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ABSTRACT

More than 70 dinoflagellate cyst taxa have been encountered in a
palynological study of 34 samples from part of the Neogene section of
Hole 1151A, Ocean Drilling Program (ODP) Leg 186 off the Sanriku
Coast of northern Japan, northwestern Pacific. According to the diatom
biostratigraphy, the age of the studied section ranges from the latest
early Pliocene down to the earliest middle Miocene. On the basis of the
present analysis, 17 biohorizons and possible biohorizons are discrimi-
nated as potential biostratigraphic markers. Seven acme events are also
listed. The biohorizons show overall consistency with the stratigraphic
ranges of species given by earlier studies of onshore sections in north-
ern Japan, which indicates regional implications of those biostrati-
graphic events. In addition, dominance of protoperidiniacean species
in the late late Miocene to early Pliocene assemblages from the present
hole compares with a similar dominance of the same age reported pre-
viously in the Bering Sea and northern North Pacific. This implies es-
tablishment of nutrient-rich surface water in the wide region of the
northwestern to north Pacific in the late Miocene.
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INTRODUCTION

Neogene dinoflagellate cysts have been studied increasingly for the
past two decades, particularly in the North Atlantic–western Europe re-
gion, using Deep Sea Drilling Project (DSDP)/Ocean Drilling Program
(ODP) material in a number of cases (e.g., Edwards, 1986; Powell,
1986a, 1986b; Mudie, 1987, 1989; Wrenn, 1988; Head et al., 1989a,
1989b, 1989c; de Vernal and Mudie, 1989; Head and Wrenn, 1992; de
Verteuil and Norris, 1992, 1996; Head, 1993, 1994a, 1994b, 1997; Len-
tin et al., 1994; Matsuoka et al., 1997). These studies have provided a
significant framework for Neogene biostratigraphy and paleoecology. In
contrast, very few deep-sea boreholes have been studied from the North
Pacific (e.g., Bujak, 1984).

Onshore sections including oil exploration boreholes in and around
Japan have been the subject of recent progress in Cenozoic dinoflagel-
late cyst biostratigraphy, particularly through the correlation and dat-
ing of shallow-marine strata from sites where higher latitudes or
diagenetic alteration have caused planktonic microfossils to be gener-
ally rare (Kurita and Matsuoka, 1994; Kurita and Obuse, 1994, 1997; Ku-
rita and Kusunoki, 1997; Kurita and Yokoi, 2000; Kurita et al., 2000).
These studies, however, have been conducted mostly on Paleogene sed-
iments, and there remains little follow-up to the pioneering work on
Neogene dinoflagellate cysts in this region by K. Matsuoka (e.g., Mat-
suoka, 1974, 1983; Matsuoka et al., 1987; Matsuoka and Bujak, 1988).
Recently, Obuse and Kurita (1999) reported briefly on dinoflagellate
cyst ranges and zonation of the late early Miocene to Pliocene onshore
sections in northern Japan, using ages calibrated to detailed diatom bio-
stratigraphy, thereby refining the biostratigraphy presented by Mat-
suoka et al. (1987). Continued evaluation and age calibration of the
Neogene dinoflagellate zone boundaries and biohorizons, however, re-
mains needed because all previous studies are based on composite sec-
tions from onshore localities remote from each other and with frequent
hiatuses.

The present study aims to outline a biostratigraphy based on organic-
walled dinoflagellate cyst assemblages from the lowest middle Miocene
through uppermost lower Pliocene section of Hole 1151A, ODP Leg
186, drilled in the forearc area off the Sanriku Coast of northern Japan,
northwestern Pacific (Fig. F1) (Sacks, Suyehiro, Acton, et al., 2000). We
also discuss biohorizons that are potentially useful for regional correla-
tion and apply a precise age calibration to them. Comparison is made
between the present data set and the previous zonation scheme by Mat-
suoka et al. (1987) and by Obuse and Kurita (1999), both of which are
based on onshore sections at various localities in northern Japan. Age
calibration for the present study is based on the diatom biostratigraphy
by Maruyama and Shiono (this volume).

MATERIALS, CHRONOSTRATIGRAPHIC 
BACKGROUND, AND METHODS

For the present study, 34 samples were selected to cover the upper-
most lower Pliocene to middle Miocene of Hole 1151A. The shallowest
is Sample 186-1151A-16R-1, 45–48 cm (downhole depth = 209.35–
209.38 meters below seafloor [mbsf]), whereas the deepest is Sample
186-1151A-109R-3, 41–46 cm (1107.31–1107.36 mbsf). For a detailed
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description of the studied samples, see “Appendix A,” p. 11. Downhole
depths of a certain sample, where given, are indicated by the depth of
the top of the sampled interval.

