji Section of Kyushu. 

The range of this subzone is the Lower 
Jurassic (Sinemurian to lower Pliensba­
chian ?). 

Subzone III (Eucyrtidiellum (?) sp. C 
Assemblage-zone) - This zone is character­
ized by the following species: Ares (?) sp. 0 
(= Parares sp. of Takemura, 1986), Bagotum 
spp. (e.g., B. modestum Pessagno and 
Whalen), Eucyrtidiellum (?) sp. C group of 
Nagai (1986), Katroma kurusuensis, Napora 
spp., Parahsuum ovale, P. simplum Yao, 
Dumitricaella (?) sp. A, and Zartus spp. 
The base of this zone is defined by the lowest 
occurrence of Eucyrtidiellum (?) sp. C group. 
Near the base of this zone, the following 
species make their apparent final occurrences; 
Bipedis sp. A, B. sp. B, and Gigi aff. Justis. 

The geologic range of this zone is the 
Lower Jurassic (lower Pliensbachian? to 
upper Pliensbachian). 

Subzone IV (Trillus elkhornensis Assem­
blage-zone)- This subzone yields the follow­
ing species: Bagotum spp., Dumitricaella (?) 
sp. A, Eucyrtidiellum (?) sp. C group of Nagai 
(1986), Katroma kurusuensis, Napora spp., 
Parahsuum ovale, P. simplum, P. aff. lon­
giconicum, Trillus elkhornensis, and Zartus 
spp. 

The base of this zone is marked by the 
lowest co-occurrence level of T. elkhornensis 
and species of the genus Katroma. In some 
sections, it is often difficult to distinguish 
Subzone IV from Subzone III. 

The range of this zone is the Lower Jurassic 
(upper Pliensbachian to Toarcian?). 

2. Mesosaturnalis hexagonus (Mh) Assem­
blage-zone (new) 

The base of this zone is defined by the 
lowest occurrence of Mesosaturnalis hex­
agonus (= Acanthocircus hexagonus Yao) in 
associated with Parvicingula nanoconica 
Hori and Otsuka. This assemblage-zone is 
proposed for the interval between the Ps 
Assemblage-zone and the Pg Assemblage­
zone. 

The present author selected the IY Section 
(IYII-17) of the Inuyama area as the 
stratotype of this assemblage-zone and the 
following species including two diagnostic 
species, M. hexagonus and P. nanoconica, 
are characteristic in this zone. These are: 
Ares (?) sp. 0 (= Parares sp. of Takemura, 
1986), Hsuum altile Hori and Otsuka, H. sp. 
B of Hori and Otsuka (1989), H. sp. X of 
Hori and Otsuka (1989), H. (?) sp. Y of Hori 
and Otsuka (1989), Parahsuum simplum Yao, 
P. lransiens Hori and Yao, P. (?) aff. 
magnum Takemura, P. (?) sp. B of Hori and 
Otsuka (1989), Parvicingula cf. gigantocornis 
Kishida and Hisada, Transhsuum medium 
Takemura, Trillus elkhornensis Pessagno and 
Blome, Napora spp., Tripocyclia spp., and 
Zartus spp. 

The range of this zone is the Lower Jurassic 
(Toarcian) to lower Middle Jurassic 
(Aalenian ?). 

Remarks: This zone was formerly named 
the Acanthocircus hexagonlls Assemblage­
zone (Hori, 1987, 1988). An assemblage re­
ported from the Mt. Norikuradake area (Hori 
and Otsuka, 1989) is typical of this zone. In 
addition to the zonal index species, M. hex­
agonus, this zone is characterized by a nassel­
larian assemblage consisting mainly of the 
genera HSllllm, Parahsllllm (?) and Parvicin­
gula (s.I.). The first recorded occurrence of 
Parvicingula (s.l.) is observed at the base of 
this zone. These assemblages were reported 
by Matsuda and Isozaki (1982), and Kishida 
and Sugano (1982). Based on the co-
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occurrence of conodonts and radiolarians, 
they tentatively assigned a latest Triassic to 
earliest Jurassic age. The recent radiolarian 
data indicate that this fauna is a late Early to 
early Middle Jurassic age. 

3. Parahsuum (?) grande (Pg) Assem­
blage-zone 

The base of this zone is defined by the 
lowest occurrence of Parahsuum (?) grande 
Hori and Yao in association with P. tran­
siens Hori and Yao. 

The present author selected the IY Section 
(IYI8-24) and PT Section (PTS-8) of the 
Inuyama area as the stratotype. This 
assemblage-zone is characterized by the fol­
lowing species incl uding a diagnostic species, 
Parahsuum (?) grande (= P. sp. D of Yao et 
al., 1982): Andromeda sp. D of Yao et al. 
(1982), Archicapsa pachyderma (Tan Sin 
Hok), Ares (?) sp. D (= Parares sp. of Ta­
kemura, 1986), Laxtorum (?) hichisoense Iso­
zaki and Matsuda, L. (?) jurassicum Isozaki 
and Matsuda, Parahsuum simplum Yao, P. 
transiens Hori and Yao, P. (?) aff. magnum 
Takemura, P. nanoconica Hori and Otsuka, 
Stichocapsa aff. japonica of Yao et al. 
(1982), Transhsuum medium Takemura, 
Hsuum sp. B of Hori and Otsuka, H. aff. 
hisuikyoense Isozaki and Matsuda, Nassellar­
ia gen. et sp. indet. X, Mesosaturnalis hex­
agonus (Yao), Napora spp., Tripocyclia spp., 
Unuma (?) spp., and Zartus spp. 

The range of this assemblage-zone is the 
upper Lower Jurassic (Toarcian ?) to lower 
Middle Jurassic (Aalenian ?). 

Remarks: Yao et al. (1982) first reported 
the Parahsuum sp. D (= P. grande) Assem­
blage from the Inuyama area of the Mino Belt 
and the Kurosegawa area of the Chichibu 
Belt in SW Japan. Several species are com­
mon to the Mh Assemblage, however, the Pg 
Assemblage is distinguished by the occur­
rence of multisegmented nassellarians with a 
larger test, such as Parahsuum (?) grande and 
Laxtorum (?) jurassicum. 

4. Hsuum hisuikyoense (Hh) Assem­
blage-zone 

The base of this zone is defined by the 
lowest occurrence of H. hisuikyoense Isozaki 
and Matsuda in association with L. (?) juras­
sicum Isozaki and Matsuda. The top coin­
cides with the base of the Unuma echinatus 
Assemblage-zone. 

According to Yao et al. (1982) and others, 
this assemblage-zone is characterized by the 
following species including three diagnostic 
species, Hsuum hisuikyoense Isozaki and 
Matsuda, Laxtorum (?) jurassicum Isozaki 
and Matsuda, and L. (?) hichisoense Isozaki 
and Matsuda: Archicapsa pachyderma (Tan 
Sin Hok), Dictyomitrella aff. kamoensis 
Mizutani and Kido, Eucyrtidiellum unuma­
ense (Y ao), Parvicingula sp. C of Yao et al. 
(1982), Mesosa turn alis hexagon us (Yao), 
Stichocapsa aff. japonica Yao, Tricolocapsa 
(?) fusiformis Yao, T. cf. ruesti Tan Sin Hok, 
Trillus elkhornensis Pessagno and Blome, 
Unuma sp. A ofYao (1984), Unuma sp. C of 
Yao et al. (1982), Zartus sp. A ofYao et al. 
(1982), and Zartus cf. dickinsoni Pessagno 
and Blome. 

The range of this assemblage-zone is the 
lower Middle Jurassic (Aalenian? to Ba­
jocian). 

Remarks: The Hsuum sp. B (= H. hisui­
kyoense) Assemblage was first recognized by 
Yao and Matsuoka (1981) in a siliceous 
mudstone of the Inuyama area. Yao et al. 
(1982), Yao (1983, 1984), and Isozaki and 
Matsuda (198Sa, b) subsequently examined 
this assemblage and listed various characteris­
tic species. Yao (1984) defined this assem­
blage-zone in the Kii-Yura area of the Chi­
chibu Belt. 

B. Age of assemblage-zones 
In SW Japan, Lower and lower Middle 

Jurassic radiolarian fossils are very rarely 
associated with age-diagnostic species of 
other micro- and macro-fossils. Ages of 
radiolarian zones therefore are based on com­
parison of the Japanese faunas with other 
well dated radiolarians in North America and 
Turkey by taking into account their faunal or 
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specific compositIOn and relative stratigra­
phic positions. 

When those four assemblage-zones de­
scribed above are compared with radiolarian 
faunas from Lower and lower Middle Jurassic 
formations of the Queen Charlotte Islands in 
British Columbia, Canada, and those from 
east-central Oregon, U.S.A., three critical 
biohorizons can be dated. These are, (I) the 
base of the Ps Assemblage-zone; (2) the base 
of the Mh Assemblage-zone; and, (3) the top 
of the Hh Assemblage-zone. 

Parahsuum simplum Assemblage-zone: 
The Ps Assemblage-zone is probably dated as 
a Rhaetian/Hettangian?- late Pliensba­
chian and early Toarcian? age. 

The base of the Ps Assemblage-zone can be 
placed in the Hettangian or lower horizon 
(Rhaetian) because of the following three 
constraints; I) The lowest co-occurrence 
horizon of Parahsllum simplum Yao and 
Diclyomilrella sp. C of Yao (1982) (= the 
basal boundary of this zone) lies below the 
first occurrence horizon of the genus 
Kalroma Pessagno and Poisson emend. De 
Wever. According to Pessagno et al. (1987), 
its first occurrence defines the base of radiolar­
ian Zone 04 where radiolarians are associated 
with lower Sinemurian ammonites in the 
Kunga Formation (= Sandi lands Formation 
of Cameron and Tipper, 1985), Queen Char­
lotte Islands. These facts indicate that the 
base of this zone probably lies in the lower 
Sinemurian or lower. 2) The basal bound­
ary of this zone lies a few meters above the 
final occurrence horizon of conodonts. In 
continuous chert sequence in the Inuyama 
area which crosses the T riassic-J urassic 
boundary, the lower limit of this zone is 
always observed a few meters above the high­
est occurrence horizon of conodonts; this is 
representative the final occurrence of Axiolh­
ea posthernsteini (= Misikella posthernsteini 
Kozur and Mock) that occurs with such 
Triassic radiolarians as Defiandrecyrtillm 
Kozur and Mostler and Squinabolella Kozur 
and Mostler. The highest occurrence of A. 

posthernsteini was reported from the Choris­
toceras marshi Zone (uppermost Triassic; 
Rhaetian, or upper Upper Norian of Tozer, 
1980) by Mostler et al. (1978). It is, there­
fore, highly probable that the basal boundary 
of this zone is within the Rhaetian or lowest 
Jurassic. 3) The basal boundary is below the 
final occurrence level of Pantanellium afr. 
kluense Pessagno and Blome. According to 
Pessagno and Blome (1980), P. afr. kluense 
occurs from the Rhaetian (?)/Hettangian part 
of the Kunga Formation (= Sandi lands For­
mation of Cameron and Tipper, 1985) of the 
Queen Charlotte Islands. 

