Middle Miocene radiolarians from the Oidawara Formation,
Mizunami Group, Gifu Prefecture, central Japan
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(Abstract)

The radiolarians are abundant microfossils through the Middle Miocene Oidawara Formation,
Mizunami Group, Gifu Prefecture. In order to provide their fundamental information, this paper
reports the occurrence of 47 characteristic radiolarians including four new species.

Introduction

Many geologists and paleontologists have studied the Lower to Middle Miocene .
Mizunami Group distributed in the Mizunami basin, Gifu Prefecture, or its bearing fossils.
However, radiolarian studies on this group are very far from sufficiently extensiveness,
although the uppermost Oidawara Formation is extremely rich in siliceous organic
remains.

Our provisional investigations have proved that the radiolarian preservation is excel-
lent, perhaps the best in the Japanese Neogene deposits, and the diversity is also very high.
Such a situation will be favorable for considering paleoecology of radiolarians, taking

- account of results obtainable in future from the neighboring Morozaki, Ichishi and Iwamur-
a Groups which also abundantly yield radiolarians (Fig. 1) : These deposits are thought
to be contempoi‘aneous heterotopic facies accumulated in a gulf and, further fortunately,
well understood about palecenvironmental problems based on other fossils or geological
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Fig 1 Index map showing the loeations of Miocene deposits in central Japan.

evidence (lloigawa and Shibata, 1973 0 Shibata, 1985, etc,),

In arder to attain the Intention, we are now accumulating information aboul steatigra-
|.t|1it_' distribution of radiolarians from those Miocene, Therefore, thia study preliminarily
aims at deseribing some of characteristic radiolarians from the Oidawara Formation,
which is apparently below the first appearance datum plane of Ewcwrtidinm asanof Sakal,
1980 (Salkal, 1084 . Funayama, 1988) and correlative with the Calocyelelia costale Zone
by Riedel and Sanfilippo (1978).  Spongodiscids and lthelllds, main constituent of the
Oidawara fauna, are unfortunately omitted in this time because of their insufficiently
known taxonomy. Hexalonchids, pyloniids, artostrobiids, ete., are also exeluded {or lack
of apace,

The location of the studied section shown in Fig, 2 and other details of the geologic
setting are mentioned in Sugivama (in press).

Systematic paleontology
Some deseriptive terms are given in Sugiyama (in press), Type and figured specimens
are deposited in the Department of Earth and Planetary Sciences, School of Science,

Nagoya University (ESN).

Sphongoplegma wipponicim (Nalknselo)
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Pl 15, figa 8a, 8b
Rhodosphaera nipponica Nalkascko, 1966, po 756, ligs. bhah.

Spongoplemea variahilinm Naloselo
Pl 15, flgs. 5, 9a-10
Spongoplepma vaviabilivm Noknaseko, 1971, p, 64, pl. 1, figs, | nd,

The cortex is variable from single to double or possibly composed of more layers. In
this study specimens without a rough sphere between the cortical and medullary shells are
ndmitted to this species. However, as pointed out by NMakaseko and MNishimura (1974,
this specied may be a Junior objective synonym of 5, nipponicin,

Didtvimocvetis tubaria (Haeckel)
PLO1G, fig. 1
Pipettaria fubavie Haeckel, 1887, p. 338, pl. 39, fig 15,

Picvimocvriis violing (Haeckel)
Pl 16, Tig, 2
Cannarfiis violine Hacckel, 1887, p. 358, pl. 39, fig. 10.
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Exeentrosplaerella sphacroconcha Dumitrica
PL 12, figa. 1, 2. PL 16, fig. 3
Excentrosphacrella sphacroconcha Dumitvica, 1978, p. 238, pl. 5,
figs. 17, 18, 22,
The externality of the cortical shell Is consgiderably vaviable from amooth to spinous,
Moreover, there are many individuals having a single or triple cortical shell,

xeandracocoies anntilatns Dumitrica
Pl 12, fig. 4. PL 16, (g 4
fvcontrococus annnlatns Dumitricn, 1978, p.o 238, pl. 2, fig. 12,
pl. 5, figa 19, 23.

