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Abstract—Fossiliferous limestone blocks from the Takagami Conglomerate (late
Permian) in Choshi, central Japan are examined on the basis of 57 thin sections. Fossils
of calcareous algae are unexpectedly abundant and 39 species distributed in 6 families
and 17 genera are described. Seven species are described as new species.

Atagoyama is a dome-shaped hill, 73.6 m above sea level, located in the southern
part of the Choshi Peninsula that occupies an eastern area of Choshi-shi, Chiba Pre-
fecture. The Atagoyama Formation of late Paleozoic age is exposed in small area
around this hill.

The Takagami Conglomerate is probably a part of the Atagoyama Formation,
being an intraformational conglomerate, although the direct relation between the two
is not observed (OzAK1, 1959). Previously this conglomerate was exposed at a quarry
of Takagami about 450 m northwest of Atagoyama. Since the quarrying was stopped,
the locality has become a water hole, making the observation of the outcrops impossi-
ble. The conglomerate is made up of various kinds of blocks such as limestone,
gabbro, diorite, granodiorite, clay slate, chert and hornfels, with sandy matrix.

Limestone blocks are rich in fossils, among which fusulinids assigned to the late
Permian are especially abundant (OzaAki, 1959; CHISAKA, 1960; SAKAGAMI, 1965).
Corals, bryozoa and algae have also been reported but they are small in number.

On the calcareous algae, Eogoniolina johnsoni ENDC was reported by OzAKk1(1959),
and Solenopora choshiensis Ishijima, Epimastopora hexagona ISHUIMA, Gyroporella
sp. and Koninckopora sp. were described by IsHuIMA (1975). Only these five species
have been reported up to now.

The present authors have lately borrowed from Mr. Sadao WATANABE 57 thin
sections of limestone blocks from the Takagami Conglomerate, and examined the
fossils contained therein. As a result, the following fusulinids have been confirmed:
Rausenella sp., Chusenella choshiensis CHISAKA, Pseudodoliolina pseudolepida gravitesta
KANMERA, Kahlerina sp., Neoschwagerina takagamiensis CHISAKA, N. sp., Yabeina
shiraiwensis OZAWA, Y. gubleri KANMERA, Y. probosices CHEN, Y. cf. Y. tobleri (LANGE)
and Y. sp. Algae were unexpectedly abundant, and 17 genera and 39 species have been
identified as shown in Table 1. These fossil algae are described in this paper.
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As indicated in the list, specimens belonging to the Diploporeae are rather few,
represented by three genera, Macroporella, Gyroporella and Clavaphysoporella, and
the number of species is also small. Designated as new species are the following

Choshi

Fig. 1. Index map showing the fossil locality.

Table 1. Calcareous algae from the limestone blocks of the Takagami Conglomerate.

Class Rhodophycophyta
Family Solenoporaceae
Solenopora choshiensis ISHIIIMA
Petrophyton yabei sp. nov.
Family Chaetangiaceae
Gymnocodium kanmerai KONISHI
Permocalculus fragilis (P1A) ELLIOT
P. tenellus (P1A) ELLIOT
P.sp. A
P.sp.B
Class Chlorophycophyta
Family Dasycladaceae
Subfamily Dasyporelleae
Vermiporella nipponica ENDO
Anthracoporella spectabilis PIA
A.sp. A
A.sp.B
Subfamily Cyclocrineae
Mizzia velebitana (SCHUBERT) ENDO
M. yabei (KARPYNSKY) ENDO
FEogoniolina endoi sp. nov.
Epimastopora choshiensis sp. nov.
E. densipora ENDO
E. hexagona ISHIIIMA
E. kanumai ENDO
E. kosakiensis KONISHI

E. sp.

Subfamily Diploporeae
Macroporella atagoyamensis sp. nov.
M. sp.

Gyroporella igoi ENDO

G. nipponica ENDO et HASHIMOTO

G. omensis ENDO

G. praturloni IsHUIMA, OZAKI et
NAKAMURA

G. watanabei sp. nov.

Clavaphysoporella kittakai sp. nov.