Hori (1986) and Yao (1986) noted the 
co-occurrence of some characteristic species 
in this zone, Bagotum spp., Canoptum spp., 
Katroma spp., Pantanellium cf. danaense 
Pessagno and Blome and Trillus spp., and 
correlated this assemblage-zone with a inter­
val from a part of the Sinemurian to Pliensba­
chian. Additionally, the base of the super­
jacent Mh Assemblage-zone is considered to 
be a middle Toarcian age, as discussed below. 
The top of the Ps Assemblage-zone, therefore, 
may extend upward to an early Toarcian age. 

Mesosaturnalis hexagonus Assemblage­
zone: Hori and Otsuka (1989) discussed the 
age of the Mh Assemblage. They inferred 
that its age ranges from late Early to early 
Middle Jurassic, at least including a certain 
interval of the Toarcian, based on their exam­
ination of a fauna representative of the Mh 
Assemblage which was recovered from the 
Mt. Norikuradake area. 

Based on the following criteria, the Mh 
Assemblage-zone is assignable to a time inter­
val between the Toarcian and Bajocian with 
its base definitively beginning the middle 
Toarcian. 

Near the base of this zone, Parvicingula (s. 
1.) and Mesosaturnalis hexagonus make their 
first appearances. According to Carter et al. 
(1988), species of the gen us Parvicingula (s.l.) 
are not found in the upper Pliensbachian to 
lower Toarcian Fannin Formation, but occur 
in the middle Toarcian Whiteaves Formation, 
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the middle to upper Toarcian and Aalenian 
Phantom Creek Formation, and the lower 
Bajocian Graham Island Formation, all of 
the Queen Charlotte Islands. They suggest 
that the first appearance of Parvicingula (s.l.) 
in the Queen Charlotte Islands occurs in 
middle Toarcian strata that are approximate­
ly equivalent to the Hildoceras bifrons Zone. 

On the other hand, Mesosaturnalis hex­
agonus first occurs in the upper middle Toar­
cian part of the Phantom Creek Formation 
(upper Haugia variabilis to lower Gram­
moceras thouarsense Zones, in Carter et al., 
1988) of the Queen Charlotte Islands. These 
radiolarian data indicate the base of this zone 
to lie probably in the middle Toarcian. 

The top of the Mh Assemblage-zone prob­
ably lies in the Middle Jurassic (Aalenian 
and/or Bajocian) because it always occupies 
a stratigraphic position between the under­
lying Ps Assemblage-zone (Rhaetian/Hettan­
gian ?- upper Pliensbachian) and the over­
lying Pg Assemblage-zone (possibly older 
than Bajocian age, as mentioned below) in all 
the continuous sequences in the Inuyama and 
other areas of SW Japan. 

Parahsuum (?) grande Assemblage-zone: 
The exact age of the Pg Assemblage-zone is 
difficult to determine from a direct compari­
son with North American faunas due to the 
scarcity of species common to both these 
areas. Only the stratigraphic position of this 
zone, higher than the Mh Assemblage-zone 
and lower than the Hh Assemblage-zone, 
enables us to determine its approximate age. 
The Mh Assemblage-zone is probably cor­
relatable with an upper Lower Jurassic to 
lower Middle Jurassic interval, at least includ­
ing the middle Toarcian. The upper limit of 
the Hh Assemblage-zone may lie in the Ba­
jocian (Isozaki and Matsuda, 1985b and in 
this paper). Thus, its age may be assigned to 
an interval from the middle Toarcian to 
Aalenian? 

Hsuum hisuikyoense Assemblage-zone: 
According to Isozaki and Matsuda (I 985b), 
the lower part of the Hh Assemblage-zone is 

probably of late Early to middle Middle 
Jurassic. The present author narrows a pos­
sible age of this zone to a shorter time interval 
between Aalenian? and Bajocian because of 
the following reasons. The Unuma 
echinatus (Ue) Assemblage, an assemblage 
immediately overlying the Hh Assemblage, is 
interpreted to be either Bajocian or Bath­
onian in age (Mizutani and Koike, 1982; 
Yao, 1986; Yokota and Sano, 1986, etc.). 
The upper limit of the Hh Assemblage-zone 
therefore can be datable as Aalenian or Ba­
jocian in age. Tricolocapsa (?) fusiformis 
Yao is a characteristic species that occurs 
both in the Hh and Ue Assemblages-zones. 
According to Carter et al. (1988), this species 
is not found in the Pliensbachian to lower 
Aalenian Maude Group but occurs in the 
lower Bajocian part of the Yakoun Group 
(Ovalis Zone to lower? Laeviuscula Zone) of 
the Queen Charlotte Islands. Considering 
the stratigraphic data of these component 
taxons, the top of Hh Assemblage-zone can be 
drawn within an upper Aalenian to lower 
Bajocian interval. 

On the other hand, the age of its base is 
difficult to place on the basis of faunal con­
tent. Because the Hh assemblage has few 
species in common with the late Toarcian to 
Aalenian fauna reported from North Amer­
ica, its stratigraphic position provides the 
only clue its age. This zone lies stratigra­
phically above the Pg Assemblage-zone. 
The Pg Assemblage-zone has not been dated 
precisely. The age of the subjacent Mh 
Assemblage-zone, however includes at least 
middle Toarcian time. Thus, the base of the 
Hh Assemblage-zone is believed to postdate 
the middle Toarcian. 

C. Age of Subzones I-IV of the Parahsuum 
simplum Assemblage-zone 

The age of Subzones I-IV ranges from 
latest Triassic/earliest Jurassic (Rhaetian/ 
Hettangian ?) to Early Jurassic (late Pliensba­
chian to Toarcian ?). The base of the Ps 
Assemblage-zone agrees with the base of 
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Subzone I, while the upper boundary of the 
Ps Assemblage-zone coincides with the upper 
limit of Subzone IV. Other mutual bound­
aries between these subzones are marked by 
the first occurrences of some characteristic 
species belonging to the genera Bagotum, 
Katroma and Trillus. The oldest species of 
Bagotum, B. erraticum Pessagno and 
Whalen, is known from the Sinemurian part 
of the Kunga Formation (QC 549) (Pessagno 
and Whalen, 1982). Thus, the base of Sub­
zone II is probably in the Sinemurian. 
According to Pessagno and Poisson (1981), 
and Pessagno and Blome (1980), the lowest 
horizon of co-occurrence of Trillus elkhor­
nensis and species of the genus Katroma was 
found in the upper Pliensbachian Nicely 
Formation (Amaltheus margaritatus Zone­
Pleuroceras spinatum Zone) (OR536) in east­
central Oregon. The base of the Subzone IV, 
therefore, can lie in the upper Pliensbachian. 

On the basis of these age constraints, Sub­
zones I to IV are assigned to the following 
ages; I: RhaetianjHettangian?-Sinemuri­
an?, II: Sinemurian-early Pliensbachian?, 
III: early Pliensbachian ?-Iate Pliensbachian, 
IV: late Pliensbachian-early Toarcian? 

Correlation of Lower Jurassic 
radiolarian zones 

A. Correlation in Japan 
In Japan, various radiolarian zones have 

been proposed for the Lower Jurassic interval 
after the first zonal description of Yao et al. 
(1980). Eight distinctive zonation schemes, 
five using assemblage-zones, (A2-A6) and 
three using other radiolarian biozones (B 1-
B3), are shown in Figure 6 along with the 
zonation presented in this paper (A 1). 

I. Correlation with zones of Matsuoka 
and Yao (1986): They proposed three 
radiolarian zones in the Lower Jurassic of 
SW Japan defined by biohorizons of the first 
or last appearance of characteristic species 
(Figure 6, BI). 

The base of their Parahsuum sp. C (= P. 

ovale) Zone roughly coincides with that of 
the present Ps Assemblage-zone. The P. 
ovale Zone seems to be a long-ranging zone 
and correlative with a combined intervals of 
the present Ps and Mh Assemblage-zones. 
Concerning the next younger Archicapsa 
pachyderm a Zone, A. pachyderm a (Tan Sin 
Hok) is found in the Pg Assemblage-zone but 
it lacks in the Mh Assemblage-zone. Mat­
suoka and Yao's this zone is a short ranging 
zone and correlated with a part of the Pg 
Assemblage-zone. Their Laxtorum (?) jur­
assicum Zone is correlative with the upper 
part of the Pg Assemblage-zone and the entire 
Hh Assemblage-zone. 

2. Correlation with zones of Kishida and 
Sugano (1982), and Kishida and Hisada 
(1985, 1986): Kishida and Sugano (1982) 
studied some continuous sequences of chert 
and clastics in the Sakawa area in Shikoku of 
the Chichibu Belt and recognized four succes­
sive assemblage-zones for the uppermost 
Triassic and Lower Jurassic (Figure 6, A2). 
Subsequently, Kishida and Hisada (1985, 
1986) revised these zones on the basis of early 
Jurassic radiolarian data obtained from a 
sedimentary complex in the Ueno-mura area 
of the Chichibu Belt. They recognized three 
assemblages and two subassemblages for the 
Lower Jurassic (Figure 6, A3). 