Helfodisens sp, aff. H. ecliinisens Haeckel
Pl 16, fig, 8
all. Heliodisens eelinisens Haeckel, 1887, p. 448, pl. 34, fig. &,
The ghell natures, including ita Internal structure, I8 similar to M, echiniscus, oxeept
thiit this species does not have thicker radial spines at all.

! 'ﬁrfphmrmt decora Ehrenberg group
Pl. 16, figs. 6, 6
Periphaena decora Ehrenberg, 1873, p. 2460 1875, pl, 28, fig. 6,
Heliodisens (Hefiodiscoma) salwrnalis Clark and Camphell, 1942, p. 41, pl. 3, figs
Eccentricity of the inner medullary shell is havdly recognized.

Shtosplueera () magmaporafoss (Clark and Camphell)
Pl. 12, figs. 5-7, 10: PL 15, figs. 3, 4, 6, 7
Carposphacre  (Melitosphaera)  magnaporafose Clark and Camphell, 1942, po 21, pl 6,
figa. 15, 17, 21, 23,
Melittosphacra (Melittosplaera) maganaporadose (Clark and Campbell) - Nakaseko, 1955, p,
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phacrid shell atructire,



Middle Miocens radiolariang from the Gldawarn Formntion 204

71, pl. 1, fig 2.
Melittosphaera (Melittosphaera) magnapovalosa (Clarle and Campbell) spinedose Nalkaseko,

1956, p. 72, pl 1, fig 4.
Darvienelidinm (Dovvlonchidinm) magnaporalosion Nakaseko, 1966, p, 77, pl. 2, fig. 6,
¢ Stvlosphacra (Stvlosphaerantha) afl. megaxyphos megaxyphos Clark and Campbell - Nakase-

ko, 1955, p. 78, pl. 6, figs. 1a, 1h,
Sphagrasivlis (Sphaevostvlus) vatstocnsts Nakaseko, 1955, po 79, plo 3, fgs La, 1h

Cortleal shell small, spherical to subspherical; pores velatively large, civcular; bars
thick, oval in cross section, variable from smooth lo nodulated.  Secondary meshes
gometimes developed from the bars to cover the pores, Medullury shell single, pyriform,
composed of a smaller upper hemisphere and a larger lower hemisphere: pores small,
cireular; bara thin, clreular in cross section,  Intervening bars between the cortical and
medullary shells consisting of twa groups; vertically and horizontally placed main beams
and secondary beams developed less than 45 up- or downward (termed by Mishimura,
1982)., Main beams are thick and always threesbladed, whereas secondary beams are
much thinner and variable from eylindrical to three-bladed, Secondary beama from the
upper hemisphere are sometimes absent (P14, fig. Gl, Two polar spines considerably
variable from simple vestiges to long and three-bladed; the apleal polar spine (APS) is as
long ns or shorter than the bhasal polar spine (BPS), Both of them are sometimes alsent.
Equatorial spines (ES) needle-like or bladed, variable in length and often abaent,
Schematic illustration of the shell structure is given in Fig. 3, Nakaselo {1955)

distinguished three species based on the development of spines, but his action was undoubt-
edly artificial, Tt is supported by the presence of infinite intermedinte forms between them.
Although we are |.||'|fu:'lun.*llu|y uncertain whether Nalkaselos (1958) materials are truly
identical to Clarle and Campbell's  (1942) orviginal Melittosphaera magnapormfose or not,
those forms are provisionally synonymized to it. Moreover, the generie assigninent should
be changed to a stylosphaerid genus because of the pyriform medullary shell, but the
precise delermine cannot be done due to our insulficiently known atylosphaerid taxonomy,

H:‘y.f.r.:.':,b."frrr.'n'f () Hamst {(;;tmplmll and Clark)
PL 12, figs. 3, 4. PIL 15, figs 1, 2
Lithatvactus fimmsi Campbell and Clark, 1944, pp. 18, 19, pl. 2, figs. 18, 19,

