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516. MOLLUSCAN FAUNA OF THE HIGASHI-INNAI FORMATION
OF NOTO PENINSULA, JAPAN-III; DESCRIPTION OF NEW
SPECIES AND REMARKS ON SOME SPECIES

KOICHIRO MASUDA

Department of Geology, Miyagi University of Education, Sendai
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Family Potamididae
Genus Cerithidea SWAINSON, 1840
Cerithidea ohirol MASUDA, n. sp.

Pl 1. figs. S5a-b, 6a-b

Holotyvpe :—DGS, Reg. No. 4577.

Description /—Shell small, moderately
thick, turreted, with nine whorls, two
to three younger whorls lacking; spiral
angle about 30°. Whorls moderately
inflated, separated by rather distinct,
impressed sutures ; surface with elevated,
rounded, granulated longitudinal ribs
and numerous, rather distinct spiral
threads ; longitudinal ribs subvertical,
nearly equal to their interspaces, about
14 on penultimate whorl and 16 on body
whorl, sculptured with spiral threads;
spiral threads of distinct, fine threads
and fine intercalary threads broader
than their interspaces. Base of whorl
with two rather distinct sutural bands
and fine, unequal revolving threads.
Aperture subovate; outer lip notched
posteriorly ; inner lip indistinctly defined ;
columella subvertical ; canal short.

* Received February 23, 1966 ; read Sep-
tember 25. 1965 at Nagasaki.

Dimensions (in mm) :—
Height 11.0* ca 7.6 «ca. 6.0 ca 40
Diameter 4.1 2.6 2.8 2.0

*__holotype

Remarks -—Cerithidea tokunariensis
Masupa (1956, p. 162, pl. 26. figs. 6. 7)
from the Higashi-Innai Formation at
Loc. No. 12 resembles the present new
species, but is distinguishable from the
present one by its low, narrow, fewer
longitudinal ribs, fewer and faint spiral
threads and less rounded whorls.

Type locality :—Loc. No. 30.

Occurrence .—Type loc—C; Loc. No.
3—R: Loc. No. 24—F; Loc. No. 32—R;
Loc. No. 39—F.

Genus Vicaryella YABE and
HaTal 1938

Vicaryella ishiiana (YOKOYAMA), 1926
Pl 1. figs. la-b. 2a-b

1925. Cerithium baculum Yorovama, Jour.
Coll. Sci., Imp. Univ. Tokyo, Vol. 45,
Art. 5, p. 12, pl. 2, iig. 6 (non Yoxko-
vaMma, 1924).

1926. Cerithium ishiianum Yoxovyama, four.
Fac. Sci., Imp. Univ. Tokyo. Sec. 2,
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Vol. 1, Pt. 7, p. 218, pl. 28, figs. 11, 12.

1935. Cerithium (Proclava) otukai NOMURA,
Saito Ho-on Kai Mus., Res. Bull., No.
6, p. 227, pl. 17, fig. 17.

1938. * Vicaryella” ishitana (YOKOYAMA),
Yase and IIaTal, Sci. Rep.. Tohoku
Imp. Univ., Ser. 2, Vol. 19, No. 2, p.
169.

1944. Vicaryella ishitana  (YOKOYAMA).
Ovama  and  SakaA, Shigenkagaku
Kenkyusho, Bull, Vol. 1. No. 2, p. 139,
pl. 14, figs. 5. 6a, b, 7a. b, 8a. b.

1960. Vicaryella  ishiiana  (YOKOYAMA),
Kamapa. Sci. Rep.. Tohoku Univ., Ser.
2, Spec. Vol. No. 4, p. 284, pl. 31, figs.
4a, b, 8, 9.

1962. Vicaryella ishiiana (Yokovasa), Ka-
MADA, Palaeont. Soc. Japan, Spec.
Papers, No. 8, p. 152, pl. 18, figs. 15, 16.

Syntype .—Geological Survey of Japan.

Remarks:—Vicaryella ishitana (YOKO-
YAMA) was described from the Miocene
Mizunami Group, Gifu Prefecture under
the genus Cerithium. Subsequently it
was reported from the Miocene Naka-
yvama Formation, Fukushima Prefecture
in association with Vicarya yokoyamai
TAKEYAMA and also from the Miocene
Ajiri Formation, Miyagi Prefecture
together with Vicarya yokoyamai TAKE-
vaMa (Kamaba, 1960).

On the other hand, Vicaryella notoensis
MasupA was first described from the
Higashi-Innai Formation at Loc. No. 12
(MAsuDpA, 1956). It was subsequently
recorded from the Kunimi Formation,
Fukui Prefecture (Kasgno, 1956), Orito
Formation, Niigata Prefecture (KAMADA,
1960) and Kurosedani Formation, Toyama
Prefecture (Tsupa. 1960). In 1960
KaMApA pointed out the associated
occurrence of this species with Vicarva
callosa japonica YABE and Haral
Vicarya yatuoensis YABE and HATAI or
Vicarya yokovamai TAKEYAMA in the
Hokuriku District.

From the occurrence of Vicaryella in

Kéichiré MASUDA

the present field it is inferred that the
species of the genus when associated
with Vicarya callosa Jjaponica Y ABE and
HATAL always is Vicarvella notoensis
MAsuDA, but the species when not as-
sociated with Vicarya is Vicaryella
ishiiana (YOKOYAMA). From the different
occurrences  of  Vicarvella notoensis
MASuUDA and Vicaryella ishiiana (Yoxo-
YAMA) it is suggested that they lived
in different environmental conditions,
that is to say, Vicaryvella notoensis
MASUDA and Vicaryella ishiiana (YOKO-
YAMA) are very closely related with each
other and they are probably allopatric
forms of the same stock. This conside-
ration is supported by that the younger
stage of ishiiane is indistinguishable
from that of notoensis but with growth
they can be easily distinguished f{rom
each other.

Type locality .—Nlatsubora, Hitoichiba,
Mizunami City, Gifu Prefecture.

Occurrence :—Loc. No. 23—A ; Loc No.
39—C.

Genus Batillaria BENSON, 1842
Batillaria loshioi MASUDA, n, sp.
Pl 1. figs. 7a-b, 8a-b, 9

Hololype —DGS, Reg. No. 4580.

Description :-—Shell of medium size,
rather thick, turreted, with about 12
whorls, two younger whorls lacking:
spiral angle a little less than 30°.
Whorls separated by distinct, impressed,
uneven sutures; surface with elevated,
broad, nodose longitudinal ribs and
numerous distinct spiral threads: longi-
tudinal ribs subvertical, nine on body
whorl, narrower than their interspaces,
sculptured with distinct spiral threads;
spiral threads of three conspicuous
spiral threads and subordinate, fine but
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distinct, unequal spiral threads among
main spiral threads: subordinate spirals
tend to decrease their number upwards.
Base of body whorl with three conspicu-
ous revolving threads and several, fine

Dimensions (in mm):—

Height 30. 0 ca. 38.0
Diameter 11.0 14.0
*—holotype

Remarks :— Batillaria vamanarii MAKI-
YAMA (1926, p. 148, pl. 13, fig. 44 from
the Miocene Heirokudé Formation, North
Korea resembles the present species but
is distinguishable from toshioi by its
subcentrally angulated whorls and
subequal, fine spiral threads. Batillaria
niinoensis 1ToiGawa (1960, p. 280 pl. 4,
figs. 4a-b) from the Miocene Mizunami
Group, Gilu Prefecture and Batillaria s-
itoi. Nomura and Zinpo (1936, p. 343,
pl. 20, fig. 5) from the Yanagawa Miocene
of Fukushima Prefecture resemble the
present species. But the present species
is distinguishable from the former in
having larger shell, fewer longitudinal
ribs which are narrower than their
interspaces and unequal spiral threads,
and from the latter by the larger shell,

larger spiral angle, strong, elevated
longitudinal ribs and unequal spiral
threads.

The present new name is given to the
name of my son, Toshio MasuDA.

Type locality .—Loc. No. 23.

Occurrence —Type loc.—A: Loc. No.
21—C; Loc. No. 39—A.

Family Cerithiidae
Genus Cerithium BRUGUIERE, 1792

Subgenus Proclava THIELE, 1929

Cerithitum (Proclava) ancisum
(Yokoyama), 1929

subequal threads among main threads.
Aperture subovate ; outer lip thin; inner
lip with thin callus; colmella somewhat
curved ; canal short, nearly straight.

ca. 36.0 ca. 34 29.0
12.0 11.5 10.0

Pl 1. figs. 10a-b. 1la-b, 12a-b, 13a-b, 17a-b

1929. Potamides ancisus YOKOYAMA, Jour.
Fac. Sci., Imp. Univ. Tokyo, Sec. 2, Vol.
2. Pt. 8. p. 367, pl. 70, fig. 2.

1956. Cerithium ancisum (YOKOYAMA). ITO!I-
cawa, Mem. Coll. Sci., Univ. Kyolo,
Ser. B, Vol. 22. Art. 2, pl. 2, fig. 7.

Holotype :—GT, Reg. No. 4895.

Remarks :—The following description
is based upon abundant specimens newly
collected : Shell of medium size, moder-
ately thick. turreted; ten whorls pre-
served; spiral angle 25°-30°. Whorls
slightly rounded, shouldered, separated
by distinctly impressed sutures; shoul-
ders with numerous, somewhat elevated
tubercles; surface with three, unequal,
rather distinct, somewhat granulated
spiral threads and two. subordinate,
fine spiral threads. Base of body whorl
with several, unequal, fine revolving
threads. Aperture subovate. somewhat
angulated posteriorly: outer lip rather
thick, denticulated within; inner lip
sharply defined by very thick, somewhat
protruded callus; columella subvertical.
smooth; canal short, rather deep, narrow.
somewhat bent back.

This species was first described by
Yokoyama (1929) as Potamides from the
Miocene Togane Formation, Shimane
Prefecture based upon a single specimen
of the last two whorls. Subsequently
it was illustrated by OTuKA (1938, p. 42,
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pl. 4, fig. 36) from the Miocene Shgbara
Formation, Okayama Prefecture as Ceri-
thium. At that time OTUKA considered
Batillaria atukoae OTUKA once described
by him (1934, p. 623, pl. 49. figs. 69, 70)
from the Miocene Shiratori Member of
the Kadonosawa Formation, Iwate Pre-
fecture .to be a synonym of ancise, and
that Batillaria atukoae OTUKA illustrated
by Nomura (1935. p. 282, pl. 17, fig. 23)
from the Miocene Ajiri Formation,
Miyagi Prefecture is conspecific with the
present species. Further, OTUKA stated
that since the specimen collected from
the Lower Kadonosawa Series has a
columellar fold in the whorls it may be-
long to Proclava. Ovama and SAKA
(1944) presented a key to the species of
the genus Vicaryella and included into
it the present species. Lately KAMADA
(1959) reported on Vicarya and Vicaryella
in Japan and referred the present
species to Vicaryella as done previously
by OyaMA and SAKA.

To clarify the characters of this
species and its relationship with related
species. observations were made on
YokovaMma's and OTUKA's type speci-
mens {Reg. No. 10024) preserved in the

Dimensions (in mm):—

ca. 33.0
14.5

33.0
13.4

Height
Diameter

Type locality —Senjydjiki, Tégane-ura,
Kokubu-mura, Naga-gun, Shimane Pre-
fecture.

Occurrence .—Loc. No. 3—F; Loc. No.
10—C; Loc. No. 23—C; Loc. No. 24—C;
Loc. No. 30—C; Loc. No. 32—F.

Family Epitoniidae
Genus Nodiscala Boury, 1890

Nodiscala suzuensis MASUDA, n. sp.

Geological Institute of the Tokyo Univer-
sity. As the result, it was found that
YoKovAMA’S holotype specimen has no
columellar fold but OTUKA’'S specimens.
have. Thus OQTuKA's ancisum from the
Shobara and Shiratori Miocene are dif-
ferent from YOKOYAMA’s ancisus, though
their surface characters are similar to
one another. Therefore OQTUKA’s ancisum
should be referred to another species.
Consequently, OTUKA's ancisum from the
Shébara and Shiratori Miocene and
NoOMURA’s atukoae from the Ajiri can be
referred to Cerithidea sirakii (MAKIYAMA)
(1936, p. 221, pl. 5, figs. 10.15) from the
Lower Bankddd Miocene, North Korea.

Cerithium (Proclava) meisense MAKI-
YAMA (1936, p. 220, pl. 5, fig. 20) from
the Miocene Heirokudd Formation, North
Korea also resembles the present species.
Cerithivin  (Proclava) meisense differs
from ancisum in having a larger spiral
angle, more prominent beaded spiral
threads and a columellar fold. Meisense
is distinguishable from Cerithidea sirakii
(MAKIYAMA) by its larger spiral angle
and more conspicuous beaded spiral
threads.

Pl 1. figs. 19a-b

Holotype —DGS, Reg. No. 4588.

Description .—Shell very small, moder-
ately thick, turreted, rounded at base;
five whorls preserved ; spiral angle about
20°.  Whorls rounded, separated by
distinct, impressed sutures ; surface with
conspicuous, rounded, rather smooth
longitudinal ribs and fine spiral threads;
longitudinal ribs somewat oblique, near-
ly equal to their interspaces, about 13
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on body whorl, sculptured with fine’
spiral threads: a few longitudinal ribs
especially thick, elevated like varices;
spiral threads rather faint, nearly equal,
rather regularly spaced. Aperture sub-
circular; outer lip makes thick, rounded
varix sculptured with faint, fine spiral
threads; inner lip sharply defined by
callus; not umbilicated.

