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Abstract

This scientific report consists of three sections. Section I is new observations
of Shiroishi-ohsawa by Katto. Lithofacies of Silurian rocks in this location is
composed of massive to brecciated limestone, limestone breccia, acidic tuff and siliceous
shale. Limestone is interpreted as resedimentation in origin.

Section II is description of Silurian cephalopods from the locality by Kobayashl
This cephalopod faunule comprising five new species of Michelinoceras, Arionoceras,
Orthocycloceras and (?) Protokionoceras is  Upper Silurian and ‘most probably
early Ludlovian in age. As a result of its comparison with other Asian cephalopods.
it 1s found that the faunal connection was maintained from Central Europe to
Eastern Asia through Middle Asia and Southern Tibet in the age.

Section I is an advance report on a new trilobite collection from the locality
by Kobayashi and Hamada. Among the trilobites eight species in six genera and five
families including three new species of Bumastus were distinguished. The early Upper
Silurian age of the Cerauroides orientalis horizon at Gomi limestone quarry is-
further confirmed with this collection.

INTRODUCTION

This paper is a “omnibus” paper in which three independent Sections are included: the
geology of Shiroishi-ohsawa in Mt. Yokokura, Shikoku and two palaeontological papers
on cephalopods and trilobites. .

The fossils described in this paper were originally collected and offered to Katto
by Messrs. Yukio Sako of Kushimoto, Wakayama Prefecture and Tomihiro Mizobuchi
of Kochi City. Katto examined the outcrop where the fossils were obtained and
a -brief account of observation is presented in the first section. The cephalopod
fossils -from Shiroishi-ohsawa were studied by Kobayashi and is described in the second
" section. Trilobite fossils were examined by Kobayashi and Hamada and an advanced
report is presented in the third section.

We would like to express our gratitude to Dr. Asahiko Taira of Kochi University
for his assistance in the field work and Messrs. Yuklo Sako and Tomihiro Mlzobuchl

‘for providing their fossil collectlons
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Section I.. :
New Observations of Silurian rocks in Shiroishi-
ohsawa, Mt. Yokokura, Kochi Prefecture, Shikoku

by Jiro Karto

Mt. Yokokura is situated in the Kurosegawa tectonic zone which extends along
the outer zone of southwest Japan (fig. 1A). It is famous for various Paleozoic and
Mesozoic fossils found within a few square kilometers of area {fig. 1B; pl. I, figs. 1~
'2). The geology and paleontology of this area has been descrlbed by many authors (e. g. _
Kobayashi and Hamada, 1974). . '

Shiroishi-ohsawa, a mountain stream, has been known as one of the most fossiliferous
locations in Mt. Yokokura (fig.” 1B). It is situated in the eastern side of Mt.
Yokokura starting from about 700m of altitude down to the village of Shiroishi at 200m
altitude. | " . :

The section along this route is cornposed of masswe to brecciated limestone,
limestone breccia, acidic tuff and siliceous shale There is a structural discontinuity
at the altitude of 540 meters where an east—west trendmg fault is inferred. Below this,
the beds strike N70°E and dip 85°S while beds strlke N40 'E and dip 70°E in the route
above the fault (fig. 1C). The beds below the fault is probably overturned.

Columnar section of the route below the fault is Vshov'vn in Fig. 2. A sequence of
100 meter thick is observed and divided into three lithofacies units: lower, mlddle
and upper units. The lower unit is about 13 meters ”thivclg and composed of massive
limestone, bedded acidic tuff and siliceous shale with Slump structures. The limestone
includes a block of red sandstone. The middle umt is c¢omposed of interbedded massive
limestone and brecciated limestone which includes blocks and lenses of granitic rocks
and red clastic rocks. Brecciated limestone 'and limestone breccia with tuffaceous
shale and red clastic matrix are major constltuents of . the aupper unit (pl. I, fig. 2).
Cephalopods occur from the upper units. R
" The limestone exposed in this route is apprantly resedimentation origin. Kobayashi
and Hamada (1974) pointed out that the Cerauroides orientalis horizon of breccia-
type limestone represents submarine talus depos1ts along the outer slope of the wave
resistant reef front. The limestone in this : route probably is a similar origin.
Recently Kuwano (1983) reported reworked Ordov1c1a_.n qonodonts from this section.
As the limestone is resedimentation origin, such reworking can be interpretable.

Red clastic sediments contain quartz, plagioclase sedimentary rock fragment and
minor amount of volcanic rock fragments and heavy mmerals They also contain
" calcareous fossil fragments and are cemented by carbonate crystals

It is noted that the basement rock of Sllurlan ‘reef limestone included Mitaki

granites, possible Ordovician strata and red beds of unknown age.
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Fig. 1. Location map and route map of the Shiroishi-ohsawa section. A=Map of Shikoku,

B= Map of Mt. Yokokura. C= Route map of the Sirulian rocks of Shiroishi-ohsawa.
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Fig. 1. A view of Mt. Yokokura (744.3m) from Ochi Town. The arrow indicates
the fossil location at Shiroishi-ohsawa.

Fig. 2. Fossiliferous limestone breccia in the upper unit.



Fig. 1. An air view of the southern side of Mt. Yokokura. The Shiroishi- ohsawa
tributary is shown by an arrow to the right and Bakadameshi cliff to the left.

Fig. 2. An air view of Mt. Yokokura looking toward ENE direction. Arrows
from left to right indicate Ohira (Devonian plant location), Bakadameshi
cliff (Silrurian limestone) and Shiroishi-ohsawa respectively.
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Section T . ,

Silurian Cephalopods from Yokokura yama,
Koch1 Prefecture, Japan

By Tetichi KOBAYASHI
The Japan Academy_, Tokyo .