Family Siphonocladaceae
Pycnoporidium concentricum ENDO
P. lobatum Y ABE et TOYAMA

Family Udoteaceae
Succodium multipilularum KONISHI
Hikorocodium elegantae ENDO
Eugonophyllum johnsonii KONISHI

et WRAY
E. magnum (ENDO) KONISHI et WRAY

Family Codiaceae
Ortonella akasakensis ENDO
O. cf. 0. coloradoensis JOENSON
O. furcata GARWOOD
O. morikawai ENDO
O. takagamiensis sp. nov.
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species; Petrophyton yabei, Eogoniolina endoi, Epimastopora choshiensis, Macroporella
atagoyamensis, Gyroporella watanabei, Clavaphysoporella kittakai and Ortonella taka-
gamiensis.

There are several species that are not specifically determined, on which the authors
intend to report later when further examinations are made.

The authors express their deep gratitude to Mr. Sadao WATANABE, teacher of
Chiba Prefectural Minami High School, for kindly lending the thin sections of lime-
stone blocks. The authors are deeply indebted to Prof. Kenji KonisHr of Kanazawa
University, who gave us many valuable suggestions and their sincere thanks are ex-
tended to Dr. Hideyuki NAGASHIMA, Faculty of Science, Science University of Tokyo,
for taking photographs of the specimens. The authors are grateful to Dr. Shigeyoshi

KirrakaA, Chief Director of Tokyo Butsuri Gakuen, for giving constant encourage-
ment and every faculty to this study.

Systematic description

The symbols used for the measurements in the following descriptions are listed
below.

D- Outer diameter of calcareous body.

d- Inner diameter of calcareous body.

s— Thickness of calcareous wall.

p- Diameter of pore (primary branch).

h- Distance between centers of verticillatae.

w—  Number of verticillatae in a single member.

Measurements are in micron.

Repository: National Science Museum, Tokyo.

Registered numbers: NSM-PP 7900 to 7956.

Class Rhodophycophyta
Family Solenoporaceae
Solenopora choshiensis ISHIIIMA
Pl 1, Figs. 1-5

Solenopora choshiensis IsaiMa, 1975, pp. 121-122, pl. 1, figs. 1, 2. NAKAMURA, 1981, p. 31, pl. 1,
fig. 5.

Material and measurements: Three longitudinal and one cross sections were selected
from a number of specimens.

Speimen Thalos (umy - Riaeter - Disance boveen,
NSM-PP 7948a 3:6 %9.7 7-9 10-16
NSM-PP 7948b 1.9x2.3 8-14 9-12
NSM-PP 7948¢c 2.0x1.3 7-12 10-17
NSM-PP 7942a 1.8x1.3 8-12

Thallus irregular in form, subspherical to funnel-shaped, composed of closely
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packed slender tubes which are commonly radially arranged from an area near the
center of the basal portion. Tubes circular in cross section; cross partitions are well
developed and irregularly spaced; cell wall relatively thick.

The present specimens are identical with the type specimen of Solenopora choshiensis
IsHuIMA from the same locality as in this report, so far as the shape, size and arrange-
ment of the tubes are concerned.

Hllustrated specimens: NSM-PP 7948a, b, c, 7942a.

Petrophyton yabei sp. nov.
Pl. 2, Figs. 1-4; Pl. 3, Figs. 1-4

Material: Each one longitudinal, cross and oblique sections were selected from
several specimens.

Description: Thallus probably nodular in form, about 18 mm broad and 15 mm
high, composed of a large number of long and fine filaments which are arranged in
parallel. Filaments are circular in cross section, 15 x to 20 x in diameter, and uniform
in thickness throughout the length. Cross partitions are notable, nearly same dis-
tance between them, about 60 x long in average. Walls of the filaments are relatively
thick, 5 x in average. It is noteworthy that there is a trace of curved structure in the
rows of filaments toward the margin of the thallus. No difinite reproductive organs
were observed.