Dimensions (in mm):—Height 5.0, di-
ameter 2.0 (holotype).

Kemarks —This species is distin-
guished from Nodiscala rissoinaeformis
(YOKOYAMA) (1927, p. 418, pl. 47, fig. 4)
from the Pleistocene Tokyo Formation,
Tokyo Metropolis by its small shell and
more conspicuous longitudinal ribs which
are nearly equal (o their interspaces.

Type locality :—Loc. No. 30.

Occurrence :—Type loc.—R.

IFamily Eulimidae
Genus Fulimae Risso. 1826
Eulima hataii MASUDA, n. sp.
Pl 1, figs. 2la-b

Holotype :—DGS, Reg. No. 4590.

Description .—Shell very small, thin,
subulate, with about eight whorls, one
and half whorls are nuclear whorls;
spiral angle about 25°. Whorls smooth,
polished, very slightly inflated, separated

by rather indistinct sutures: nuclear
whorls smooth.  Aperture elongated,
posteriorly angulated, more or less

rounded at base: outer lip thin, simple;
inner lip rather sharply defined.

Dimensions (in mm):—Height 6.5, di-
ameter 2.0 (holotype).

Remarks:—This species is distin-
guished from [Fulima osawanoensis
Tsupa (1959, p. 85, pl. 4. fig. 5) from
the Kurosedani Miocene of Toyama Pre-

fecture by its small shell, indistinct

sutures and larger aperture which is

angulated above and rounded below.
Type localily :—Loc. No. 35.
Occurrence :—Type loc.—R.

Family Naticidae
Genus Neverita Risso, 1826
Neverita coticazae (NAKIYAMA)Y, 1926
Pl 1, figs. 25a-b, 26a-b

1926. Polinices (Neverita) cotlicazae Maxki-
yAasa, Mem. Coll. Sci., Kvéto Imp. Univ.,
Ser. B. Vol. 2, No. 3. Art. 8. p. 150, pl.
12, fig. 8.

1939. Polinices (Neverita) coticazae MAKI-
YAMA, NOMURA, Jour. Geol. Soc. Japan,
Vol. 46, No. 548, p. 255, pl. 3, figs. 13a-b,
14a-b.

Holotype :—Geological Survey of Korea,
Reg. No. 75.

Remarks —This species was first des-
cribed by MAKIYAMA from the Miocene
Bankédd Formation at Kinshodd, North
Korea, illustrated by NoMURA from the
Miocene Kozai Formation, \liyagi Pre-
fecture, reported from the Mizunami
Miocene of Gifu Prefecture (IToIGAWA,
1960) and also from the Kurosadani
Miocene of Toyama Prefecture (TSuDA.
1960;.

The present species was described to
be characterized by its slightly elevated
spire, wide umbilicus and very thick
callus filling the posterior angle of the
aperture. The longitudinal profile shown
in fig. 25b of Plate 1, is the morphologi-
cal character by which it can be easily
distinguished from its related ones.

That the specimens from the Higashi-
Innai Formation are generally small in
size compared with the holotype and
topotype specimens from the Bankodo
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Formation of North Korea suggests that
they may be young or dwarfted shells.
In other words, the environmental con-
ditions may not have been favourable

Dimensions (in mm) . —

Height 12.5 12.0
Diameter 14.5 13.0

Type locality :—Kinshodé, Meisen Dis-
trict, North Korea.

Occurrence . —Loc. No. 1—R; Loc. No.
3—C: Loc. No. 4—F; Loc. No. 7—R: Loc.
No. 23—C: Loc. No. 24—C; Loc. No. 32—
F: Loc. No. 35—F; Loc. No. 39—F.

Family Cypraeidae
Genus Cypraea LINNAEUS, 1758
Cvypraea ohiroi MASUDA, n. sp.

Dimensions (in mm) :(—

Height 26, i*
l.ateral diameter 17.0
Dorso-ventral diam. 13.8

to them. This view is supported by
that the fauna with small sized shells
of colicazae in this field includes some
brackish water species.

10.0 10.0 10.0
1.5 11.0 10.0

PL 1, ngs. 28a-b. 29

Holotype . —DGS, Reg. No. 4598.

Description :—Shell of medium size,
moderate in thickness, swollen, cypraei-
form. narrowed towards both ends.
Whorls smooth, polished. Aperture long,
narrow ; outer lip with about 25, rather
distinct, fine transverse teeth; inner lip
a little swollen, finely denticulated at
inner margin ; canal short.

32 — 24, 5*x
22.0 18.0 16.4
17.0 15.0 13.5

*_—holotype : **—specimen from [waki, Osawano-machi, Toyama Prefecture

(Kurosedani Miocene)

Remarks . —The present species re-
sembles Cypraea nomurar HATAL and
NisivyAMA (1952, p. 197) which was illu-
strated by NomurA (1940, p. 38, pl. 3.
figs. 4-6) as Cypraea sp. from the Moniwa
Miocene, Miyagi Prefecture. But ohiroi
is distinguished from mnomurai by its
rather long shell, larger number of dis-
tinct, fine teeth at the outer lip and
rather swollen shell. Ponda carneola
(LINNAEUS) (REEVE, 1846, pl. 6, fig. 19),
a Recent, Pleistocene and Pliocene
species of Southern Japan, resembles the
present one but differs by its larger
shell and transverse teeth on the inner
part of outer lip.

Cvpraea sp. illustrated by KANNO (1960,
p. 359, pl. 47, fig. 20) from the Miocene
Hiranita Formation, Saitama Prefecture
may probably be the present species,
but further materials are necessary to
settle this problem.

A single specimen preserved in the
Department of Geology, Faculty of
Education. Tohoku University, collected
from the Kurosedani Miocene of Toyama
Prefecture, can be identified with the
present species. The specimen from
Toyama shows faint longitudinal stri-
ations on the surface.

Type locality :—Loc. No. 30.

Occurrence :—Type loc.—F.
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Family Pyrenidae
Genus Mitrella Risso, 1825
Mitrella notoensis MASUDA, n. sp.
Pl. 2, figs. 3a-b, 4a-b. 5a-b

Holotype :—DGS, Reg. No. 4603.

Description :—Shell small, rather thick,
fusiform, with about seven whorls, one
or two nuclear whorls lacking: spiral

Dimensions \in mm) :—

Height 6.8+ ca. 10.0

Diameter 3.0 3-9
*—holotype

Remarks :— Mitrella minoensis 1TOI-

GAWA (1960, p. 286, pl. 5, figs. Ta-b)
from the Mizunami Miocene of Gifu
Prefecture can be distinguished from
the present one by its shorter shell,
spiral striae on surface, wide aperture
and expanded body whorl. Mitrella
varians DUNKER (1860, p. 231, sp. 7). a
common Recent species of Japan, also
can be distinguished from notoensis by
its larger and inflated shell and larger
aperture.

Type locality :—Loc. No. 30.

Occurrence :—Type loc.—C; Loc. No.
1—C: Loc. No. 3—R; Loc. No. 10—F;
Loc. No. 23—C; Loc. No. 24—C: Loc.
No. 35—C.

Family Buccinidae
Genus Phos MONTFORT, 1810
Dimenstons (in mm) :—
Height

Diameter
*—holotype

ca. 13.5*
6.5

ca. 14.5

7.0
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angle about 35°. Whorls somewhat
rounded, gradually growing below,
separated by distinct, slightly impressed
sutures; surface smooth except for a
few, faint spiral threads on basal part
of body whorl. Aperture elongate oval,
narrow, with acute posterior angle:
outer lip thin, very feebly denticulated
within; inner lip with thin callus; col-
umella a little curved; canal short and
open.

Phos notoensis MASUDA, n. sp.
Pl. 2, figs. 6a-b

Holotype :—DGS, Reg. No. 4605.

Description .—Shell of medium size,
moderate in thickness, f(usiform, with
seven whorls, of which two are nuclear,
spiral angle about 45°. Whorls moder-
ately rounded, separated by distinct,
impressed sutures; nuclear whorls
smooth, rounded : surface with conspicu-
ous, rounded, longitudinal ribs and low.
regular, smooth spiral threads; longi-
tudinal ribs narrower than their inter-
spaces, about 18 on penultimate whorl,
sculptured with spiral threads; inter-
spaces with spiral threads broader than
their interspaces. Aperture oblongly
ovate, angulated posteriorly; outer lip
thin, finely denticulated within; inner
lip sharply defined by thin callus, con-
cave; canal short.

ca. 11.5
5.5

ca. 105
5.0

9.0
4.2
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Remarks:—This species is distin-
guished from Phos minoensis ITOIGAWA
(1960, p. 289, pl. 6, figs. 2a-b, 3) from
the Mizunami Miocene of Gifu Pre-
fecture by its low spire, moderately
rounded whorls, fewer longitudinal ribs
and low, regular, smooth spiral threads.

Type locality :—L.oc. No. 23.

Occurrence :—Type loc.—C; Loc. No.
4—F: Loc. No. 7—R.

Family Nassariidae
Genus Nassarius DUuMERILL, 1806

Subgenus Zeuxis H. and A.
ApAMS, 1853

Nassarius (Zeuxis) minoensis
TrolcAwA, 1960

Pl 2, figs. 7a-b, 8a-b

1960. Nassarius (Zeuxis) minoensis 1TOl-
GAWA. Jour. Earth Sci.,, Nagova Umiv.,
Vol. 8, No. 2, p. 289, pl. 6, figs. la-c.

Holotype :—Institute of Earth Science,
Nagoya University, Reg. No. 20079.

Remarks :—Nassarius (Zeuxis) mino-
ensis 1TOIGAWA was described from the
Miocene Mizunami Group, Gifu Pre-
fecture. It is characterized by its small
shell and flat-topped longitudinal ribs
slightly wider than interspaces.

Nassarius simizut OTUKA {1934, p. 631,
pl. 50, figs. 85-87) from the Shiratori
Miocene of lwate Prefecture is related
to the present species and Nassarius
notoensis Masupa from the Higashi-
Innai Formation (MAsupA, 1956, p. 164
pl. 26, figs. 13, 14). But minoensis and
notoensis can be distinguished from
simizui by their small shell and fewer
longitudinal ribs.

Nassarius  notoensis MASUDA  was
collected at Loc. Nos. 10, 12. 23 and 24,

whereas Nassarius minoensis [TOIGAWA
was found at Loc. Nos. 1, 3, 24, 30 and
32. The specimens from the upper part
of Loc. No. 24 consist of a well preserved
minoensis and some, small, fragmental
individuals of noloensis. Notoensis is
found in associated with Vicarya.
Vicaryella, etc. but minoensis does not
occur with such an association. The
different geographical distribution of
the species mentioned probably depends
upon the environmental conditions and
the co-occurrence of minoensis and noto-
ensis in the upper part of Loc. No. 24
is probably that the small, fragmental
individuals of notoensis were transported
from another area. However, they may
be allopatric forms.

Type locality —Shukubora, Mizunami
City, Gifu Prefecture.

QOccurrence —Loc. No. 1—R: Loc. No.
3—F; Loc. No. 4—R; Loc. No. 10—R;
L.oc. No. 24—F; Loc. No. 30—F: Loc.
No. 32—F.

Family Mitridae
Genus Mitra MARTYN, 1784
Mitra ishidae MAasupa, n. sp.

Pl. 2, figs. 11, 12a-b

Holotype .—DGS, Reg. No. 4609.

Description :—Shell small, moderately
thick, fusiform, with seven whorls:
spiral angle about 40°. Whorls slightly
rounded, separated by shallow, uneven,
rather distinct sutures:; two younger
whorls smooth, rounded ; surface rather
smooth but sculptured with four, un-
equal, fine, more or less channeled spiral
threads on upper part and very fine
incremental lines; spiral threads un-
equally spaced. much less than their
interspaces in breadth, middie two more
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distinct than others. Body whorl
rounded, slightly contracted below,
sculptured with two, fine spiral threads
on upper part, with several, rather
distinct revolving threads at extreme
end. Aperture rather narrow, elongated,
with acute posterior angle: outer lip
simple ; columellar folds three, upper one
stronger than others and middle one
stronger than lower ; canal short.

Dimensions {in mm):—Height 9.6, di-
ameter 4.3 (holotype): height ca. 7.0, di-
ameter 3.6; height 150, diameter 6.5
{paratype).

Remarks:—This  species resembles
Mitra hukusimana NOMURA and ZINBO
(1936, p. 174, pl. 15, figs. 29, 29b) from
the Yanagawa Miocene of Fukushima
Prefecture, but differs by its longer
shell, smaller spiral angle, smooth sur-
face and four columellar folds.

Tvpe locality —Loc. No. 30.

Occurrence :—Type loc.—F; Loc. No.
24—R.

Genus Vexillum RODING, 1798

Vexillum setsukoae MASUDA, n. sp.
Pl 2, tigs. 21a-b, 22a-b

Holotype :—DGS, Reg. No. 4617.

