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PERIDINIACEAN CYST GENUS XANDARODINIUM IN THE
MIOCENE KAMINOYAMA FORMATION IN THE WESTERN PART
OF ZAO VOLCANO, YAMAGATA, NORTH JAPAN

KAZUMI MATSUOKA
Department of Geology, Faculty of Liberal Arts, Nagasaki University, Nagasaki, 852 Japan

ABSTRACT—Two species of the peridiniacean cyst genus Xandarodinium are reported from the Miocene Kaminoyama Formation in
Yamagata Prefecture, north Japan. The morphological differences among the dinoflagellate cyst genera Sumatradinium, Trinovantedinium
and Xandarodinium are discussed. The relationship of Xandarodinium variabile with the modern cyst form of Protoperidinium

divaricatum is also discussed.
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INTRODUCTION

Since Shimakura (1960) first noticed Neogene dino-
flagellate cysts in the Pliocene Nishiyama Formation of
the Niigata district in Japan, Neogene to Quaternary
dinoflagellates have been described from various loca-
tions in Japan by Matsuoka (1974, 1983) and Matsuoka
et al. (1987). Most of these dinoflagellates are gony-
aulacacean cysts, and only a few species of peridiniacean
cysts have been known. Duffield and Stein (1986) sug-
gested on the basis of the Fujiwara Group dinoflagellate
cyst data given by Matsuoka (1974) that the Fujiwara
sediments were deposited in coastal to shelf environ-
ments. Matsuoka et al. (1987) listed many peridiniacean
cysts in Lower Miocene to Upper Pliocene sediments in
the Nishiyama oil field, Niigata Prefecture and the Oga
Peninsula, Akita Prefecture, north Japan.

Many modern peridiniacean cysts such as Brigan-
tedinium, Lejeunecysta, Trinovantedinium, Selenopem-
phix, Xandarodinium, and others have been recovered

from pre-Pleistocene sediments (e.g., Bujak, 1984; Duffield
and Stein, 1986; Powell, 1986a, b, ¢c; Wrenn and Kokinos,
1986). However, as some of these genera were first
described from Holocene sediments, Brigantedinium,
Trinovantedinium, and Xandarodinium were excluded
from a critical morphological analysis given by Stover
and Evitt (1978) and Stover and Williams (1987). This
has resulted in some taxonomic confusion, in particular
between Sumatradinium and Xandarodinium.

This report is concerned with the description of two
species of the cyst genus Xandarodinium which abun-
dantly occurred together with other dinoflagellate cysts
in the Lower Miocene Kaminoyama Formation. A dis-
cussion is also given on the taxonomy of such related
genera as Sumatradinium and Trinovantedinium.

MATERIAL

According to Saito (1985), the Kaminoyama Formation
is exposed in the Nidogawa (river) at the western foot of
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Fig. 1.

Map of sampling location in Zao Volcano, Yamagata Prefecture.
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Zao Volcano (Fig. 1). This formation consists of a
massive black mudstone containing abundant molluscan,
crustacean, foraminifer and nannofossils in a good state
of preservation. These rocks were used for the present
study.

A late Early to early Middle Miocene age (Zone CN 4
of calcareous nannofossil) has been assigned to those
rocks on the basis of the occurrence of Sphenolithus
heteromorphus, Coccolithus eopelagicus, Discoaster def-
landrei, Helicopontosphaera carteri, Reticulofenestra
gartneri and others (Okada, 1985).

DINOFLAGELLATE CYST ASSEMBLAGE

Dinoflagellate cysts, moderately well preserved, occur
abundantly in those rocks. They include two major
dinoflagellate cyst groups: cysts of the Gonyaulacacean
such as Diphyes colligerum (Deflandre and Cookson),
Diphyes latiusculum Matsuoka, Lingulodinium mach-
aerophorum (Deflandre and Cookson), Heteraulacacysta
campanula Drugg and Loeblich, Spiniferites pseudo-
Sfurcatus (Klumpp), Systematophora ancyrea (Cookson
and Eisenack), Hystrichosphaeropsis obscula Habib,
Hystrichokolpoma rigaudiae Deflandre and Cookson,
Tuberculodinium rossignoliae Drugg, Dapsilidinium sp.,
Distatodinium paradoxum (Brosius), and cysts of the
Peridiniacean such as Capillicysta fusca Matsuoka and
Bujak, Lejeunecysta spp., Xandarodinium variabile Bujak,
X. sp., Selenopemphix spp., and Brigantedinium spp.