This apectes 18 conspecific to Lithatractus tochigicnsis ustrated by Makaseko and
Sugano (1973, 1975) but the latter species is pomen audwm, The original deseription by
Campbell and Clark (1944) mentioned that the specles has equal polar spines, but it is
obviously mistalken, The relationship between the external spines and internal shell
structure completely agrees with the preceding species exeept that APS of thia species ia
never ao long, Moreover, many individuals have polar spines crossing one another at an
abtuse angle. The generic assignment s tentative as well as the preceding species,

Axoprianiem bispieitiom (Popofaly) group
Pl, 12, fig. 9% Pl 16, figs. 7, 9a, 9b
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Stewracontarinm bispicilon Popofsky, 1912, po 91, pl, 2, fig 2,
Druppatvactus aquilonius Hays, 1070, po 214, pl. 1, figs. 4, 5.

Stlatracties valswoensis Nakaseko and 5, japonica Nakaselko illustrated by Nakaseko
and Sugano (1975) are conspeeific to this apecies but they are nomen wiedum,

Niphosphaerantha amgeltng (Campbell and Clark) group
Pl 16, figs, 10, 11a, 11b
Stvlesphacra angeling Campbell and Clark, 1944, p. 12, pl. 1, figs. 14-20,

Dienelrospyris (1) supanol sp. nov,
Pl 13, figs, 4, 51 PL 20, figs. 5-6¢

Primnary cephalie barva thick, oval in eross section, bearing large, irregularly sculptured
nodes at the junctions, In typical specimens delicate secondary meshes, free [rom the
cephalic bars, are densely present among the nodes. A extending upward from sagitial ring
to form n small spine outside, Twao | thicker than iwo L, connecied to a basal ring which
I8 formed of arches two DI, two LI and LL, and always independent of dorsal side of shell
will,  The development of Ax s weak, sometimes hardly recopnized. Collar siricture
indistinet externally. Thorax elliptical in cross section, slightly tapered or flared distally,
with three or more bladed terminal teeth ineluding prolongations of D and two L. Thoracic
bars thiclker than cephalic ones, forming irregular shaped pores of various size, Character-
istic cephalic nodes gradually disappeared onto thorax and, instead of them, small and
simple nodes appear on thoraeie bars,  Secondary meshes rarely developed between
thoracic pores,

This species is one of the most alundant acanthodesmiids from the Oldawara Forma-
tion, Ita generic agslgniment remaing dncertain beeause acanthodesmiid taxonomy is poorly
understooad,

Helght of teat 120-180 g2m: maximum width of test 95-140  gm; based on 35 speci-
mens,

This species i named after Dr. Kozo Sugano of Osaka kyoiliu University, who first
investigated radiolarians from the Oldawara Formation, in honor of his contribuition on
Cenozole radiolarian study.

Denelrospyris () sakaii sp. nov,
Pl 13, figs. 3, 6. PL 20, figa 3-dc

Cephalis L‘Il:fi-u'ly tworlobate externally, without an apical spine; bars thinner than those
of the preceding species, forming small, elreular to oval cephalic pores and relatively large
sagittal-lattice pores (Goll, 1958),  bearing many, simple nodes on themselves, Sccondary
meshes are often present, but they are independent of the nodes and developed between
pores. Two | are completely fused with the basal ring when one views from the base, Ax
moderately developed, Thorax roughly lattieed; the proximal part generally consisting of
six or more longitudinal bars, one of which is a prolongation of D, and plerced by
subcircular pores of large size, and the middle to distal part formed of thinner bars,
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terminated in needle-dike or distally forked teeth, Thoracic pores change into angular
ghape of smaller size, Secondary meshes possibly developed on the proximal part of
thorax.