Little has been known of the pre—Car.boniferous“‘ éép}'i‘alop”ods in dJapan. In fact,
Michelinoceras hidense Kobayashi, 1958 was solitary "fb'r a'.long- time. Its age was
first presumed late Silurian, because it was denved ‘from the Favosites “uniforme
subzone. of the Favosites hidense zone in the Fuku]1 formatlon and because the zone
was considered Ludlovian ‘or Upper -Silurian - at. that time. Subsequently, - Hamada
(1959) placed the zone in the Lower and Middle Devonian or probably Gedinnian-
Siegenian. As the result of study on a rich trilobite: fauna of the - formation by
Kobayashi and Hamada (1977), it is now warranted that the Fukuji fauna is within
the range from Gedinnian to Eifelian and probably to early Eifelian. Thus Michell-
noceras hidense is now proved to be a Devonian cephalopod

The cephalopods described in this article were collected from & the Cerauroides
orientalis horizon at Gomi quarry of Mt.Yokovk'uAr.a ‘in the up-stream of 'Shiroishi-ohsa;wa,
200m to the north northwest of Gomi village. fog age of the horizon was determined
at late Silurian by trilobites (1974) and this age is now 'further confirmed in the
following article. It was about a half—oentury'ago since 1 had studied Plectronoceras,
the oldest cephalopod (1935). It is indeed a g;l'-eatj .plea's,ure for me to describe here
the oldest cephalopod faunule in Japan. I wish to record my cordial thanks to
Professor Jiro Katto of the Kochi Universi‘ty‘ and Messrs. Tomihiro Mizobuchi and
Yukio Sako, two collectors and at the same time Professor Tetsuro Hanai and
Associate Professor Itaru Hayami of the University uof‘ Tokyo from whom I have
received assistances in the course of this study. '

Hirata (1956) was first to discover Orthoceras sp at the Gomi quarry of Mt.
Yokokura. Later Koizumi (1975) suggested'fori this cephalopod Kailoceras (?) sp.
rather than Parakhelnites from its external vie_w, but this suggestion is superfluous,
because nothing is known of its internal structure' In view of the present collection
containing none of the Actinocerida, it is least probable that Hirata’s cephalopod
belongs to either Kailoceras or Parahelnites. ‘

The following species are dlstmgmshable in the cdllgctibh.before ‘hand.

* Studies on Japanese Trilobite and Associated Fdssjls-XXX.H.
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Family Orthoceratidae
Subfamily Michelinoceratinae
Genus Michelinoceras .
Michelinoceras alticameratum Kobayashi, sp. nov.
Michelinoceras mizobuchii Kobayashi, sp. nov.
Genus Artonoceras
Arionoceras densiseptum Kobayash1 Sp. nov.
Subfamily Leurocycloceratinae
Genus Leurocycloceras
Leurocycloceras (7) sp. indet.
Genus Orthocycloceras
Orthocycloceras gomiense Kobayashi, sp. nov.
Orthocycloceras aff. gomiense Kobayashi
Fémily Geisonoceratidae ‘
Genus Protokionoceras
Protokionoceras (?) fessicancellatum Kobayashi, sp. nov.

Beside them there are several indeterminable specimens. Two small ones probably
belong to Arionoceras densiseptum. One of them is cut obliquely to the siphuncle and
the other off the siphuncle. Three others are large conchs. One of them which 1s
the largest in the collection has high camerae. It represents probably an undescribed
species of Michelinoceras, although its internél structure' is ill-preserved In
the remaining two large conchs one tapers more slowly and the other more rapldly The
septal distance is comparatively short in the former, but fairly long in the latter.
Both of them belong evidently to the Michelinoceratinae.

Thus the leading group of the Mt. Yokokura cephalopods is the Mlchelmoceratmae
and the second is the Leurocycloceratinae. All of them are straight or nearly straight
conchs, but there are a gentle cyrtocone and a more curved conch, both polished sections
not through the siphuncles.in the collection. (plL.qI, figs. 8 and 9) '

‘. It is noteworthy that three conchs in medlum size, and several small ones are
contained on a polish surface of a limestone slab, ,about,9cm by 12em (pl. IV, fig.
4), because it is an example of gregarious occurrence of cépha‘lopods at this locality.

According to Moore’s Treatise (1964), the generic range Iis from Ordovician to
Triassic for Michelinoceras and from Middle Crdovician .t‘o' Middle Silurian
for .Leurocycloceras. While the former .is a cosmopohtan genus known from North
America, Eur-Asia and , Australia, the latter's - distribution was restricted to
‘Middle (?) and Upper Ordovician of Europe ( Estonia ) to Middle Silurian
of - Europe (Czechoslovakxa) and North America. at, that time. .quever, its
occurrences were later reported from Upper Silurian of Middle Asia ( Barskov,
1972) .and Ganzhou (i. e. Kansu), China (Chen et al., 1981)'. Thus either one of
‘the two genera suggests any definite age. ' .

As noted in Treatise, Michelinoceras s. 1. should be splitted into more ex-
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actly defined genera. As stated later, Arionoceras’ Barskov, 1966, inclusive of
Pedenochonoceras Chen, 1981 is a Silurian-Devonian genus of ‘Eurasia. = The dis-
tribution of Orthocycloceras Barskov, 1972 inclusive of Euthyrocycloceras T.
W. Chen, 1981 is more restricted to the ‘Upper Silurian of ‘Asia.  Because
Arionoceras as well as Orthocycloceras are better represented than other genera in
the "Yokokura cephalopod faunule, its age must be late Silurian. ’

Nov& the Yokokura cephalopods are'compa.red with those of other Asian and Western
Pacific areas. Silurian cephalopods were described by Reed (1906) from Northern
Shan States, Burma as follows: :

Orthoceras aff. commutatum Giebel from the Zebingyi beds

Orthoceras aff. mocktreense Sowerby ?, ditto.