According to the diatom biostratigraphy by Maruyama and Shiono
(this volume), the shallowest sample was located at ~5 m below the
lowest occurrence (LO) of Neodenticula koizumii (3.53–3.95 Ma), whereas
the deepest sample was located between the LO of Denticulopsis lauta
(15.9 Ma) and the LO of Denticulopsis praelauta (16.3 Ma). Thus, our
samples range from the uppermost lower Pliocene down to the lower-
most middle Miocene. The studied section represents a time interval of
between 3.5 and 16 Ma and constitutes a stratigraphic record of about
12.5 m.y. in duration within a mid-latitude forearc setting in the north-
western Pacific. It should be noted, however, that the section includes a
significant hiatus between Samples 186-1151A-101R-1, 71–73 cm, and
186-1151A-101R-1, 90–91 cm (1027.31–1027.50 mbsf), in which an in-
terval of upper Miocene (12–14 Ma) sediments is missing. This interval
corresponds to the lower Denticulopsis praedimorpha Zone (NPD5B) to
the upper Denticulopsis hyalina Zone (NPD4B) based on the diatom bio-
stratigraphy by Yanagisawa and Akiba (1998). As a result, our material
contains eight samples belonging to the lower Pliocene, thirteen to the
upper Miocene, two to the upper middle Miocene, and eleven to the
lower middle Miocene.

The samples were treated with HCl and HF at room conditions to
eliminate carbonate and siliceous minerals. The organic residues were
then concentrated using zinc bromide heavy liquid (specific gravity =
2.0), screened on a 20-µm sieve, and mounted on slide with polyvinyl
alcohol and polyester resin. No oxidation was carried out in the sample
processing.

A Carl Zeiss Axioplan microscope was used for microscopic analysis.
Each microscope slide was scanned at 160× along the shorter side of the
coverslip. Cysts were counted until ~200 specimens had been enumer-
ated or, if less, until five traverses had been counted. Identification was
conducted at 600× using differential interference contrast light. Each
raw count of a given taxon in a sample was converted to a percentage
against the total count in the sample as shown in Table T1. A “+” in
Table T1 indicates the presence of reworked cysts and other palyno-
morphs. In Figure F2, the percentages are converted as follows:

R = rare (<5%).
C = common (5%–10%).
A = abundant (10%–30%).
D = dominant (30% or more).

In addition, the abundance of dinoflagellate cysts relative to the total
mounted residue was evaluated by means of the average number of cyst
specimens per traverse. This evaluation assumes that the density of resi-
due strewn on the slide is constant for all the samples, which is only ap-
proximately true in this case. Thus, the relative abundance indicated
here should be regarded as no more than a broad estimate. In Figures F2
and F3, the relative abundance is expressed as follows:

R = rare (less than an average of 8 specimens per microscope
traverse).

C = common (8–15 specimens per traverse).
A = abundant (15–45 specimens per traverse).
VA = very abundant (45 or more specimens per traverse).

T1. Neogene dinoflagellate cysts 
range chart, p. 17.
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The cyst nomenclature used in this study generally follows Williams
et al. (1998).

Terms are as follows:

LO = lowest occurrence.
LCO = lowest common occurrence.
HO = highest occurrence.
HCO = highest common occurrence.

All the material discussed in this paper is housed in the palynological
collection at the Department of Geology, Faculty of Science, Niigata
University.

RESULTS

More than 70 dinoflagellate cyst taxa were encountered from the
Pliocene–middle Miocene of Hole 1151A. The analytical results are
shown as an occurrence chart in Table T1. Stratigraphic occurrences of
selected dinoflagellate cyst taxa are compiled in Figure F2. Taxonomic
listing of the encountered taxa is indicated in “Appendix B,” p. 12, and
selected cysts are shown in Plate P1.

The abundance of dinoflagellate cysts relative to the total mounted
residues fluctuates through the studied section (Fig. F2). The abundance
peaks were observed in Sections 186-1151A-109R-3, 109R-1, and 106R-3
(lower middle Miocene), 101R-1, 100R-3, 96R-3, 95R-1, and 84R-3 (up-
per middle to upper Miocene), and 109R-3 and 51R-3 (lower Pliocene).
In general, abundance peaks appear more frequently in the lower upper
Miocene and below (i.e., approximately the lower half of the studied
section).

Cyst preservation was good enough to allow identification at species
level even in the lowest samples. Most specimens show no significant
corrosion, although folding or slight deformation of cysts was frequent.

Most recorded species belong to gonyaulacacean genera including
Cleistosphaeridium, Diphyes, Filisphaera, Hystrichokolpoma, Impagidinium,
Nematosphaeropsis, Operculodinium, Pyxidinopsis, and Spiniferites. This
group dominates the assemblages from the lower upper Miocene and
lower section. Other groups recorded in the present study contain pro-
toperidiniacean species including Brigantedinium, Capillicysta, Lejeune-
cysta, and Xandarodinium. The assemblages from the uppermost lower
Pliocene through upper upper Miocene interval are particularly charac-
terized by the frequent dominance of the protoperidiniacean taxa Brig-
antedinium spp. and Xandarodinium sp. A.

DISCUSSION

Biostratigraphic Events

From the present data set, 17 biohorizons that include LOs, HOs,
LCOs, and a HCO were discriminated for potential biostratigraphic
markers (Table T2; Fig. F3). They include possible biohorizons based
only on relatively sporadic occurrences of the taxa. Seven acmes (abun-
dance peaks) are also listed.

In the lower upper Miocene to middle Miocene section of Hole
1151A, a number of dinoflagellate cyst biohorizons were recognized,

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

P1. Neogene dinoflagellate cysts, 
p. 19

T2. Dinoflagellate cyst biohori-
zons and acme events,p. 18.
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whereas the assemblages from the uppermost lower Pliocene to upper
upper Miocene section, being generally dominated by Brigantedinium
spp. and Xandarodinium sp. A, do not display so many appearances and
disappearances of species. This contrast may be, partly at least, affected
by the contrast in sedimentation rate.

