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AsmstracT: The geologic structure of the Carboniferous Hina Limestone exposed at Hina, near Nariwa,
Okayama Prefecture, is described with the aid of subsurface data obtained from boring cores, and the geologi-
cal age is discussed from the standpoint of brachiopod fauna.

The Hina limestone forms a complicated folding structure for the most part overturned towards the south,
and is marked off by thrust-faults from the northern non-calcareous Permian rocks and the southern Upper
Triassic strata, The axial planes of folding, as well as the thrust-planes, seem to incline steeply in a deeper
part and then become nearly horizontal upwards. The writers are inclined to consider that the limestone
is not a “Klippe” but a mass squeezed out or injected from the deep-seated autochthonous complex.

Brachiopods from the Hina limestone and the neighbouring Shodera limestone are classified into two
faunal types: the one is characterized by Spirifer sp. aff. S. besnossovae ABrAMOV, Schizophoria sp. aff. S. re-
supinata (MARTIN), Syringothyris sp., etc., of which the first is most predominant, and the other by the abun-
dance of Striatifera striata (FiscHER), with Schizophoria sp. aff. S. resupinata (MARTIN), Phricodothyris insolita
GEORGE, etc. The former is distributed in the Endothyra zone, the lowest foraminiferal zone of the limestone,
and the latter in the overlying Eostaffella~Millerella zone. It may be concluded that the Spirifer sp. aff. §.
besnossovae fauna is assigned to the early Visean in age and the Striatifera striata fauna to the late Visean.
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I. INTRODUCTION

Along the southern margin of the non-metamorphic Upper Paleozoic terrain in the Oga
district, a part of the Kibi plateau, central Chugoku, there are ten or more small masses
of limestone mostly of Carboniferous age which are thrust upon the Permian non-cal-
careous rocks on the north and the Upper Triassic strata on the south. Since Ozawa
(1925b) ‘reported the late Mesozoic orogeny and related overthrust structure in the
Inner Zone of Southwest Japan, these limestone masses have in general been regarded as
“Klippen” arranged along the frontal margin of the “Oga Decke” (e.g. Kawar, 1951;
NaxkANo, 1952; YosHiMURA, 1961). The Hina limestone is a good example. It lies

167



Akira Hase and Michiaki Yoxovama

about 18 km. to the southwest of Nariwa (a well-known Triassic locality), Okayama Pre-
fecture. The exposed arca of the limestone and associated schalstein is about 2000 m.
from east to west and 800 m. from north to south.

Numerous wcll-prescwcd specimens of brachiopods were newly collected from 3
localities distributed in 2 horizons of the Hina limestone. A large collection came also
from the Shodera limestone, another small “Klippe” situated about 5 km. to the cast-
northeast of Hina. At the same time, by the courtesy of the Kokan Mining Co., Ltd,
a number of boring data were available for investigating the subsurface geology.

As for the geological age of the lower part of the limestone group developed in Akiyoshi,
Atetsu, Taishaku and Oga (all in the Chugoku district), to which the Hina limestone can
safely be correlated, there is a divergence of opinions among authors. Based on corals
the limestone group was at first considered to range down to the Visean (upper Lower
Carboniferous) (c.g. Ozawa, 1925a; Fujimoro, 1944), but later the Bashkirian or Namu-
rian age (lower Upper Carboniferous) was emphasized for the lowest part (e.g. MinaTo,
1955, 75).- Recently, OxiMura (1966) correlated it again to the Visean on the basis
of endothyroid and other smaller foraminifers, and Yanacipa (1962, 65, 68, 73a) offered
a similar view from his studics on the brachiopod fauna of Akiyoshi. Such being the
case, it is nccessary to examine the precise age of the lowest limit of the limestone group
in cach outcropping arca through various kinds of fossils.

In this paper a possible interpretation somewhat different from the previous one is
proposed concerning the geologlc structure of the Hina limestone, and a discussion on the
brachiopod fauna and its..age is presented, The paleontological description will be
pubhshed by the junior author in future.
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II. StrRATIGRAPHY

As in the Akiyoshi and other limestone groups in the Chugoku district, the Hina lime-
stone is underlain by the 'so-called schalstein. The zonation based on foraminifers
is also concordant with that of the lower part of these limestone groups. The stratigraphic
succession is summarized as follows in ascending order.