Orthoceras aff. nicholianum Blake ?, ditto. _

Orthoceras aff. tenuiannulatum M'Coy from the Namhsim sandstones
* Orthoceras sp. indet. from the Zebingyi beds

These Burmese cephalopods are compared: with European species chiefly from
the external view. Leurocycloceras (?) sp. indet. from Gomi somewhat resembles
Orthoceras aff. nicholianum and O. aff. tenuignnulatum. So is Orthocycloceras
gomiense to the latter Burmese species. The resemblances 'in some aspects may,
‘however, be superficial. , ‘

The Namhsim sandstones are considered middle Wenlockian or younger and the
Zebingyi beds late Silurian and possibly early Devéni;an. As discussed elsewhere
(1977), it is now ascertained that Lower Devonian rocks are included within the
Zebingyi beds. ‘ _ N ] -

Michelinoceras is repbrted by Myint Lwin Thein (1973)- to occur in the so-called
Orthoceras beds in the Lower Silurian Linwe beds 'in the Southern Shan State,
“although 1 have not seen’any palaeontological description.

“Fossil Cephalopods of China”, 1965 includes 190 species of Upper Cambrian-
Ordovician cephalopods and 10 Devonian sprecies (i. e. Nautilina 2, Ammonoidea
8), but no Silurian cephalopod. One year before this publication, however, Lai
Chaigeen described two species of Jangiceras from the Middle Silurian of Sichuan
and Guizhou (Kweichow).

In 1974 Chen and Liu described 21 species in 13 genera including 19 new species
and 4 new genera from the Middle Silurian of Sichuan and Guizhou in the Palaeon-
tological Atlas of Southwest China.  Subsequently in 1978 the Silurian fauna
was further amplified respectively from Sichuan by Wang Ruzhi and from Guizhou by
YangFShengwu. Additional descriptions were made from South Tibet by Chen Junyuan
(1975) and Chen Tingen (1981). At length Chen Junyuan, Liu Genwu -  and Chen
Tingen (1981) monographed “Silurian ' Nautiloids of Central and . Southwest China”
in which "they distinguished six nautiloid assemblages- as follows:
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Medeaval Lower Silurian Songkanoceras assemblage
Late Lower Silurian Yinhangoceras assemblage
Medeaval Middle Silurian Sichuanoceras assemblage
Late Middle Silurian Heyuncunoceras assemblage
Early Upper Silurian Euthyocycloceras assemblage

D s W N =

Late Upper Silurian Yunnanoceras assemblage.

 Michelinoceras - ( Kopaninoceras) ninglangense is a Middle Silurian species in
Yunnan. Five species of Pedanochonoceras are all described from the medeaval
Middle Silurian Xinshan formation in Sichuan and . Guizhou and four speciés<of
Euthyrocycloceras from the early Upper Silurian Miaogao formation in Yunnan.
Because Pedanochonoceras and Euthyrocycloceras are no more than subgenera of

Arionoceras and Orthocycloceras respectively, the Yokokura cephaloi:vod faunule is
allied to the Middle and Upper Silurian ones of Southeast China, if considered
in the generic level, although there is no identical species.

Of Michelinoceras there are further one species from Hubei, another from Sichuan
and two others from South Tibet, all Middle Silurian in age, in addition to two
Middle Silurian species and one late Silurian species of M. ( Kopaninoceras)
from South Tibet. Among them one species of Michelinoceras and all three
species from South Tibet are identified with Barrande’s species. from’ ‘Czecho-
slovakia, showing the Eurasiatic faunal connection.

In Kazakhstan and Middle Asia cephalopqu well flourished in the Silurian period.
The michelinoceratids are represented by four génera including Arionoceras and -the
leurocycloceratids by  three  genera incl’udi.ng Orthocycloceras. = Michelinoceras
alticameratum closely resembles Barskov's Michelinoceras michelini from the Upper
Silurian of Afghanistan. Orthoceras michelini Barrande, the type species’ of
Michelinoceras, is more similar to M. mizobuchii. Their association with Arionoceras
and Orthocycloceras reveals intimate relationship of cephalopods between Japaniand
Middle Asia in the early Upper Silurian age. The trans-Eurasiatic faunal
connection must have been maintained during the middlé and late Silurian penod from
Central Europe to the Far East through Kazakhstan and Afghamstan '

Finally, several Silurian species of cephalopods - were reported “'to  occur in
Australia - and Tasmania already in the latter part of last century. According to
Teichert and Glenister ( 1952 ) Cycloceras tenuiannulatum M'Coy var. australis
Chapman, 1912 is a distinct species of Geisonoceras. Four Silurian  species
in four genera of the Cephalopoda are described from Tasmania ( Teichert and
Glenister, 1953). They belong to endemic genera except for Ephippiorthoceras which
is distributed in -Eur-America and Tasmania. Little is known as yet of the
relation of Silurian cephalopods between the northwestern and southwestern Pacific

. areas.
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Description of Cephalopoda
Family Orthoceratldae M’ Coy, 1944

The essential distinction of the Orthoceratinae ‘ from the Michelinoceratinae lies
in the possession of longitudinal furrows on the body chamber. Such depressions are
two on the ventral side in Orthoceras Bruguiére, 1789, two on each lateral side in
Bifoveoceras Balashov, 1956, and one on the dorsal side and two on the ventral side in
Ctenoceras Noetling, 1884. These three genera are all ‘Middle Ordovician in age.
Monofoveoceras T. E. Chen, 1981 is an Upper Silurian . genus from Yunnan having
one longitudinal depression. Thus the distribution ',ovf the subfamily extends from
Middle Ordovician to Upper Silurian in Eurasia. |

Subfamily Michelinoceratinae Flower 1905

Among the genera of this subfamily which are known ‘to occur 1in Sllurlan rocks,
Arkoceras Flower, 1945 is quite aberrant in the- subquadrate cross section of the
conch with a subventral siphuncle. Plagiostomd_ceras' Teichert and Glenister, 1952
1s distinctive in the oblique lirae parallel to the sinuous aperture.  The oblique
sculpture is stronger in Merocycloceras Ristedt, 1968. ‘ _

Hemicosmorthoceras Ristedt, 1968 was originall): instituted as a genus of “the
Sphaerorthoceratidae Ristedt, 1968, while Barskov"(~1972) p_lacéd it in the Michelino-
ceratinae. Sinoceras chinense (Foord) was primarily presuméd a Devonian cephalopod,
but it is warranted at present that this species and Sinoceras rudum (Yu) are two
indices to the Upper and Middle Ordovician in _Central China. Sinoceras
apparently died out later in China, although two Devbnian species were described in
the USSR by Zhuravleva (1978). This is an unexpected recurrence devoid of any
Silurian link. s

Arionoceras Barskov, 1966, Kopaninoceras 'Kissel‘ov. ‘1969 and Pedanochonoceras
Chen, 1981 are three close allies to Mzchelmoceras s. str., as Chen has alréady
accepted the second as a subgenus of Mlchelmoceras Arzonoceras is distinguishable
from Michelinoceras by its rapid tapering of the conch w1th apical angle of 7 to
10 degrees and its short camerae. Pedanochonoceras may be its subgenus having the
expanded connecting ring. o ' .