This apecies resembles 2, (7) suganai from which it 18 distinguighed externally by the
feature of cephalic secondary meshes and lacking an apical spine and internally by the
amalgamation of two | and the basal ring and the development of Az 1t {2 also provision-
ally nssigned to Dendrospyris in this study as well as the preceding species, but they should
be separated at generic level in future judging from their skeletal differences. 2. (7) sakaii
alsa represents one of characteristic acanthodesmiida from the Oldawara Formation.

Height of test 115-185 gm; maximum width of test 95-143 gm; based on 22 apeci-
Mensa,

This species s named after Prof, Tovoaaburo Sakai of Utsunomiya University in
honor of his contribution on Cenozoie radiolarian study,

Bareadospyris foveipata (Haeckel)
Dipodospyris forcipale Haeckel, 1887, p. 1037, pl. 85, fig, 1.
The specific concept Tollows Sanfilippe et al, (1985),  For the ilustration see
Sugiyama (in ].11‘:.".1:1).

Ceratocyriis stoprmeri Goll and Bjgricund
Ceratocyrtis stoermeri Goll and Bigrklund, 1989, p. 731, pl. 5, [lgs. 5-9.
FFor the description and illustration see Sugivama (in press),

Ceratocyrits () cantharaides sp, nov,
Pl 13, figs. 1, 21 PL 20, figs. 1-2Db

Eucephalis hemispherical, with numerous conical to needle-like by-spines, pierced by
smill, eiveular to oval pores; bars civeular to oval in eross section, Ante- and posteephalic
lobes moderately developed. Internal skeleton as with genus (see Sugiyima, in press) bul
Ax is always wart-like, A extending outside cephalis and having one or two, posaibly more
short branches on the dorsal side. They form a flat, characteristic apical spine. V also
extending into a short apine which is bladed or non:-hladed and flatted in the sagitial plane,
Thorax varinble in shape from inflated confeal to nearly eylindrical; bars thicker than
cephalic ones; pores subcircular, distally aligned in longitudinal rows. Thoracic margin
with numerous needledike terminal teeth prolonged from thoracic ribs,

The generle assignment remains tentative since its smaller test and wart-like Ax are
vather different from other species af Cesatocyitis,

Height of test except apical spine 85-140 gm; maximum width of thorax 78-118 pm;
length of apical spine up to 53 2m; based on 24 specimens,

The name 18 derived from the Greek Aashizros, o beetle, alluding to ite apines,

Ceratocyrtis (7) sp, aff, Ceratocyrlis stgi (Bjgrklund)
Pl 13, fig. 13 PL 18, figs. 61, 6h,
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aff. Lithomealissa stigi Bigrlklund, 1976, p 1125, pl. 15, figs. 12-17.

This species somewhat resembles € sty in its general shape, but differs from it in
having smaller pores aligned in longitudinal rows on the lower thorax and numerous
terminal teeth at the thoracic margin, s antecephalic lobe is not 80 pronounced exter-
nally, and thoraeie shape 8 truncated frustum ather than campanulate. The internal
skeletal structure is similar to €, (%) eantharoides sp. nov, but the apleal spine of this
apecies i not a prolongation of A but free from skeletal elements.

Prewdodicivophimis gracilipes (Bailey)
Pl 18, fig 2
Dictyopliimns gracilipes Bailey, 1856, p. 4, pl. 1, fig 8,

Eweenariien jovegensend (Dumitrica)
Pl 18, flga, 14a, 1Db
Elathronittra jocrrensent Dumilrica, 1978, p. 240, pl. ¥, fig. 1.