1) Basal schalstein: Composed of basic lavas and tufis of dark greenish, dark reddish
or variegated colour. An agglomerate or a tuff-breccia occurs locally. Layers, lenses
and ‘nodules of limestone, sometimes tuffaceous, are included in the upper part. The
limestone contains a foraminiferal assemblage quite similar to that of the Endothyra zone.
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The thickness is roughly estimated at 100 m. or so, though the lowest limit is not exposed.

2) Main limestone: Composed exclusively of massive, milky white to dark gray
limestone. It is mostly bioclastic, with fragments of crinoids, bryozoans, calcareous
algae, etc. (crinoid fragments predominant). The matrix is in some cases micritic and
in others sparry (micrite predominating over sparite). An oolitic limestone is rather rare.
Patches of algal biolithite occur at places. The.following foraminiferal zones, though
at the generic level, are recognized. ' : ~

a) Endothyra zone: Endothyra is abundant and ubiquitous and Endostaffella, Endo-
thyranopsis, Mediocris, Palaeotextularia, Climacammina, Tuberitina, Tetrataxis and Archaediscus
are also not uncommon, though most of them range up to the overlying zones. . The
thickness is less than 150 m. This zone is usually divisible into two subzones; the lower
and the upper. The lower subzone is characterized by Endostaffella and a species of
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Mediocris (M. breviscula), while the upper by Endothyranopsis and another species of Medi-
ocris (M. mediocris). Compared with OKIMURA’s zonation (1966) in Akiyoshi, Atetsu and
Taishaku, the former may possibly be equivalent to the Endostaffella delicata zone and
the latter to the Mediocris mediocris-M. sp. A zone.

b)  Eostaffella-Millerella zone: Characterized by the appearence of Eostaffella and
Millerella, of which the latter is not so common as the former. Glomospira and Globival-
vulina are also characteristic. The thickness is estimated approximately at 100-150 m.
At Takahara, the eastern part of the surveyed area, the Endothyra zone is in some places
lacking and the limestone of the Eostaffella~Millerella zone overlies directly the schalstein
[see the geological map (Pr. XV) and the columnar sections of borings NO 5 and TA 4

(Figs. 1, 3)]. Therefore, a disconformity is presumable at the base of the Eostaffella—
Millerella zone.
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c) Pseudostaffella zone: Containing characteristically Pseudostaffella, in addition to
Eostaffella and Millerella. The thickness of the outcropping part is 50 m. or less.

d) Profusulinella zone: Only from one of the cores of boring IW 2 (Fig. 7) at Ishigusa,

the western part of the surveyed area, Profusulinella is found associated with Pseudostaffella,
Staffella, Eostaffella, etc.
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III. GEOLOGIC STRUCTURE

As both the limestone and the schalstein are for the most part massive, the strike and
dip being hardly measurable, the geologic structure can only be concluded from tracing
~ foraminiferal zones as well as rock-units. For this purpose, about 200.thin sections were
prepared from exposures on the ground and about 100 from samples in underground bor-
ings and levels. The selected boring data are shown on Figs. 1-7.
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1. Structure within the Hina limestone

As shown on the geological map and profiles (Pr. XV), the schalstein is exposed narrowly
along the northern margin of the limestone mass with a general trend of WNW-ESE.,
Interspaced by the limestone mostly of the Endothyra zone, the schalstein crops out again
at Takahara (eastern areca) and Ishigusa (western area) in the median part of the mass.
From this distribution a syncline is inferable there. This is ascertained by borings at
Takahara, where the schalstein lies beneath the limestone at a depth of 116.28 m.,
91.23 m., 59.93 m., 98.97 m., 137.85 m. and 130.56 m. under the ground in TA 1, TA 2,
TA 3, TA 4 (Fig. 3), TA 5 and TA 7, respectively. In NO 10 at Ishigusa the whole of
140.08 m. is composed of limestone. Judging from the depth where the schalstein appears,
the strata seem to incline rather steeply. Moreover, the intervening occurrence of the
Eostaffella~Millerella zone at Takahara may suggest the existence of the folding of the’
second order.