Genus Michelinoceras Foerste, 1932 .

This genus is divisible into two subgenera. The septum is contracted at the mural
part in subgenus Kopaninoceras Kisselev, 1'967! but not in Michelinoceras s. str.
The former subgenus has generally large conchs; CircnlarA.or oval in cross section and
tapering very slowly; siphnucle central; septnl neck orthoc}ioanitic; connecting ring
cylindrical ; camera deposit may be present in. tyh“e' 'apic,al part. Its type-species is
Orthoceras jucundum Barrande, 1870. It was distributed in the Silurian period
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from Central Europe to Middle Asia and Pamir through Podolia and the Urals.
Nine  species of Michelinoceras are known now from the Middle Silurian of China as
follows: ‘ '

Mzchelmoceras gaoluense Xu, 1977, Hobei

Michelinoceras moodiense (Foerste, 1928) by Wang, 1978, Sichuan
Michelinoceras transiens (Barrande, 1968) by Chen, 1975, South Tibet
Michelinoceras chaitouense Chen, 1975, ditto.

Michelinoceras valens (Barrande, 1867) by T. E. Chen, 1981, ditto.
Michelinoceras (Kopaninoceras) jucundum (Barrande, 1870) by Chen, 1975, dztto,
Michelinoceras (Kopaninoceras) capax (Barrande, 1868) by Chen, 1975,.ditto.
Michelinoceras (Kopaninoceras). dorsatum (Barrande, 1968) by Chen, 1975, diti,o-
Michelinoceras (Kopanlinoceras) ninglanense T. E. Chen, 1981, Yunnan

Michelinoceras alticameratum Kobayashi, sp. nov.
Plate I, Figurel

Description : - Michelinoceratid with non-annulate -conch of moderate tapering,
circular in cross section ; siphuncle subcentral,” narrow and tubular ;- septum "'faii‘l'y
- convex; septal neck orthochoanitic; connecting ring cylindrical; organic deposit absent
in camera and siphuncle. Further details of the species is represented by the holotyf)e
specimen. . o S

Observation : - The holotype specimen is a conch of about 65mm in length which is
polished through the siphuncle. The shell is not annulated. The terminal ‘part of
the conch 'in the polished section belongs to the body chamber. - Therefrom eight '(_:émerae
are distributed in 57mm of the siphuncular length. The s_i'ph'un,cle'is slightly excentric
and -one-sixth to one-seventh as wide as the conch. The diameter of the conch increésés
from 6mm to 9mm: through the phragmacone. The septal concavity corresponds to 1,/ 25
of the camera-height. The septal neck is short and orthochoamtlc forming an obtuse
angle. The connecting ring is tubular and much thinner than the ‘septum. The ' camera
is encrusted all around the walls with calcareous deposits of similar thickness and the
reméining space is filled up with dirt, both inorganic. '

Comparison : - This species resembles Michelinoceras michelini Barrande, the type-
species of the genus, but the conch is evidently expanding more rapidly.

Michelinoceras mizobuchii Kobayashi, sp. nov.

Plate I, Figure 2

Description : - Michelinoceratid tapering very slowly. and havmg hlgh camerae and
septa with very weak convexity; outer shell non-annulate.
-Observation: - The type specimen 'is a phragmocone 57mm long on which eight camerae

are countable. ' The first and eighth camerae measure 5mm and 6mm in 'height respective-
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ly.  The conch is obliquely cut and a little displaced at the seventh camera where a
calcite vein penetrates.’ The siphuncle is excentric, at about two-fifths -from one
side and very narrow, as seen in the sixth camera. The septal convexity corresponds
" to one-third the camera-height or less. The septal neck is orthochoanitic and very
. short. The connecting ring is tubular and thin. The eprseptal and mural deposits
are present. ‘

Comparison : - This conch tapers more slowly than Mlchelmoceras alticameratum.
This species has also high camerae. Because the .septa’ are less convex backward in this
. species, the camerae look higher than those of that species: ,

Among the Silurian nautiloids in Asia, . this species ‘looks most similar to
Michelinoceras michelini .( Barrande, 1870) by Barskov, 1872 in figs. 1—3, pl. 2~
from the Upper Silurian of Afghanistan in the cylmdrlcal conch and ‘high camerae,
but the conch tapers more distinctly and the septa are less convex in this species.

Genus Arionoceras.Barskov, 1966, em... Kobayashi

Diagnosis : - Conch longiconic, straight or nearly so, ‘non-annulate, circular or
subcircular in cross section and expanding rapidly with apical angle of 7 to 10
degrees; siphuncle central or subcentral, narrow, tubular and empty; septum moderately
concave; septal neck short, orthochoanitic or suhorthoého‘anitic;‘ annnlosiphonate deposit
absent at neck; camera short; intracameral deposit may be present; body chamber about
twice as long as diameter of ultimate camera.

' Type species: - Orthoceras arion Barrande, 1866.° -

' Remarks: - The surface of the conch is smooth or somewhat undulate, but not dlstmctly
annulate.  The septal neck varies from orthochoanltlc, to suborthochoanitic.  The
siphuncle is typically cylindrical, but the connecting ‘ring‘ is slightly expanded in the -
subgenus Pedenochonoceras Chen, 1981 (Type" Pedeno'bhonoceras contractum Chen,
1981). Compared to this genus the conch is subcylmdrlcal and the camera much higher
in Michelinoceras.