Description :—Shell small, rather thick,
elongated fusiform, with six whorls,
one or two nuclear whorls lacking:
spiral angle about 30°. Whorls moder-
ately rounded, separated by rather dis-
tinct, impressed sutures, sculptured with
conspicuous, fine longitudinal ribs and
fine spiral threads: longitudinal ribs
subvertical, rather low, about 12 on body
whorl, broader than their interspaces
and tend to become obsolete below:
spiral threads numerous but become
fewer upwards. Body whorl contracted
below, -with rather distinct revolving

threads near base. Aperture narrow,
elongated, angulated posteriorly: outer
lip thick, simple; inner lip thin, rather
faint ; columellar folds four, upper three
rather distinct, lower one very faint;
canal long, wide and open.

Dimensions (in mm):—

Height 8.8* 8.9 7.8
Diameter 3.5 3.3 2.9
*—holotype

S
[=z 3 ]

Remarks :— Vexillum sanguisuga (LIN-
NAEUS) (Tryox, 1882, p. 165, pl. 48, figs.
393-397), a Recent species of Southern
Japan, can be distinguished from the
present new species by its larger shell
and longitudinal ribs which are narrower
than their interspaces.

The new name is given to the name
of my wife, Setsuko MAasupa who helped
me in various ways.

Type locality :—Loc. No. 30.

Occurrence .—Type loc.—F:
24—R.

Loc. No.

Genus Strigatella SwAINSON, 1840

Strigatella notoensis MASUDA, n. sp.

PlL. 2. figs. 20a-b

Holotype .—DGS, Reg. No. 4616.

Description :(—Shell rather large, thick,
fusiform, with six whorls, two to three
vounger whorls lacking: spiral angle
about 40°. Whorls slightly rounded,
separated by distinct, channeled sutures;
surface smooth, with one or two, very
faint, fine spiral threads and fine incre-
mental lines. Body whorl smooth.
slightly contracted below, with several,
faint, fine revolving threads near base.
Aperture rather narrow, long, subverti-
cal, angulated above, truncated below;
outer lip vertical, simple, subparallel
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with columella; inner lip thin, rather
narrow, rather distinctly defined; col-
umellar folds four, decreasing in size
and strength below: upper three folds
prominent, lowest one very faint and
fine: canal short.

Dimensions {in mm):—Ileight 320, di-
ameter 12.2 (holotype); height 17.0, di-
ameter 7.0 (paratype).

Remarks:—This new species is dis-
tinguished from Strigatella dainitiensis
MAKIvAMA (1927, p. 114, pl. 5, figs. 15,
16) from the Pliocene Dainichi For-
mation, Shizuoka Prefecture by its dis-
tinct sutures, long aperture and surface
sculpture.

Type localitv.—Loc. No. 24.

Occurrence :—Type loc.—F.

Family Cancellariidae
Genus Sydaphere IREDALE. 1929
Svdaphera horii MASUDA, n. sp.

Pl. 2, figs. 16a-b. 17a-b. 18a-b. 19

Holotype :—DGS, Reg. No. 4613.

Description :—Shell rather small, rather
thin. ovate-fusiform, with seven whorls,
two and a half nuclear whorls; spiral
angle about 40°. Whorls shouldered,
moderately convex, separated by distinct
sutures; nuclear whorls low, smooth,
rounded ; surface sculptured with dis-
tinct, elevated, spirally sculptured longi-
tudinal threads and numerous, distinct,
round-topped spiral threads and fine
intercalary threads; longitudinal ribs
somewhat narrower than their inter-
spaces, about 13 on penultimate whorl:
interspaces with distinct spiral threads
and intercalary threads. Aperture ob-
liquely ovate, rounded above; outer lip
rather thick, denticulated within; inner
lip defined by thin callus; columella

nearly straight, with three distinct folds,
upper two much stronger than lower
one ; canal short.

Dimensions (in mm) :—

Height 11.0* ca.15.0 12.0 7.0
Diameter 5.5 8.0 6.5 4.2
*—holotype

Remarks —The present species re-
sembles Cancellaria hukusimmana NOMURA
and HaTa1 (1936b, p. 134, pl. 17, figs.
6a-b) from the Tanagura Miocene, Fuku-
shima Prefecture, but horii is distinguish-
able therefrom by its oblong shell, more
longitudinal ribs and spiral threads.
Sydaphera sp. illustrated by ITOIGAWA
{1960, p. 290, pl. 6, fig. 4) from the
Mizunami Miocene of Gifu Prefecture
may be included into the present spe-
cies, but the naming is withheld until
better materials accumulate.

This species is named in honor of
Mr. Hisanao Hori of the Kanazawa
Technical High School who was my
former teacher during the Middle School
days and who helped me in various
ways.

Type locality .—Loc. No. 32.

Occurrence . —Type loc.—R; Loc. No.
4—R; Loc. No. 7—R; Loc. No. 35—R.

Family Turridae
Genus [nquisitor HEDLEY, 1918
Inquisitor shibanoi MASUDA, n. sp.
Pl 2, figs. 23a-b, 24a-b, 25a-b, 26a-b

Holotype -—DGS. Reg. No* 4619.

Description :—Shell of medium size,
rather thick, turreted, with about ten
whorls, two to three nuclear whorls;
spiral angle about 40°. Whorls separated
by rather distinct, uneven sutures: sur-
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face with elevated, smooth longitudinal
ribs and somewhat granulated subsutur-
al cords; longitudinal ribs oblique, 13
on penultimate whor! and 15 on body
whorl, somewhat narrower than their
interspaces, angulated at uppermost
part; nuclear whorls smooth, rounded.
Base of body whorl somewhat con-
tracted. with a few, faint, fine revolving
threads. Aperture oblique, rather nar-
row, elongated, narrowly channeled
posteriorly : outer lip thin, with rather
deep sinus; inner lip sharply defined,
with thin callus; canal short and open.

Dimensions (in mm):—Height 14.0,
diameter 5.0 (holotype); height ca. 13.0,
diameter 4.0; height 64, diameter 29
(paratype:.

Remarks:—The present new species
can be distinguished from [Inquisitor
mizunamiensis 1TOIGAWA (1960, p. 291,
pl. 6, figs. 8a-b) from the Mizunami
Miocene of Gifu Prefecture by its larger
number of longitudinal ribs and angu-
lated subsutural bands, and from /nqui-
sitor osawanoensis Tsubpa (1960, p. 97,
pl. 6. figs. 4. 5) from the Kurosedani
Miocene of Toyama Prefecture by its
larger spiral angle and more longitudi-
nal ribs.

This species is named in honor of Mr.
Shoichi SHIBANO of the Yanaida Agri-
cultural High School who helped me in
the field.

Tvpe localily :—Loc. No. 30.

Occurrence :(—Type loc.—R; Loc. No.
4—R: Loc. No. 23—R: Loc. No. 24—F;
Loc. No. 35—R.

Family Pyramidellidae
Genus Syrnola A. ApaMs, 1860

Syrnola notoensis MASUDA, n. sp.

Pl 2, figs. 31a, b

Holotype .—DGS, Reg. No. 4627.

Description :—Shell rather large, thin,
turreted, rounded at base, six whorls
preserved ; spiral angle about 20°.
Whorls flattish to slightly rounded,
separated by distinct. shallowly chan-
neled sutures; surface smooth but with
narrow, colored band a little above
sutures, very faint, fine spiral threads
and very faint. fine incremental lines.
Aperture subovate, posteriorly angulated
but anteriorly rounded; outer lip thin,
smooth ; columella short, with a fold.

Dimensions (in  mm):—Height 7.2,
diameter 3.0 (holotype): height ca. 85,
diameter 3.6 (paratype).

Remarks . —The present species was
described based upon a well preserved
specimen lacking the upper whorls and
some unfavourably preserved specimens.

This new species can be distinguished
from Syrnela cinctella A, ADAMS
(NoMURA, 1937, p. 47, pl. 9, figs. 47a-by,
a Recent and Pleistocene species of Ja-
pan, by its larger shell and rather weak
fold.

Tvype locality -—Loc. No. 23.

Occurrence . —Type loc.—R; Loc. No.
39—F.

Genus Turbonilia Risso, 1827
Turbonilla ishidae MASUDA, n. sp.
Pl. 2, figs. 34a. b, 35

Holotype :—DGS, Reg. No. 4632.

Description :—Shell small, thin, elon-
gate-conical, with six whorls, nuclear
whorls lacking: spiral angle about 35°.
Whorls somewhat rounded, separated by
constricted sutures: surface with ele-
vated, slightly oblique, fine longitudinal
ribs much narrower than their inter-
spaces, about 18 on body whorl. Base
of body whorl somewhat contracted.
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slightly concave, with three, faint, fine
spiral threads. Aperture subquadrate,
with acute posterior angle; outer lip
thick : columella nearly straight.

Dimensions (in mm) :—Height 4.3, di-
ameter 2,2 (holotype); height 2.2, di-
ameter 1.3 (paratype).

Remarks :—This new species distin-
guishable f{rom Turbonilla tavaensis
NoMuRA and HaTai (1938b, p. 61, figs.
5a-b) from the Miocene Taya For-
mation, Akita Prefecture by its rather
small, low shell, larger number of
whorls and rounded base.

Type locality -—Loc. No. 24.

Occurrence —Type loc.—R; Loc. No.
10—R.

Genus Tiberia MONTEROSATO, 1875

Tiberia konamiensis NMASUDA, n. sp.

Pl 2. figs. 32a. b

Holotype .—DGS, Reg. No. 4630.

Description :—Shell small, thin, umbi-
licated, regularly turreted, with nine
whorls, younger two to three whorls
lacking ; spiral angle about 30°. Whorls
flattish, gradually growing, separated by
rather distinct sutures; surface smooth
but with very faint, fine incremental
lines. Body whorl flattish above,
rounded at periphery, convex at base.
Aperture subovate, with acute posterior
angle: outer lip thin, simple; inner lip
with thin callus; columella straight,
with three unequal folds, upper fold
strong, conspicuous and lower two
much less conspicuous.

Dimensions (in mm) :—Height 9.0. di-
ameter 4.5 (holotype).

Remarks :—The present new species
can be distinguished from Pyranudella
hataii MAsSUDA (1956, p. 164, pl. 26, figs.

15a-b) from the Higashi-Innai Formation
at Loc. No. 12 by its larger spiral angle,
not channeled sutures and upper con-
spicuous columellar fold and two, lower
weak columellar folds.
Type locality —Loc. No. 35.
Occurrence :—Type loc.—R.

FFamily Scaphanderidae
Genus Adamnestia IREDALE, 1936
Adamnestia onukii MASUDA, n. sp.

PL 2, figs. 36a, b

Holotype .—DGS, Reg. No. 4634.

Description :—Shell small, solid, elon-
gated, cylindrical, rounded at lower end:
convolute; vertex shallowly depressed,
with a small pit at bottom. Body whorl
equal to length of shell; surface smooth
but with very faint, fine growth lines
and a few, very faint, fine spiral threads
at uppermost part. Aperture linear,
narrow, dilated at lower part: outer lip-
thin, nearly straight: inner lip covered
by callus; umbilicus very shallow, slit-
like.

Dimensions (in mm)—Height 7.2, di-
ameter 3.0 (holotype); height 57, di-
ameter 2.4 (paratype).

Remarks :— Adamnestia japonica (A.
Apams) (HABE, 1961, p. 91, pl. 43, fig. 15),
a Recent species of Japan, can be dis-
tinguised from the present one by its
smaller shell and surface sculpture.

This new species is named in honor
of Professor Yoshio ONUKI of the Depart-
ment of Geology, Faculty of Education,
Tohoku University.

Type locality :—Loc. No. 24.

Occurrence:—Type loc.—R: Loc. No.
23—R.
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THREE NEW TERTIARY FORAMINIFERAL GENERA
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Introduction and Acknowledgement

Review of the previous works on the
Tertiary larger Foraminifera from the
Gulf of Mexico and Pacific regions has
led the writer to establish three new
genera, Quastborelis from the lower
Eocene of Florida, Tayamaia from the
Aquitanian of Saipan and Quasirotalia
from the Pliocene of Guam. For Quasiro-
talia, the writer is much indebted to Dr.
Arthur Coorer of the U.S. National
Museum and Dr. Joshua . TRACEY, Jr.
of the U.S. Geological Survey, Washing-
ton, D. C. who kindly loaned to the writer
limestone sections of the Alifan and
Bonya limestones from Guam containing
the afro-mentioned Foraminifera and
helped the writer's investigation.

Systematic Descriptions

Family Alveolinidae EHRENBERG

‘Eec?ei;ediﬂgy? 12)66; Read June, 20, 1966.

F R M G

All the foraminiferal genera which
were grouped up into a single family
Alveolinidae EHRENBERG by REICHEL
(Treaties on I[nvertebrate Paleontology.
C2, vol. 1, p. C503-C510) vary from
spherical, subspherical, ovoidal, ellipsoi-
dal. fusiform. cylindrical, to nautiloidal
in external form. Their wall structure
and mode of growth are similar. Their
shell walls are solid and porcellaneous,
consisting of a number of whorls coiling
planispirally around a juvenarium. The
whorls of all the genera of this family
consists of a single sheet of the spiral
lamella, excepting for AMultispira REI-
cHEL, which consists of a composite
whorl of a number of successively super-
posed spiral lamellae. The whorls of all
the genera are divide into multitudes of
chambers by radial septa extending from
pole to pole of the test. The chambers
are subdivided into many chamberlets
by the septula normal to the septa.