The belt of schalstein in the median area corresponds to an axial part of anticline, and
on its southern side crop out the limestones of the Endoth wra, Lostaffella-Millerella and
Pseudostaffella zones successively, though there is a disorder in distribution according to
the folding of minor scale. The boring data show that this anticline is overturned towards
the south. In H 9 (Fig. 4) at Takahara, the limestone of the Endothyra zone lics beneath
the schalstein at a depth of 20.52 m. under the ground and ranges down to a depth of
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IW 2
(455 m.) * [Tuberitina
P F-220.50— Endothyra
Palaeotextularia
Tetrataxis
Eu . [Endothyra | | gg:gg:]ﬁ]e;la
- 28.35— ;:3:22?;‘;5 Pseudostaffella
.T beritd LProfusulinella
[ Tuberitina . .
----- Glonospira -255.50— 0} inpcamina
__.',‘9 go —| Endothyranopsis (Eostaffella
: Janishewskina?
‘Palaeotextularia
Tetrataxis
Globivalvulina
Mediocris
[Eostaffella ers
Tuberitd Tuberitina
uberitina Endothyra?
--- 84, 25— %ndothyra r-298.00 Mediocgis -
etrataxis Eostaffella?
LGTobivalvulina?
M Tuberitina M cpio
Glomospira 341,10 Eggg:;1§:'2a
| 128.50 ,?;1’;’:‘;:’;"1!‘:"3 e Palaeotextularia
Globivalvulina? Eostaffella
Eostaffella
Tuberitina
Glomospira L-38L4,60— Tetrataxis
L .173.35 Endothyra
Palaeotextularia
Globivalvulina?
Eostaffella
| Globivalvulina?
424.90 42180~ ctartella
* 4ag, 55 ==

Fre. 7. Columnar section of the boring IW 2,

203.87 m. In NO 9 (Fig. 5) at Ishigusa the upper Endothyra subzone underlies the lower
subzone, and in NO 12 (Fig. 6) the Eostaffella~Millerella zone does the Endothyra zone.
Furthermore, in IW 2 (Fig. 7) the Endothyra, the Eostaffella~Millerella, the Profusulinella
and again the Eostaffella—Millerella zone are recognized downwards; thus the strata are
in reversc order and then return to normal. It secems that the dip of the strata, though
steep near the schalstein, becomes gentler in the upper zones, judging from the wide
distribution of the Eostaffella~Millerella zone, under which Pseudostaffella occurs in the 275
m. level at Takahara.
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To sum up, the Hina limestone forms a complicated folding structure which is over-
turned towards the south in the median and southern areas. The axes of folding run
in a direction of WNW-ESE or E-W, and the axial planes dip steeply in the deeper part
and then become nearly horizontal upwards (southwards).

2. Relationships of the Hina limestone to the adjacent Permian and Triassic rocks

While Kopayasur (1941, 50) was of opinion that the Hina limestone is covered on its
northern side by the non-calcarcous Upper Paleozoic rocks (chert and alternation of
sandstone and shale of YosumMura’s Yoshii group, 1961), Nakano (1952) regarded
this relationship as a fault. In the borings TA 2 and TA 5, the chert and sandstone occur
beneath the limestone-schalstein sequence at a depth of 98.08 m. and 140.00 m. under
the ground, respectively. The plane connecting the boundaries on and under the surface
dips to the south with an angle of about 55 degrees.  As the Yoshii group is of Permian
age, this is a thrust-fault. '

As has well been known, the limestone is thrust upon the Upper Triassic Nariwa group
on its southern side (in some places also upon the Lower Cretaccous Inkstone group;
NAKANO, 1952). In the boring IW 2 the Triassic shale appcars at a depth of 424.90 m.
under the ground, underlying a series of limestone. The plane connecting this point with
the boundary on the surface dips to the north with an angle of about 60 degrees, even if
it might become gentler as the thrust-sheet is advanced forwards. The high-angled
thrusts on both sides of the limestone mass are also suggested by nearly straight boundary
lines relative to a topographic relief.