Distribution: - Silurian; Eurasia.

‘Arionoceras densiseptum KobéyaShf, sp. nov.
Plate I, Figures 3—5

Description : - Arionoceratid having straight longicone with apical angle of 9 degrees
or so and circular in cross section ; siphuncle narrow, ‘tubular, slightly excentric,
about one-sixth as wide as conch’s diameter ; :septal neck short, suborthochoanitic ;
connecting ring straight; septal concavity corresponding to about a half of camera-
height; septal distance about a half to onethird of conch’s diameter; camera short;
body chamber fairly long. s :

Observation : - The holotype specimen is a phragmocone 45.5mm long and polished
through the siphuncle. The conch is a- strarght longicone which is tapering rapidly,
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circular in cross section and not annulated on the surface. Its siphuncle is
subcentral, one-sixth as wide as thé conch and ‘tubular, but more or less contracted
at the septal neck. The septal concavity corresponds to about a half of the camera-
height. The septum is suborthochoanitic, more or less rounded ; septal neck short;
connecting ring slender and straight. Some camerae in the middle part reveal the
growth of the episeptal-mural and hyposeptal deposits which are duite distinct . from
‘the secondary calcareous filling. ' .

The paratype specimen is another pohshed conch through the sxphuncle about 90mm in
length where its body chambeerccuples _23mm. In the grown stage five camerae are
distributed in the length of 24mm. The ultiméte' camera measures 12mm in diameter.
The septum is convex as much as a ‘half of one septal distance. The siphuncle
is slightly excentric, tubular and narrow. The internal structure is not so well
preserved as the hdlotype phragmacone. The septal neck looks short and subrectangular;
connecting ring slender. The camerae are filled with calcareous material.
~The third specimen is a small straight conch, 37mm long, whose body chamber is 11mm
long and the last camera 7mm in daimeter. Fourteen camerae are countable in 26mm of
siphuncular length. The septal neck is suborthochoanitic. Organic deposits ‘are
absent in the siphuncle and hamerae. The fourth -specimen is a longiéone, about llcm
long, and a very little arcuate. The_qitimate camera is 17Tmm in diameter and the body
chamber no less than 20mm in length. The siphuhcle is a little excentric, narrow, tubular
and empty. Intracameral deposits are ahsent. '

Suhfamily Leurocycloceratinae Sweet, 1964
This family was best repr’esented' in the Silurian period by seven genera as follows:

Leurocycloceras Foerste, 1928

Metaspyroceras Foerste, 1932

Bohemites Zhuravleva, 1962

Orthocycloceras Barskov, 1972

Euthyrocycloceras T. W. Chen, 1981

Obicycloceras T. E. Chen, 1981 '

Xianoxiangoceras T. E. Chen, 1981 - Ve

~Among them the diagnoses for Orthocycloceras and Euthyrocycloceras, both Upper
Silurian in age,  agree with each other in most items, although the corresppndénce
of an annulus to each camera is emphasized for the former.and the siphuncle is said
either central or excentric in the latter, instead of central "in the -former. Their
difference is no more than a subgeneric value. -
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Genus Leurocycloceras Foerste, 1928 |
Leurocycloceras (?) sp. indet.
Plate IV, Figures 1a—1b

A stout slowly tapering orthocone, about 85mm in length, with annulation and fine
longitudinal lirae. Ten annuli are countable through the adoral 29mm and adapical
16mm. They are hearly straight, transversal low bands separated from one another by
shallow interspaces and both crossed by very' fine regular and numerous longitudinal
lirae. At the broken end of the conch. it is seen that the transverse section is
subelliptical and the siphuncle is a little excentric and nearly as wide as one-fifth
the shorter diameter. Because little is known of the internal structure, its exact
taxonomic po’éition is indeterminable. . ‘ '

Leurocycloceras tushukense Barskov, 1972 (pl. 3, fig. 2) from the Upper Si-
lurian of Fergana closely resembles this form in. the low transverse annulation.
Leurocycloceras raymondi Foerste, 1928, from the Niagaran of Wisconsin which
is the type-species of Leurocycloceras is annulated bbliquely and the annulus is
sinuated ventrally. Among American cephalopods Spyroceras chaleurense Foerste,
1936, from the Niagaran of Quebec has the more similar sculpture to this species,
although the annulation and iOng_itudinal liniation appear less prominent. '

Among the oriental cephalopods Orthoceras aff. nicholia’nur_n' Blake (?) by Reed,l
1906 from the Zebingyi beds of East Burma has the cancellate sculpture, but the
rings are very narrow. Orthoceras aff. tenuiannulatum from Burma, later mentioned,

has also the cancellate ornaments, but not very simlar to this species.

Genus Orthocycloceras Barskov, 1972~
Three specimens at hand are referable to this genus.
Orthocycloceras gomiense Kobayashi, new species.
Plate I, Figure 6, Plate IV,‘ Figure 2

-Description : - Annulated longicone, nearly straight, but more or less sigmoidally
undulated and circular in section; siphuncle subcentral, narrow, tubular and empty ;
septum moderately convex and orthochoanitic; septal neck very short; connecting ring
straight; camera short and expanded laterally in accordance 'with annulation; camera-
height comparatively reduced in grown stage; body chamber about three times as long
as diameter of ultimate camera. ‘ .