The alveolinids range stratigraphyical-
ly from the upper Albian to Recent. In
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both the Mesozoic and Cenozoic genera,
two different modes are detected in the
disposition of the septula, either continu-
ous or alternating. The continuous
septula are aligned in the next suc-
ceeding chambers. whereas the alter-
nating ones are arranged alternatingly
in succeeding chambers. Most of the
Mesozoic genera are equipped with con-
tinuous septula, whereas some Cenozoic
forms have continuous septura and the
remainder have alternating ones. The
arrangement of the septula may furnish
some clue to the phylogenetic relations
among the gencra.

The ontogeny of Yabeina DEPRAT, a
Permian fusulinid clearly illustrates the
phylogenetic succession of this genus
(HANzAwA and MuURATA, 1965. HAaNzA-
wa, 1965, p. 241). Namely its endothy-
roid juvenarium is immediately followed
by some whorls of the Cancellina-struc-
ture, which is in turn succeeded by
several whorls of the Neoschwagerina-
structure before the final ontogenetic
stage of Yabeina proper begins. How-
ever, most of the alveolinid genera do
not appear to show such a differential
ontogenetic development as shown in
Yabeina. In all the alveolinid genera,
all the post-juvenarium whorls shows
their own generic characteristics. The
earliest whorls of Alveolinella DOUVILLE
have two-tired chambers, while the later
whorls are subdivided into three or more
tiers. But Flosculinella SCHUBERT, which
has the characteristic two-tired chambers
is difficult to consider representing the
earliest ontogenetic stage of .lveolinella
DouvILLE because the septula of the
former are of the alternating type and
the latter is equipped with continuous
septula.

Ovalveoling REICHEL and Praealveolina
REICHEL occur in the same geologic ages
and their internal structures are alike.

But the apertural features of the former
are somewhat simpler than those of the
latter. The former may be regarded as
the predecessor of the latter.
Simpalveolina (Praealveolina) REICHEL
may have been derived from Praealvéo-
lina s.s. REicHEL. The former made its
first appearance later than the latter.
The unique form, Multispira REICHEL
may be considered to have originated
from Praealveslina REICHEL by the proli-
feration of the sheets of whorls.
Cisalveolina REICHEL, which is char-
acterized by a single slit-like aperture
and the alternating septura may be con-
sidered to have been derived from Prae-
alveolina REIcHEL, or from another
miliolid ancestor independent from the
last-named genus. Subalveolina REICHEL
also may be regarded to have originated
from this independent ancestral stock
of the miliolids or from Praealveolina

REICHEL. lts septula have no definite
arrangement.
Fasciolites PARKINSON (= Alveolina

p'ORBIGNYY and Glamalveolina HOTTIN-
GER are surely independent from the
Mesozoic alveolinids in phylogeny. The
voungest Mesozoic genus, Subalveolina
REICHEL became extinct in the Cam-
panian and the oldest Cenozoic one,
Fasciolites PARKINSON, made its first ap-
pearance in the Paleocene. Therefore,
a stratigraphic interval, from the base
of the Maastrichtian to the top of the
Danian Stage, exists between the two
genera. Paleontologically, it is incredible
that the above Cenozoic form is heritable
from the above-named Mesozoic one.
The Cretaceous forms now in question
should be excluded from the Alveolinidae
EHRENBERG as the isomorphs of the
Cenozoic alveolinids and allocated into a
new independent family.

Both Bullalveolina REICHEL and Flo-
sculinella SCHUBERT are also character-
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ized by alternating septula. There is the
possiblity that they are phylogenetically
continuous with Fascielifes PARKINSON,
considering the structural similarities
and stratigraphic distribution of the
three forms.

Borelis EHRENBERG which is character-
ized by continuous septula may be phylo-
genetically independent from [‘asciolites
PARKINSON which has alternating septula.
The former ranges from the lower Eo-
cene to Recent, and the latter from the
Paleocene to the lower Upper Eocene
:Bartonian).

Alveolinella DOUVILLE with continuous
septula may be phylogenetically indepen-
dent from Flosculinella in spite of the
structural resemblance of both forms.

Genus Quasiborelis, nov.
Type-species:  Borelis gunteri CoLr (1941,
p. 34, pl. 3. figs. 1-3: pl. 18, figs. 5, 6) from
the lower Eocene of Florida.

Borelis gunteri CoLe may not be con-
generic with Borelis melo (FICHTEL and
Mout.:. The former is similar to the
latter in almost every respect. lispecial-
ly, the former is characterized by the
continuous septula ‘CoLE, 1941, pl. 2.
fig. 3) as the latter. But the chambers
of the former are subdivided into two
or several tiers by one or five horizontal
septa, whereas those of Borelis melo
{(FicuTel,. and MoLL) are undivided.
CoLE's illustration of Borelis gunteri
CoLE 1941, pl. 2, fig. 1) shows that this
form of Foraminifera is equipped with
several rows of apertules. However, the
above description shows that this form
is indistinguishable from Alveolinella
DouviLLE in the fundamental internal
structure.

Borelis melo \FICHTEL and MOLL; is
spherical, whereas Borelis schlumbergeri

IFigs. 1,2,
Schematic drawings of eqatorial (Fig. 1)

Quasiborelis gunteri (CoLE)

and axial (Fig. 2) sections. x26.8
(Original : CoLg, 1941, pl. 2, figs. 2, 3).

{REICHEL) and Borelis pygmaeus (HAN-
7AWA) are fusiform. Flosculinella bontan-
gensis (RUTTEN) is fusiform, whereas
Flosculinella globulosa RUTTEN is spheri-
cal. But nobody has ever tried to dis-
tinguish generically Horelis melo from
Borelis schlumbergeri or from Borelis
pygmaeus, similarly Flosculinella bontan-
gensis from Flosculinella globulosa.
Borelis gunieri CoLE is nautiliform,
vhereas Alveolinella quoyi D’ORBIGNY is
fusiform. Both are common in having -
the same internal structural constituents.
They differ from each other by their
external form and the latter is much
more delicate than the former in inter-
nal structure. Considering the interre-
lation between Borelis melo and Borelis
schlumberger: or that between Floscu-
linella  bontangensis and Flosculinella
globulosa, Borelis gunteri may not be
rationally distinguished from Alveolinella
guoyi generically because of having the
same structural constituents. But Borelis
guntert is found in the lower Eocene of
Florida and Alveolinella quoyi ranges
from Miocene? to Recent. It is easily
considered that both the forms are not
in any close phylogenetic relation. A
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new genus name Quasiborelis is proposed
for Borelis gunteri COLE. Quasiborelis,
gen. nov. is supposed to have arisen
from Borelis EHRENBERG in the lower
Eocene.

Family Planorbulinidae SCEWAGER
Genus Tayamaia, nov.
Type-species: Gypsina marianensis Hanza-

wa (1957, 66, 67, pi. 31, fig. 8: pl 27)
from the Aquitanian Stage of Saipan,
Mariana Is.-Couni, 1957, p. 337, pl. 103,

figs. 1-4.

The characteristic features of Gypsina
marianensis are as follows:

The test is helmet-shaped and is dif-
ferentiated into three sets of layers of
different-shaped chambers, »iz., a dome:
shaped median layer, some tiers of super-
jacent dorsal layers and those of sub-
jacent ventral ones. The median layer
consists of spherical proloculus and an-
nularly disposed chambers, which are of
truncated-arcuate type, equipped with
four stolons (refer to HAanzawa, 1957,
pl. 27, fig. 3) The dorsal layers consists
of chambers which are quadrangular and
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irregular in transverse and horizontal
sections respectively. The ventral layers
consists of chambers, which are arcuate
in transverse section and irregular in
horizontal section. All the chambers
cited above are common in having solid
vertical walls and finely cribrated roofs

Fig. 3.
ZAWA) Schematic drawing of transverse

Tayamaia mariaensis (Hax-

section. x26.5.

and floors.

LOEBLICH and TAprrAN (1964, Treatise
on Invertebrate Paleontology, C2, vol. 2,
p. 696) pointed out that the type species
of Gypsina CARTER is Gypsina mastelensis
BURSCH, not Orbitolina concava var. vesi-
cularis PARKER and JoNgS. The char-
acteristic features of the chambers of
Guvpsina mastelensis BURSCH are quite the
same as those of Gypsina vesicularis

Explanation of Plate 3

Quasirotalia guamensis, gen. nov. and sp. nov.

Figs. 1 (Holotype), 2, 8. Transverse sections.

1, 2. 8. Locality Ts 16-14, Guam, Mariana Is. USGS coll.

Figs. 3, 4. [Equatorial sections.

3. Locality Ts 16-14, Guam, Mariana Is. USGS coll.
4. Locality Ts 16-12, Guam, Mariana Is. USGS coll.

Figs. 5-7. Tangential sections.
5, 6. Near ventral sides of tests.

5. Locality. Ts 16-1, Guam, Mariana Is. USGS coll.

6. Locality. Ts 16~14, Guam, Mariana Is. USGS coll.

7. Near dorsal side of test.

Locality. Ts 16-14, Guam, Mariana Is. USGS coll.
Fig. 9. Transverse section of microspheric form?
Locality. Ts 16-5, Guam, Mariana Is. USGS.

All figures thirty times naturl saize
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(PARKER and JoNEs) and Gypsina plana
‘CARTER . The chambers of these species
are destitute of stolon passages in their
chamber-walls.

Gypsina marianensis is like Gypsina
vesticularis (PARKER and JONES), one of
the typical Gypsina CARTER in major
structure (refer to HANZAWA, 1957, pl. 21,
fig. 9. But the internal structure of
Gypsina vesicularis is not differentiated
into any sets of layers as that of Gypsina
marianensis. Moreover, the whole sur-
face of all the chambers of Gypsina vest-
cularis is cribrated and devoid of any
stolen passage. Thus Gypsina maria-
nensis may be distinguished from Gypsina
vesicularia in having arcuate median
chambers with four stolons. Therefore,
it must be assigned to a different genus.
A new genus name, Tavamaia is propos-
ed for Gypsina marianensis HANZAWA,
dedicated to the late Dr. Risaburo Ta-
vyAMA who made valuable contributions
to the geology of Micronesia.

Tavamaia, gen. noy. is considered to
to be more rationally referred to the
family Planorbulinidae SCHWAGER than
to the Acervulinidae SCHULTZE because
its median chambers are characterized
in having solid vertical walls with
stolons.

Geologic horizon and locality: Aqui-
tanian Tagpochau limestone, S83, R.
Tavama, Kanat Fahan Lichan, Saipan,
Mariana Is.

Family Calcarinidae SCHWAGER
Genus Quasirolalia, nov.

The test is lenticular or plano-convex
and may be structurally distinguished
into a rotaloid juvenarium and a maturi-
tas consisting of two or three layers of
chambers added on the periphery and
ventral side of the juvenarium, and

-advanced than Rotalia

almost spirally disposed. The test walls
are double in structure like those of
Calcarina D'ORBIGNY. The type-species
is Quasirotalia guamensis sp. nov.

Fig. 4.
nov. Schematic drawing of trans-

Quasirotalia guamensis,

verse section. x13.3.

This new genus is more
LAMARCK in
structure and is distinguished from it
in having layers of chambers on the
ventral side and periphery of the test,
and double walls with thick and densely
crowded ventral canals. It resembles
Baculogypsinoides YABE and HANZAWA,
but lacks the spinose structure of the
latter Pliocene.

Remarks:

Quasirotalia guamensis, nov.
PlL. 3: PL 4, Figs. 1-8

Rotalia atjiehensis VAN DER VLERK.-COLE,
part. 1953, p. E20, pl. 5, figs. 1. 3, 9, not
figs. 3. 4.

The test is biconvex or plano-convex,
the dorsal side is flat or slightly vaulted,
whereas the ventral side is broadly
rounded. [t is small, 2mm across and
1.5mm thick. The proloculus is spheri-
cal, 120-220;¢ in diameter and surround-
ed by a thin walls, 20-40g thick and it is
followed by 7 trochispiral nepionic cham-
bers of the juvenarium which is 760-
800y acrgss and 4204 thick. The juve-
narium is succeeded by the trochispiral
second and third and sometimes fourth
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whorls of the maturitas; the size of
chambers of the first, second, and third
whorls is usuaily smalier, 1007100z
and that of the fourth whorl is larger,
160z x 3002. The walls of the chambers
are usually composed of double layers,
the inner one is thin, 20-60x in thick-
ness, whereas the outer one is thick, 300
in thickness, and piereced by numerous
thick vertical canals, 20-40p across.

Geologic horizon: Pliocene Alifan
Limestone.

Localities: Ts 16 and G}9, northern and
southern Guam, Mariana ls. respectively.