Their Bagotum pseudoerraticum Assem­
blage-zone can be correlated with the Sub­
zones I, II and III of the Ps Assemblage-zone 
based on its faunal composition. The 
Katroma elliptica Subassemblage-zone in 
their zonation is roughly attributable to the 
Subzone I because this subassemblage-zone 
contains G. gongyloideum, P. afr. simp/um 
and species of the genus Gigi and lacks 
species of the genus Katroma. In their 
classification, the genus Gigi includes species 
belonging to the genus Katroma, e.g., K. 
elliptica. The Wrangellium (s.s.) Subassem­
biage-zone can be correlated with the Sub­
zones II and III of the Ps Assemblage-zone 
judged by the presence of species of the gen us 
Katroma and the absence of Trillus e/khor-
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nensis. 
Their Parvicingula gigantocornis Assem­

blage-zone which is synonymous with their 
previous Parvicingula (?) sp. A- Parvicingula 
(?) sp. B Assemblage-zone, can be correlated 
to the Mh and a part of Pg Assemblage-zones 
on the basis of the first occurrence of the 
genus Parvicingula (s.1.). 

The base of their Spongocapsula (?) sp. A 
Assemblage-zone can lie within the upper 
part of the Pg Assemblage-zone because S. (?) 
sp. A (= Laxtorum (?) jurassicum) first 
occurs in the upper part of the Pg 
Assemblage-zone. Kishida and Hisada 
(1986) equated the top of this zone with the 
base of the Ue Assemblage-zone (= the top of 
the Hh Assemblage-zone), however, it is ques­
tionable that the S. (?) sp. A Assemblage­
zone can be correlated to the whole of the Hh 
Assemblage-zone due to lacking of character­
istic species obtained from the upper part of 
the Hh Assemblage-zone. 

3. Correlation with zones of Igo and 
Nishimura (1984): They documented four 
radiolarian assemblage-zones for an Upper 
Triassic to Lower Jurassic chert sequence of 
the "Adoyama Formation" in the Kuzuu 
area. They recognized two Lower Jurassic 
radiolarian assemblage-zones (Figure 6, A4). 

Their Parahsuum simplum- Gigi sp. 
Assemblage-zone is correlative with the lower 
part of the Ps Assemblage-zone on the basis 
of species composition. Because their Para­
hsuum sp.-Pantanellium sp. Assemblage-zone 
was not fully documented in their paper, its 
upper boundary can not be correlated exactly 
with the zones presented in this paper. 

4. Correlation with zones of Sashida and 
Igo (1985), Sashida et al. (1986) and Sashida 
(1988): Sashida and Igo (1985) and Sashida 
et al. (1986) recognized three successive 
radiolarian assemblage-zones for Lower Ju­
rassic strata in the Kanto region of the Chi­
chibu Belt (Figure 6, A5). Sash ida (1988) 
later revised them and proposed four zones 
based on the radiolarian distribution in three 
sections in the Itsukaichi area of the Kanto 

Mountains (Figure 6, B2). 
Their Parahsuum simplum Zone is cor­

relatable with the Subzones I and II of the Ps 
Assemblage-zone of this paper jUdging from 
its species composition and stratigraphic posi­
tion. 

Sash ida's (1988) P. takarazawaense Zone 
which corresponds to the Bagotum sp. A 
Zone includes Trillus aff. elkhornensis and 
Eucyrtidiellum sp. A (= Eucyrtidiellum (?) sp. 
C group in this paper). Thus, it can be 
correlative with the Subzones III and IV of 
the Ps Assemblage-zone. 

His Hsuum minoratum Zone as defined by 
the first occurrence of H. minoratum at the 
base is roughly correlated with the Mh and a 
part of Pg Assemblage-zones, because abun­
dant species of the genera Hsuum and Par­
vicingula are present. 

The Laxtorum (?) jurassicum Zone of 
Sashida (1988) is considered to be coeval with 
the Laxtorum (?) jurassicum Zone of Matsu­
oka and Yao (1986). 

5. Correlation with zones ofNishizono et 
al. (1982), Nishizono and Murata (1983), 
Sato and Nishizono (1983) and Sato et al. 
(1986): Nishizono et al. (\982), Nishizono 
and Murata (1983), and Sato and Nishizono 
(1983) investigated a radiolarian biostratigra­
phy of a Permian to Cretaceous sequence in 
the Kuma area of Kyush u and recogn ized 16 
assemblages. Two radiolarian assemblages 
of Early Jurassic age were discriminated (Fig­
ure6, A6). 

Based on their species composition and 
stratigraphic position, their "Archaeodictyo­
mitra" sp. A- Triassocampe sp. A Assem­
blage-zone and the "Archaeodictyomitra" 
directiporata -"Eucyrtidium" sp. A As­
semblage-zone can be correlated with the com­
bined intervals of the Subzone I and the lower 
part of Subzone Ill, and that of the part of 
Subzone III and Subzone IV of the Ps As­
semblage-zone. For examples, the latter as­
semblage-zone is characterized by species of 
such genera Napora, Trillus and Zartus, 
"Eucyrtidium" sp. A and B (=Eucyrtidium 
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(?) sp. C group) and "Archaeodictyomitra" 
directiporata (= Parahsuum ovale Hori and 
Yao, 1988). 

Subsequently, Sato et al. (1986) proposed 
13 new radiolarian zones for Lower Triassic 
to Upper Jurassic strata based on radiolarian 
data accumulated from Kyushu (Figure 6, 
B3). In their zonation, three range zones and 
one interval zone were defined for a Lower 
Jurassic to lower Middle Jurassic interval. 
The Parahsuum sp. A and Parahsuum dir­
ectiporata Zones are equivalent with their 
previous "Archaeodictyomitra" sp. A- Trias­
socampe sp. A Assemblage-zone and the 
"A rchaeodictyomitra" directipora ta -" Eu­
cyrtidium" sp. A Assemblage-zone, respective­
ly. The former zones, therefore, can be cor­
related with the lower part of the Ps 
Assemblage-zone (Subzones I, II and a part of 
Ill) and the latter zone is correlatable with the 
upper part of the Ps Assemblage-zone (Sub­
zone IV and a part of Subzone III) in this 
paper. 

The Droltus (?) sp. A-Droltus (?) sp. G 
Zone is correlatable with the Mh and the 
lower part of the Pg Assemblage-zones based 
on this stratigraphic position. 

Near the base of the Hsuum sp. G Zone, 
Spongocapsula (?) sp. A (= Laxtorum (?) 
jurassicum) makes its first appearance. The 
Hsuum sp. G Zone can, therefore, be correlat­
ed with a part of the Pg Assemblage-zone and 
the Hh Assemblage-zone. 

B. International correlation 
Several radiolarian zones proposed for a 

Lower Jurassic interval in the circum-Pacific 
region, particularly, zones established in the 
Queen Charlotte Islands and east-central 
Oregon are well dated by ammonites and 
other age diagnostic fossils. An interna­
tional correlation of those Lower Jurassic 
radiolarian zones of Japan with those of East 
Asia and North America is summarized in 
Figure 7. 

1. Correlation with zones of Pessagno et 
al. (1987): They established six radiolarian 

zones for a Lower to lower Middle Jurassic 
(Hettangian to Aalenian?) interval, namely 
Zones 05,04,03,02,01, and lA, in descend­
ing order. 

The base of the Zone 05 is coincident with 
the first appearance level of Pantanellium 
kluense and the last that of P. rothwelli. In 
Japan, the highest co-occurrence of P. cf. 
kluense and P. cf. rothwelli is immediately 
below the base of the Ps Assemblage-zone. 
The base of the Zones 04 and 0 I is defined by 
the first appearance of Katroma spp. and 
Trillus elkhornensis, respectively; these bio­
horizons correspond to the base of subzones 
II and IV of the Ps Assemblage-zone. The 
Zone 05, therefore, is correlated with the 
Subzone I, and the Zones 04 to 02 can be 
correlatable with the Subzones II and 111 of 
the Ps Assemblage-zone in SW Japan. The 
top of the Zone 01 is defined by the final 
appearance of Praeconocaryomma parvimam­
ma as well as the first appearance of Parvicin­
gula (s.I.), therefore, the Zone 01 can be 
correlatable with the Subzone IV of Japan. 

The base of the Zone I A is defined by the 
first appearance of the gen us Parvicingula 
(s.I.). Judging from its stratigraphic position 
and radiolarian components, the Zone I A 
can be correlated with the Mh Assemblage­
zone and a part of the Hh Assemblage-zone of 
present study. 

2. Correlation with zones of Carter et al. 
(1988): They proposed seven radiolarian 
zones, Zones I to 7, for upper Pliensbachian 
to lower Bajocian strata in the Queen Char­
lotte Islands. These zones have a short time 
span and their ages are well controlled by 
ammonite evidences. Because of the scarcity 
of species common to both Japan and 
Canada, these zones are occasionally difficult 
to correlate with the Japanese assemblage­
zones. However, the Zones I and 6 may be 
correlative respectively with the Subzone IV 
of the Ps Assemblage-zone and with the Hh 
Assemblage-zone, based a comparison on the 
genus level. 

The Zones 2 to 5 interval can be roughly 
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equated to the Mh Assemblage-zone based on 
the first occurrence of Parvicingula (s.I.). and 
Mesosaturnalis hexagonus. 

The co-occurrence of Trieoloeapsa (?) 
Jusiformis and Zartus jurassieus was report­
ed in the Zone 7. Therefore, it is probably 
attributable to the Hh Assemblage-zone. 

3. Correlation with zones of Murchey 
(1984): She described seven radiolarian 
assemblages (Marin Headland Assemblages; 
MH-I to MH-7) from a Jurassic-Cretaceous 
chert sequence in the Franciscan Complex, 
northern California, U.S.A. 

The assemblage MH-I includes species of 
the genera Katroma, Napora and Eueyr­
tidium (?), and Bagotum aff. modestum. In 
the upper part of this assemblage-zone, the 
first occurrence of T. elkhornensis is recog­
nized. Hence, the MH-I Zone is correlated 
with the upper part of the Ps Assemblage­
zone (Subzones III to IV) in SW Japan. 

The assemblage MH-2 includes Parvicin­
gula sp. A (= P. nanoeoniea), Mesosatur­
nalis hexagonus, Hsuum sp. B (= H. altile), 
T. elkhornensis, Napora spp. and underlies 
the MH-3 Assemblage which is correlated 
with the Unuma eehinatus Assemblage. 