The thoracic length and ornamentations are variable among the examined specimens,
This species represents one of the most charncteristic radiolarians from the Toyohama
Formation, Morozakl Group (listed as Euseendwm ap. afl £ tecolpion in Table 1 of
Sugivama, 1992),  Against the fact its occurrence in the Oidawara Formatlon s extreme-
ly rire,

Calocvelelia (Calocveletta) virgints Maeckel
Pl 19, fig, 6
Calocyelas (Calocyeleita) eivginis Haeckel, 1887, p. 1381

Catoeveletin (Calocyelissimea) costata (Riedel)
PL 14, fig. 11 PL 19, flg. 9
Celocyelas costate Riedel, 1959, p. 296, pl. 2, fig. 9,

Cefocyetelie miznamionsis sp, nov,
Pl 14, fig. 10 PL 19, flg. 2-5, 7a-8

Calocveletta sp. - Sugano, 1976, pl. 8, figs. Ga, Gh

aff.  Theveyrbis nosp, - Nakaselo, 1963, p. 180, text-fig 13, pl. 2, figs. 6a, Gb, 9a, 9
L,
afl, Theecyrtis boap, - Makaseko, 1963, po 181, text-fig. 14, pl. 2, lig 5,

Cephalis small, subspherical, pierced by small number of cireular pores, having a
relatively short, proximally or completely three-bladed apical spine.  Cephalic wall
thickens as the blades become acute and complete, and the ornamentation by miero-
granular silica also disappears, Internal skeleton composed of A, D, two L, two |, V and Ax.
A extending into the base of one blade situating on the dorsal side, D and two L extending
downward nlong thoracle wall, Twao arches AL as with genus, distinet from basal view, Ax
generally well-developed, twiggy, extending to the base of thorax, Collar stricture distinet
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externally, often marked by subcircular pores of relatively Tnrge size. Thorax hemispher
ical, with many longitudinal ridges between which elveular pores are allgned in a line and
hexagonally arvanged, Lumbar stricture is fairly indistinct externally, whereas thorax and
ahdomen are internally partitioned by a thick septum which has two rows of cireular pores
on the elreumference,  Abdomen short, thin, eylindrical to inverted frustum, with many
terminal lamella-like foel which are fragile and often broken off. Abdominal pores amaller
thin thoracie ones, aligned in lHones between longitudinal ridges continued from thorax,

This species is distinguished from C. elggdinds by having longitudinal vidges on the
thorax, although the shape of s cephalothorax is apparently common to O pisginis,
Specimens with thick walled cephalis (IPL 19, figs, 2, 3 have somewhat similar outline
to €, costate, but differs from [t in having a relatively short, bladed apleal spine. Recently,
Sanfilippo and Riedel {1992) distinguished three subgenera in L‘ﬂfr.:r.;y!f.'iﬂﬂn, but the sub.
generic assignment of C. niizaianiivisis 4 reserved, Moreover, it 18 uncertain whether this
apecies s an intermediate representative from C. wivginds to C, cosfafi or not,

Heipht of cephalothoras excepl apical apine 85-110 Jeim; maximiim widih of thorax
B0-100 gy length of apical spine 30-70 gm; based on 20 specimens,

The specific name is decived fram the Mizunami Group, Mizunami City,

Leanfrrocvelas mavgatenses (Campbell and Clark)
Pl, 18, fig, ¥
Calocyelas (Calocyelelfa) margetensis Campbell and Clark, 1944, po 47, pl 6, figa. 17,
18.

Leamprocyrtis havnai (Campbell and Clark)
Pl 14, fig. 8. PL I8, figs. Ga, 6b
Calocyeles (Calocyveletta) hennad Campbell and Clavk, 1944, p 48, pl 6, figa 21, 22,

Theacorvthin cvtindricem (Nakasgeko)
PL 19, figs, ladc
Celvevelas (Calocyeleita) cylinedyica Nakaseko, 1955, p. 101, pl 8, figs, 8a, 8 b,
Internal apicule of pterocorythid type: A extending upward, becoming a part of
cephalic bars beyond the junction of two arches AL, and (inally prolonged into one blade on
the apical spine, D and two L extending downward along thoracic wall, Ax generally small.