Observation : - The holotype specimen is a polished section of an annulated
orthocone, 44mm long, in which its body chamber occupies 17mm. The conch is slowly
tapering, more or less arcuate in adapical part, circular in cross section with a
narrow slightly excentric siphuncle ; each annulation corresponding to a camera.
The diameter of the conch at the contraction measures 4mm, 5mm and 7mm at the
adapical, .middle and adoral part respectively. The siphuncle is tubular, one-sixth
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or less the diameter of the conch and empty; septal neck orthochoanitic, very short ;
connecting ring straight; 10 camerae countable in the length of 18mm of phragmacone;
septal convexity approximate to a half of camera-height; camera filled up with
calcareous material except for the last two. The ultimate camera is unusually tall
whereas the penultimate camera is much shorter than earlier one. This irregularity .
is probably due to senility. :

The paratype specimen is another annulated conch, 48mm in length with a narrow
subcentral siphuncle. It has 24 annuli which are all transversal, non-sinuate and
slanting froxn crest more on the adapical side than the other side; \‘/ery fine lirae
visible on the adoral slope of the annulation. ‘ , : . o

Comparison : - _This species is closely allied to Orthocycloceras alayense and
0. ferganense, particularly to the former species which is the type-species of the
genus, but the conch tapers more rapidly in. this species than those two species.
Compared to this all of the four species of Euthyrocycloceras have more dense camerae
and their annulations look less prominent.

Orthoceras aff. tenuiannulatum M’'Coy by Reed, 1906 from the Namhsim sandstones
in East Burma whose internal structure is unknown, is a coarsely annulated cycloceroid
" having, in addition, longitudinal lirae. It 1s compared to M'Coy’s Ludlovian
species. This Burmese spec1es differs from the Japanese spec1es in the much wider
concave interspace and shghtly obhque annulation.

Orthocycloce}'as aff. gomiense Kobayashi
Plate I, Figure 7

This specimen 1s a long straight conch about 12cm in length which is displaced along
a calcite vein between the adapical and the middle-adoral parts. It is camerated all
through the specimen except for the broader terminal part which belongs to the body
chamber. The apical angle is about 10 degrees. It is recognizable at the narrow end
that the conch is circular in section and the siphuncle located at or near the center.

Compared to ‘the preceding species the siphuncle is a little broader as seen in the
middle part. The camera is encrusted by the episeptal and mural deposits in the
adapical part, but not the middle and adoral parts. Like the preceding, the conch
is annulated in the adapical parf, although the annu.lation is ill-preserved in the other
part. -

Famxly Gelsonoceratxdae Zhuravleva 1959 -
Genus Protoktonoceras Grabau and Shlmer 1910
Protokionoceras (7) fesswancellatum Kobayashl, sp. nov.

* Plate IV, Figures 3a and 3b

Small conch slightly curved and more or less breviconic in adapical part; rate of
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tapering quite reduced on the other side of the conch . shell surface marked with fine
lattice of lirae. ' o -

Septal suture transversal as seen in the exfoIidtea apical part. Because the
broken end of the other side is non-septate, the part must belong to the body chamber.
Little is known of the interior of the phragmacone.

The lattice of lirae in this species is fiot so distinet as in Protokionoceras
crooki Foerste, 1928 and even weaker than that of Prc)toliioizoceras medullare (Hall),
the genotype species. The cancellate - ornamentatlon is -typical of  Protokionoceras,
but the conch is longiconic and orthoconic in the genus, whereas it is breviconic and
somewhat cyrtoconic in the apical part of this speeies. In the shape of the conch
it resembles polyelasmoceratids, .Turoceras ZhdfavIeVa, 1959, for example.
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Postscript

As an advance report, “On the Silurian Cephalopod Faunule from Mt.Yokokura,
Kochi Prefecture, Japan” was communicated by the " author ‘at the Japan Academy
meeting, November 12, 1983. It was pointed out that the route of migration for
the Silurian cephalopods was extended from Japan to Central Europe through China,
Pamir, Central Asia and Podolia, and two new species, Arionoceras densiseptum and
Orthocycloceras gomienese which occur in association with Michelinoceras @ and £,
n. spp., Leuroorthoceras (?) sp. indet. and Protokionoceras (?) n. sp. were briefly
described in Proc. Japan Acad. v. 59—B, p. 293—295, 1983.
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Explanation of Plate II

Michelinoceras alticameratum Kobayashi, sp. nov. ...... e
Figure 1. Holotype conch, x 1, KGS 3580

Michelinoceras. mizobuchii Kobayashi, sp. nov. ..................... ..
Figure 2. Holotype conch, x 1, KGS 3581

Arionoceras densiseptum Kobayashi, sp. nov. ........... D,
Figure 3. Holotype conch, X 1.5, KGS 3582
Figure 4. Paratype conch, x 1, KGS 3583
Figure 5. Small conch, x 2

Orthocycloceras gomiense Kobayashi, sp. nov. ..................cooou...
Figure 6. Holotype conch, X 2, KGS 3585

Orthocycloceras aff. gomiense Kobayashi ..............................
Figure 7. Large conch x 1, KGS 3586

Gen. et sp. indet. @ ...
Figure 8. Gently curved conch, x 2

Gen. et sp. indet. b ... ...
Figure 9. Strongly curved conch
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Explanation of Plate IV

Leurocycloceras (7) sp. indet. ...............o.o p. 248
Figurel a. Lateral view of annulated conch, KGS 3584
Figure 1 b. Transverse annuli and longitudinal lirae of the
same specimen, X 5
Orthocycloceras gomiense Kobayashi, sp. nov. ..................oo...... p. 248
Figure 2. Lateral view of the paratype conch, with transverse
annuli and longitudinal lirae, X 1, KGS 3588
Protokionoceras (?) fessicancellatum Kobayashi, sp. nov. ........ e p. 249
Figure 3 a. Lateral view of the holotype conch, X 1, KGS 3587
Figure 3 b. Lattice of lirae on the surface of the same conch, x 7
Cephalopod-bearing limestone slab ...........o....ooii i p. 241
Figure 4. Three medium-sized conchs and several small ones
on the polished surface. ’

Repository of the specimens
KGS: Laboratory of Geology, Faculty of Science, Kochi University
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Section II

Advance Report on a new
Trilobite Collection of the Silurian
Yokokura-Yama Fauna,Shikoku Island, Japan*

by Teiichi Kosavasu: and Takashi Hamapa
The Japan Academy & the University of Tokyo

Mt.Yokokura is one of the richest trilobite areas in Japan.  As shown in
the Table I the authors have described already in 1974, 27. species in 14 genera
and seven families of trilobites, that is, the Illaenidae, ‘Thysanopeltidae,
Proetidae, Cheiruridae, Encrinuridae, Phacopidae and Lichidae.  Beside them,
there were several forms exacﬂy indeterminable. They were collected by -M. Hirata
and others from three localities of the mountains, 1. e., Mt. sumrhit, Sugihara
shrine and Gomi, but most of them were procured at Gomi limestone ‘quarry. These
type specimens are stored either in the Kochi Prefectural Fossil Museum
( KPFM) or the University Museum of the Un‘iversity of TOkyo‘(PAt). As
_the result of that study the age of the Encrinurus nodai horizon at the summit was
determined to be late Middle Silurian, and those of the Encrinurus tosensis horizon
at Sugihara shrine and the Cerauroides orientalis- horizon at Gomi quarry to
be early Upper Silurian, but the former being slightly _blder than the latter

horizon.