Remarks on COLE's Rotalia atjehen-
sis VAN DER VLERK: Rotalia atjehensis
(CoLE, 1963, p. E20, pl. 5, figs. 1-4, 8, 9)
comprises two forms of Foraminifera,
which are distinguishable generically as
well as specifically from each other in
this writer's view. One of them was
depicted by COLE in figures 1, 2, 9 just
cited and is dealt with in this paper as
Quasirotalia guamensis, gen. nov. and
sp. nov., and occurs in localities Ts 16
and Gj 9, northern and southern Guam,
Mariana Is. respectively, whereas the
other illustrated by COLE in figures 3. 4

(Plate 4, figs. 14, 15) occurs in locality
Ih 5, central Guam. Referring to the
Geological Map and Locality Map of
Guam (TRACEY. et al, 1964, pls. 1, 2)
should be noted that localities Ts 16 and
Gj 9 are located in the area of Tal,
Alifan Limestone, whereas locality 1h 5
is in the area of Tb Bonya Limestone.
Under the microscope, the limestone with
Rotalia atjehensis appears to be more
advanced in recrystallization than that
with Quasirotalia guamensis, and these
two forms are never associated with each
other in the same limestone from the
localities just cited. COLE (1963, loc. cit))
identified all the forms mentioned above
with Rotalia becarii (LINNEAUS) var.
atjehensis VAN DER VLERK from Atjeh,
North Sumatra (VAN DER VLERK, 1924,
p. 25, 26, pl. 5, figs. 21-24) and with HAN-
ZAWA’s  Rotalia schroeteriana PARKER
and JoNES {(HANzawaA, 1931, p. 157, pl
26, figs. 6-8) (Plate 2, figs. 9-13) from
the lower Miocene Misaka Formation of
Japan, associated with Nephrolepidina
japonica YABE and Miogypsina koto
HanzawA. As shown in Plate 4, figures
9-15 in this paper, the form are lenti-

Explanation of Plate 4

Figs. 1-8. Quasirotalia guamensis, gen. nov. and sp. nov.

1-3. Equatorial sections.
4. Tangential section near ventral side.

Locality. Ts 16-10, Guam, Mariana Is. USNM. 625565.

5-7. Transverse sections.

Locality. Ts 16-10, Guam, Mariana Is. USNM. 625565.
8. Transverse section of microspheric form?

Locality. Ts 16-10, Guam, Mariana Is. USNM. 625565.
Figs. 9-13. Retalia sp.
Locality. The mountain creek at the east of llisari, Kwanto Massif, Japan.

9, 10. Transverse sections.
11-13. Equatorial sections.
Figs. 14. 15.
) Locality.

All figures thirty times natural size

Rotalia sp. (Rotalia atjehensis VAx DER VLERK. CoLE, 1963, pl. 5. figs. 3. 1)
lh 5-3, Guam, Mariana Is. USNM. 625567.
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cular with a broadly rounded periphery
and lack the accessory chambers on
the periphery and ventral side of the
test unlike the form referred to Quasi-
rotalia guamensis. The statistics cited
below show that the forms from the

locality [h 5, Guam and llisari, Japan
are alike, but they are not quite identical
with the type of Rotalia atjehensis VAN
DER VLERK, which periphery is rather
acuminated and with Rotalia schroe-
tertana PARKER and JONES.

Comparison of the statistic of Rotalia atjehensis VAN DER VLERK
and Rotalia sp. from Guam and Japan

Sumatra Guam (Ih 5) Japan

Diameter 1.00 mm .77 mm 2.00 mm
Thickness 0. 50 mm 1.00 mm 1. 00 mm
Number of chambers in ¥ 0 £ 1 9 .1

the whorls 3-4 2.5-3 2.5-3
1st whorl 7 7
2nd whor! 13 11-13
3rd whorl 14? 14?
Number of chambers = 162

in the last-formed whorl 15-18 162 14-167

of Larger Voraminifera. Tohoku Univ,
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SHORT NOTE

13.

EPONIDES BOSOENSIS

NEW NAME FOR
EPONIDES ASANOI HIGUCHI. PREOCCUPIED*

YU HIGUCHI

Suncoh Consultants Co., Ltd.

\While carrying out a study of Fora-
minifera from the gas field in Chiba
Prefecture, it was discovered that Epo-
nides asanoi HicucHl (Trans. Proc.
Palaeont. Soc. Japan, N.S., No. 60, pp.
178-181, pl. 21, Dec. 20, 1965) from the
boring well at Kujukuri-machi, Sanbu-
gun, Chiba Pref. is preoccupied by
Eponides asanol YOsuina, 1958 (Hokkaido
Gakugei Univ., Jour. vol. 9, No. 1, p.
257. pl. 2, figs. 4a-c) from the Cretaceous
of Hokkaido.

The new name Eponides bosoensis is
proposed for FEponides asanoi HIGUCHI,
1965.

Acknowledgement to Mr.

is paid

* Received July 28. 1966

26

Richard CHARMATZ, American Museum
of Natural History, for his kind advice
about the preoccupied species.
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GRAPTOLITE AND TENTACULITE CORRELATIONS AND

PALAEOGEOGRAPHY OF THE SILURIAN AND DEVONIAN
IN THE YUNNAN-MALAYA GEOSYNCLINE*

C.K. BURTON

Department of Geology. Faculty of Science, Chulalongkorn University
Bangkok, Thailand
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“....1 can well recall the thrill of delight and astonishment with which 1 recognised. in
the first fossiliferous piece of rock that I broke off, a fragment of a graptolite....”

La Toucus, « The Geology of the Northern Shan States™

Introduction

Graptolites and tentaculites are now
known from several areas disposed in a
narrow zone extending from west Yun-
nan through east Burma and west Thai-
[and into northwest Malaya.

The first discovery of graptolites in
this region was made by LA TOUCHE in
1899 in the Northern Shan States of
Burma. Continued investigations by
this pioneer vyielded more graptolites,
with numerous other fossils. including
tentaculites (LA ToucHEg, 1913; REED,

~ * Received Apr. 9, 1966: Read Jan. 22. 1967.

1906, 1915).

Graptolites of Silurian age were next
found in the Chinese province of Yun-
nan by BrowN (Browx, 1913: REED,
1917) and the faunal census here has
been continuously augmented. by later
workers (YIN & Lu. 1937; Sun, 1945;
SuN & SzeETU, 1947 etc). BrRowN and
SoNDpHI (1933a, b) then extended the re-
cord of graptolites and tentaculites to
the Southern Shan States, their collec-
tions being described: by ELLES and by
REED (REED, 1932, 1936).

Later. tentaculites were also proved in
west Yunnan (by WaNG) and the geo-
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synclinal nature of the tract between
this area and the Northern Shan States
was recognised and named the Sino-
Burmese geosyncline (Sun, 1945).

Tentaculites were found in Thailand
in 1950 (Browx ef al., 1933) and grapto-
lites were encountered in Malaya, close
to the Thai border in 1956 (JoNES, 1959).
KoBAaYAsHI (1960) now realised that the
geosynclinal belt extended to this vicinity
from Burma. He subsequently termed
this the Burmese-Malayan geosyncline,
at the same time reporting graptolites
from two localities in Thailand (Kona-
YASHI, 1964).

Recent work by the writer and his
former colleagues in the Geological Sur-
vey of Malaysia (Malaya) has shown
that there is a considerable expanse of
Silurian to Devonian graptolite- and
tentaculite-bearing strata in northwest
Malaya, and we have further been able
to demonstrate (BURTON, in the press, b)
that the mid-Palaeozoic geosyncline ex-
tended through the country for some
300 miles from the Thailand frontier to
the western seaboard in Malacca state.

For convenience the term * Yunnan-
Malaya geosyncline” is used here to
designate the whole geosynclinal tract
from west Yunnan to south Malaya (see
(Fig. 1). The informal nature of this
usage is emphasized since it is not yet
fully established that the entire belt
constituted an uninterrupted basin of
deposition at any one time and since
extensions may exist beyond Malaya
and Yunnan (see below). Until these
questions are resolved, " Yunnan-Malaya
geosyncline ” may be used concurrently
with such conceptual terms as Sino-
Burmese geosyncline, Burmese-Malayan
geosyncline, Malayan geosyncline etc.

Details of graptolites and tentaculite
occurrences in the Yunnan-
Malaya geosyncline

a) Malaya

The beginning of a new era in Mala-
yan geological research was signalized
in 1956 by JoNis's discovery of grapto-
lites on the Langkawi Islands in the
northwest (l.at. 6°25’N; Long. 99°55'E).
Tentaculites were later found in this
vicinity, although their identity was not
appreciated at the time (JoxEs, 1959,
1961).

Subsequent work has shown that the
occurrence on the Langkawi Islands is
but the outpost of an extensive develop-
ment of Silurian to Devonian graptolite-
and tentaculite-bearing rocks located 60
miles to the southeast in the states of
Kedah, Perak and Penang. As presently
known, the bulk of these rocks (some
600 square miles of outcrop) lies between
5°17 and 5°56’N and between 100°21/
and 101°04’E. In all, 103 graptolite loc-
alities and 45 tentaculite localities have
been recorded in northwestern Malaya
(of which 87 and 36 respectively were
found by the writer and his assistants
during the past three years, 1962-65).
The majority of these fossils occur in
the euxinic Mahang Formation 186 gra-
ptolite and 40 tentaculite localities) and
nearly all the remainder are contained
in black shale members of the contem-
poraneous limestone-rich * Baling For-
mation ¥ {or Group) to the east (13 gra-
ptolite and 4 tentaculite occurrences)
and the * Setul Formation ” of the Lang-
kawi Islands in the northwest (2 incid-

* Throughout this communication the
convention is followed of placing informal
stratigraphic names between inverted com-
mas.
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ences of graptolites and one of tenta-
culites).

Farther south, in the centre of Perak
state, two other discoveries of grapto-
lites have been made. So far, tenta-
culites have not been found in this area.

Study of Malayan graptolites is still

Monograptus cf. inopinus Tor~N.

at an early stage. Ten collections from
the Mahang Formation have been ex-
amined in detail by STRACHAN and
JoNES (COURTIER, in manuscript) and
in five of these specific determinations
were possible, viz.,

Fossil identifications Age

lower Middle
Llandovery

Glyptograptus cf. sinnualus NicH.

Climacograptus rectangularis M'Coy

Monograptus aff. concinnus Lap.

lower Middle
Liandovery

upper Middle
Llandovery

Climacograptus cf. rectangularis M'Coy

upper Middle
Llandovery

Cephalograptus tubulariformis NicH.

Locality Location
KKF8 5°21722*N ¢ Monograptus gregarius Lap.
100°44/51’E
Map 21/11 Monograptus sp.
182641
Diplograptus modestus Lap.
KKF9 5°20'57'N :
100°45’25E Diplograptus modestus Lap.
Map 21/12 Orthograptus sp.
493633 Climacograptus sp.
KKF10 5°22'10""N ; Monograptus decipiens TORN.
100°43'01'E Monograptus sp.
Map 21/11 Glyptograptus sinnuatus Nicn.
459658
KKF24 5°19°02"N ; Monograptus decipiens UORN,
100°45'04'E Monograptus convolutus His.
Map 21/12 Monograptus sp.
187594
Diplograptus sp.
Climacograptus hughesi Nicu.
KKF18 5°217467" N«

100°24/03/E
Map 21/11
173649

These fossils span a rather limited
time range, from graptolite zone 19
(Monograptus gregarius) to zone 22
(Monogratus turriculatusy or 23 (Mono-
graptus crispus). The remaining collec-
tions of Mahang graptolites have been
examined only briefly as yet, but the
bulk of them are clearly Llandovery in
age (JONES., personal communication).
Orthograptus aff. vesiculosus and Aono-
graptus cyphus are the oldest forms re-
ported, respectively zone fossils of gra-
ptolite zone 17 and 18, whilst in a very

Meonograptus aff. galaensis Lavy.

middle Upper
Liandovery

recent (personal) communication JONES
records the presence of the Wenlock
Cyrtograplus.

Graptolites of the “Baling Formation”
have not yet been studied. but it is
evident that they also comprise diplo-
graptids in association with mongraptids,
indicative of a Llandovery date. Two
argillite horizons occur amidst the lime-
stone of the “Setul Formation" in Lang-
kawi (see Table 1}). Both contain gra-
ptolites. From the *“Lower Detrital
Band ., STRACHAN (in KOBAYASHI ¢t al,,
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1964a) determined :—
Monograptus (?) 2 spp.
Dimorphograptus sp.
Climacograptus rectangularis
Chimacograptus sp.
Orthograptus sp.
Glyptograptus sp.
The horizon yielding Dimorphograptus
was said to approximate to the Lower
Llandovery zone of Orthograptus wvesi-
culosus (17). Some 400 to 650 feet higher
in the succession, the * Upper Detrital
Band ~ carries the Middle Llandovery
species Monograptus clingani. identified
by BALL and STRACHAN (KoBavastl e!
al., 1964a).

Southwards (along the strike) of the
Mahang outcrop, in the Sungei Siput-
Ipoh area of central Perak, the propor-
tion of limestone is again high. Asso-
ciated shale near Kanthan (¢ 4°46'N:
101°06’E) contains graptolites, deter-
mined by BaLL as diplograptids with
faint indications of being of the (Middle
Ordovician to Lower Silurian) ortho-
graptid type (INGHAM and BRADFORD,
1960, p. 20). Another locality at Chemor,
14 miles to the south was found to carry
Orthograptus sp. (BALL, written com-
munication).

Finally, an isolated discovery of mono-
graptids has been made by Inche JA'AFAR
BIN AHMAD in the Foothills Formation
at Karak, Pahang state, central Malaya
(JONES, personal communication).

The Malayan tentaculite discoveries
have recently been announced and pre-
liminary descriptions given (BURTON, in
the press, a). Subsequently systematic
examination has been carried out by
Professor Boulrk. His findings are
summarized below. These fossils are
small, less than 10 mm in length, thin-
shelled forms manifestly belonging to
FIsHER's (1962) Order Dacryoconarida,
although they usually do not possess a

drop-like embryonal bulb, but rather a
more primitive tubular projection. As
is common elsewhere, ringed and un-
ringed types of similar proportions occur
together and it seems conceivable to the
present writer that this may represent
some kind of dimorphism.