On the basis of its radiolarian composition 
and stratigraphic positIOn, the MH-2 
Assemblage-zone can be correlated with the 
Mh Assemblage-zone, the Pg Assemblage­
zone and a part of Hh Assemblage-zone of 
SW Japan. 

4. Correlation with zones of Tikhomirova 
(1988): Tikhomirova (1988) identified 12 
radiolarian assemblages from Lower Jurassic 
to Lower Cretaceous strata along the Amur in 
the Khabarovsk region, central Sikhote-Alin 

and in Primorye, Far East U.S.S.R. The 
following four assemblage-zones, R: I, R : 2, 
R: 3 and R : 4, were established for an inter­
val from Lower Jurassic to the lowest part of 
Middle Jurassic. 

The R: I is characterized by Areheeyrtum 
sp. A and Arehetypum sp. A belonging to 
the family Archecyrtiidae Tikhomirova, 1987. 
These species have not been recognized in the 
Lower Jurassic strata in Japan, thereby mak­
ing it difficult to correlate the R: I with 
Japanese zones. According to Tikhomirova 
(1988), the assemblage-zone is Hettangian in 
age based on its stratigraphic position, hence, 
it is tentatively correlated with the Subzone I 
of the Ps Assemblage-zone. 

The R : 2 is characterized by Katroma (?) 

cf. bieornus, Gigi Justis and others. Species 
of the genera Katroma and Gigi, such as 
Katroma cf. bieornus and Gigi aff. Justis, 
co-occur in the Subzone II of the Ps 
Assemblage-zone of Japan, hence, the R : 2 is 
correlated with the Subzone II of the Ps 
Assemblage-zone. 

The R: 3 is characterized by Bagotum 
modestum and Droltus heeatensis. B. modes­
tum occurs in the Subzone III of the Ps 
Assemblage-zone of this paper. The R: 3, 
therefore, is roughly correlative to the upper 
part of the Ps Assemblage-zone, namely the 
Subzones III and IV. The R: 4 situated 
above the R: 3 is characterized by Unuma 
typieus and by lacking species of Canoptum, 
Katroma, Gigi, Bagotum, and Droltus. 
Therefore, the R : 4 can not be correlated with 
Lower Japanese ones because of the lacks of 
common species. 

5. Correlation with the zones of Vishnevs-

~ Figure 8. Scanning electron micrographs of late Triassic to Early Jurassic radiolarians from the 
Mesozoic complex of SW Japan. Figure number corresponds to taxon number of I to 30 in Table I and 
Figure 5. Scale bar= 200 J.lm for all figures except for 17 (= 300 J.lm), 4, 23, 26, 29 (= 133 J.lm), and 3, 22 (= 
100 J.lm). 1: Defiandrecyrtium sp. A, 2: Squinabolella (?) sp. C, 3: Pantanellium cf. rothwelli, 4: P. cf. 
kluense, 5: P. aff. kluense, 6: Gorgansium gongyloidellm, 7: G. aff. gongyloideum. 8: Dictyomitrella sp. C, 
9: Xenorum sp. A, 10: Syringocapsa coliforme, 11: S. sp. B, 12: Bipedis sp. A, 13: B. sp. B, 14: 
Parahsullm aff. longiconicum, 15: P. simplum, 16: P. ovale, 17: Gigi sp., 18: G. aff. justis, 19: Katroma 
cf. bicornlls, 20: K. sp. N, 21: K. kurllsuensis, 22: Bagotum sp., 23: ZarlllS sp., 24: Dllmitricaella (?) sp. 
A, 25: Ares (?) sp. D, 26: Pantanellium cf. danaense, 27: Eucyrtidiellum (?) sp. C group, 28: Napora sp., 
29: Bagotum modestum, 30: Trillus elkhornensis. 
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kaya (1988): She established several radiolar­
ian zones in the Jurassic to Paleocene forma­
tions of the Far East U.S.S.R. She recog­
nized two Lower Jurassic radiolarian zones, 
Ji and Ii. Because both zones include species 
of the genera Bagotum and Hsuum, the 
boundary of J1 and Ji lies within the Pliens­
bachian. Judging from their radiolarian 
content, the J1 Zone can be correlatable with 
the Subzones II, III and part of IV of the Ps 
Assemblage-zone. The Ji Zone correlates 
with an interval from the uppermost part of 
the Ps (upper part of Subzone IV) to the Pg 
Assemblage-zones. 

Conclusions 

Four radiolarian assemblage-zones and 
four subzones are described for an uppermost 
Triassic/lowest Jurassic to lower Middle Jur­
assic interval. These are the Parahsuum 
simplum Assemblage-zone (divided into Sub­
zones I through IV), Mesosatllrnalis hex­
agonus Assemblage-zone, Parahsuum (?) 
grande Assemblage-zone, and HSllllm hisui­
kyoense Assemblage-zone (Figure 5). A cor­
relation of these four zones with those 
proposed by earlier workers for the Japanese 
Lower Jurassic sequence is summarized in 
Figure 6. 

The Parahsuum simplum Assemblage-zone 
is long-ranging spanning an interval from the 
Rhaetian? or Hettangian to early Toarcian? 
In this assemblage-zone, four subzones (I, II, 
III and IV) are distinguished on the basis of 
radiolarian composition. They are correlat-

ed with other Lower Jurassic radiolarian 
zones proposed for the circum-Pacific region, 
for example the North American Zones 01 
through 05 of Pessagno et al. (1987). 

The Mesosaturnalis hexagonus Assem­
blage-zone, newly proposed in this paper, is 
an important Lower Jurassic biozone because 
its base coincides with the first appearance 
level of the genus Parvicingula (s.I.), which 
can be traced internationally. 

One of the other zones, the Hsullm hisui­
kyoense Assemblage-zone is characterized by 
the fauna of the Middle Jurassic rather than 
the Lower Jurassic 

The age of each zone is discussed by 
comparing them with the North American 
and Turkish faunas. Each zone spans an 
average interval of 5 m.y. within a time period 
from the latest Triassic/Early Jurassic to early 
Middle Jurassic. 
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~ Figure 9. Scanning electron micrographs of Early Jurassic to Middle Jurassic radiolarians, and a Late 
Triassic conodont (56) from the Mesozoic complex of SW Japan. Figure number corresponds to taxon 
number of 31 to 55 in Table I and Figure 5. 56: Axiolhea poslhernsleini (Kozur and Mock). Scale bar= 
200 Jim for all figures except for 41,42 (= 300 Jim), 31-35,38, 40, 55 (= 133 ,urn), and 44,47,50,56 (= 100 
,urn). 31: Parvicingula cf. giganlOcornis, 32: Parahsuum (?) sp. B, 33: Hsuum allile, 34: H. sp. X, 35: 
H. (?) sp. Y, 36: Zarlus aff. imlayli, 37: Parahsuum (?) aff. magnum, 38: Hsuum sp. B, 39: Parahsuum 
transiens, 40: Parvicingula nanoconica, 41: Tripocyclia sp., 42: Mesosaturnalis hexagonus, 43: Trans­
hsuum medium, 44: Archicapsa pachyderma, 45: Parahsuum (?) grande, 46: Nassellaria gen. et sp. indet. 
X, 47: Unuma (?) sp., 48: Andromeda sp. D, 49: Hsuum aff. hisuikyoense, 50: Slichocapsa aff. japonica, 
51: LaxlOrum (?) jurassicum, 52: L. (?) hichisoense, 53: Hsuum malsuokai, 54: H. hisuikyoense, 55: 
Zarllls cf. dickinsoni. All the figured specimens in Figures 8, 9 were registered and deposited at the 
Department of Geosciences, Osaka City University. 
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906. JURASSIC EUCYRTIDIELLUM (RADIOLARIA) IN 
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Abstract. Jurassic Eucyrtidiellum in chert, siliceous shale and manganese carbonate 
rock in the Mino terrane of central Japan was studied together with that of the Snowshoe 
Formation of Oregon with the result that eighteen species are recognized in the early Late 
to Upper Jurassic formations. Of all these species, Eucyrtidiellllm disparile, E. lInlimaense, 
E. pllstu!alUm, E. semifactllm and E. ptyclUm are most prevalent. These species are 
morphologically related with each other, and show an evolutionary trend composed of two 
consecutive steps of change, early in shell structure of abdomen, represented by transition 
from E. disparile to E. unumaense and later in superficial plication of abdomen, represented 
by transition from E. puslU!atum through E. semifactum to E. ptyctum. On the basis of 
occurrence of E. pustulalUm in the upper Bathonian part of the Snowshoe Formation, 
radiolarian biostratigraphical correlation for the Japanese Jurassic formations is discussed. 

Two new species, Eucyrtidiellum disparile and E. semifactum, are described in this paper 
together with other species relevant to them. 

Key words. Eucyrtidiellum, Jurassic, Mino terrane, Snowshoe Formation, radiolarian 
biostratigraphy, central Japan. 

Introduction 

We studied Jurassic radiolarians in the 
Mino terrane of central Japan, and recently 
focussed our attention upon morphological 
variation of Eucyrtidiellum in Middle to Late 
Jurassic time. Many species of this gen us are 
commonly found in the following three 
assemblages, i.e., Late Jurassic Mirifusus 
baileyi assemblage (Mizutani, 1981), late 
Middle Jurassic Dictyomitrella (?) kamo­
ensis-Pantanellium Joveatum assemblage 
(Mizutani and Kido, 1983) and middle Mid­
dle Jurassic Unuma echinatus assemblage 

'Received November 7, 1989; revised manuscript 
accepted September I, 1990. 
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(Mizutani and Koike, 1982). Other species 
of older ages are also detected by Nagai 
(1988). In addition to our specimens, we 
also examined Eucyrtidiellum from the Snow­
shoe Formation of Oregon as a reference 
specimen whose horizon is biostratigraphical­
ly controlled by ammonites, and compared it 
with that of Japan. This paper summarizes 
all the data of Eucyrtidiellum available for us, 
and discusses its evolutionary trend found in 
Jurassic time. 

Materials and localities 

Skeletons of Eucyrtidiellum have been 
extracted from chert, siliceous shale and 
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manganese carbonate rock collected from the 
Mino terrane of the Paleozoic-Mesozoic 
disrupted sedimentary complex in central 
Japan. 