Cyeladophora sublimerns Lombari and Lagarus group
Pl 13, figs. 11, 12 Pl 18, fig. 3
el Diplocyelas T a ap. - Nakaseko, 1963, p, 178, Text-fig. 11, pl 2, figa. 3a, 3b
Cyveladophora cabrilfoensis subliomerus Lombari and Lazarus, 1988, p. 120, pl. B, (g,
=12,

The examined specimens generally have welldeveloped eylindrical abdomen on
which twao or three hovizontal alignment of pores arve present, The lower thorax s dlso
often cylindrical.  The internal skeleton of theoperid type; A extending into a stoul,
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Abdomen is abment but other features well agree with L, (C.) feanvthoiay,

Lychnocanoma copdea (Clark and Campbell)
Pl 14, fig. 9
Lychnocaninm (Lychnocanella) conicim Clark and Campbell, 1942, p. 71, pl. 9, fig. 38,
Lyelocanii wippoiiciin Nakaseko - Sugrann, 197G, pl. 7, figs, 3a, b,

Lyclmocanoma rrfuugn.‘n (Vinanssn de Regny)
Pl 1%, figs. 2a, 2b
Tetraliwdving elongate Vinassa de Regny, 1900, p 243, pl. 2, fig 31,

Internal spicule of theoperid type; D extends downwiard into the base of one foot; two
L also extending into thoracie wall but without forming protrusions ouislde shell wall,
Anather foot situating at the ventral side of the sagittal plane is free from all internal
skeleton,

This species has a quite peculiar t'ulntfunhhip between the arrangement of two fect and
the internal skeleton, Such n type of skeletal protrusion is somewhat similar to Jurassic
gpecles of the genera Ares De Wever, 1981, Twranta Pessagno and Blome, 1982, and
Parares Takemurn, 1986, The ventral foot of this species is, however, not a prolongation
of V Ii contrast Lo those of the three genera,

Stiehocarys armafa {(Hacclkel)

Pl 14, fig. 5
Cyrtaphovinis armate Hacckel, 1887, p. 1460, pl, 78, fig, 17,

Stiehocorvs delmontensis (Camphell and Clark)
PL 14, fig. 6
Erucvrlidiem  (Eucvriis) detmontense Conmpbell and Clarle, 1944, p. 56, pl. 7, fig=. 19,
20,

Stichocorys (7) fohmsoni Caulet group
PL 17, fig. 4
Stichocorys jolmsond Caulet, 1985, p. 851, pl. 6, figs. 5, 6,
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Plate 12

Figa. 1, 2. Escentrosphaerella sphacroconcha Dumitrica.
1: ESN 146001, OD-26,
2. ESN 146902, OD-26.
Figs, 3, 8 Shvliosphaera (7) st (Campbell and Clark),
3. ESN 146903, OD-26,
8. ESN 146004, OD-18.
Fig, 4 Excontrococcus avntlates Dumitvica, ESN 146805, OD-26,
Figs. 57, 10 Shflosphacra (7) magnapolilosa (Campbell and  Clark),
60 ESN 146906, OD-28, odd specimen with a thin spine prolonged from a secondary
haam,
6: ESN 146907, OD-18,
71 ESN 146908, OD-27,
in: ESHN 146909, O1-26, specimen with well-developed secondary meshes,
Fig. 9. Axoprunum  bispicudem (Popofskey) pgroup, ESN 1468010, ODM26, sectioned
SpPeCimen.
All Seale bar = G50 g,
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Plate: 13

Figa, 1, 2. Ceralocyrtis (7) canthavoides sp, nov,
1: ESN 146911, OD-26,
2 ESN 146912, OD-18, specimen with o weakly developed apical spine,
Figs. 3, 6 Dendrospyris (7) sekati sp. nov.
37 ESM 146913, OD-28,
G ESN 1468914, OD-27,
Figa. 4, 5! Dendrospyris () suganoi sp. nov,
4 ESN 146815, OD-27.
5. ESN 146916, OD-27,
Figs, 7, 8 Lipmanella hister (Petrushevsloaya).
7. ESN 146917, OD-28,
B ESN 146918, OD-27,
Fig. 4 : L.t'ﬁu.#l.rmfﬂn s, SN 146919, OD-24,
Fig, 10 ¢ Lipmanelle ap. A, ESN 146020, OD-26.
Figs, 11, 12 Cyeladophora sabluonerus Lombard and Lazarus group
11! ESHN 146921, OD-18,
12 ESN L6022, OD:18,
Fig, 131 Ceratocvrtis (1) sp. afl, C stigé (Bjgrklund), ESN 146923, OD-26,
All seale bar < G50 um.
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Plate 14