A question arises whether the limestone (including the associated schalstein) is a
“Klippe” horizontally shifted from more or less remote place or a mass vertically squeezed
out (or injected) from a deeper part. Although the former interpretation has generally
been accepted by previous authors, the present writers are inclined to prefer the latter
from the following points.

1). The Hina limestone lics between the non-metamorphic Upper Paleozoic terrain
and the Upper Triassic one. To the cast of Takahara, there are wedge-like pieces of
schalstein inserted at and near the boundary of the two terrains. '

2) The high-angled thrusts on both the northern and southern margins.

3) The structural style of the limestone itself, with the axial planes of folding steep
in the deeper part.

In these respects, further discussion will be given in another paper, with available data
obtained from various localities.

IV. Bracuiorop FAunAs AND THEIR AGES

1. Brachiopod fossils

A large number of brachiopod fossils were collected from the Hina limestone at three
localities, THB 1, THB 2 (both at Takahara) and IGB 1 (at Ishigusa), of which the first
is in the Eostaffella~Millerella zone and the others are in the Endothyra zone. Another col-
lection was made from the Shodera limestone, a small limestone mass with underlying
schalstein situated about 5 km. to the east-northeast of Hina. Here, fossiliferous blocks
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derived from nearby exposures of the limestone belonging to the Endothyra zone are piled

up at the northern end of the mass.

This locality is symbolized as SDB.

The brachiopod species hitherto identified at each locality are listed below (A: abun-
dant, C: common, R: rare, VR: very rare).

1) Locality THB 1

Schizophoria sp. aff. S. resupmata (MARTIN)

Rugosochonetes sp.

Avonia sp.

Eomarginifera sp.
Dictyoclostus sp.

Striatifera siriata (F1scHER)
Neospirifer? sp.

Phricodothyris insolita GEORGE
The foraminifers coexisting with brachiopods are as follows:

Tuberitina sp., Glomospira

sp., Endothyra sp., Mediocris sp., Eostaffella etoi Ota, E. sp., Millerella ton:yamai Ora, M.
sp., Climacammina sp. and Globivalvulina sp. This foraminiferal assemblagc is charac-
teristic of the Eostaffella—Millerella zone.

2) Locality THB 2

Schizophoria sp. aff. S. resupmata (MARTIN)

Syringothyris sp.

Spirifer sp. afl. S. besnossovae ABRAMOV

" Phricodothyris sp.

The associated foraminifers are Endothyra sp., Endostaffella sp., Palaeotextularia sp. and

Spiroplectammina sp.

3) Locality IGB1

Schizophoria sp. aff. S. resupinata (MARTIN)

Tylothyris sp.

Spirifer sp. afl. S. besnossovae ABRAMOV

The associated foraminifers are Endothyra sp. and Mediocris breviscula (GAMELINA).

4) Locality SDB

Schizophoria sp. aff. S. resupinata (MARTIN)

Leptagonia sp.
Megachonetes? sp.
Gigantoproductus? sp.
Goniophoria sp.
Tylothyris sp.
Syringothyris sp.

Spirifer sp. aff. S. besnossovae ABRAMOV

Phricodothyris sp.

The following foraminifers are also found in brachiopod-bearing blocks:

Tuberitina

minima SULEIMANOV, T. sp., Endothyra sp. cf. E. prisca RAUSER and REITLINGER, E. sp.
cf. E. rotayi LEVEDEVA, E. sp. of E. bradyi MikuaiLov group, L. sp. of E. omphalola RAUSER
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group, E. sp., Mikhailovella sp., Endothyranopsis compressa (RAUSER and REITLINGER), E.
sp., Rhenothyra? sp., Endostaffella sp., Bradyina sp., Mediocris mediocris (VISSARIONOVA),
M. sp., Palaeotextularia vulgaris (REITLINGER), P. consobrina Li1PINA, P. sp., Climacammina
sp., Deckerellina? sp., Telralaxis sp. and Archaediscus sp. The foraminiferal assemblages
of THB 2, IGB 1 and SDB are characteristic of the Endothyra zone.