Rock samples of siliceous shale of Middle 
Jurassic age were obtained from Kutsuwano, 
Gifu Prefecture (13TO'46"E, 35'32'37"N) 
(Figure I). Nagai (1987) extracted 281 speci­
mens of Elicyrtidiellum from them. These 
rock samples were taken from a measured 
section about 10 m thick, in which Pantanel­
lium Joveatum Mizutani and Kido, Dictyo­
mitrella (?) kamoensis Mizutani and Kido 
and Tricolocapsa plicarum Yao are 
contained. Tricolocapsa conexa Matsuoka 
is found in the lower part of the section. 
This siliceous shale is biostratigraphically 
referable to the Dictyomitrella (?) kamoensis­
Pantanellillm Joveatum assemblage zone of 
Mizutani and Kido (1983). 

Nagai (1986) also studied four rock sam-

136 E 36 N 

5 10 km 

Figure 1. Sample localities in the Mino Ter­
rane, central Japan. Dotted area: Paleozoic­
Mesozoic disrupted sedimentary complex. 

pies of manganese carbonate nodule embed­
ded in siliceous shale ofInuyama at the south­
eastern bank of Kiso River, Aichi Prefecture 
(l36°S7'SI"E, 35'23'43"N) (Figure I) and 
obtained 64 specimens of Eucyrtidiellum 
together with Unuma echinatus Ichikawa 
and Yao, Zartus dickinsoni Pessagno and 
Blome and others. The biostratigraphic 
horizon of these samples is believed to be 
equivalent to the manganese carbonate rock 
occurring at the northwestern bank of Kiso 
River, which was investigated by Mizutani 
and Koike (1982) to be correlative with the 
Unuma echinatus assemblage zone of the 
Middle Jurassic zonation. 

Nagai (1988) also extracted 66 specimens of 
Eucyrtidiellum from a chert sample contain­
ing manganese micronodule exposed at 
Kamiaso, Gifu Prefecture (137747"E, 35'32' 
S2"N) (Figure I). This rock sample con­
tains Laxtorum (?) jurassicum Isozaki and 
Matsuda, L. (?) hichisoense Isozaki and 
Matsuda, Hsuum hisuikyoense Isozaki and 
Matsuda, H. (?) matsuokai Isozaki and 
Matsuda and other radiolarians, all of them 
being indicative of late Early Jurassic or early 
Middle Jurassic age (lsozaki and Matsuda, 
1985). 

We also examined and comparatively stud­
ied many SEM photographs of Eucyrtidiellum 
in the Rad File of Nagoya University which 
were reported mainly from the Mino terrane 
of central Japan. 

In addition to our specimens, we studied 
North American radiolarians in a filtrated 
residue obtained after chemical treatment of 
rock sample (OR-SOle: provided by Pes­
sagno of the University of Texas at Dallas). 
It was collected from the Snowshoe Forma­
tion, east central Oregon (Pessagno and 
Blome, 1982; Pessagno et al., 1984), now 
registered in the Rad File of Nagoya Univer­
sity as JMP1617. 

The Snowshoe Formation (Lupher, 1941 ; 
Dickinson and Vigrass, 1964, 1965) occurs in 
the Izee terrane (Silberling et al., 1984), 
which is equivalent to the coherent terrane 



Table I. Number of fossil bodies of Jurassic Eucyrtidiellum examined in this paper. 

LOCALITY "* I KAMIASO INUYAMA SNOWSHOE KUTSUWASO I KUTSUWANO 
Nagai Nagai OR-501C (lower) (upper) 

Eucyrtidiellum .a. ( 1988) ( 1986) Nagai (1987) 

E. disparile Nagai and 39 - - - -

Mizutani, n. sp. 

E. gujoensis (Takemura and - 5 - - -

Nakaseko 

E. quinatum Takemura 

E. unumaense (Yao) 53 3 42 

E. pustulatum Baumgartner 11 6 124 

E. semifactum Nagai and 75 
Mizutani, n. sp. 

E. nodosum Wakita 2 10 

E. ptyctum (Riedel and Sanfilippo) 4 

E. pyramis (Aita) 

E. ozaiense (Aita) 

E. sp. at (Nagai, 1986) 5 2 

E. sp. a, (Nagai, 19!!6) 

E. sp. a, (Nagai, 1986) 3 

E. sp. d (Nagai, 1986) 

E. sp. f (Nagai, 1987) 2 

E. cf. nodosum (Nagai, 1988) 21 

E. sp. A (Aita and Okada, 1986) 

E. sp. C Group (Nagai, 1986) 

E. sp. 3 

total number of bodies 66 64 12 15 257 

others 
in Mino I 
terrane 

68 
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28 
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distinctly separated from the central melange 
terrane in the Blue Mountains province of 
east Oregon (Dickinson and Thayer, 1978). 
The biostratigraphic position of OR-SOl is 
most concisely summarized by Pessagno and 
Blome (1982) and by MacLeod (1988). In 
their locality descriptions, Pessagno and 
Blome (1982) wrote that OR-SOIA, Band C 
(the Upper member) are dark gray mudstone 
with common limestone nodules. Samples 
were taken from the limestone nodules imme­
diately below the contact with overlying 
Trowbridge Formation. Imlay (1981) con­
cludes in his discussion on the age of the 
Snowshoe Formation that the ammonite bio­
stratigraphy makes possible a definite late 
Bathonian age assignment for the uppermost 
part of the Snowshoe Formation. 

All these materials and their localities are 
summarized in Table I for ready comparison. 
In this table, the Kutsuwano samples are 
conveniently divided into two groups accord­
ing to their stratigraphic position marked by 
the first appearance of E. ptyctum. The 
lower part does not include E. ptyctum. Of 
all the specimens of Eucyrtidiellum extracted 
from the Kutsuwano section, nine specimens 
were excluded in the present study, because 
their inner cephalic structure is quite different 
from that of Eucyrtidiellum (N agai, 1989), 
even though their abdominal forms bear some 
resemblance to that of E. disparile. 

A radiolarian fossil is always labeled like 
44246/1543; the numerator indicates the reg­
istered number of SEM photograph of the 
radiolarian fossil and the denominator ex­
presses the registered number of the rock 
sample from which the fossil was separated. 

Morphological evolution of Eucyrtidiellum 

Nagai (1988) summarized all the Japanese 
Jurassic species of Eucyrtidiellum so far de­
scribed, and identified the following eight 
species to be included in this genus: 

Eucyrtidium (?) ptyctum Riedel and 
Sanfilippo (Riedel and Sanfilippo, 1974). 

E. (?) unumaense Yao (Yao, 1979) 
E. pustulatum Baumgartner (Baumgartner, 

1984) 
E. (?) ozaiense Aita (Aita and Okada, 

1986) 
E. (?) pyramis Aita (Aita and Okada, 

1986) 
E. quina tum Takemura (Takemura, 1986) 
E. gujoensis (Takemura and Nakaseko) 

(Takemura and Nakaseko, 1986) 
E. nodosum Wakita (Wakita, 1988) 
As will be described in the later section, the 

following two new species are also regarded 
as the Jurassic Eucyrtidiellum: 

Eucyrtidiellum disparile Nagai and 
Mizutani, n. sp. (Figures 3-6-8). 

E. semifactum Nagai and Mizutani, n. sp. 
(Figures 3-1-4). 

Although they have not been exactly 
defined yet, the following five species, provi­
sionally reported by Nagai (1986, 1987), also 
belong to the Jurassic Eucyrtidiellum: E. sp. 
ai' E. sp. a2 , E. sp. a3 , E. sp. d and E. sp. f. 
Eucyrtidiellum sp. a\ resembles E. disparile, 
but it has very small relict pores on its abdo­
men. E. sp. a2 is also similar to E. disparile, 
but it has shorter ridge on the upper portion 
of its abdomen. E. sp. a3 has an abdomen 
with an oblique ridge up to the upper part, 
and this species is comparatively large in size. 
E. sp. d is very similar in its surface morphol­
ogy to E. nodosum of the Upper Jurassic, but 
it differs in having pores on its entire abdo­
men. E. sp. f (Figure 4-8) has polygonal, 
usually hexagonal, pore frame on its abdo­
men and thorax. Nagai (1988) also reported 
many species of E. nodosum group (=E. cf. 
nodosum in Table I). They are very similar 
to E. nodosum, but more or less differ in 
having more distinct nodes and having more 
spherical cephalis. We have the other group 
of Jurassic Eucyrtidiellum, such as E. sp. A 
(Aita and Okada, 1986, pI. 6, figs. 6-7), which 
is characterized by its conical shape and an 
annular and short abdomen, and E. sp. C 
group (Nagai, 1986, pI. 2, figs. 10-12), which 
has a different shell form. Since these seven 
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species are relatively poorly found in the 
Jurassic radiolarian association, their mutual 
morphological relationship has not been 
clarified. 

According to the Baumgartner's descrip­
tion, ElIcyrlidiellllm has a poreless thorax; 
however, there are many species which have a 
shell very similar in its external form to the 
type species (Eucyrtidiellum unumaense), but 
have pores in their thorax. These radiolar­
ians are treated as Eucyriidiellllm in this 
paper, because of the similarity of their whole 
external form. 

Thus, 18 species above cited are regarded as 
Jurassic ElIcyrlidiellum, and their abundance 
in the Mino terrane is summarized together 
with that of the Snowshoe Formation I\1 

Table 1. 
When arranged according to similarity of 

the external shell form of Eucyrtidiellum, two 
consecutive steps of morphological change 
(Figure 2) are recognized as was discussed 
previously by Nagai (1986): (1) change of 
shell structure of abdomen represented by 
transition from Eucyrlidiellum disparile to E. 
unumaense occurring in late Early Jurassic to 
middle Middle Jurassic interval, and (2) 
change of superficial plication in abdomen 
represented by transition from E. unumaense 
to E. plyclum occurring in middle Middle to 
Late Jurassic interval. 