Recently, a small collection comprising eleven trilobite specimens from the Gomi
quarry was sent to the senior author from Professor Jiro Katto of the Kochi
University for examination and the joint authors’ study is now in progress. By
request of Prof. Katto they prepared an advance report of their study herein.
Putting . aside a cranidium which is too poorly preserved the following eight species in

six genera within five.families are distinguishable at present.

I. Illaenidae Hawle and Corda, 1847
1. Bumastus agmakros Kobayashi & Hamada, sp. nov.
2. Bumastus kattoi Kobayashi & Hamada, sp. nov.
3. Bumastus sakoi Kobayashi & Hamada, sp. nov.
. Cheiruridae Salter, 1864 '
4. Pseudocheirurus sp.

* Studies on Japanese Trilobites and Associated Fossils — X.X XII.
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Table 1. Silurian trilobites from Mt. Yokokura
(Kobayashi & Hamada, 1974)

Locality - @
HEE
| w| &
Trilobites a1alo
1. Bumastus (Bumastus) glomerosus X
2. Bumastus aff. bariensis X
3. Bumastus (Bumastus) su.bquadratus' X
4. Bumastus (Bumastella) spiculus X
5. Bumastus (Bumastella) bipunctatus X
6. Bumastus (Bumastella) asper X | X
7. Japonoscutellum japonicum X1 X
8. Tosacephalus fungiformis X
9. lIllaenoscutellum platiceps X
10. Kosovopeltis angusticostatus X
11. Microscutellum primigenium X
12. Proetus (Proetus) subovalis X
13.. Proetus (Gerastos) subcarinatus X

14. Proetus (Geastos) sugiharensis X
15. Proetus (Bohemiproetus) magnicerviculus X
16. Decoropro_etus granulatus X
17. Cerauroides orientalis X
18. Cerauroides elongatus X
19. Sphaerexochus hiratai X
20. Sphaerexohus planirachis X
21. Encrinurus yokokurensis X
22. Encrinurus mamelon X

23. Encrinurus nodai X

24. Encrinurus tosensis X
25. Staurocephalus (?) sp. X
26. Phacops metacernaspis X
27. Apolichas truncatus X

M. Encrinuridae Angelin, 1854

5. Encrinurus sp.

6. Staurocephalus sp.
IV. Phacopidae Hawle and Corda, 1847
7. Eophacops (?) sp.
V. Lichidae Hawle and Corda, 1847
8. Apolichas (?) sp. _
8" Hypostomeof Apolichas (?)
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One of the significant characteristics for the Gomi faunule is the abundance of
Bumastus in species and individuals. In adding three new species, the genus is
now represented by eight species. In South China the family Illaenidae include
Ptilillaenus and two endemic genera, Meitanillaenus and Wuchuanella in the Lower
Silurian fauna, but Bumastus is unknown from the Silurian rocks (Yin and Li,
1978), aithough it is contained in the Ordovician fauna (Lu, 1975).

The find -of Pseudocheirurus at Gomi is particularly important, because it
is an additional evidence for the Upper Silurian age of the Gomi faunule.
Pseudocheirurus. beyrichi ( Barrande, 1846 ) occurs in Boheniia, Czechoslovakia
.in the lower Ludlovian Kopanina formation ( Horny and Bastl, 1970). It is
noted further that Nan's Cheirurus strabo (1976 ) from the Upper Silurian
of Inner Mongolia is ~possibly congeneric with this species, although original
_Cheirurus strabo -Weber, 1932 which was described from the Lower Devonian of.
Ferghana, Turkestan, is distinct from the Japanese species. .

As clarified by Wu Hongiji (1979), encrmurmds greatly flourished in Southwestern
China in the. Middle Silurian  period, as well represented by Encrinuroides Reed,
1931,  Coronocephalus  Grabau, 1924 ( Coronocephalus and  Coronocephalina Ji,
1979 ), Kailia Chang, 1974 ( Kailia and Parakailia Ji, 1979 ), Senticuculus
Xia, 1974 and Rongxiella Chang, 1974.  Encrinuroides has been known from Middle
and Upper Ordovician of Eur-America, but in China it occurs in the range of
the late Ordovician-middle Silurian age. All other genera and subgenera above
cited are indigenous to China except for one species, Coronocephalus kobayashii
Hamada, 1959, which must be revised in further study, from the late or medeaval
Middle Silurian Gz stage of the Gion-yama group in Kyushu.

Thus the ages of the trilobite horizons in the Gion-yama and Yokokura-yama areas
are further confirmed through this study. The absence of Bumastus and rarity of
Encrinurus in the Silurian fauna of Southwest China are proba‘bly' due to the
state that little is 'as yet known of the  Upper Silurian trilobites there, notwith-
standing the fact that the copious trilobite fauna of the older Silurian age has already
been described therefrom.

Of the remainder of the new trilobite . collection it is still premature for the
authors to express any definite opinion. A few words, however, may be added as to
Staurocephalus sp. It is evidently distinct specifically from Staurocephalus (7?)
sp. which the authors have described previously. This species l_ooks to the authors
particularly interesting palaeontologically in showing an example of homoeomorphic
convergence with ParaphLlllpSLnella Lu, 1974 which thrived in China in the late
Ordovician age, as summarizéd by Ji Zailiang’ (1982).