Correlation with Previous Studies in Northern Japan

When compared to studies by Matsuoka et al. (1987) and Obuse and
Kurita (1999), which are based on composite onshore sections in north-
ern Japan (Fig. F1), parallels in the general biostratigraphic trends are
clearly seen.

First, comparison is made with the biostratigraphy and biozones pro-
posed by Matsuoka et al. (1987), who studied material from the Oga
and Niigata areas in the backarc side of the Honshu Island (Fig. F1). The
distinctive contrast between the assemblages from the Diphyes latiuscu-
lum Zone (late early to early middle Miocene) and those from the
higher horizons, as stated by Matsuoka et al. (1987), is easily recognized
in the present data set as a series of HOs of species including Diphyes
latiusculum in the lower middle Miocene. However, it should be noted
that in the present section this contrast is accentuated by the hiatus be-
tween the lower middle Miocene and the upper Miocene.

The general trend of stratigraphic changes in species composition in
the upper Miocene to lower Pliocene interval is expressed by Matsuoka
et al. (1987) as the disappearances of Achomosphaera spongiosa (as Acho-
mosphaera sp. A in Matsuoka et al., 1987), Spiniferites hexatypicus, and
Spiniferites ellipsoideus, which are followed by abundant occurrences of
Brigantedinium simplex. These stratigraphic changes were used by Mat-
suoka et al. (1987) to establish the boundary between the Capillicysta
fusca Zone and the Achomosphaera callosa Zone. Similar stratigraphic
changes were recognized in the present study as the successive HOs of
Spiniferites hexatypicus, Achomosphaera spongiosa, and Spiniferites ellipsoi-
deus in the upper Miocene, which were followed by the base of abun-
dant occurrences of Brigantedinium spp., and then by the LO of
Operculodinium centrocarpum sensu Wall and Dale, 1966 (as Operculodin-
ium centrocarpum in Matsuoka et al., 1987). This major biostratigraphic
trend is therefore observed both in the present section and in the back-
arc location studied by Matsuoka et al. (1987), although there are slight
discrepancies in the ages of the biohorizons.

Differences between the results of the present study and those of
Matsuoka et al. (1987) include the Miocene biohorizons of Evittosphaer-
ula sp., Pyxidinopsis spp., and Operculodinium giganteum, which were not
reported by Matsuoka et al. (1987). In contrast, the Pliocene assem-
blages of Matsuoka et al. (1987) are apparently more diverse than those
of the present study. This may be due to the predominance of protope-
ridiniacean species in the Pacific assemblages that might have masked
out other species. These differences may be attributed to the paleoeco-
logical differences between the forearc and the backarc.

Initial work by Matsuoka et al. (1987) was extended by Obuse and
Kurita (1999) in their study of onshore sections in northern Japan from
more widespread localities including the Joban, Niigata, Akita, Oga, and
Ishikari areas (Fig. F1). Obuse and Kurita (1999) also provided more de-
tailed age constraints, based on diatom biostratigraphy, in their range
chart of species from the upper lower Miocene to upper Pliocene inter-
val. Their results were generally similar to those of Matsuoka et al.



H. KURITA AND A. OBUSE
DINOFLAGELLATE CYST BIOSTRATIGRAPHY 6
(1987), although they were able to refine the biostratigraphy and iden-
tify several new biostratigraphically useful taxa.

A comparison of the present data set with that of Obuse and Kurita
(1999) shows a number of mutually recognized biohorizons. Those in-
clude the LO of Operculodinium centrocarpum sensu Wall and Dale, 1966,
the HO of Spiniferites hexatypicus, the HO of Achomosphaera spongiosa
(including cf. A. spongiosa), the HO of Heteraulacacysta campanula, the
LO of Spiniferites firmus, the LO of Melitasphaeridium choanophorum, the
HO of Operculodinium giganteum, the HO of Cleistosphaeridium placacan-
thum, the HO of Diphyes latiusculum, the HO of Dinocyst B (as “penitab-
ular dinocyst” in Obuse and Kurita, 1999), the HO of Pyxidinopsis spp.
(as Pyxidinopsis cf. tuberculata in Obuse and Kurita, 1999), and the HO
of Evittosphaerula sp. (as E. paratabulata in Obuse and Kurita, 1999).
These biohorizons have little differences in the order of stratigraphic
appearances, although the ages of the biohorizons may vary slightly in
some cases.

In addition to these biohorizons, some of the acme events in the
present section are also correlatable to the records from the onshore lo-
calities. For example, the acmes of Tuberculodinium vancampoae and
Impagidinium patulum are recorded in the lower Pliocene both in the
present study and in Obuse and Kurita (1999). If these acme events are
proven to be isochronous, they should be useful for biostratigraphic
correlation.

The overall similarity between the present offshore data set from the
forearc setting and earlier studies based on onshore material from vari-
ous localities including the backarc region indicates a clear potential for
regional stratigraphic correlation. Further study is needed, however, be-
cause there are still discrepancies in the ages of some biohorizons.
These may be explained by contrasting paleoenvironments between the
forearc side facing the Pacific and the more isolated backarc side facing
the Sea of Japan. Or they may be due to effects of sampling interval, in-
adequate lithology, or other geologic and nongeologic biases.