The external shell form of E. disparile and 
that of E. unumaense are almost identical 
with each other, but they have different 
abdominal shell structure. The former has 
circular pores regularly arranged along two 
diagonal lines in its abdomen, whereas the 
latter has an abdomen of poreless and solid 
shell with smooth surface. An intermediate 
form between E. disparile and E. lInlimaense 
seems to be E. sp. a1 as reported by Nagai 
(1986). This species resembles E. dispa rile , 
but it should be noted that E. sp. a1 has very 
small relict pores on the surface of abdomen. 
E. disparile is commonly contained in the late 
Early or early Middle Jurassic sample of 
Kamiaso (Nagai, 1988). E. sp. a1 coexists 

with E. disparile, but E. unumaense is not 
found there. On the other hand, E. 
lInlimaense is most prevalent in the middle 
Middle Jurassic sample of Inuyama (Nagai, 
1986). A few bodies of E. sp. a 1 also coexist 
with it. Occurrence of these species and their 
morphological properties reveal a successive 
change of shell structure particularly in its 
abdominal part. 

The following six species were confirmed to 
occur together in the late Middle Jurassic 
section of siliceous shale in Kutsuwano, Gifu 
Prefecture: E. pustlilatum, E. semifactum, 
E. unumaense, E. nodosum, E. plyclllm and 
E. sp. f as shown in Table 1. The external 
shell form of E. puslulatum resembles that of 
E. unumaense, but E. pustulatum has prox­
imal portion of abdomen with nodes and 
pustules; its distal portion of abdomen is 
smooth. Similarly, the external shell form of 
E. semifactum resembles that of E. ptyctum, 
but E. semifactum has sixteen longitudinal 
short plicae on the upper one-fifth to two­
thirds of the abdominal surface, and its plicae 
gradually die out downward leaving a 
smooth surface, while E. plyclum has longitu­
dinal plicae from the upper to the distal 
portion on the surface of abdomen. E. 
unllmaense is abundant in the middle Middle 
Jurassic sample of Inuyama, but it is less 
abundant in the lower part of the Kutsuwano 
section and much less in the upper one (Table 
I). E. pus{lllatum is prevalent in both parts 
of the K utsuwano section, but E. semifactum 
is rare in the lower part and common in the 
upper one, where a few bodies of E. ptyctum 
appear. 

This evidence supports above-mentioned 
morphological change of superficial plica­
tion; i.e. after the acme stage of E. 
unumaense, E. pustulatum proliferated and 
then it was replaced by E. semifactllm and 
succeedingly by E. ptyctum. Morphological 
development of the other species is not so 
distinct as this group, probably owing to a 
random or spasmodic variation of their sur­
face ornamentation. 



906. Jurassic Eucyrtidiellum (Radiolaria) 593 

Radiolarian biostratigraphical correlation 

In the Snowshoe sample, Eucyrtidiellum 
pustulatum (Figures 4-4-5) is a common 
and only identifiable species of Eucyrtidiel­
lum; a single body of E. sp. f (Figure 4-8) 
was detected in addition to E. pustulatum in 
the present study (Table I). Since the geo­
logical age of the Snowshoe Formation has 
been defined as the late Bathonian by a com­
parative study of ammonites (Imlay, 1973, 
1981), E. pustulatum is inferred to have 
proliferated in a stage of the late Bathonian in 
North America. This implies that the geo­
logical age of the Japanese formations where 
E. pustulatum is commonly included may 
well be assigned to the late Bathonian. As 
shown in Table I, E. unumaense is very 
abundant in the Inuyama samples, and E. 
pustulatum has never been observed in them 
(Nagai, 1986). Judging from the occurrence 
of Eucyrtidiellul11 in the Unuma echinatus 
assemblage, it seems likely that E. pustulatum 
proliferated after the acme stage of E. 
unumaense, and the Japanese formation cor­
responding to the upper Bathonian lies above 
the Unuma echinatus assemblage zone. 

The Kutsuwano section contains the 
radiolarian of the Dictyomitrella (?) kamo­
ensis-Pantanellium fovea tum assemblage ac­
companied with, in the order of relative abun­
dance, E. pustulatum, E. semifactum, E. 
unumaense, E. nodosum, E. ptyctum, and E. 
sp. f (Nagai, 1987). The K utsuwano and 
Oregon samples contain both of E. pus­
tulatum and E. sp. f, but neither E. semi­
factum nor E. ptyctum was found in the 
Oregon sample. This suggests that E. semi­
factum and E. ptyctum proliferated at later 
ages. In fact, the upper part of the Kuts­
uwano section includes E. semifactum and 
E. ptyctum. Consequently, we conclude 
that the upper Bathonian part of the Japanese 
succession is located above the Umana 
echinatus assemblage zone and below or in 
the lower portion of the Dictyomitrella (?) 
kamoensis-Pantanellium fovea tum assem-

blage zone. 

Conclusions 

(I) Eighteen species of Eucyrtidiellum are 
recognized in the Jurassic Eucyrtidiellum in 
the Mino terrane, of which the following five 
are relatively abundant and identifiable: in 
the order of relative age, E. disparile, E. 
unumaense, E. pustulatum, E. semifactum 
and E. ptyctum. 

(2) On the basis of the morphological 
variation of Eucyrtidiellum, an evolution 
composed of two consecutive steps is found, i. 
e., from E. disparile to E. unumaense, and 
thereafter, from E. unumaense to E. pus­
tulalum, E. semifactum and up to E. 
plyctum. 

(3) On the basis of the fact that E. pus­
tulatum is exclusively found in the upper 
Bathonian part of the Snowshoe Formation, 
radiolarian biostratigraphical correlation can 
be made for the Japanese Jurassic formations 
as follows: the Unuma echinalus assemblage 
zone is lower than, and the lower part of the 
Dictyomitrella (?) kamoensis-Pantanellium 
fovea tum assemblage zone is correlative with, 
the upper Bathonian. 

Systematic description 

Subclass Radiolaria MUlIer, 1858 
Order Polycystina Ehrenberg, 1838, 

emended Riedel, 1967 
Suborder N assellaria Ehrenberg, 1875 

Polycystina incertae sedis 
Family Eucyrtidiellidae Takemura, 1986 
Genus Eucyrtidiellum Baumgartner, 1984 

Type species.- Eucyrtidium (?) unumaen­
sis Yao, 1979 (p. 39, pI. 9, figs. I-II). 

Remarks.- Before Eucyrtidiellum was 
defined by Baumgartner (\ 984), the Mesozoic 
species belonging to this genus had been 
questionably regarded and denoted as Eucyr­
tidium (?), because they bear no exact resem­
blance to the type species, Eucyrtidium 
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acuminatum Ehrenberg. According to the 
original description of Eucyrtidium (Fore­
man and Riedel, 1972), its test has segments 
with two or more strictures, and the type 
species (Eucyrtidium acuminatum) has eight 
segments. Contrary to this morphological 
definition, most, if not all, of the Mesozoic 
species have only three or four segments. 

Baumgartner (1984) wrote in his original 
description that the shell of Eucyrtidiellum is 
composed of four segments, while Takemura 
(1986) noted that the shell is made up of more 
than four segments. The first segment, ce­
phalis, is small, spherical or subspherical and 
poreless with an apical horn that is either 
straight or slightly curved and mostly small in 
size. The second segment, thorax, is dome­
shaped and poreless in almost all species, and 
has ornamentation consisting of irregular 
ridges with depressions, nodes or plicae. 

There are many pores at the stricture 
between the second and third segments. The 
third segment, abdomen, is inflated annular to 
hemispherical. Surface of the abdomen is 
generally smooth, but varies according to 
species; it is, for instance, pored or plicate. 
Post-abdominal segment is mostly cylindrical 
and may have a row of large pores on the 
stricture. There are only a few extant exam­
ples of the post-abdominal structure, because 
this segment is extremely delicate and easily 
disrupted. 

Eucyrtidiellum disparile Nagai 
and Mizutani, n. sp. 

Figures 3-6-8a, b, C 

Eucyrtidium (?) sp. a, Kido, 1982, pI. 5, fig. 5 ; 
Yamamoto, 1985, pI. 2, fig. 3. 

Eucyrtidium (?) sp. A, Hattori and Yoshimura, 1982, 
pI. 4, fig. 2; Kojima, 1982, p. 83, pI. 1, fig. 12. 

Eucyrtidium (?) sp. B, Hattori and Yoshimura, 1982, 
pI. 4, fig. 3. 

Eucyrtidium (?) sp., Hattori and Yoshimura, 1983, pI. 
9, fig. 11. 

Eucyrtidiellum sp. A, Mizugaki, 1985, pI. 45, fig. 9; 
Hattori, 1987, pI. 12, figs. 1-2; Hattori, 1988a, pI. 8, 
fig. D. 

Eucyrtidiellum sp. a, Nagai, 1986, pI. 1, fig. 5; Nagai, 
1988, pI. 1, figs. 1 a -d, 2. 

Eucyrtidiellum sp. a" Nagai, 1986, pI. 1, fig. 6. 
Monosera unumaensis Takemura and Nakaseko, 

1986, p. 1022, figs. 4.9. 
Eucyrtidiellum (?) sp. X, Hattori, 1987, pI. 12, fig. 16. 
Eucyrtidiellum sp., Hattori, 1988b, pI. 1, fig. J. 

Diagnosis.- Abdomen has circular pores 
regularly arranged along two diagonal lines 
on its whole surface. 

Description.- This species has a test which 
is composed generally of three segments, ce­
phalis, thorax and abdomen. Cephalis is 
small, spherical with a medium-sized apical 
horn. Sutured pores are arranged at a stric­
ture between thorax and abdomen. Thorax 
truncated-conical with closed pores and irreg­
ular hexagonal meshworks on the whole sur­
face. Abdomen is relatively large and 
inflated-hemispherical, with circular pores 
regularly arranged along two diagonal lines 
on its whole surface. 

Measurements.- (in ,um, based on 10 spec­
imens): height of apical horn, 3-13 (average 
8); height of entire body incl uding cephalis, 
thorax and abdomen, 67-100 (average 79); 
height/width of cephalis, 5-19 (average 13)/ 
8-21 (average 17); height/width of thorax, 
14-23 (average 18)/31-38 (average 35); 
height/width of abdomen, 41-66 (average 
48)/48-77 (average 71). 

Remarks.- External shell form of Eucyr­
tidiellum disparile is almost identical with 
that of E. unumaense, but differs in having 
pores on its entire abdomen. Many speci­
mens of Eucyrtidiellum have been provision­
ally described as Eucyrtidium (?) sp. or 
Eucyrtidiellum (?) sp., just because of the 
presence of opened pores in their abdomen. 