According to Matsuoka et al. (1987), the co-occurrence
of Diphyes latiusculum, Heteraulacacysta campanula,
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Spiniferites pseudofurcatus, Systematophora ancyrea,
Hystrichosphaeropsis obscula, and Capillicysta fusca
indicates that the dinoflagellate cyst assemblage of this
sample leads to assignment to the Diphyes latiusculum
Zone of latest Early Miocene to early Middle Miocene
age. This age indication is in agreement with that given
by the previously mentioned nannofossils.

SYSTEMATIC DESCRIPTION

Taxonomic notes of Xandarodinium and related peridi-
niacean fossil genera Sumatradinium and Trinovantedi-
nium

There are many cyst genera of the Peridiniaceae in
modern surface and Neogene to Quaternary sediments.
Among these, three genera, Sumatradinium, Trinovan-
tedinium and Xandarodinium, are quite similar to each
other, because they are all characterized by an auto-
phragm or two strongly adpressed layers, a single anterior
intercalary archeopyle, dorso-ventral compression and
spinose ornaments on the surface.

Taxonomic review

Sumatradinium (Fig. 2A): Drugg (1970) first described
Xenicodinium hispidum from the Middle Miocene of
Sumatra as being subcircular in outline, dorso-ventrally
compressed and ornamented with non-parasutural, non-
tabular short processes. Later, Lentin and Williams (1976)
erected a new genus, Sumatradinium, based on this
species and transferred it to the new genus. At present,
several forms including S. hispidum and anonymous

Fig. 2. Diagrammatic illustrations of three peridiniacean cyst genera (A-C) and two species of Xandarodinium (C-E). A. Sumatradinium
hispidum (Drugg) Lentin and Williams; showing intercalary archeopyle (after Drugg, 1970, fig. 12, holotype). B. Trinovantedinium capitatum
Reid; showing intercalary archeopyle and paracingulum (after Reid, 1977, pl. 1, fig. 8, holotype). C. Xandarodinium xanthum Reid; showing
traces of flagellar pores (after Reid, 1977, pl. 3, fig. 28, holotype). D. Xandarodinium xanthum Reid; cyst filled with protoplasm (after Reid, 1977,
pl. 3, fig. 29, paratype). E. Xandarodinium variabile Bujak; showing intercalary archeopyle (after Bujak, 1984, pl. 4, fig. 8).
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Table 1. Morphological characters of Sumatradinium, Trinovantedinium and Xandarodinium.
Cyst shape Archeopyle Wall structure Process Paratabulation | Paracingulum |Parasulcus| Color
subcircular intercalary | autophragm simple, short, archeopyle only; | transverse unknown | brown
Sumatradinium (2a) hollow non-paratabular | aliment of
processes
pentagonal; intercalary | autophragm simple, short, archeopyle; transverse open space| trans-
. L one apical, (2a) hollow, solid sutural, intra- aliment of parent*
Trinovantedinium .
two antapical tabular processes
projections
elliptical intercalary | autophragm variable; hollow | archeopyle; transverse rows of light to
. one apical 2a closed distal weakly tabular | aliment of rocesses | yellow
Xandarodinium pical, (2a) . y p y
two antapical tips, open to the processes brown
small bosses internal cavity

*: Trinovantedinium pallidifulvum Matsuoka has a light brownish cyst wall.

species of this genus are illustrated from the Neogene
without descriptions (e.g., Duffield and Stein, 1986;
Edwards, 1986; LeNoir and Hart, 1986; Powell, 1986b;
Wrenn and Kokinos, 1986). No species of Sumatradi-
nium has yet been reported from modern surface sedi-
ments.