BouCek (personal communication) says
that the Malayan ringed tentaculites
commonly prove to be close to the Lower
Devonian Nowakia acuaria. In the
Mahang Formation he has distinguished
another form with scantier rings, similar
to some Eifelian or even Givetian species
of Nowakia (e .g.. locality KKFI14.
5°21/51”N ; 100°43’04”E : Survey Dept. of
Malaya map 21/11 445651;. BoOUCEK
likewise considers that there may be
two species of smooth tentaculite in the
Mahang. The larger individuals (as at
locality Kh13, 5°43'07"N; 100°3629“E;
map 2177 313080) belong to the group of
Stvliolina  jissurella HALL. mostly of
Middle Devonian (Eifelian-Givetian) date
in Europe, although possibly somewhat
earlier elsewhere. Smaller shells. if they
are not Styliolina fissurella too, may be
compared with similar forms which
occur together with Nowakia acuaria in
Europe.

Tentaculites from one locality in the
“ Baling Formation " have been seen by
BouCEeK, who observes :—

«In loc. rl (Upper Perak), together with

Styliolina is....(a form)....very close to

Nowakia acuaria (smaller forms) and I

think it is possible to correlate the beds

with Lower Emsian (middle part of Lower

Devonian)

We have also identified Striatostylio-
linids (Lower to Middle Devonian) at
this locality (BurTON, in the press. a).

The * Upper Detrital Band * of the
“ Setul Formation " bears tentaculites at
one point. These comprise Stvliolina cf.
fissurella again, with a Nowakiid.



32 C. K. BURTON

BouCek considers this horizon Middle
Devonian (Eifelian, or more likely Give-
tian).

Thus, in northwest Malaya, the gra-
ptolites are Lower to Middle Silurian in
age, whilst the tentaculites are Lower
to Middle Devonian. No fossils of Lud-
low age have been proven in the area.
It is surprising to find that at 16 local-
ities graptolites and tentaculites occur
together on the same bedding planes.
15 such localities lie in the Mahang For-
mation where the graptolites accompany-
ing the tentaculites are often poorly
preserved and have so far proved speci-
fically identifiable in only two cases.
Both of these are referred to the mid-
Upper Llandoverian Monograptus gala-
ensis. Associated tentaculites appear to
comprise both Lower and Middle De-
vonian forms.

Whilst no admixture of graptolites
and tentaculites has been found in the
~Baling Formation”, a comparable situa-
tion exists therein for the Lower Emsian
tentaculites detailed above are inter-
mixed with Ordovician graptolites, in-
cluding the agnostid genus Trinodus
(identified by KOBAYASHI, personal com-
munication). Similarly, in the *Setul
Formation" the Middle Llandovery
Monograptus chingani and Middle De-
vonian tentaculites are intimately asso-
ciated together in the * Upper Detrital
Band "

b) Thailand

In Thailand, where a time-stratigraphic
rather than a rock-stratigraphic classifi-
cation has been adopted (BrowxN ef al.,
1953) the Kanchanaburi Series extends
from the Silurian to the Carboniferous.
Information is at present limited, but
three graptolite and/or tentaculite loc-
alities are known herein.

At Ban Na, northeast of Thung Song,

in peninsular Thailand (see Fig. 1),
poorly preserved specimens of Climaco-
graptus and Diplograptus from a thin
shale band in a limestone succession in-
dicate an Upper Ordovician to Lower
Silurian age (KoBAYASHI, 1964, p. 6;
KOBAYASHI et al., 1964b, p. 49-50).

A little over 400 miles north-northwest
of Ban Na and about 150 miles west-
northwest from Bangkok is Na Suan, in
King Amphur Si Sawat, where tenta-
culites of Mahang type occur in pinkish
sandy shale. DUNCAN (in BROWN et al.,
1953, p. 33) has likened these to forms
referred to Styliolina clavula and Tenta-
culites -elegans by PATTE and REED in
Indochina and Burma respectively.
“ Styliolina clavula” is a synonym for
Styliolina  fissurella HALL (usually of
Middle Devonian age) whilst BARRANDE's
“ Tentaculites elegans ” is now regarded
as comprising several (Lower to Middle
Devonian) species of Nowakia (BOUCEK,
1964, p. 59, 80).

Some 350 miles farther north. just
south of Fang in the extreme northwest
of the country are black argillites, partly
siliceous and associated with chert.
IKoBAYASHI (1964, p. 6) reports that these
strata contain the Lower Llandoverian
Monograptus cyphus, which is also known
from the lithologically similar Mahang
Formation of Malaya. Other graptolites
at Fang may be Llandeilian or Lower
Caradocian.

Colonel Samak Buravas, who dis-
covered these graptolites, informs the
writer (personal communication) that
tentaculites also occur close by.

¢) Burma

In the Northern Shan States, grapto-
lite- and tentaculite-bearing rocks are
known from the early work of La
ToucHE (1913). The succession he elu-
cidated, with suggested correlations by
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the present writer, is set out in Table
1. The Upper Ordovician with, accord-
ing to SuN (SuN & SzeTu. 1947), the
lowest Silurian, comprises limestones
and shales with shelly fossils. This is
followed by a discontinuous horizon of
white shale /black at one locality} which
outcrops in the vicinity of Panghsa-pyé
(c22°47'N ; 97°16°E), some 90 miles north-
east of Mandalay. It carries the follow-
ing graptolites \—

Orthograptus vesiculosus M)
Mesograptus modestus (M)
Glyptograptus cf. persculptus
Climacograptus medius
Climacograptus tornquisti
Climacograeptus rectangularis (M)
Monograptus tenuis

Monograptus gregarius
Monograptus cyphus (M)
Monograptus concinnus (M)
Rastrites peregrinus

Forms marked (M) are known in Malaya,
where much systematic work remains
to be done. The Panghsa-pyé gratolites
listed above are rather early in the
Llandovery, pertaining to the zones of
Orthograptus vesiculosus (17), Monogra-
ptus cvphus (18) and Monograptus gre-
garius {19). In addition to these, Mono-
graptus priodon and Cyrtograptus, pos-
sibly indicating the base of the Wenlock,
were found at one locality whose strati-
graphic position appears to correspond
to that of the Panghsa-pyé band (LA
ToucHE, 1913, p. 129).

The succeeding Namhsim Stage com-
prises coarse clastics with a Wenlockian
shelly fauna, but graptolites reappear in
the Zebingyi Stage (limestone and shale)
in the form of Aonograptus cf. riccar-
tonensis and Monograptus dubius. The
former is a Wenlock zone (27, fossil and
the latter is Wenlock to Ludlow in age.
Together with these graptolites are
other apparently Wenlockian fossils

(Merestina, Modiolopsis etc.; plus some
of Devonian aspect, including numerous
tentaculites and Orthoceras aff. com-
mutatum and Phacops (Dalmanites) swin-
hoei. This faunal admixture is recorded
at five places, between 20 and 30 miles
east and southeast of Mandalay. Tenta-
culites are present at all five localities,
usually in great proliferation. They
were identified by Reep (1906) as Ten-
ltaculiles elegans and Styliolina cf. laevis.
but BouCek (1964, p. 8l) believes the
former to be, in fact, the Middle De-
vonian Nowakia cancellata and has
further shown that  Styliolina laevis”
is another synonym of Stvliolina fissur-
eila, usually Middle Devonian also, al-
though similar forms may be somewhat
earlier. The associated Orthoceras com-
mutatum is of Lower Devonian age in
the Harz and Phacops (Dalmanites) swin-
hoel is closely allied to south LEuropean
L.ower Devonian forms. Subsequent to
La ToucHi's work a wholly Lower De-
vonian shelly fauna was recorded from
the Zebingyi on the Lashio-Mong-pyen
road (Pascot, 1959, p. 650).

Reep (1906, 1915) and [A TOUCHE
(1913) regarded the Zebingyi Stage as
Upper Silurian or transitional Silurian-
Devonian and later than the Namhsims.
It is contended here that this syncretism
is not valid. The two dates indicated
by the Zebingyi fauna are too well de-
fined and too far apart for this to be a
chronologically homogeneous assemblage.
In particular, the exclusively Lower
Wenlock  Monograptus  riccartonensis
could not have been a contemporary of
the Middle Devonian Nowakia cancellata
with which it is associated in LA
ToucHE's locality 44, Pyintha (217517307 N:
96°2430”E). It is therefore postulated
that, as in Malaya, two faunules of dif-
fering ages are mixed together in the
Zebingyi of the North Shan States. As
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1 From BurrTon (in the press, b).

2 Modified after Jones (1961) and KonavasH! et al. (1964a, b).
3 Modified after BRowxN et al. (1953) and KoBavasui (1964).

in northwest Malaya the older component
is Wenlockian and the younger is Lower
to Middle Devonian. The Wenlockian
portion of the Zebingyi may be, in part,
the lateral equivalent of the Namhsim
stage.

Geological survey in Burma was ex-
tended to the Southern Shan States by
BrowN and SoNpHI (1933a, b) and their
fossil collections were examined by
ELLES and by REED (REED, 1932, 1936).
The mid-Palaeozoic sedimentary succes-
sion here is included in Table 1.

M = Mor\:ﬁ raptus

Limestone, argillaceous limestone and
shale with shelly faunas constitute the

Upper Ordovician.

The Llandovery is

again represented by black and bleached

graptolite-bearing

shales, apparently

more extensive here than in the North-
ern Shan States. They appear at three
major localities (Wabya Taung, Mebya-
taung and Panghkawkwo) and one or
two minor ones. lying in a zone some
60 miles from east to west between
Kalaw and Loilem (see Fig. 1). A com-
posite list of all the graptolite species
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‘recorded is given below.

panied by an (N)

LA ToucHe (1913).
Sun and SzeTu (1947).

Those accom-
also occur in North

‘Shan and those with an (M) are present

in Malaya.

Monograptus circularis
" concinnus (NM)
" convolutus (M)
" cyphus (NM)
" decipiens (M)
M difformis
" distans
fimbriatus
" gemmatus
. gregarius (NM)

incommodus

jaculum
" lobiferus

(]

millepoda

" regularis
Diplograptus (Mesograptus) magnus’
Orihograptus mutabilis

" vesiculosus

”

Climacograptus innotatus

(NM)
sp.
medius (N)
rectangularis (NM)
scalaris
tornquisti (N)
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" sp.
Glyptograptus tamariscus
. serratus

Retiolites sp.

Monograptus revolutus

sandersoni--
" sedgwicki

tenuis (N\)
. undulatus

Due largely to a rather confused
statement by REED (1936, p. 103), Pas-
COE's (1959, p. 654; summary of the
Llandovery graptolite beds of the South-
ern Shan States contains a number of
errors. He says,

* The lowest zone is that of Afonograpius

cyphus, the highest that of M. sedgwicki,

and above this comes the zone containing

M. lobiferus, which is also present in the

Panghsa-pye area of the Northern Shan

States. These threce zones are all repre-

sented in the Wabya Taung exposure.

The. zone of M. sedgwicki has not been

found in the country between Kulaw and

Taung-gyi, nor has it been recognised in

the Northern Shan States".

The actual position is as follows. The
zone of Alonograptus cyphus (18) is
known only at Wabya Taung, in the
west (¢.23°53'N; 96°32’E). The Alono-
graptus sedgwickr (21} zone is not proven
here but apparently occurs at Mebyata-
ung (20°26'N; 97°47/30”E) and at Pangh-
kawkwo, near Loilem, in the east. In
conflict with Pascor’s statement, the
former locality lies between Kalaw and
Taung-gvi. The range of AMonograptus
lobiferus is normally from zone 19 to 21,
but it is perhaps most often found in
zone 20 and possibly occupies this hori-
zon in the Southern Shan States, for in
both of its appearances there, at Wabya
Taung and Panghkawkwo, it is accom-
panied by the zone fossil Monograptus
convolutus. This zone may conceivably
be represented at Mebyataung too, but
this is not vet established. It is not

known in-the Northern Shan States.
The Liandoverian graptolite beds are

succeeded by the Loilem Stage, compris-

ing sandstones, limestones and sandy

-shales and bearing a poorly preserved

brachiopod fauna plus Aenograpius cf.
vulgaris, suggestive of a Salopian date.
The Loilem Stage is probably to be cor-
related with the Namhsim Stage of
North Shan (Pascok, 1959, p. 651
l.imestone and shale of the Zebingvi
Stage re-appear in South Shan. once
again with an asvnchronous faunal as-
sociation. In a mauve mudstone south-
east of Taung-ni (20°34'N: 96°49’E) and
not far from Mebyataung, SoNDHI dis-
covered the Wenlock graptolite Afono-
graptus vomerinus, along with tentacul-
ites referred by REERD (1936) to Tenta-
culites elegans and Styliolina clavula.

d) Yunnan

Farther north, graptolites and tenta-
culites are known in the Paoshan region
of west Yunnan, southwest China
(Brown, 1913 Reep, 1917; YIN & Lu,
1937; Sux, 1945; Sux & SzeTu, 1947
etc.). According to the last-named
authors. the Paoshan succession is very
similar to that of the Northern Shan
States (see Table 1). The Upper Ordo-
vician and lowest Silurian again con-
stitutes limestone and shale with a shelly
fauna and the Llandovery (Lower Jen-
hochiao Series) includes black shales
with abundant graptolites. 45 species
recorded here are set out in Table 2 be-
side lists of Llandovery graptolites from
the areas discussed above. In Yunnan
all Llandovery zones from that of Ortho-
graptus vesiculosus (no. 17, to that of
Monograptus crispus (no. 23; are record-
ed, a range corresponding to that indi-
cated in Malaya and which overlaps
those of Burma.