Etymology.- Derived from Latin adjective 
"disparilis, -e", which means "unlike" or 
"dissimilar". 

Occurrence.- Common in siliceous shale 
of late Early Jurassic to Middle Jurassic age 
of Kamiaso, Gifu Prefecture. 

Repository.- Holotype, HNHK05-C3-46 
(Figures 3-8a, b, c; 45946/1467, 45948/1467, 
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50409/1467), Paratype, HNHK05-C3-41 
(Figure 3-6; 45932/1467), and HNHK03-
A3-44 (Figure 3-7; 42536/1467); stored in 
the Rad File, Nagoya University. 

Eucyrtidiellum semifactum Nagai 
and Mizutani, n. sp. 

Figures 3-1-4a, b 

Eucyrtidium (?) sp. b, Kido et al., 1982, p. 20 I, pI. 4, 
figs. 10-11 ; Yamamoto, 1985, pI. 2, fig. 9. 

Eucyrtidium (?) sp. A, Wakita, 1982, pI. 3, fig. 2. 
Eucyrtidium? sp. aff. E.? ptyctum Riedel and 

Sanfilippo, Sato et al., 1982, pI. 4, fig. 4. 
Eucyrtidiellum sp. b, Nagai, 1986, pI. 2, fig. 6; Nagai, 

1987, pI. 3, figs. la, b, 2; Nagai, 1988, pI. 2, figs. 3a, 
b. 

Eucyrtidiellum sp. b l , Nagai, 1986, pI. 2, fig. 3. 
Eucyrtidiellum sp. b2 , Nagai, 1986, pI. 2, fig. 4. 
Eucyrtidiellum sp. b3 , Nagai, 1986, pI. 2, fig. 5. 
Eucyrtidiellum sp. B, Hattori, 1987, pI. 12, fig. 8. 
Eucyrtidiellum sp. B2 , Hattori, 1987, pI. 12, fig. 9. 
Eucyrtidiellum sp., Kojima and Mizutani, 1987, fig. 4; 

14-15; Kojima, 1989, pI. 2, 6a, b. 

Diagnosis.- Abdomen has sixteen longitu­
dinal but short plicae on the upper one-fifth 
to two-thirds of the surface. 

Description.- Test usually composed of 
cephalis, thorax and abdomen. Cephalis is 
small, spherical with a small or medium-sized 
apical horn. Thorax truncated-conical with 
closed pores on the whole surface. Sutured 
pores are arranged at a collar stricture 
between thorax and abdomen. Third seg­
ment, abdomen, is poreless having sixteen 
longitudinal but short plicae on the upper 
one-fifth to two-thirds of the segment. The 
plicae gradually die out downward leaving a 
smooth surface, with a few very small pores at 
distal portion. 

Measurements.- (in ,urn, based on 10 spec­
imens): height of apical horn, 5-18 (average 
9); height of entire body including cephalis, 
thorax and abdomen, 56-82 (average 72); 
height/width of cephalis, 8-15 (average 11)/ 
10-21 (average 15); height/width of thorax, 
13-21 (average 16)/26-33 (average 29); 
height/width of abdomen, 36-49 (average 

46)/62-69 (average 67). 
Remarks.- This species resembles E. 

ptyctum, but differs in having shorter plicae 
on its abdominal surface. E. semifactum is 
found not infrequently in the Jurassic of the 
Japanese Islands. 

Etymology.- Named after Latin adjective 
"semifactus, -a, -um" meaning "half-done" 
or "half-finished". 

Occurrence.- Siliceous shale of Middle 
Jurassic age of Kutsuwano, Gifu Prefecture. 

Repository.- Holotype, HNHK05-B4-52 
(Figures 3-1a, b; 44246/1543, 44245/1543), 
Paratype, HNHK05-B4-55 (Figure 3-3 ; 
44249/1543), HNHK05-BI-35 (Figures 3-2a, 
b; 44132/1540,44131/1540), and HNHK04-
D5-62 (Figures 3-4a, b; 44002/1531, 44001/ 
1531); stored in the Rad File, Nagoya Uni­
versity. 

Eucyrtidiellum ptyctum (Riedel 
and Sanfilippo, 1974) 

Figures 3-5a, b 

Eucyrtidium ptyctum Riedel and Sanfilippo 1974, p. 
778, pI. 5, fig. 7, pI. 12, figs. 14-15; Baumgartner 
and Bernoulli, 1976, p. 617, figs.lle-g; Baumgart­
ner et al., 1980, p. 53 pI. 3, fig. 13; Aita, 1982, pI. 2, 
figs. 8, 9a, b; N ishizono et al., 1982, pI. 2, fig. 12 ; 
Yao, 1984, pI. 2, fig. 30. 

Eucyrtidium (?) ptyctum Riedel and Sanfilippo, Pes­
sagno, 1977, p. 94, pI. 12, fig. 7; Foreman, 1977, pI. 
2, fig. 5; Mizutani, 1981, p. 182, pI. 64, figs. I a, b-
2; Adachi, 1982, pI. 3, figs. 7-8; Okamura and 
Uto, 1982, pI. 6, fig. 18; Mizutani et al., 1982, p. 
57, pI. 4, fig. 5; Ishida, 1983, pI. 9, fig. 4; Nakase­
ko et al., 1983, fig. 2: 12; Yamamoto, 1983, pI. I, 
fig. 4; Takashima and Koike, 1984, pI. 2, fig. 5 ; 
Aita, 1985, fig. 7: 14; Matsuoka and Yao, 1985, 
pI. 2, fig. 8; Matsuoka and Yao, 1986, pI. 2, fig. 10; 
Tanaka et al., 1985, pI. I, fig. 16; Aita and Okada, 
1986, p. 109, pI. 6, figs. 14-17, pI. 7, figs. 3a, b. 

Eucyrtidium? ptyctum Riedel and Sanfillipo, Nishi­
zono and Murata, 1983, pI. 4, fig. 7; Ishida, 1985, 
pI. 3, fig. 15. 

Eucyrtidiellum ptyctum (Riedel and Sanfilippo) 
Baumgartner, 1984, p. 764, pI. 4, figs. 1-3; Matsu­
oka, 1986, pI. 2, fig. 10; Nagai, 1986, p. 14,15, pI. 2, 
fig. 7; Aita, 1987, pI. 4, figs. 12a, b, pI. 10, fig. 14, 
pI. 14, fig. 3; Kojima and Mizutani, 1987, p.260, 
fig. 4: 12-13; Nagai, 1987, pI. 3, figs. 5a-c, 6; 
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Nagai, 1988, pI. 2, figs. 4a, b; Wakita, 1988, pI. 4, 
fig. 28, pI. 5, fig. 17; Koj ima, 1989, pI. 2, figs. 7a, b. 

"Elicyrtidillm" ptyctum Riedel and Sanfilippo, Pes­
sagno et al., 1984, p. 30-31, pI. 4, figs. 12-14. 

Eucyrtidiellum pustulatum Baumgartner 

Figures 4-1-5a, b, c 

Elicyrtidiellllm pllstulatum Baumgartner, 1984, p. 765, 
pI. 4, figs. 4-5; Yamamoto et al., 1985, pI. 4, figs. 
4-5; Nagai, 1986, p. 14, pI. 2, fig. 2; Aita, 1987, pI. 
4, figs. 13a-14b, pI. 10, figs. 15-16; Nagai, 1987, pI. 
2, figs. 2a-c, 3a, b, 4a, b; Nagai, 1988, pI. 2, figs. 2a, 
b; Wakita, 1988, pI. 4, figs. 26-27. 

Elicyrtidilim sp., Sashida et al., 1982, pI. I, fig. 3. 
Elicyrtidilim (?) lInlimaense Yao, Aita, 1985, fig. 7 : 

15-16. 

Eucyrtidiellum unumaense (Yao, 1979) 

Figures 4-6-7 

Stichocorys sp., Ichikawa and Yao, 1973, pI. I, figs. 3-
4a, b. 

Elicyrtidilim (?) lInlimaensis Yao, 1979, p. 39, pI. 9, 
figs. I-II; Sugano et al., 1980, pI. 4, fig. 3; 
Hattori and Yoshimura, 1982, pI. 4, fig. I ; Kido et 
al., 1982, pI. 4, fig. 9; Kojima, 1982, pI. I, fig. II ; 
Sashida et al., 1982, pI. 2, fig. 3; Wakita, 1982, pI. 
3, fig. I ; Wakita and Okamura, 1982, pI. 8, fig. 7 ; 
Saka, 1983, pI. 5, figs. 6, 7. 

Elicyrtidiellllm IInlimaensis (Y ao), Baumgartner, 
1984, pI. 4, fig. 6; Yamamoto et al., 1985, pI. 4, fig. 
6; Mizugaki, 1985, pI. 45, fig. 10; Takemura, 1986, 
p.67, pI. 12, figs. 10-12; Nagai, 1986, p.13,14, pI. 
I, figs. I a-c, pI. 2, fig. I ; Gorican, 1987, p. 182, pI. 
3, figs. 9-10; Hattori, 1987, pI. 12, fig. 7; Wakita, 
1988, pI. 3, fig. 15; Hattori, 1988a, pI. 8, fig. I. 

Elicyrtidilllll (?) IInlllllaense Yao, Mizutani el al., 
1984, pI. I, fig. 8; Yamamoto, 1985, pI. 2, fig. 4. 

Elicyrtidielllllll IInlimaense (Yao, 1979), Kojima and 

Mizutani, 1987, p.260, pI. 4, fig. 16; Nagai, 1987, 
pI. 2, figs. la-c; Yao, 1987, p. 95; Nagai, 1988, pI. 
2, figs. I a, b; Wakita, 1988, pI. 4, fig. 25; Kojima, 
1989, pI. 2, figs. Sa, b. 

Monosera lInlimaensis (Yao), Takemura and Nakase­
ko, 1986, p. 1021, fig. 4.8. 

Unnamed nassellariinid, Jones et al., 1980, pI. 2, fig. 
14. 

Eucyrtidiellum sp. f 

Figure 4-8 

Nagai, 1987, pI. 2, figs. 5a, b; Nagai, 1988, pI. 2, figs. 
8a, b. 