Paleoclimatologic Implications for the Forearc Basin

The dinoflagellate cyst assemblages from the uppermost lower
Pliocene–upper upper Miocene interval of the present section are
marked by the predominance of protoperidiniacean species of Brigante-
dinium spp. and Xandarodinium sp. A, which contrasts with those from
the underlying interval. This may be interpreted in the context of pale-
oceanographic changes in the forearc basin, such as those in tempera-
ture, salinity, and/or nutrient supply.

A similar biostratigraphic contrast was noted by Bujak (1984), who
studied Neogene material from DSDP Leg 19 in the Bering Sea and the
northern North Pacific. He reported that the late Miocene to Pleis-
tocene assemblages are dominated by protoperidiniacean genera such
as Brigantedinium, Lejeunecysta, Selenopemphix, and Xandarodinium,
whereas the older assemblages lack this characteristic. Bujak (1984) con-
cluded that the onset of protoperidiniacean cyst dominance could sig-
nal the establishment of nutrient-rich water because almost all
protoperidiniacean dinoflagellates, as he stated, are heterotrophic and
require organic nutrients.

Recently, Matsuoka (1999) discussed the role of protoperidiniacean
dinoflagellates in the marine ecosystem, particularly in shallow depths,
and proposed a food web among the algal community that places the
heterotrophic dinoflagellates including protoperidiniaceans as the con-
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sumer (predator) of smaller algae including diatoms and other photo-
synthetic microorganisms. Emphasizing the predating nature of
protoperidiniacean dinoflagellates, this model indicates that increase of
protoperidiniaceans in cyst assemblages can be a record of eutrophica-
tion.

It is notable that both the present data and that of Bujak (1984) show
the onset of protoperidiniacean cyst dominance occurring in the late
Miocene, both in off the Sanriku Coast and in the Bering Sea and the
northern North Pacific. Following the suggestion of Bujak (1984) and
Matsuoka (1999), the dominance in these regions would be a direct
consequence of the establishment of diatom-rich algal community, or
nutrient-rich water, in the late Miocene in the northwestern Pacific–
Bering Sea region. This possible paleoceanographic change may be a re-
sult of global cooling that might have caused enhancement of bottom-
water circulation as well as higher concentrations of silica in high lati-
tudes.

Remaining questions about this issue include that the onset of proto-
peridiniacean cyst dominance in the late Miocene appears not to be
very clear in the assemblages from the backarc location of northern
Japan according to the studies by Matsuoka (1983), Matsuoka et al.
(1987), and Obuse and Kurita (1999). This may be related to the paleo-
environmental differences between the areas, as a backarc location
might be more isolated. In addition, it may be important in further
study to relate the Miocene diatomaceous successions in the backarc
area with dinoflagellate cyst records as well as with other paleoenviron-
mental indicators.

CONCLUSION

Dinoflagellate cysts from the uppermost lower Pliocene through
middle Miocene of Leg 186, constrained by a diatom biostratigraphy,
are shown to have excellent potential for biostratigraphy and paleoen-
vironmental reconstruction. We present 17 biohorizons and possible
biohorizons and several acme events based on an abundant and well-
preserved record. Because these biostratigraphic events compare favor-
ably with published data from onshore sections in northern Japan, a
basically consistent floral development is recognized through the
northern Japan area, including both the forearc and backarc sides, lead-
ing to potentially useful regional stratigraphic correlation. More de-
tailed study of dinoflagellate cysts from the present section should serve
as a standard reference for Pliocene through middle Miocene correla-
tion and dating by dinoflagellate cyst biostratigraphy in northern Japan
and its surrounding areas.

ACKNOWLEDGMENTS

This research used samples provided by the Ocean Drilling Program
(ODP). ODP is sponsored by the U.S. National Science Foundation
(NSF) and participating countries under management of Joint Oceano-
graphic Institutions (JOI), Inc. We express sincere thanks to ODP for the
important samples for our study. We also appreciate the shipboard and
shore-based staff of ODP for handling and organizing the sampling. Ka-
zumi Matsuoka and Martin J. Head reviewed the earlier manuscript and
gave most helpful comments that improved the manuscript consider-



H. KURITA AND A. OBUSE
DINOFLAGELLATE CYST BIOSTRATIGRAPHY 8
ably. We also thank Isao Motoyama for useful information on the chro-
nostratigraphy of the studied section. Japan Petroleum Exploration Co.,
Ltd. (JAPEX) generously offered laboratory assistance and granted the
permission to publish. Ayoko Miura was responsible for the excellent
sample preparation.



H. KURITA AND A. OBUSE
DINOFLAGELLATE CYST BIOSTRATIGRAPHY 9
REFERENCES

Bujak, J.P., 1984. Cenozoic dinoflagellate cysts and acritarchs from the Bering Sea and
northern North Pacific, Deep Sea Drilling Project, Leg 19. Micropaleontology,
30:180–212.

de Vernal, A., and Mudie, P.J., 1989. Pliocene and Pleistocene palynostratigraphy at
ODP Sites 646 and 647, eastern and southern Labrador Sea. In Srivastava, S.P.,
Arthur, M.A., Clement, B., et al., Proc. ODP, Sci. Results, 105: College Station, TX
(Ocean Drilling Program), 401–422.

de Verteuil, L., and Norris, G., 1992. Miocene Protoperidiniacean dinoflagellate cysts
from the Maryland and Virginia coastal plain. In Head, M.J., and Wrenn, J.H.
(Eds.), Neogene and Quaternary Dinoflagellate Cysts and Acritarchs. Am. Assoc.
Stratigr. Palynol. Found., 391–430.