Trinovantedinium (Fig. 2B): Reid (1977) erected this
genus on the basis of a Holocene cyst, Trinovantedinium
capitatum Reid, obtained from the British Isles. In
Reid’s diagnosis, Trinovantedinium is characterized by a
pentagonal cyst body with conspicuous one apical and
two antapical horns. Later Harland (1977) and Bujak
(1984) emended the genus to be an acapsulate pentagonal
cyst with conspicuous apical and antapical horns and
ornamented with sutural and intratabular spines. Cysts
without spines were transferred to Lejeunecysta or Quin-
quecuspis (Harland, 1977; Bujak, 1984).

It has been proved that Trinovantedinium capitatum
is a cyst form of Protoperidinium pentagonum (Gran)
Balech on the basis of an incubation experiment (Wall
and Dale, 1968). Edwards (1986) reported the oldest
occurrence of this cyst in the Early Miocene Marks Head
Formation in South Carolina, U.S.A.

Bujak (1984) described another species, T. boreale,
from the Upper Eocene of the northern North Pacific,
and Matsuoka and Bujak (1988) also recorded this
species from the Upper Eocene—Lower Oligocene of the
Bering Sea. This species is characterized by poorly-
developed antapical horns and paracingulum.

Matsuoka (1987) described one modern cyst of this
genus, T. pallidifulvum, from surface sediments in
Hokkaido of north Japan. This species is characterized
by a pentagonal outline in dorso-ventral view, two small
antapical horns, and a brownish pigmented cyst wall.

Xandarodinium (Fig. 2C-2E): This is one of the
modern peridiniacean genera and was first erected by
Reid (1977) on the basis of a Holocene Xandarodinium
xanthum Reid with the following characters: elliptical
outline in dorso-ventral view, autophragm only, dorso-
ventrally compressed body, hollow and partly tubular
processes with closed distal extremities and proximal
base opening to the internal cavity, and an intercalary
archeopyle.

The thecal affinity of this cyst was suggested by Reid
(1977) with Protoperidinium minutum (Kofoid) Balech,

but another possibility, i.e. Protoperidinium divaricatum
(Meunier) Parke and Dodge, was realized on the basis of
an incubation experiment by Matsuoka et al. (1982).

Later Bujak (1984) described another species, Xan-
darodinium variabile, from the Upper Miocene to Lower
Pliocene of the northern North Pacific and Bering Sea.

The morphological characters are summarized as fol-
lows:

1) Sumatradinium, Trinovantedinium and Xandaro-
dinium have the following characters in common: 1.
dorso-ventral compression, 2. autophragm only, 3. single
intercalary archeopyle and 4. spinose ornaments covering
the cyst surface.

2) They are differentiated by: 1. outline in dorso-
ventral view, 2. development of apical and antapical
horns and 3. distribution pattern of spinose ornaments.

Trinovantedinium differs from those two genera in
possessing a pentagonal outline with well-developed
apical and/or antapical horns, and penitabular and/or
parasutural arrangement of short spines. Xandarodinium
is more closely comparable to Sumatradinium than
Trinovantedinium and possibly a synonym of Suma-
tradinium. But I would prefer to keep these two genera
independent at present, because the former differs from
the latter in bearing apical and antapical processes with
more complex morphology.

Class Dinophyceae Pascher, 1914
Order Peridiniales Taylor, 1980
Family Protoperidiniaceae Bujak and Davies, 1983
Cyst-genus Xandarodinium Reid, 1977

Type species: Xandarodinium xanthum Reid, 1977

Xandarodinium variabile Bujak, 1984
Figs. 1-4, 10.
Xandarodinium variabile Bujak, 1984, p. 194-195, pl. 4, figs. 7-10,
text-fig. 3; Matsuoka and Bujak, 1988, p. 89-90, pl. 17, fig. 5.

Discussion.—The present specimens are very similar
to the population of X. variabile in the Bering Sea and
northern North Pacific, described by Bujak (1984) and
Matsuoka and Bujak (1988).

Cysts of Protoperidinium divaricatum observed by
Matsuoka er al. (1982) appear to be intermediate in