As in Burma and Malaya, Wenlock



518. Graptolites and Tentaculites in the Yunnan-Malaya Geosyncline 37

graptolites are known from west Yun-
nan, zones 28 and 29 being represented
in the Upper Jenhochiao Series (SUN and
SzZETU, 1947). Exceptionally. however,
Ludlow graptolites (zones 32 and 35) are
also reported here (YIN and Lu, 1937).

Furthermore, in common with other
graptolite-bearing areas in the Yunnan-
Malaya geosyncline, tentaculites are en-
countered in the Paoshan region and
are again referred to the superceded
Tentaculites elegans (Sun, 1945). Sun
regarded the tentaculite heds as younger
than the Jenhochiao and named them
the Washih (Wasehj Formation, corre-
sponding to the Burmese Zebingyi Stage.
On the other hand, WANG, the discoverer
of these tentaculites, believed the con-
taining rocks to be the lateral equival-
ents of the Upper Jenhochiao (SuN and
SzETUY, 1947, p. 8. This would seem to
be the correct interpretation since the
Wenlock Monograptus vomerinus was
collected immediately above the * Tenta-
culites elegans” horizon. Nevertheless,
Sux's correlation of the \Washih with
the Zebingyi still holds good.

Graptolite and tentaculite correlations
within the Yunnan-Malaya
Geosyncline

From the foregoing survey it emerges
that the anomalous association of Silu-
rian graptolites and Devonian tentacul-
ites recorded in Malaya (BurTON. in the
press, a, b) also occurs in the Northern
Shan States, the Southern Shan States
and west Yunnan. The close proximity
of graptolites and tentaculites at Fang
in northwest Thailand implies that the
same faunal admixture may feature
there (see Table 1)

it might be contended that this ano-
maly is only apparent and that either

the graptolites involved are Devonian in
age, or that the tentaculites are Silurian
forms. However, the Silurian dating of
the graptolites is attested by the re-
nowned graptolite experts ELLEs (for
Burma) and STRACHAN (for Malava). In
addition, BouCek (1964) has stated that,
“The first representatives of the pelagic
nowakia-like tentaculites...... appeared
only at the end of the Silurian " and the
same authority has personally testified
to the Devonian age of the Malayan
and one at the Burmese tantaculites.

Complimentary to this mingling of
faunas is a palaeontological hiatus and
possibly a sedimentation hiatus also.
The time interval between the two ad-
mixed faunules is not represented in
the local fossil record (except, partially,
in Yunnan) and rocks of this age, it
they exist, cannot therefore he recognis-
ed.

There is some variation in the ages of
the component faunules, particularly the
earlier one, and hence the fossil gap is
not everywhere of the same duration,
viz.,

West Yunnan:

Wenlock—Devonian

Northern Shan:

L. Wenlock —1..-M. Devonian

Southern Shan:

Wenlock—Devonian

Northwest Thailand :

L. Liandovery—Devonian

Northwest Malaya

1) West (Langkawi):
M. Liandovery—M. Devonian
) Central (Mahang):
Wenlock—L.-M. Devonian
¢) FKast (Baling):
Ordovician—L. Devonian
Further work may well modify this pic-
ture. At present the Malayan evidence
suggests that the dating of the interval
depends, to some extent at least, on
position in the depositional zone.
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Table 2. Llandovery Graptolite Correlations in the Yunnan.Malaya Geosyncline.
— o ] — - T e,
‘ea =i 1;: e, . | o 1 g
Speciest ‘E EI: gie giag Species lz Z:;‘; g[-:-, g g;
S0 EIZEIE ‘ 2|52
BrZi@dniZz=s, . BRZBRHES
1 '
Monograptus atavus "' — ] — - Monograptus runcinatus ‘ X | — | — |-
becki | X —|—=1= v sandersoni ‘ X | — 1 x —
" circularis |-~ X = " sedgwicki X — | X -
" clingani I - X spiralis I x ' -
. [ ‘ ! ) ‘ ‘
concinnus X X | x X ! tenuis ‘ X1 X x —
convelutus ' x — | x X turriculatus ‘ X — — =
| ! 1 .
" cyphus - X, x X " undulatus —_ —‘ x —
3 - -
decipiens | x — x| x T T
b ‘ Rastriles equidistans x — | —1—
dextrosus | X = = . . | \
difformi I linnaei X | —| = —
" ifformis — - x - i ;
Aﬁ \ ‘ ! " maximus | X i — — —
" distans - —Ix = . i | :
. . . : peregrinus X !X = -
fimbriatus ~ — | — | X | — | — - _i -
" fagellaris ‘ X | — ‘ - = Cephalograptus tubulaliformis St ‘ — |_>_(
. —_— T -
" galaensis ‘ X ‘ - - | % Climacograptus hughesi T [' — ' X
gemma.tus X =] x I —: . innotatus = x|~
gregariis | X X X X, " medius PxooX “ X —
] - - = o "
” halli X ‘ " rectangularis ~ x ' X  x? X
" bridus 1 — = = - scalaris x| =l x| =
] §4 — — " s .
" mcor-nmodu § X | x tgrnquisti | x | x | x| —
. tnopinus - == X — —— e
intermedius' x | —  — — Diplograptus I
avolut | (Mesograptus) modestusi x & x — X
invelutus X - — - i
R Mesograptus magnus ‘ X l-—‘ X | —
. Jaculum ‘ x — X — _ — S S U
" leptotheca x — | — — ' Gladiograplus perlatus P | =1 — —
lobxfefus x - IR Glyptograptus incertus x| = |~ ~
" nmeoyt x T, T = persculptus o ix — —
millipoda —_ - X - serratus Cx ! x —
. [, . | i
v nodifer x ‘ " sinnuatus —_ — | — X
nudus Xr=—)— - " tamariscus e
planus x — | - -
. '
priodon x  — | x6 — | Orthograptus vesiculosus P XX %
" regularis X — 1 x — " mutabilis - J — ' x
_ S f——
" revolutus — — . X —  Petalograptus minor e T
! ! " palmeus X -, —

1 All specific references are listed here, including the comparative - afr wcf and «? " identifi-

cations.

2 Taken from Reep (1917). Yix and Lu (1937) and Sux and SzeTtu (1917).

3 Taken from La Toucsi (1913).

4 Taken from BrowN and SoxpH! (1933b) and ReED (1932, 1936g.

5 Taken from COURTIER (in manuscript), KoBavasui et al. (1964a) and Jones (personal com-
munications) N.B. Numerous collections made in this area have not yet been examined in detail.

6 Monograptus priodon occurs here in beds assigned to the Wenlock by La ToucHe (1913.p. 129).

7 This form is referred to Climacograptus prerectangularis in BrowN and Soxbpur (1933b. p.
213) but to Cl. rectangularis in REED (1936, p. 101-6).
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Llandovery graptolites occur in all the
documented fossiliferous areas in the
Yunnan-Malaya geosyncline except for
Na Suan in central western Thailand,
and possibly Ban Na in south Thailand.
The species reported from the four best-
known regions are listed in Table 2,
which shows that close correlation exists
in the lower half of the Llandovery.
Monograptus gregarius, Monograptus
concinnus and Climacograptus rectan-
gularis are present in all four regions.
Furthermore, Monograptus cyphus, whilst
not known in Yunnan, occurs at [ang
in northwest Thailand as well as in
Malaya and in the Northern and South-
ern Shan States. Seven other species of
Llandovery graptolites appear at three
out of the four main fossiliferous areas.
It is likely that further work on the
Malayan collections will buttress these
correlations and additional discoveries

will almost certainly be made in Thai-
land.

Wenlock graptolites have recently
been proven in northwest Malaya, but
full details are not yet available. The
Zebingyi Stage of the North Shan area
contains the Wenlockian Monograptus
cf. riccartonensis and Aonograptus
dubius together with tentaculites and in
the same stage in South Shan the Wen-
lockian Monograptus vomerinus accom-
panies tentaculites. In the equivalent
Washih Formation of Yunnan, Mono-
grapius vomerinus enters into a similar
association. This species and Alono-
graptus dubius also occur in the Upper
Jjenhochiao Series (Sux and SzZETU, 1917),
thought here to be contemporaneous
with the Washih.

A small ringed tentaculite, everywhere
referred to BARRANDE's Tentaculiles
elegans is recorded at Na Suan. Thai-
land. in North and South Shan and in
west Yunnan. The original discovery

from the Northern Shan States has, as
observed above, now been re-designated
as the Middle Devonian Nowakia can-
cellata (Boucek, 1964, p. 81). The other
three occurrences have all been compar-
ed with the Northern Shan forms (REED,
1936; BrOwWN et al., 1953; SunN and
SzeTu, 1947) and it therefore seems
probable that these are Nowakia cancel-
lata also, or a closely related species.
Additionally, Boucek has reported a
Middle Devonian Nowakia from Malaya
as well as the common Lower Devonian
Nowakia acuaria.

In Malaya, Thailand and the Shan
States, the Nowakiids are accompanied
by smooth-shelled tentaculites, all of
which appear to correspond to Styliolina
fissurella Harl. So far as the writer is
aware, this form has not yet been found
in China.

Palaeogeography

The Mahang Formation, which con-
tains the bulk of the Malayan graptolites
and tentaculites, is comprised to the ex-
tent of more than 902 of carbonaceous,
more or less siliceous, argillites and is
considered to have been generated in a
barred or restricted basin of deposition.
East of the basin facies. in the contem-
poraneous * Baling Formation" f(or
group). similar black argillites are re-
peatedly intercalated with limestone,
apparently expressing intermittantly
shallower and better-aerated conditions
on the flank of a mobile geanticline.
To the northwest, the Ordovician-Silu-
rian “ Setul Formation " of the Langkawi
Islands consists of limestone with only
two thin bands of shale (JONES, 196]).
This rock unit overlies coarse arenites,
is affected by earth movements to only
a limited degree compared with the
basin and appears to represent a shelf
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facies (BURTON, in the press, b).

The anomalous admixture of Silurian
graptolites and Devonian tentaculites in
Malava is ascribed to temporary isola-
tion of the depositional zone and very
slow sedimentation, or even non-deposi-
tion. together with orogenic disturbance
when external contacts were reestablish-
ed. [t seems that the initial geosynclinal
downwarp (?Ordovician) in northwest
Malaya was compensated by a geanticlinal
upwarp to eastward which. as it rose.
came to restrict the natural circulation
of the seawater. This promoted anaero-
bic conditions at depth and the genera-
tion of black shales, mainly in the
Mahang basin, but at times on the shelf
and geanticlinal flank too. Life was
thus confined to the surface waters and
there flourished here, in the Lower Silu-
rian, a graptolitic ptankion which pro-
bably originated in the adjacent Palaeo-
zoic Ocean, just as RUEDEMANN (1934, p.
63) has proposed in North America.

In the northwest Malayan region Mid-
dle Siturian graptolites seem to be rather
restricted in number and in Upper Silu-
rian times pelagic plankton was appar-
ently entirely excluded f{rom the area
by the emergence of the geanticlinal
barrier above sea-level. Communication
with the ocean is thought to have been
subsequently restored by the collapse of
the geanticline in a chain of islands in
the Lower Devonian, whereupon a tenta-
culite plankton invaded the northwest
Malayan area. Associated earth move-
ments would have agitated both the
sediments and the waters in the deposi-
tional zone. Disturbed toxic bottom
water would then have stified the tenta-
culites whose shells would have sunk to
the bottom in large numbers to join a
minority of displaced graptolite (and
trilobite) remains dating from 20 to 30
million years earlier. This process of

annihilation and faunal mixing was pro-
bably repeated several times in the
Lower to Middle Devonian.

The anomalous faunal associations in
Thailand, Burma and China all lie on a
similar strike to those of Malaya, all
span an apparent hiatus at a similar
time and all involve similar faunas, both
before and after the hiatus. It does not
seem unreasonable, therefore. to propose
the same explanation for all the mid-
Palaeozoic mixed faunas in the geosyn-
clinal tract from Malaya to Yunnan.

The emergence of the geanticline.
which is of critical importance to our
thesis, could have been accomplished by
ahsolute marine regression, said to have
been widespread in the Wenlock (PASCOE,
1959, p. 658). However, since the period
of isolation seems to have begun earlier
in the south than in the north, orogenic
uplift is perhaps indicated. KOOPMANS
{1965) has postulated a late Silurian to
Devonian * Langkawi folding phase”
in northwest Malaya, and it is conceiv-
able that these movements upraised the
barrier. Alternatively, the rise of the
geanticline may be a normal feature of
(ortho) geosynclinal evolution, as implied
by JAMES (1954, p. 279) and PETTIIOHN,
(1957, p. 626, 637). and effected by slow,
progressive uplift. The “Langkawi fold-
ing phase " might then mark the sub-
sequent breakdown of the geanticlinal
ridge.