————, 1996. Miocene dinoflagellate stratigraphy and systematics of Maryland and
Virginia. Micropaleontology, 42 (Suppl.):1–172.

Edwards, L.E., 1986. Late Cenozoic dinoflagellate cysts from South Carolina, U.S.A. In
Wrenn, J.H., Duffield, S.L., and Stein, J.A. (Eds.), Papers from the First Symposium on
Neogene Dinoflagellate Cyst Biostratigraphy. Am. Assoc. Stratigr. Palynol. Contrib.
Ser., 17:47–57.

Head, M.J., 1993. Dinoflagellates, sporomorphs, and other palynomorphs from the
Upper Pliocene St. Erth Bed of Cornwall, southwestern England. J. Paleontol.
(Suppl.) 67:1–62 (also Paleontol. Soc. Mem., 31).

————, 1994a. Morphology and paleontological significance of the Cenozoic
dinoflagellate genera Tectatodinium and Habibacysta. Micropaleontology, 40:289–321.

———— (Ed.), 1994b. A forum on Neogene and Quaternary dinoflagellate cysts: the
edited transcript of a round table discussion held at the Third Workshop on Neo-
gene and Quaternary Dinoflagellates; with taxonomic appendix. Palynology,
17:201–239. [Imprinted 1993]

————, 1997. Thermophilic dinoflagellate assemblages from the mid-Pliocene of
eastern England. J. Paleontol., 71:165–193.

Head, M.J., Norris, G., and Mudie, P.J., 1989a. New species of dinocysts and a new
species of acritarch from the Upper Miocene and Lowermost Pliocene, ODP Leg
105, Site 646, Labrador Sea. In Srivastava, S.P., Arthur, M.A., Clement, B., et al.,
Proc. ODP, Sci. Results, 105: College Station, TX (Ocean Drilling Program), 453–466.

————, 1989b. Palynology and dinocyst stratigraphy of the Miocene in ODP Leg
105, Hole 645E, Baffin Bay. In Srivastava, S.P., Arthur, M.A., Clement, B., et al., Proc.
ODP, Sci. Results, 105: College Station, TX (Ocean Drilling Program), 467–514.

————, 1898c. Palynology and dinocyst statigraphy of the upper Miocene and low-
ermost Pliocene, ODP Leg 105, Site 646, Laborador Sea. In Srivastava, S.P., Arthur,
M., Clement, B., et al., Proc. ODP, Sci. Results, 105: College Station, TX (Ocean Drill-
ing Program), 423–451.

Head, M.J., and Wrenn, J.H. (Eds.), 1992. A forum on Neogene and Quaternary
dinoflagellate cysts (The edited transcript of a round table discussion held at the
Second Workshop on Neogene and Quaternary Dinoflagellates. In Head, M.J., and
Wrenn, J.H. (Eds.), Neogene and Quaternary Dinoflagellate Cysts and Acritarchs. Salt
Lake City (Publisher's Press), 1–31.

Kurita, H., and Kusunoki, K., 1997. A Late Oligocene age of dinoflagellate cysts from
the Erimo Formation, southern central Hokkaido, Japan, and its implications for
tectonic history. J. Geol. Soc. Jpn, 103:1179–1182. (In Japanese)

Kurita, H., and Matsuoka, K., 1994. Trinovantedinium boreale Bujak-dominated
dinoflagellate assemblages in Eocene–Oligocene stratified water in northern Japan.
Rev. Palaeobot. Palynol., 84:29–153.

Kurita, H. and Obuse, A., 1994, Paleogene dinoflagellate cysts and pollen from the
Haboro Formation, northern central Hokkaido, Japan, and their chronostrati-
graphic and paleoenvironmental implications. J. Geol. Soc. Jpn, 100:292–301. (In
Japanese with English abstract)



H. KURITA AND A. OBUSE
DINOFLAGELLATE CYST BIOSTRATIGRAPHY 10
————, 1997. Tertiary–Upper Cretaceous palynostratigraphy of the MITI Tempoku
borehole, northern central Hokkaido. Japan. J. Jpn. Assoc. Petrol. Tech., 62:13–24.
(In Japanese with English abstract)

Kurita, H., Obuse, A., Ogasawara, K., Hasegawa, S., Amano, K., and Hisada, K., 2000.
Oligocene–Miocene palynostratigraphy (dinoflagellate cysts and pollen) in Sakha-
lin Island, Far East Russia, and its implications for geochronology and paleoenvi-
ronments. J. Geogr., Tokyo, 109:187–202. (In Japanese with English abstract)

Kurita, H., and Yokoi, S., 2000. Cenozoic tectonic settings and a current exploration
concept in southern central Hokkaido, northern Japan. J. Jpn. Assoc. Petrol. Tech.,
65:58–70. (In Japanese with English abstract)

Lentin, J.K., Fensome, R.A., and Williams, G.L., 1994. The stratigraphic importance of
species of Sumatradinium, Barssidinium and Erymnodinium, Neogene dinoflagellate
genera from offshore eastern Canada. Can. J. Earth Sci., 31:567–582.