2, Consideration on geological age

There is a remarkable difference in faunal assemblage of brachiopods between the
Endothyra zone and the Eostaffella—Millerella zone. In the Endothyra zone, Spirifer sp. aff.
S. besnossovae is predominant at every locality of THB 2, IGB 1 and SDB. Other spirifera-
ceans, Tylothyris sp. and Syringothyris sp., are, though very rare, also characteristic. On
the other hand, the assemblage of THB | in the Eostaffella—Millerella zone is characterized
by the abundance of Striatifera striata, with other productaceans such as Awvonia sp., Eo-
marginifera sp. and Dictyoclostus sp. The occurrence of Phricodothyris insolita is also worthy
to note. Schizophoria sp. aff. S. resupinata is the only species common to all localities.

The known stratigraphic ranges of the Hina and Shodera species or their close affinities,
together with the ranges of the genera, are shown on Table 1 (after WiLLiams et al., 1965,
Treatise on Invertcbrate Paleontology, Part H, Brachiopoda; and HaTAl & YANAGIDA,
1974, Brachiopoda, in Paleontology, New Edition, Part II; with a slight emendation).
At the generic level, the brachiopods from the Hina and Shodera limestones consist
mainly of the Lower Carboniferous elements, of which some range down to the Devonian
and some up to the Namurian, though there are several other longer ranging genera. The
identified species are too small in number to conclude an affinity with the known faunas
within and outside Japan; nevertheless the species significant for age-consideration are
contained. :

a. Age of the brachiopod fauna in the Endothyra zone

The representative species of this fauna, Spirifer sp. aff. S. besnossovae ABrRAMOV, is closcly
allied to S. besnossovae from the Kuranakhsan serics (lower Visean) of Sette-Dabana,
southern Verkhoyansk, Siberia (ABramov, 1970). It may-belong to the group of Spirifer
striatus (MARTIN) from the Lower Carboniferous of West Europe, and has some similarities
to S. humerosus PHILLIPS from the Omi limestone, central Japan (Havasaka, 1925), S.
sp. aff. S. liangchowensis Cuao from the Millerella zone of the Akiyoshi limestone (YANAGIDA,
1962), S. liangchowensis from the Visean Choniukou formation of Kansu, northwest
China (Cuao, 1929) and §. sp. cf. S. liangchowensis from the Visean of Mt. Morgan dis-
trict, Queensland, northeast Australia (MAXwELL, 1954).

Another important species of the fauna in question is Schizophoria sp. aff. S. resupinata
(MARTIN), which is closely related to S. resupinata, the type-species of the genus. Al-
though the genus Schizophoria has a long range from Silurian to Permian, S. resupinata
is limited to occur in the Tournaisian and Viscan, showing a wide geographical distri-
bution. In western Europe, S. resupinata has been recorded from the K-D zones in the
English Avonian and their equivalents in Belgium, with the most abundant occurrence
in the upper Visean D zone (DeLEPINE, 1928; Bonp, 1941; Pocock, 1968). The identical
or affinitive species reported from other localities are, for example, S. resupinata from the
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1970), S. sp. cf. S. resupinata from the upper Tournaisian of Babbinboon, New South Wales

(CampBELL, 1957) and the Tournaisian and Visean of the Bonaparte Gulf basin, north-
western Australia (RoBERT,.1971) and S: sp. aff. S. resupinata from the upper Tournaisian

(and possibly lower Visean) of Mt. Morgan district, Queensland (MaxweLL, 1954).

In Japan,. S. resupinata is known from the upper Tournaisian Ar
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kami massif (MiNaTO, 1952) and the Visean of Mitsuzawa, Kwanto massif (YANAGIDA,
1973b), and §. sp. aff. S. resupinata from the Millerella zone of Akiyoshi (YanaGiDa, 1962).