Fig, 1. Eucyrtidivm calverfense Martin group, ESN 146924, OD-28,
Fig, 2 FEuwevelidiiom sp., ESN 146925, OD-26,
Figa, 3, 4. Buwcyelidivm elenkowskii Haeclel group,

4. ESN 146026, OD-18,

4. ESN 146927, OD-28,
Fig, 5. Shchocorys armata (Hacckel), ESN 146928, OD-2§,
Fig. 6 Stichocorys debmontensts (Campbell and Clark), ESN 146929 OD-27,
Fig. 7. Cyrlocapsella () isopera Chen, ESN 146080, OD-26,
Fig, 8. Lamprocyrtis henal (Campbell and Clark), ESN 146031, OD-24,
Fig, 9 Lychnocanoma conica (Clark and Campbell), ESN 146932, OD-28,
Fig, 10 1 Calocyvelella miziiamiensis sp. nov,, ESN 146033, 0OD-27,
Fig, 11 Celoeyeletta (Calocyelissima) costata (Riedel), ESN 146934, OD-26,
All scale bar = 50 gm.
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Plate 15

Figa, 1, 21 Stlasphaera (7) Haemsi (Campbell and Clark).
1: ESN 146935, OD-26,
2. ESN 146936, OD-26,
Figs. 3, 4, 6, 7. Shvlosphaera (?) magnapolurosa (Campbell and  Clark).
3: ESN 146937, OD-26,
4 0 IEBN 146938, QD28
6: ESN 146939, OD-13,
7. ESN 146934, QD-27,
Figs. 5, 9a-10: .ﬂbum.‘nm'egnm veerterbifiiem Nakaselo
5 EBN 146941, OD-28.
§: ESN 146943, OD-28,
10 ESN 146944, OD-28,
Figs, 8a, 8l Spomgoplegma wipporicuom (Nakaseko), ESN 146942, OD- 28,
Seale bara: 8b oand 9b = 20 gmy others = G0 g,
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Plate 16

Fig. 1. Didymocyrtis tnbaria (Hacckel), ESN 146945, OD-26.
Fig, 2. Didviocvrtls violina (Hacckel), ESN 146046, OD-18,
Fig, 31 FExcentrosphaerella  sphacroconcha Dumitrica, ESN 146947, OD-26, seclioned
apecimen. Note excentrically situated inner medullary shell.
Fig. 4. Eveentrococens anntlatus Dumitrica, ESN 146948, OD-18, sectioned specimen.
Note excentrically situnted inner medullary shell.
Figs, 5, 6 Feriphaena decova Ehrenberg group,
5 ESN 146949, OD-26, sectioned specimen showing the inner  medullary shell,
6. ESMN 146950, OD-28,
Figs. 7, 9a, 9b: Avopramum bispieniom (Popofskey) group.

71 ESN 146051, OD-26,

9. ESN 146952, OD-26, sectioned specimen. This specimen has an unusual, oblique-
ly developed connecting bar between the cortical and medullary shell. 9b is an
enlargement of the medullary shell from oblique sagittal view, A hali of the
heteropolar microsphere is broken. MB s pointed by an arrow.

Fig. 8 Heliodisens ap. afl. H. echinisous Haeckel, ESN 146953, OD-26,
Figs. 10, 11 a, 11 b Xiphosphaerantha angeling (Campbell and  Clark) group,

100 ESN 146954, OD-28,

111 ESN 146955, OD:26, sectioned specimen. 11b is an enlargement of the
medullary shell from sagittal view, MB is pointed by an arrow. Seale bars: 9 b and
11D = 20 gm; others = 50 g,



K. Sugiyama and H. Furutani Plate 16




Plate 17

Figs, 1n, 1YW Lipmenella sp. off, L, rvedondoensis (Compbell and  Clark), ESN 146956,
0OD-18,

Figs, 2n, 2h Lyehnocanoma elongate (Vinnssa de Regny), ESN 146957, OD-8.