Matsuoka, K., 1974. Some plant microfossils from the Miocene Fujiwara Group, Nara,
central Japan. Trans. Proc. Palaeontol. Soc. Jpn, N.S., 94:319–340. 

————, 1983. Late Cenozoic dinoflagellates and acritarchs in the Niigata District,
Central Japan. Palaeontographica B, 187:89–154.

————, 1999. Eutrophication process recorded in dinoflagellate cyst assemblage—a
case of Yokohama Port, Tokyo Bay, Japan. Sci. Total Environ., 231:17–35.

Matsuoka, K., and Bujak, J.P., 1988. Cenozoic dinoflagellate cysts from the Navarin
Basin, Norton Sound and St. George Basin, Bering Sea. Bull. Fac. Lib. Arts, Nagasaki
Univ., Nat. Sci., 29:1–147.

Matsuoka, K., Bujak, J.P., and Shimazaki, T., 1987. Late Cenozoic dinoflagellate cyst bio-
stratigraphy from the west coast of northern Japan. Micropaleontology, 33:214–229. 

Matsuoka, K., McMinn, A., and Wrenn, J.H., 1997. Restudy of the holotype of Opercu-
lodinium centrocarpum (Deflandre and Cookson) Wall (Dinophyceae) from the Mio-
cene of Australia, and the taxonomy of related species. Palynology, 21:19–33.

Mudie, P.J., 1987. Palynology and dinoflagellate biostratigraphy of Deep Sea Drilling
Project Leg 94, Sites 607 and 611, North Atlantic Ocean. In Ruddiman, W.F., Kidd,
R.B., Thomas, E., et al., Init. Repts. DSDP, 94 (Pt. 2): Washington (U.S. Govt. Print-
ing Office), 785–812.

————, 1989. Palynology and dinocyst biostratigraphy of the late Miocene to Pleis-
tocene, Norwegian Sea: ODP Leg 104, Sites 642–644. In Eldholm, O., Thiede, J.,
Taylor, E., et al., Proc. ODP, Sci. Results, 104: College Station, TX (Ocean Drilling
Program), 587–610.

Obuse A., and Kurita, H., 1999. Neogene dinoflagellate cyst biostratigraphy in north-
ern Japan. Abstr. Ann. Meet. Palaeontol. Soc. Jpn, 95. (In Japanese)

Powell, A.J., 1986a. A dinoflagellate cyst biozonation for the late Oligocene to middle
Miocene succession of the Langhe region, northwest Italy. In Wrenn, J.H., Duffield,
S.L., and Stein, J.A. (Eds.), Pap. 1st Symp. Neogene Dinoflagellate Cyst Biostratigraphy.
Am. Assoc. Strat. Palynol. Contrib. Ser., 17:105–127.

————, 1986b. The stratigraphic distribution of late Miocene dinoflagellate cysts
from the Castellanian Superstage Stratotype, northwest Italy. In Wrenn, J.H., Duff-
ield, S.L., and Stein, J.A. (Eds.), Pap. 1st Symp. Neogene Dinoflagellate Cyst Biostratig-
raphy. Am. Assoc. Stratigr. Palynol. Contrib. Ser., 17:129–149.

Sacks, I.S., Suyehiro, K., Acton, G.D., et al., 2000. Proc. ODP, Init. Repts., 186 [CD-
ROM]. Available from: Ocean Drilling Program, Texas A&M University, College Sta-
tion TX 77845-9547, USA.

Williams, G.L., Lentin, J.K., and Fensome, R.A., 1998. The Lentin and Williams Index of
Fossil Dinoflagellate Cysts (1998 ed.). Am. Assoc. Stratigr. Palynol., Contrib. Ser., 34.

Wrenn, J.H., 1988. Differentiating species of the dinoflagellate cyst genus Nem-
atosphaeropsis Deflandre and Cookson 1955. Palynology, 12:129–150.

Yanagisawa, Y., and Akiba, F., 1998. Refined Neogene diatom biostratigraphy for the
northwest Pacific around Japan, with an introduction of code numbers for selected
diatom biohorizons. J. Geol. Soc. Jpn., 104:395–414.



H. KURITA AND A. OBUSE
DINOFLAGELLATE CYST BIOSTRATIGRAPHY 11
APPENDIX A

List of Studied Samples

Core, section, 
interval (cm)

Depth 
(mbsf)

186-1151A-
16R-1, 45–48 209.35
26R-1, 44–46 305.74
31R-1, 45–48 354.05
35R-3, 45–48 395.55
41R-1, 45–47 449.95
46R-3, 45–48 501.05
51R-3, 45–48 549.15
57R-1, 43–46 603.93
62R-1, 45–48 652.05
73R-1, 45–48 757.75
77R-3, 45–48 799.15
78R-3, 45–48 808.85
79R-1, 45–48 815.45
80R-3, 44–48 829.04
84R-3, 48–52 866.58
87R-3, 45–48 895.35
91R-1, 45–48 930.85
93R-1, 45–48 950.15
95R-1, 45–48 969.35
96R-3, 46–50 982.06
98R-3, 26–27 1001.06
100R-3, 17–18 1020.17
101R-1, 32–33 1026.92
102R-1, 44–47 1036.64
102R-3, 34–37 1039.54
103R-1, 52–54 1046.42
104R-1, 45–48 1056.05
105R-1, 45–48 1065.75
106R-1, 45–48 1075.45
106R-3, 45–48 1078.45
108R-1, 38–39 1094.68
108R-3, 15–16 1097.45
109R-1, 45–47 1104.35
109R-3, 41–46 1107.31
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APPENDIX B

List of Recorded Taxa

Dinoflagellate Cysts

[Rw] = occurrence as reworked specimens only.