The occurrence of Syringothyris sp. is, though very rare, also noteworthy, because the
genus is one of the index fossils of the Lower Carboniferous. In the Kitakami massif|
it ranges from the uppermost Hikoroichi series to the lowest Ohdaira series, being most
abundant in the upper Arisu (MinaTo, 1951, 52; MiNaTO et al., 1953).

To sum up, it may be concluded that the Spirifer sp. aff. S. besnossovae fauna of the Hina
and Shodera limestones is assigned to the Visean in age, and considering the age of the
Striatifera striata fauna to be discussed below, the early Visean is preferable to the late
Visean.

b. Age of the brachiopod fauna in the Eostaffella~Millerella zone

This is represented by Striatifera striata (FiscHER), an aberrant productid with a wide
distribution and a restricted stratigraphic range. This species has been recorded from the
upper Visean in western Europe and its equivalent (Okan and Serpukhovan series)
in the Moscow basin (SARYTCHEVA, 1937). Other localities of S. striata are, for cxample,
as follows: the Namurian (Cjc) of the Donetz basin (lowest Namurian in West European
standard, 'AISENVERG et al., 1960), the upper Visean of Sette-Dabana, southern Ver-
khoyansk (ABramov, 1970) and the Visean of Kweichow and Yunnan, southwest China
(CHao, 1927, 28). It must be noted that in southern Verkhoyansk the horizon of
Striatifera striata is higher than that of Spirifer besnossovae.  Striatifera striata described from
the Omi limestone (Havasaka, 1925) is also conspecific with the Hina form. -

Another important species is Phricodothyris insolita GEORGE. Phricodothyris is a cosmo-
politan genus ranging from the Lower Carboniferous up to the Permian, showing its
acme during the Visean. In Britain, P. insolita has been reported from the upper Visean
D,-D; zones (GeorGe, 1931). The same species occurs also in the Millerella zone of
Akiyoshi (YANAGIDA, 1962).  Phricodothyris lineata (MARTIN) from the upper Tournaisian
and lower Visean of Queensland (MaxweLr, 1954) is similar to P. insolita.

As for Schizophoria sp. aff. §. resupinata (MARTIN), remarks are given in the preceding
paragraph. :

Summarizing the above, the Striatifera striata fauna of the Hina limestone may suggest
the Visean age, with a high possibility of the late Visean. In this respect, the fauna in
question is correlative with the Cleiothyridina fauna described by Yanacma (1962, 65)
from Akiyoshi, with some genera and species common to each other, though Striatifera
striata has not yet been known in the latter. ‘

c. Further consideration

While MivaTto and his collaborators (Minato, 1975; Minato & Karo, 1963) con-
sidered that the lowest part of the Akiyoshi and other limestones in the Chugoku district
is correlated to the Namurian or Bashkirian from the evidence of corals, OkiMura (1966)
assigned it to the Visean on the basis of endothyroid and other smaller foraminifers.
Yanacipa (1968, 73a) offered a similar view through his study on brachiopods, sug-
gesting the late Tournaisian or early Visean age of the lowest part of the Akiyoshi lime-
stone. The age of the Spirifer sp. aff. . besnossovae fauna from the Hina and Shodera
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limestones discussed above seems to support the opinions of OKIMURA and YANAGIDA.

If the limestone group in the Chugoku district ranges down to the Lower Carboniferous,
then a question arises as to the boundary between Visean and Namurian (the boundary
between Onimaruan and Kamitakaran in the Japanese standard). Oxmura (1966)
has drawn this boundary in the middle of his Mediocris mediocris—M. sp. A zone in Akiyoshi,
Taishaku and Atetsu, and correlated the overlying Millerella sp. A—Eostaffella sp. A zone
to the lower Bashkirian (middle Namurian in West European standard). This is adopted
in Torivama’s comprehensive paper on the fusulinacean zones (Torivama, 1967). As
the Striatifera striata fauna in the Hina limestone, as well as the Cleiothyridina fauna in
Akiyoshi (YANAGIDA, 1962, 65), is considered to be of late Visean age, the Visean-Namu-
rian boundary must be, from the standpoint of brachiopod fossnls, placcd in the upper
part of the so-called Millerella zone or just above it.
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ExXPLANATION OF PLATES

PraTe XV. Geological map and profiles of the Hina area.