Remarks: This new species may be compared with Petrophyton miyakoense
Y ABE from the Lower Cretaceous of the Miyako district, Iwate Prefecture and P. tenue
YABE from the Torinosu Limestone in the Sakamoto district, Kumamoto Prefecture
which are similar to it in the shape of the thallus and arrangement of the filaments,
but it is distinguished from them by the remarkably fine filaments. P. penetrans
EnDO with the peculiar features, consisting of broader filaments with other organic
remains together, is easily beyond the present comparison.

The specific name was given in honor of Hisakatsu YABE who established the
genus Petrophyton in 1912.

Syntype: NSM-PP 7907a, 7947a, 7955a.

Family Chaetangiaceae
Gymnocodium kanmerai KONISHI
Pl 4, Figs. 1-7
Gymnocodium kanmerai KoNisHI, 1954a, pp. 8-17, pl. 1, figs. 1-6; pl. 2, figs. 17, 19, 20. Enpo, 1957,
p.- 294, pl. 41, fig. 7; pl. 42, fig. 1.
Material and measurements: Four longitudinal, two cross and one oblique sec-
tions were selected from a number of specimens. All specimens are however frag-

mentary.

P
(average) (average)
NSM-PP 7915a 1675 382 145 19 24

Specimen 1 D’ d’
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NSM-PP 7936b 1872 363 143 24 26
NSM-PP 7945a 648 238 28 24
NSM-PP 7912a 534 212 28 24
NSM-PP 7925a 582 238 23 25
NSM-PP 7925b 525 238 28 24
NSM-PP 7903a 477 248 26 20

Abbreviations for measurements: I, Length of an internode (at the largest); D’, Diameter of an
internode (at the largest); d’, Diameter of medulla of an internode (at the largest); P, Diameter of
utricles on the surface; F, Diameter of medullary filaments.

Thallus probably cylindrical and constricted, with swelling internodes. Inter-
nodes are circular to subcircular in cross section, 350 x to 650 x in diameter at proximal
part, 60 « to 140 u in distal part, composed of feebly calcified medulla and well calcified
cortex. Medulla consists of ramifying medullary filaments, 20 x to 30 u thick, which
run longitudinally throughout the constrictions. Cortex is composed of utricles which
branch off from the medullary filaments. Utricles bifurcate twice or thrice and ex-
pand gradually toward the exterior and show 20 u to 26 x in diameter on the surface.

As seen in the above description and measurements the present specimens may be
identified with the type specimen of Gymnocodium kanmerai KoNisHi from the Kosaki
Formation of Southern Kyushu.

Hllustrated specimens: NSM-PP 7903a, 7912a, 7915a, 7925a, 7925b, 7936b, 7945a.

Permocalculus fragilis (P1a) ELLIOT
Pl. 4, Figs. 8-10

Gymnocodium fragile Pia, 1937, p. 834, pl. 12, figs. 1, 2.

Permocalculus fragilis (P1a) ELLIOT, 1955, p. 86, pl. 1, figs. 1, 2. HErAK and KocHANSKY, 1960, pp.
188-191, pl. 2, figs. 1-4; pl. 3, figs. 1-8. FLUGEL, 1963, p. 90, pl. 1, fig. 4. JounsoN, 1963, p. 81,
pl. 21, figs. 1-4. ENDO, 1969, p. 42, pl. 7, fig. 7.

Material and measurements: A number of specimens were found, from them two
longitudinal and one cross sections were chosen for illustration.

Specimen D d p w
NSM-PP 7900a 1326 238 20
NSM-PP 7920a 902 504 24
NSM-pp 7940a 1486 663 28 364

Thallus subspherical to elongated oblong, composed of pith-like central cavity
and calcified cortex which is variable in thickness and penetrated by numerous ramified
branches. Branches are flexuous, bifurcating three or four times, diminish width
gradually toward exterior and expand slightly at the ends.