Achomosphaera ramulifera (Deflandre, 1937) Evitt, 1963.
Achomosphaera spongiosa Matsuoka and Bujak, 1988.
cf. Achomosphaera spongiosa Matsuoka and Bujak, 1988.
Achomosphaera sp. A.
Batiacasphaera minuta (Matsuoka, 1983) Matsuoka and Head, 1992.
Brigantedinium irregulare Matsuoka, 1987.
Brigantedinium simplex (Wall, 1965) ex Lentin and Williams, 1993.
Brigantedinium spp.
Capillicysta fusca Matsuoka and Bujak in Matsuoka et al., 1987.
Cleistosphaeridium placacanthum (Deflandre and Cookson, 1955) Eaton et al.,

2001.
Cordosphaeridium minimum (Morgenroth, 1966) Benedek, 1972 sensu Benedek

and Sarjeant, 1981.
Cribroperidinium giuseppei (Morgenroth, 1966) Helenes, 1984.
Dapsilidinium pastielsii (Davey and Williams, 1966) Bujak et al., 1980.
Deflandrea sp. [Rw].
Dinocyst A
Dinocyst B
Dinocyst C
Diphyes latiusculum Matsuoka, 1974.
Diphyes sp. cf. D. latiusculum Matsuoka, 1974.
Evittosphaerula sp.
Filisphaera filifera Bujak, 1984.
Glaphyrocysta sp. indet. [Rw].
Habibacysta? sp.
Heteraulacacysta campanula Drugg and Loeblich Jr., 1967.
Hystrichokolpoma denticulata Matsuoka, 1974.
Hystrichokolpoma rigaudiae Deflandre and Cookson, 1955.
Hystrichosphaeropsis obscura Habib, 1972.
Impagidinium cornutum Matsuoka and Bujak, 1988.
Impagidinium paradoxum (Wall, 1967) Stover and Evitt, 1978.
Impagidinium patulum (Wall, 1967) Stover and Evitt, 1978.
Impagidinium sp. cf. I. patulum (Wall, 1967) Stover and Evitt, 1978.
Impagidinium sp. cf. I. japonicum Matsuoka, 1983.
Impagidinium sp. cf. I. manumii Matsuoka and Bujak, 1988.
Impagidinium sp. cf. I. velorum Bujak, 1984.
Impagidinium sp. A.
Impagidinium sp. B.
Impagidinium sp. D.
Impagidinium sp. E.
Impagidinium spp./sp. indet.
Lejeunecysta hyalina (Gerlach, 1961) Artzner and Dörhöfer, 1978.
Lejeunecysta spp.
Lingulodinium brevispinum Matsuoka and Bujak, 1988.
Lingulodinium machaerophorum (Deflandre and Cookson, 1955) Wall, 1967.
Litosphaeridium? parvum Matsuoka and Bujak, 1988.
Melitasphaeridium choanophorum (Deflandre and Cookson, 1955) Harland and

Hill, 1979.
Nematosphaeropsis lemniscata Bujak, 1984.
Oligosphaeridium albertense (Pocock, 1962) Davey and Williams, 1969 [Rw].
Operculodinium centrocarpum (Deflandre and Cookson, 1955) Wall, 1967.
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Operculodinium centrocarpum (Deflandre and Cookson, 1955) Wall, 1967 sensu
Wall and Dale, 1966.

Operculodinium giganteum Wall, 1967.
Operculodinium israelianum (Rossignol, 1962) Wall, 1967.
Operculodinium sp. cf. O. israelianum (Rossignol, 1962) Wall, 1967.
Operculodinium longispinigerum Matsuoka, 1983.
Operculodinium sp. A.
Operculodinium? sp. B.
Palaeocystodinium sp. cf. P. golzowense Alberti, 1961.
Pyxidinopsis sp. A.
Pyxidinopsis sp. B.
Pyxidinopsis sp. C.
Quadrina condita de Verteuil and Norris, 1992.
Reticulatosphaera actinocoronata (Benedek, 1972) Bujak and Matsuoka, 1986.
Selenopemphix nephroides Benedek, 1972.
Selenopemphix quanta (Bradford, 1975) Matsuoka, 1985.
Selenopemphix selenoides Benedek, 1972.
Selenopemphix spp.
Spinidinium spp. [Rw].
Spiniferites adnatus Matsuoka and Bujak, 1988.
Spiniferites asperulus Matsuoka, 1983.
Spiniferites ellipsoideus Matsuoka, 1983.
Spiniferites sp. cf. S. ellipsoideus Matsuoka, 1983.
Spiniferites firmus Matsuoka, 1983.
Spiniferites hexatypicus Matsuoka, 1983.
Spiniferites lenzii Below, 1982.
Spiniferites membranaceus (Rossignol, 1964) Sarjeant, 1970.
Spiniferites pseudofurcatus (Klumpp, 1953) Sarjeant, 1970.
Spiniferites ramosus (Ehrenberg, 1838) Mantell, 1854.
Spiniferites sp. cf. S. serratus Matsuoka, 1983.
Spiniferites strictus Matsuoka, 1983.
Spiniferites/Achomosphaera spp.
Trinovantedinium boreale Bujak, 1984 [Rw].
Tuberculodinium vancampoae (Rossignol, 1962) Wall, 1967.
Xandarodinium sp. A.