PraTte XVI.

Figs. 1-5.  Spirifer sp. aff. S. besnossovae ABRAMOV
1. Ventral (a) and posterior (b) views of a pedicle valve, x 1. IGSH-THB-2042, Loc. THB
9 )
2. Dorsal view of a brachial valve, X 1. IGSH-SDB-27, Loc. SDB.
3. Ventral (a), posterior (b) and lateral (c) views of a pedicle valve, x 1. IGSH-THB-2003,
Loc. THB 2.
4. Ventral view of an incomplete pedicle valve, X 1. IGSH-THB-2008, Loc. THB 2,
5. Ventral view of a pedicle valve, X 1. IGSH-IGB-1001, Loc. IGB 1. -
Figs. 6, 7. Schizophoria sp. aff. S. resupinata (MARTIN)
6. Dorsal view of a brachial valve, X 1.5. IGSH-SDB-123, Loc. SDB.
7. Ventral (a) and posterior (b) views of a pedicle valve, x 1.5. IGSH-THB-1015, Loc.
THB 1.
Figs. 8, 9. Phricodothyris insolita GEORGE
8. Ventral (a) and lateral (b) views of an incomplete pedicle valve, x2. IGSH-THB-1033,
Loc. THB 1.
9, Ventral (a), lateral (b) and posterior (c) views of a pedicle valve, x2. IGSH-THB-1029,
Loc. THB 1.
Fig. 10.  Phricodothyris sp.
Dorsal view of an incomplete brachial valve, X2, IGSH-SDB-100, Loc. SDB.

Prate XVII,

Fig. 1. Syringothyris sp.
Dorsal (a) and ventral (b) views of an incomplete pedicle valve, x1. IGSH-SDB-117,
Loc. SDB.
Figs. 2-5, Striatifera striata (FiSCHER)
2. Ventral view of a pedicle valve, X 1. IGSH-THB-1016, Loc. THB 1.
3. Ventral view of an incomplete pedicle valve, X 1. IGSH-THB-1071, Loc. THB 1.
4, Ventral view of a pedicle valve, x 1. IGSH-THB-1066, Loc. THB 1.
5, Ventral view of an incomplete pedicle valve, x 1. IGSH-THB-1013, Loc. THB 1.
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PraTte XVIIIL.
Fig. 1.  Dictyoclostus sp. '
Ventral (a) and posterior (b) views of an incomplete pedicle valve, x1.5. IGSH-THB-
1039, Lo¢. THB 1.

Figs. 2, 3. Tylothyris sp. ‘ »
2. Ventral view of an incomplete pedicle valve, x2. IGSH-IGB-1023, Loc. IGB 1.

3. Ventral view of an incomplete pedicle valve, x2. IGSH-SDB-018, Loc. SDB.

Figs. 4, 5. Goniophoria sp.
4, Lateral view of an incomplete brachial valve, x 1.5. IGSH-SDB-010-1, Loc. SDB.

5. Lateral view of an incomplete brachial valve, x 1.5. IGSH-SDB-024, Loc. SDB.

Fig. 6. Leptagonia sp.
Ventral view of a pedicle valve, x2. IGSH-SDB-067, Loc. SDB.

Fig. 7. Rugosochonetes sp.
Ventral view of a pedicle valve, X2, IGSH-THB-1010, Loc. THB 1.

Figs. 8, 9. Avonia sp.
8. Lateral (a) and ventral (b) views of a pedicle valve, x2. I1GSH-THB-1034, Loc. THB 1.

9. Ventral view of a pedicle valve, x 2. IGSH-THB-1028, Loc. THB 1.

Fig. 10. Eomarginifera sp.
Lateral (a), ventral (b) and posterior (c) views of an incomplete pedicle valve, x2. IGSH-

THB-1041, Loc. THB 1.
Photos by Yuji OKIMURA.
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Pu. XV

GeorogicaL Map AND PROFILES oF THE HINA AREA
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