From the above description and measurement these specimens may be identified
with the type specimen of Permocalculus fragilis from Europe and resemble most of
Japanese specimens reported up to date.

Hllustrated specimens: NSM-PP 7900a, 7920a, 7940a.

Permocalculus tenellus (P1A) ELLIOT
Pl. 4, Figs. 11-13
Permocalculus tenellus (P1a) ELLIOT, 1955, p. 86, pl. 3. fig. 1. ENDO, 1969, pp. 42-43, pl. 8, figs. 2, 3,
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6; pl. 9, figs. 3-6.
Material and measurements: Two longitudinal and one cross sections were selected
from a number of specimens.

Specimen D d s p w
NSM-PP 7903b 716 396 106-212 38
NSM-PP 7937a 902 372 238-292 33
NSM-PP 7916a 1473 362 391-406 38 35+

Thallus is probably composed of elongate to ovoid shaped segments. Calcified
cortical layer is variable in thickness and pierced by numerous pores. Pores bifurcate
thrice or four times, diminish width gradually outward and slightly expand at the
ends.

As seen in the above description, measurement and other details these specimens
are identified as Permocalculus tenellus (P1A) ELLIOT.

Hlustrated specimens: NSM-PP 7903b, 7916a, 7937a.

Permocalculus sp. A
Pl. 4, Fig. 14

Material: One longitudinal section, fragmental.

Though the specimen is fragmental it is clear to belong to the genus Permocalculus.
Thallus presumably barrel-shaped, composed of broad central hollow and thin cortical
layer, 210 u thick in average, which is penetrated by ramified pores. Pores are slender,
28 1 wide in average, bifurcate a few times and slightly widen outward. It resembles
the Thailand specimen, shown in fig. 5 on pl. 8 of ENpo (1969), but the data are in-
sufficient to assign a name.

Hllustrated specimen: NSM-PP 7954a.

Permocalculus sp. B

Pl 5, Fig. 1
Material and measurements: One longitudinal section.
Specimen D d s p
NSM-PP 7901a 558 265 132-265 23-27

Thallus is 1.4 mm broad and 2.5 mm high and composed of irregularly formed
segments. Each segment consists of central hollow and calcified cortical layer. Cortical
layer is variable in thickness and pierced by numerous slender filaments which bifurcate
twice or thrice and increase width gradually outward and terminate with small ball-
like rounded expansions, 34 x thick in average. It seems to represent a new species
in having characteristic features, but the data are not sufficient to assign a specific
name.

Hllustrated specimen: NSM-PP 7901a.

Class Chlorophycophyta
Family Dasycladaceae
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Vermiporella nipponica ENDO
Pl. 5, Figs. 2-7
Vermiporella nipponica ENpo, 1954a, pp. 191-192, pl. 13, figs. 2-5. ENDO, 1969, p. 46, pl. 10, fig. 6;
pl. 11, figs. 1-3 (see synonymy).
Material and measurements: Each three longitudinal and cross sections were
selected from numerous specimens.

Specimen D d p w
NSM-PP 7952¢g 424 212 23 354
NSM-PP 7928a 573 276 20 354
NSM-PP 7905a 391 172 21 40+
NSM-PP 7912b 398 212 18
NSM-PP 7918a 318 146 20
NSM-PP 7911a 273 170 18

Thallus is small, cylindrical, slightly undulating, branched irregularly and some-
times constricted, composed of uncalcified central stem and a well calcified cortex in
which numerous branch hollows are enclosed. Branches are slender, circular to
subcircular in cross section, expanding gradually toward the exterior, perpendicular
or slightly inclined to the central stem and arranged regularly on a whorl. As seen
in the above description, measurement and other details the present specimens are
identified with the type specimen of Vermiporella nipponica ENDO from the Kuchibora
Formation, Upper Permian in Hachiman-machi, Gifu Prefecture.