Although Silurian to Devonian rocks
are known at intervals in the Yunnan-
Malaya geosynclinal tract, owing to the
sparsity of information, it is uncertain
whether there were several distinct mid-
Palaeozoic basins, or whether a con-
tinuous trough occupied the whole
stretch from northwest Malava to south-
west China.

The Mahang Formation of Malaya is
of euxinic facies and the rocks at Fang
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in northwest Thailand are almost inenti-
cal in lithology. In the Iluronian of
Michigan. U.S.A.. James (1934, p. 280
has suggested that restricted (euXinic)
basins may have been about 500 miles
long by 100 miles wide. On the other
hand, the Mahang Formation has an al-
most wholly planktonic fauna (BURTON.
in the press, by and corresponds to what
RUEDEMANN (1934, 1935) has called true
or pure graptolitic shale, which in east-
ern North America is distributed
throughout the 1800 miles length of a
single trough.

The writer has recently had the op-
portunity of visiting the Fang area, and
was impressed by the very close simi-
larity of the geology here to that of
northwest Malaya. The black. siliceous.
graptolitic shale of Fang duplicates the
Mahang Formation and is associated in
place with pale gray shales and grey-
wackes indistinguishable from the Mid-
dle Devonian to Lower Carboniferous
“Kampong Sena Formation” which suc-
ceeds the Mahang in the type area. In
both Thailand and Malaya this succes-
sion is followed by massive, white, Per-
mian limestone. That three consecutive
rock units should maintain their charac-
ter and mutual relationships in these
two areas, 1000 miles apart, is perhaps
best explained by postulating a single
elongate and persistent basin of deposi-
tion.

Possibly then, there was a continuous
trough from northwest Malaya to west
Yunnan. at least at times of marine
transgression. When - external contacts
were interrupted, this geosynclinal belt
may have broken down into a number
of sub-basins, each with a slightly dif-
ferent history (witness the limited de-
velopment of Ludlovian in west Yunnan).

It has been established that a basin
existed in the Silurian and Devonian in

the northwestern coastal lowlands of
Malaya with, to the west, a shelf or
platform (possibly marginal to the Gond-
wana continent) and a geanticline to the
east (see Fig. 1.

Ban Na in south Thailand exhibits an
Ordovician-Silurian succession, very like
that of Langkawi. 170 miles to the south.
It appears likely that the shelf lay across
the peninsula in this latitude ,¢.9° north,
whiist the contemporary basin was sited
near or within the present Gulf of Thai-
land (Fig. 1). The basin facies reappears
at Fang in northwest Thailand.

In the Shan States the Llandovery
often comprises black shale, but the
domirance of limestones and arenites in
the preceding and succeeding strata,
together with their situation to the west
of the Mahang-Fang (basin) axis, indi-
cates that these areas were mostly near
the shelf. This accords with the view
of LA ToucHE (1913. p. 347) who be-
lieved that the Palaeozoic rocks of North
Shan were laid down along the eastern
shore of Gondwanaland. Apparently the
euxinic basin facies encroached west-
wards onto the continental shelf in
Llandovery times. The rocks at the Na
Suan locality in central west Thailand
have been likened to those of the con-
temporary Zebingyi Stage of Burma
‘BrROWN et al., 19533, p. 331 and presum-
ably reflect similar shelf-like conditions.

West Yunnan is situated close to the
Mahang-Fang axis, but its mid-Palaeo-
zoic succession is not that of a typical
euxinic basin facies. Black shale is
again present in the Llandovery, but
here it is admixed with sandstone and
limestone. It seems likely that the
character of the Yunnan-Malava geosyn-
cline is somewhat different in this area.
Whilst throughout Malaya and Thailand
it constitutes an orthogeosyncline, the
succession discussed above occupying
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the miogeosynclinal zone, in west Yun-
nan MiscH (1945, p. 48) has classified it
as a parageosyncline (intracratonic) and
Sux (1945, p. 6) has located its eastern
shore in this vicinity.

Similarly. although the mid-Palaeozoic
geosynclinal belt continues southwards
throughout Malaya, its history elsewhere
manifestly diverges from that indicated
in the northwest. South of the Mahang
basin, around Sungei Siput and Ipoh in
central Perak, the succession from Upper
Carboniferous is mainly limestone, with
subsidiary shale (in the ratio 4:1 accord-
ing to INGHAM and BrADFoORD, 1960). It
appears that this area subsided more
slowly and/or a geanticlinal barrier was
not well-developed here. At some stage
in the Upper Ordovician to Lower Silu-
rian, however, a euxinic environment
temporarily obtained, when the graptol-
itic shales of Kanthan and Chemor were
formed. Devonian conodonts are report-
ed in central Perak, but no fossil mat-
erial of Aiddle to Upper Silurian date
has been found and it is therefore con-
ceivable that this area experienced the
period of isolation recognised to the
north. Near Kuala Lumpur in the state
of Selangor. this interval is spanned by
limestone with Middle to Upper Silurian
corals (TioMas, 1963) and Ludlow brach-
iopods (BOUCOT, JOHNSON and JONES.
1966). The limestone does not persist
southwards from south Selangor, but
associated clastics and chert extend to
the sea coast in Malacca state.

The foregoing areas all lie on the
western side of the contemporary ge-
anticline. The Malacca outcrop, how-
ever, is physically continuous with the
Foothills Formation (RICHARDSON, 1946)
on the eastern flank of this feature
(whose site is now occupied by the Main
Range granite batholith). A recent dis-
covery of monograptids from the Foot-

hills Formation, confirms its inferred
mid-Palaeozoic date. This formation,
with its included ultrabasic bodies and
situation to seaward of the former ge-
anticline (island arc) seems to represent
deposition in a deep marginal trough or
geotectocline (Hiss, 1938, p. 79).

Further graptolite and tentaculite
correlations beyond the Yunnan-
Malaya geosyncline

A mid-Palaeozoic geosynclinal tract
has now been traced for some 1600 miles
from Yunnan to southern Malaya. It is
possible that further extensions exist.

In the north, SuN (1946, p. 6) and
PASCOE (1959, p. 658) believed that the
North Shan-Yunnan sector was connect-
ed with the Himalayan geosyncline in
Silurian times. On the other hand. as
long ago as 1913, La TOuCHE (p. 349-50)
had pointed out “....the marked discre-
pancy that exists, until we arrive at the
Permo-Carboniferous epoch, between the
faunas of the Himalayas and of the
Shan States...." and he had postulated
an * unsurmountable barrier” between
the Shan and Himalayan areas.

In part, LA TOUCHE's hypothesis rest-
ed on the apparent absence of graptol-
ites from the whole of the Himalayan
tract. Recent discoveries, however,
necessitate a re-assessment. GUPTA has
found graptolites in the Kashmir Hima-
layas (SAHNI and GUPTA, 1964a, 1964bh),
identified by Stubblefield as . —

Monograptus cf. vulgaris

Monograptus cl. colonus

Monograptus cf. dubius
apparently indicative of a Lower Lud-
low age. It will be recalled that Afono-
graptus cf. vulgaris occurs in the Loilem
Stage of the Southern Shan States, whilst
Monograptus dubius is known from the
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Zebingyi Stage, Northern Shan and the
Upper Jenhochiao of west Yunnan.
Graptolites have now also been re-

ported from the Himalaya of Nepal
STRACHAN el al. (1964) list :—

Climacograptus cf. medius

Orthograptus sp.

Dimorphograptus extenuatus

Glyptograptus sp.

Diplograptus s. str. sp.

Monograptus lobiferus

Monograptus aff. tenuis

Rastrites sp. (cf. hybridus)

This assemblage is clearly Llandovery
in age. Whilst Dimorphograptus ex-
tenuatus and Rastrites hybridus are not
known in the Yunnan-Malaya geosyn-
cline, the other three species identified
in Nepal. Monograptus lobiferus, Alono-
graptus tenuis and Climacograptus medius
are all recorded from both Yunnan and
South Shan and the two latter are also
found in North Shan (Table 2).

In the light of this new evidence it
appears that the proposed barrier be-
tween the Himalayan and Shan areas
was in fact surmounted, or more pro-
bably circumvented, in lower Silurian
and in Middle-Upper Silurian times.
Nevertheless, there remains a consider-
able body of faunistic evidence to sup-
port LA ToucHE's thesis and probably
the connection between the two geosyn-
clinal zones was neither direct nor sus-
tained.

T'aAx (1937), in reconstructing the
palaeogeography of west China shows,
in his plate Il-figure 2, the Silurian sea
as swinging northeastwards from north
Yunnan and expanding to cover much
of Szechuan, plus west lupei, southeast
Kansu, north Kueichow and south Shensi.
He does not give details of the litho-
facies and fauna, but graptolitic Fuchih
Shale of Llandovery age occurs at three
localities in Hupei according to Sun

(1931) and is also known in the Szechuan
(SUN and WANG, 1946, p. 92). YIN and
Mu (1945) have further described Lower
Silurian graptolites from the Tungtzu
area on the Szechuan/Kueichow border.
Moreover, the ECAFE * Geological Map
of Asia and the Far East” (1959) port-
rays a discontinuous belt of Silurian
rocks extending f{rom west Yunnan
north-northeast to Kanting (Tatsienlu)
and thence northeastwards towords Sian.

A northeastward extension of the
Yunnan-Malaya geosyncline thus seems
to be better established than a westward
connection with the Himalayan geosyn-
cline.

La Toucut (1913. p. 349 remarked
on the European aflinities of the Palaeo-
zoic fossils from the Shan States and in
particular he drew attention (p. 179 to
the Bohemian or Hercynian facies of the
Zebingyi fauna. Ile inferred therefrom
some sort of contemporary communica-
tion between Europe and Southeast Asia.
Similarly. whilst SUN and SzeTU (1917)
believed that the Palaeozoic faunas of
Yunnan were essentially of oriental
origin, they aver (p. 12) that *....con-
nection with Europe is quite certain due
to the occurrence of cosmopolitan gra-
ptolites ™.

It is noteworthy, therefore, that GANS-
skR's map of the Himalayan region (1964,
plate 1-b) depicts two arms of Palaeo-
zoic strata leading westwards from
southern China to Ferghana, one via the
Kun Lun Shan and the other by way of
the Tsingling Shan, the Nan Shan and
the Tien Shan. Muir-Woop (1948, p. 19)
considers that the latter, rather than
the Himalayan geosyncline, served as a
connection between Europe and Malaya
in Visean time and BuLmax's (1964, p.
473) distribution map of Monograptus
turriculatus suggests a similar route
from Europe to Yunnan in the Llando-
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very.

At its southern end the Yunnan-
Malaya geosynclinal tract passes beneath
the Straits of Malacca and is therefore
difficult to trace farther. In a discussion
of structural belts in the East Indies,
WESTERVELD (1952) assigned peninsular
Thailand and Malaya to the * Malaya
Orogen ' which stretches southwards to
Singkep and Bangka, whence it bends
east-northeast through Belitung (Billiton)
to continue into west and central Kali-
mantan (Indonesian Borneo). \Whilst no
pre-Carboniferous rocks have been found
in the Riau and Lingga Archipelagoes
(Fig. 1) or in the “tin islands ", the dis-
covery of the Lower Devonian Clathro-
dicton and Heliolites in central Kaliman-
tan (VAN BEMMELEN, 1949, p. 366} may
mean that the mid-Palaeozoic geosyn-
cline extended throughout the length of
the ~ Mealaya Orogen ™.

Some 1200 miles farther east, Silurian
rocks are known at the western end of
Irian Barat (Indonesian New Guinea)
where BuLMmaN (1964, p. 473) has indi-
cated an occurrence of Aonograptus tur-
riculatus.

These tenuous correlations to south
and east of Malaya are enhanced by
evidence from the Tasman geosyncline
of eastern Australia.  Association of
graptolites with tentaculites, a distinc-
tive and characteristic feature of the
mid-Palaeozoic in the Yunnan-Malaya
geosyncline, recurs in Victoria where
SKEATS (1928. p. 229) reported the con-
currence of AMonograptus and Styliola.
Girl (1941) later showed that this = Sty-
liola * is apparently to be referred to
Styliolina  fissurella and is {requently
accompanied by * Tentaculites matlocki-
ensis . The latter seems to be, in fact,
Nowakia acuaria (BoUCEK, 1964) and
hence the Victorian tentaculites corre-
spond to the two most common forms

in Malaya.

The Monograptus found with tema-
culites in Victoria has not been specific-
ally determined, but Monograpius dubius
occurs close by (SKEATS, 1928) and the-
same stratigraphic unit. the Melbournian,
contains AMonograplus vomerinus (GILL,
1941, p. 159).  Monograptus dubius is
known from the mixed fauna of the
Northern Shan States and is also re-
ported in west Yunnan (and Kashmir).
Monograptus vemerinus similarly parti-
cipates in the graptolite-tentaculite ad-
mixture in the Southern Shan States
and Yunnan. [t is evident that the
graptolite member of the Australian
faunal association is also similar in
character to that of the Yunnan-Malaya
geosyncline.

These graptolite and tenlaculite cor-
refations engender the suggestion that
the Yunnan-Malayan and the Tasman
geosynclines were formerly confluent.
Their present separation is perhaps
largely a result of continental drift,
particutarly the oft-postulated eastward
migration of Australia.
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