Descriptive remarks.- Cephalis small, 
spherical with a small apical horn. Thorax 
truncated-conical. Hexagonal pore frame 
developed on thorax and abdomen on the 
whole surface. This species is characterized 
by its distinct poreframe; it may well be 
defined as a new species of Eucyrtidiellum. 
However, the species is relatively rare in our 
rock-samples, and hence it is tentatively de­
scribed in this paper as that of Nagai (1987). 
Result of measurements is as follows (in ,urn, 
based on 3 specimens): height of apical horn, 
3-10 (average 4); height of cephal is, thorax 
and abdomen, 54-69 (average 62); height/ 
width of cephalis, 8-15 (average 10)/15-18 
(average 17); height/width of thorax, 13-18 
(average 15)/31-36 (average 33); height/ 
width of abdomen, 33-38 (average 36)/59-72 
(average 64). 

+- Figure 3. 1-4, Elicyrtidiellllm semifactum Nagai and Mizutani, n. sp. from Kutsuwano. 1, 
(Holotype, HNHK05-B4-52), la, Upper oblique view (after Nagai, 1987, pI. 3, fig. I b, 44246/1543) X 500, 1b, 
Lateral view (Ibid., pI. 3, fig. la, 44245/1543) X 390. 2, (Paratype, HNHK05-BI-35), 2a, Upper oblique 
view (44132/1540) x500, 2b, Lateral view (44131/1540) X 390. 3, (Paratype, HNHK05-B4-55), Lateral 
view (Ibid., pI. 3, fig. 2, 44249/1543) X 390. 4, (Paratype, HNHK04-05-62), 4a, Lateral view (44002/ 
1531) X 390, 4b, Upper oblique view (44001/1531) X 500. 5, Elicyrtidiellllm ptyctum Riedel and Sanfilippo 
from Kutsuwano. Sa, Lateral view (Ibid., pI. 3, fig. Sa, 43892/1528) X 390, Sb, Upper oblique view (Ibid., 
pI. 3, fig. 5b, 43893/1528) x500. 6-8, Elicyrtidiellllm disparile Nagai and Mizutani, n. sp. from Kamiaso. 
6, (Paratype, HNHK05-C3-41), Lateral view (45932/1467) X 390. 7, (Paratype, HNHK03-A3-44), Lateral 
view (42536/1467) X 390. 8, (Holotype, HNHK05-C3-46), 8a, Closeup of cephalic structure (after Nagai, 
1988, pI. I, fig. Ic, 45946/1467) X 1770, 8b, Upper oblique view (Ibid., pI. I, fig. Id, 45948/1467) X 500, 8e, 
Lateral view (50409/1467) x390. 
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SHORT NOTES 

24. DIMORPHISM AND GEOGRAPHIC DISTRIBUTION OF 
TWO PHENOTYPES OF A WEST ATLANTIC STALKED 

CRINOID ENDOXOCRINUS PARRAE (GERVAIS)* 

TAT SUO on 
Geological Institute, University of Tokyo, Tokyo 113 

Polymorphism in crinoids is thought to be 
rare, and while several examples of sexual 
dimorphism in stalkless crinoids have been 
reported (Clark, 1921, p.369), no definite 
shape polymorphism has previously been 
described in stalked crinoids. The present 
paper describes dimorphism in the western 
Atlantic isocrinid Endoxocrinus parrae (Ger­
vais). The geographic distribution and 
abundance of the two phenotypes are also 
discussed. 

Endoxocrinus parrae (Gervais) (Figure 
lA) is a common stalked crinoid in the tropi­
cal to subtropical western Atlantic; it has 
been collected many times in the Strait of 
Florida, the Bahamas and the West Indies, the 
Caribbean Sea off Cuba and the Yucatan 
Channel. The distribution also extends to 
San Luis, Brazil (Meyer et al., 1978), and 
probably off Rio Grande, Brazil (Tommasi, 
1969, as Diplocrinus maclearanus). This 
species lives at depths of 154 to 971 m, and it 
is most commonly collected between about 
500 and 600 m (Meyer et al., 1978). 

Endoxocrinus parrae has a second morph, 
Endoxocrinus prionodes, previously de­
scribed as a separate species by H.L. Clark 
(1941) (Figure. 1B). This species was distin­
guished from E. parrae by having projecting 
distal edges of the brachials, especially the 
proximal brachials of the finials. This fea-
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ture gives the proximal finial arms a conspicu­
ously serrate appearance. Meyer et al. 
(1978) suggested that E. prionodes is perhaps 
synonymous with E. parrae. Characteristics 
other than the proximal brachial morphol­
ogy, such as stalk morphology, general size, 
number of arms, and kind and position of the 
ligamentary articulation, are similar in these 
two forms; however, the forms were thought 
to differ in some characteristics, such as the 
number of internodal plates and the number 
of arms. 

Material.- A total 165 specimens, housed 
in the National Museum of Natural History 
(USNM), Smithsonian Institution, Washing­
ton, D.C. were examined. There were 115 
specimens of normal E. parrae, 44 specimens 
of the serrate form ("E. prionodes"), and six 
intermediate specimens. 

Two different species or intraspecific 
dimorphism ?- For the sake of convenience, 
I abbreviate the typical form of Endoxocrinus 
parrae as P A and the form with the strongly 
serrate series of brachials PRo Most speci­
mens of the two forms are usually clearly 
separated by the morphology of the brachials 
(smooth versus serrate), otherwise they cannot 
be separated (Figure 1). However, some­
times there are intergradations, and several 
specimens cannot be readily classified as 
either form. Moreover, recent collection 
records show that both types occur from the 
same stations. These lines of evidence seem 
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Figure 1. A: Endoxocrinlls parrae (Gervais). No. E33406, U.S. National Muse um. Collected at 
so uth of Rock Port, Great Abaco, Bahama Islands (2S0S9' 30" N, 7T 4'06" W , 287 m). B: "Endoxocrinlls 
prionodes H.L. Clark", here referred to a phenotype of E. pal"l"ae. No. E32644, U.S. Nationa l Museum. 
Collected at west of Wood Cay, Great Abaco, Bahama Islands (26°4' 48" N, 79°09' 30" W, 624- 618 m). 
Scale bars are I cm. 

to support the conclusion that the two types 
are morphs of a single species, rather than two 
independent species. 

Geographic cline.- J subdivide the main 
area of distribution , from the Lesser Antilles 
to the Yucatan Channel, into six subareas. 
These are, I. off the Yucatan Peninsula, 2. 
around the western to central part of Cuba, 3. 
the Strait of Florida to the northern Bahamas, 
4. the central Bahamas, 5. the eastern Bahamas 
to western Haiti , 6. eastern Haiti , Dominica 
to the Lesser Antilles. 

Figure 2 shows the sample sizes of this 
species and the proportion of the two 
phenotypes (plus that of indeterminable type) 
in these six subareas. PR is generally abun­
dant in the northern part of the range. In 
subarea 3, the northernmost subarea , PR com­
prises almost half the total. The proportion 
of PR in subarea 3 is significantly higher than 
that in subareas 3 to 6 (G = 29.05, df= I, p < 
. 001) . There are no PR individuals in sub­
area 6. Furthermore, all seven specimens 

collected off San Luis are PA. Therefore, 
PR is a phenotype which appears to exist in 
populations near the northern periphery of 
the species' distribution. 

Bathy metric distribution .- PR seems to 
occur slightly deeper than PA (Figure 3). 
The null hypothesis that the bathymetric 
di stributions of PR and P A are the same 
cannot be rejected (G = 40.48, df= 3, p < .OOI). 

Discussion.- This is the first documenta­
tion of the presence of shape polymorphism 
in li ving stalked crinoids. The phenotype 
PR dominates in the northernmost distribu­
tion area and it lives significantly in rather 
deeper water than the phenotype PA . Such 
di stribution pattern suggests that the PR is 
adapted to deeper habitat than the PA . 
Because the two phenotypes are often found 
from the same station , the two phenotypes 
probably form the same popUlation in such 
places . 

Many western Pacific isocrinids have a very 
wide distribution , yet there is no significant 
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Figure 2. Distribution and proportion of the two phenotypes of Endoxocrinus parrae in the 
Caribbean region. The distribution is subdivided into six subareas. The proportion of the phenotype 
PR increases toward the north. 

geographic variation in such species as En­
doxocrinlls alternicirrlls and Hypalocrinlls 
naresianlls (Oji, 1989). While the present 
result appears superficially to contrast with 
such morphologic stability, it also suggests 
that there may be actually unrecognized 
polymorphisms in the Pacific isocrinids, espe­
cially in the much diversified and possibly 
oversplit species of Metacrinlls and Sara­
crinlls. 
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Appendix 

Registered numbers of the specimens used in this study are listed below. The numbers are 
followed by parentheses indicating the number of individuals contained in the same lot under the 
same registered number. All the specimens are housed in the National Museum of Natural 
History, Smithsonian Institution (USNM). 

Subarea I: E IS033(1) E IS05S( I). 
Subarea 2 : 12545(1), E I 7920( I), E21063( I), E21OS3( I). 
Subarea 3: EI7514(3), EI7516(2), EI7517(4), EI7950(1), EI79SI(I), EI79S9(6), EI7990(3), 
EI7991(2), EI7996(2), EISOOS(I), EIS009(1), EIS023(1), EIS030(3), EIS032(2), EIS047(1), 
EIS04S(I), EIS050(2), E21004(1), E21005(2), E21012(1), E21020(9), E21024(l), E21037(5), 
E21052( I), E21071 (I), E21072(2), E210S4( I), E2590S(3), E26002( 13), E32644(2), E32655(l), 
E32656( I). 
Subarea 4 : E32636( I), E32637( I), E32638( I), E32640( 4), E32641 (I), E32642(l), E32643(l), 
E32653( I), E32657(2), E32660( I), E32661 (I), E32664(3), E32666( I), E33403(2), E33406(2). 
Subarea 5 : E IS035(23), E32639(1), E32654(1), E3265S( I), E32659( I), E32662(1), E32663(1), 
E33404( I), E33405( I). 
Subarea 6: EI7994(2), EIS020(2), EI9967(1), EI996S(I), EI9969(l), E210IS(4), E21022(1), 
E21076(2), E2600I(l). 
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