Fig. 31 Lithopera thermburgt Sanfilippo and Riedel, ESN 146958, OD-26,

Fig, 4 Awrtophormis johnsoni (Caulet), ESN 146959, OD-27,

Fig. 61 Euevetidin calvertense Martin group, ESN 146060, 0D,

Fig, 6. Fueyrlidivm cienkowshii Hacckel group, ESN 146961, OD-13,

Fig. 7: Eucvwbidivn yalswoense Nakaseko, ESN 146062, OD24,

Fig, 8. Lophocyrtis (Cyclamplerivm) sp, cf, L. (C) fanvithoray (Sanfilippo and Riedel),
ESN 146963, OD-21,

Flgs, 98, 9b; Cyrtocapsella (7) fsopera Chen, ESN 146964, OD-26,

Fig, 10 Cwrlocapsella juponies Nakaseko, ESN 146065, OD-26,

Flg, 110 Cyelocapsella cormile Hacckel, ESN 146966, OD-18,

IFig. 12 Cwrlocapsella tefrapera Nacckel, ESN 146067, OD-28,

Scale bara: 1h, 2b, 5 and 6 = 20 gim; others = 50 gim.
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Plate 18

Figa, 1a, 1 b Excenarivm jocrgensend (Dumitrica), ESN 146068, OD- 18, AL in Fig,
means an arch connecting A and L,

Fig. 21 Paeudodictiophimus gracilipes (Bailey), ESN 1dgo60, OD 18,

Fig, 3: Cveladophore subhenifs Lombarl and Lazarus group, ESN 146070, OD-18,

Figa, 4 8, 4 by Cveladaphora cosma Lombari and Lazarus, ESN 146671, OD-18,

Figs. 50, 5b: Lamprocyeitis hennal (Campbell and Clark), ESN 146072, OD-27,

Figa. 6a, 6 b Ceratocyrtis () sp, aff. €. stigr (Bigrklund), ESN 146673, OD-24,

Fig, 7. Lamprocyelas marvgatensis (Campbell and Clark), ESN 146974, OD-28,

Seale bars: 2b, 4b, 5b and 6b = 20 xm; others « 50 gm,

1b
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Plate 19

Figa. 1 a-1 ¢ Theocorvthim cylindricion (Nakascko), ESN 146975, OD-26,
Figs, 2-5, a8 Calocyelettn mizunamicnsis Sugiyama sp. nov.,

2. ESN 146976, OD-21,

3. ESN 146977, OD-18.

4: ESN 146978, OD-26,
5. ESN 146979, QD7
¢ ESN 146080, OD-27,
. Holotype, ESN 146981, OD-26.
Fig. 6 : Calocveletta (Calocveleita) vivginis Haeekel, ESN 146982, OD-26,
Fig. 9 Calocyelefia (Calpcyelissima) costala (Riedel), ESN 146983, OD:26,
Senle bars: 1h, 1eand 7h = 20 gm; others = 50 g,

o -3 T
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Plate 20

Figs, 1-2 b Cerarocyrits (7) eanbharofdes 8p. nov,
1. ESN 146984, OD27,
2 Holotype, ESN 146085, OD-26,
Flgs, 3-4 ¢ Dendraspyrts () sakaii sp, nov,
4 ESN 146986, OD-18,
4 : Holotype, ESN 146987, OD-27,
Figa, 5-6 ¢ Dendvospyris (7) suganod sp. nov,
5: ESN 146988, OD-26,
6. Holotype, ESN 146989, OD-26.

Scale bars: 2h, db, 4e, 6b and Ge = 20 gm; othera -

50 pm,
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