Illustrated psecimens: NSM-PP 7905a, 7911a, 7912b, 7918a, 7928a, 7952¢.

Anthracoporella spectabilis P1A
Pl. 5, Figs. 8-12

Anthracoporella spectabilis P1a, 1920, pp. 15-18, pl. 1, figs. 7-11. ENDO, 1952a, pp. 139-140, pl. 12,
figs. 6, 7. Masrov, 1956, p. 56, pl. 12, figs. 1-3. HoricucHi, 1958, pp. 134-135, pl. 27, figs.
1, 2, 5. En~po, 1969, pp. 46-47, pl. 9, figs. 1, 2.
Material and measurements: Four cross and one longitudinal sections.

Specimen D d p w
NSM-PP 7910a 2016 637 46 32+
NSM-PP 7953a 1645 628 37 35+
NSM-PP 7953b 1539 663 42 32+
NSM-PP 7910b 1326 530 46 30+
NSM-PP 7908a 54

Thallus presumably clindrical, circular to subcircular in cross section. Branches
are long, slender, bifurcating, nearly uniform in thickness throughout and perpendi-
cular to the central stem. These specimens are identified as Anthracoporella spec-
tabilis PIA.

Hlustrated specimens: NSM-7908a, 7910a, 7910b, 7953a, 7953b.

Anthracoporella sp. A
Pl 6, Fig. 1
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Material and measurements: One longitudinal section.
Specimen D d s p
NSM-PP 7915b 1963 1726 212-372 33
Central stem is extremely thick and calcified cortex very thin. Branches are
slender, disposed nearly perpendicularly from the central stem and bifurcating a few
times. This specimen resembles A. spectabilis reported by R. ENDO in 1952 from the
Sakamotozawa section, Kitakami, but differs in small thallus and slender branches.
At present the data are insufficient to assign a specific name.
Hlustrated specimen: NSM-PP 7915b.

Anthracoporella sp. B

PL 6, fig. 2
Material and measurements: One longitudinal section.
Specimen D d p
NSM-PP 7901b 525 315 24

Thallus is small and undulating. Central stem is rather thick. Branches are
slender, nearly uniform in diameter and bifurcating a few times. They are arranged
nearly perpendicularly to the central stem. As seen in the above description the
present specimen seems to belong to the genus Anthracoporella, but it is inperfect for
specific determination.

Hllustrated specimen: NSM-PP 7901b.

Mizzia velebitana (SCHUBERT) ENDO
Pl. 6, Figs. 3, 4

Mizzia velebitana (SCHUBERT), ENDO, 1952a, p. 140. 1956, pp. 227-229, pl. 22, figs. 3-8 (see synonymy).
ENDO, 1957, pp. 283-284, pl. 37, figs. 4, 5; pl. 44, fig. 3. Enpo, 1959, p. 183, pl. 30, fig. 2; pl. 31,
figs. 1. ENDO, 1961b, p. 85, pl. 4, figs. 1-3. EnDpo, 196lc, p. 124, pl. 4, fig. 5. ENDO, 1969,
pp. 47-48, pl. 9, figs. 7-9; pl. 10, figs. 4, 5. NAKAMURA, 1981, p. 46, pl. 10, fig. 4.

Material and measurements: Each one longitudinal and oblique sections were
chosen from a number of specimens.

Specimen D d p
NSM-PP 7949a 1687 1290 95
NSM-PP 7903¢ 1087 765 124

Though the specimens are incomplete they are clear to belong to the genus of
Mizzia. Thallus is composed probably of a chain of bead-like members. Spherical
shaped member of a chain, broad central stem, simple and stout branches with bluntly
rounded ends and other details agree with character of the type specimen of Mizzia
velebitana (SCHUBERT) from Europe.

Hlustrated specimens: NSM-PP 7903e, 7949a.

Mizzia yabei (KARPINSKY) ENDO
Pl. 6, Figs. 5-7
Stolleyella yabei KARPINSKY 1908, pp. 268-269.
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