On this occasion the authors describe-three new species of Bumastus as below.
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Description of Trilobites
Family Illaenidae Hawle and Corda, 1847
Genus Bumastus Murchison; 1839
Bumastus agmakros Kobayashi and Hamada, Sp. nov.
Plate V., Figures1 a, b | .

An unusually long pygidium, 29mm long, a little narrower than long, semiparabolic
in outline, very regtilarly and moderatelvy' convex toward its centre; articulating
margin very gently arcuate; axial lobe nearly half as wide as pygidium; axial furrows
completely effaced; marginal border absent; test smooth.

Such an elongate outline of the pygidium and its simple convexity are two charac-
teristics which easily distinguish this spedies from ‘most of the Illaenidae. Its
broad axis and obsolete axial furrows reveal its being ‘'a member of Bumastus rather
than Stenoparia. It resembles "Nllaenus weberi Warburg, 1925 from the Leptaena
limestone, but the Swedish pygidium is not so long as this, steeply slanting near
the margin and surrounded by a less slanting narrow border. Weber's Bumastus sp.
2 from the Ordovician of Kazakhstan (1948) is another resembling pygidium in simple
warping up toward centre, but its outline is quite different from this species.

Bumastus kattoi Kobayashi and Hamada, sp. nov.
Plate V, Figures 2a—b, 3a—d.

Cephalon strongly convex, most elevated between eyes and most expanded laterally
through eyes; axial furrows obsolete; occipital: margin about half as wide as posterior
margin; genal margin well rounded; eyes prominent, very large, nearly half as long
as cephalon and located fairly posteriorly; facial suture extending forward from eye,
describing a gentle arc, and posteriorly .cutting the posterior cheek margin at. the limit
of eye; test smooth.

This species is represented by two cephala. One in figures 2a-b is the holotype
and the other in figures 3a-b the parétype. It is intimately -related to the
Bumastus ( Bumastella) “bipunctatus from which it can be readily distinguished by the
absence of the median tubercle and a pair of pits on the axial furrows. Otherwise,
however, these two species are almost identical.

Bumastus sakoi Kobayashi and Hamada, sp. nov.
Plate V, Figures 4 a—d

This cranidium is fairly well convex toward its centre. Axial furrows are absent,
but in the posterior view the fixed cheek is seen to be slightly depressed below the
level of the glabella. Eyes are fairly large and placed far posteriorly. The breadth
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between the eyes equals to the length of the cranidium. Facial sutures are relatively
long, almost straight and a little divergent, but they do not extend beyond the limit
of the eyes. Their posterior branches are very short and cut the posterior margin on
the parallels of the eyes. .

The preceding species can be easﬂy dlstmgulshed from this specxes by the greater
convexity of the cephalon and the larger and prominent. eyes. Among the Yokokura-
Yama trilobites the nearest to this species is Bumastus ( Bumastella) asper which,
however, disagrees with that species in the possession of a fine median carina on the
cranidium and the smaller eyes.
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Postscript

The second bunch of trilobites which Prof. Katto sent the semior author at the end
of last August contains the following species:
Scutelluidae R. & E. Richter, 1955

1. Japonoscutellum sp.
Proetidae Salter, 1864
2. Proetus (Gerastos) sugiharensis Kobayashi and Hamada, 1974

Encrinuridae Emmrich, 1844
3. Encrinurus a sp.
4. Encrinurus‘ b sp.

5. Encrinurus c sp.
Encrinurus a sp. is represented by a pygidium which belongs probably to an 1identical

species with a cephalon of Encrinurus listed on page 253.. Encrinurus b sp. is indicated
by another pygidium which is so similar to the preceding that they possibly reveals sexual
dimorphism. Encrinurus ¢ sp. comprises still another pygidium in addition to A-2 type
pygidium of Encrinurus in Kobayashi and Hamada (1974), p. 98, pl. 10, figs. 7—8.
Beside them there are a pygidium of phacopid (?) and a cephalon of sphaerexochid (?).
Thus the trilobite faunule of Mt.Yokokura will be greatly amplified with some 15
species ihcluding a few exactly indeterminable forms, attaining about 40 species in total.

(Manuscript Received : September 30, 1983)
(Published : March 23, 1984 )
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Explanation of Plate V

Bumastus agmakros Kobayashi & Hamada, sp. nov. ..... ceee... p. 256
Fig. la. A dorsal view of the holotype pygidium, ><2 KGS 3588
Fig. 1b. A left lateral view of the same specimen, Xx2.

Bumastus kattoi Kobayashi & Hamada, sp. nov. ...... ceees.. p. 256

Fig. 2a. A dorsal view of the holotype cephalon ><3 7 KGS 3590
Fig. 2b. A right lateral view of the same specimen to show the position and
the size of the eye, X3.7.
Fig. 3a. A dorsal view of a paratype cranidium, x2. KGS 3591
Figs. 3b-d. Frontal (b), rear (c) and right lateral (d) views of the same
specimen, X 2.
Bumastus sakot Kobayashi & Hamada, sp. nov. ...........cooeiiiiiiiiii... p. 256
Fig. 4a. A dorsal view of the holotype cranidium, x3.3. KGS 3592
Figs. 4b-d. Frontal (b), rear (c) and left lateral (d) views of the same speci-
men, %X3.3.
Pseudocheirurus sp.
Figs. 5a, b. An incomplete cranidium to show the glabellar lateral furrows,
X 2.
Staurocephalus sp.
Figs. 6a, b. Dorsal (a) and left lateral (b) views of the cranidium, X 3.6.
Encrinurus sp. .
Figs. 7Ta-c. Dorsal (a), frontal (b) and left lateral (c¢) views of an incomplete
cephalon to show the somewhat coarse granulatlon on the shield and a stro-
ngly bent frontal border, X2.

Repository of the Speciemens
KGS : Laboratory of Geology, Faculty of Science, Kochi University



Pl. V
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