Acritarchs

Cyclopsiella granosa (Matsuoka, 1983) Head et al., 1992.



H. KURITA AND A. OBUSE
DINOFLAGELLATE CYST BIOSTRATIGRAPHY 14
Figure F1. Index map. Previous DSDP sites in the same area, Sites 438 and 439, Leg 57, as well as onshore
localities of Neogene dinoflagellate cysts studied by Matsuoka (1983), Matsuoka et al. (1987), and Obuse
and Kurita (1999) are indicated by small open circles.
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Figure F3. Summary of the middle Miocene–uppermost lower Pliocene dinoflagellate cyst biohorizons and
acme events from Hole 1151A, Leg 186, plotted against the downhole depth. Arrows = datum planes, open
circles = acme events. R = rare (less than an average of 8 specimens per microscope traverse), C = common
(8–15 specimens per microscope traverse), A = abundant (15–45 specimens per microscope traverse), and
VA = very abundant (45 or more specimens per microscope traverse). NPD = code names for diatom biozone
by Yanagisawa and Akiba (1998).
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Table T1. Occurrence chart of Neogene dinoflagellate cysts, Hole 1151A. (This table is available in an over-
sized format.)
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Table T2. List of middle Miocene–uppermost lower Pliocene dinoflagellate cyst bio-
horizons and acme events, Hole 1151A. 

Note: LO = lowest occurrence, HO = highest occurrence, LCO = lowest common occurrence, HCO = highest
common occurrence.

Datum Core, section, interval (cm) Depth (mbsf)

186-1151A-
LO Operculodinium centrocarpum sensu Wall and Dale, 1966 16R-1, 45–48/26R-1, 44–46 209.35/305.74
HO (possible) Capillicysta fusca 26R-1, 44–46/31R-1, 45–48 305.74/354.05
LO Spiniferites asperulus 35R-3, 45–48/ 41R-1, 45–47 395.55/449.95
HO (possible) Melitasphaeridium choanophorum 35R-3, 45–48/ 41R-1, 45–47 395.55/449.95
Acme Impagidinium patulum 51R-3, 45–48 549.15
LCO Brigantedinium spp. 51R-3, 45–48/57R-1, 43–46 549.15/603.93
Acme Tuberculodinium vancampoae 57R-1, 43–46 603.93
Acme Impagidinium patulum 62R-1, 45–48 652.05
HO (possible) Operculodinium giganteum 62R-1, 45–48/ 73R-1, 45–48 652.05/757.75
HO (possible) Heteraulacacysta campanula 73R-1, 45–48/ 77R-3, 45–48 757.75/799.15
HO (possible) Spiniferites ellipsoideus 73R-1, 45–48/ 77R-3, 45–48 757.75/799.15
LCO Xandarodinium sp. A 78R-3, 45–48/ 79R-1, 45–48 808.85/815.45
HO Achomosphaera spongiosa and Impagidinium cornutum 79R-1, 45–48/ 80R-3, 44–48 815.45/829.04
Acme interval Filisphaera filifera 77R-3, 45–48 through 84R-3, 48–52 799.15–866.58
LO (possible) Spiniferites firmus 87R-3, 45–48/ 91R-1, 45–48 895.35/930.85
HO Spiniferites hexatypicus 91R-1, 45–48/ 93R-1, 45–48 930.85/950.15
Acme Filisphaera filifera and Tuberculodinium vancampoae 93R-1, 45–48 950.15
LO (possible) Melitasphaeridium choanophorum 95R-1, 45–48/ 96R-3, 46–50 969.35/982.06
HO Cleistosphaeridium placacanthum 98R-3, 26–27/100R-3, 17–18 1001.06/1020.17
Acme Spiniferites adnatus 100R-3, 17–18 1020.17
— (hiatus)— — —
HO Diphyes latiusculum, Pyxidinopsis sp. B, and Pyxidinopsis sp. C 101R-1, 32–33/102R-1, 44–47 1026.92/1036.64
HCO Dinocyst B 105R-1, 45–48/106R-1, 45–48 1065.75/1075.45
LO Dinocyst B 108R-1, 38–39/108R-3, 15–16 1094.68/1097.45
Acme Hystrichokolpoma rigaudiae 108R-1, 38–39 1094.68
HO (possible) Evittosphaerula sp. 108R-3, 15–16/109R-1, 45–47 1097.45/1101.35
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Plate P1. Selected Neogene dinoflagellate cysts from Hole 1151A, Leg 186. All photographs are at the same
magnification. Scale bar = 50 µm. Each figure contains a slide number and X–Y stage coordinates of a Carl
Zeiss 45–35–02 stage for an Axioplan microscope. 1–4, 8. Sample 186-1151A-109R-3, 41–46 cm; (1) Diphyes
latiusculum (B-1/83.0×20.8), (2) Diphyes latiusculum (B-1/86.0×7.8). (3) Cleistosphaeridium placacanthum (B-
1/84.5×14.3), (4) Lingulodinium machaerophorum (B-1/83.1×25.0), (8) Evittosphaerula sp. (B-1/83.0×17.1).
5, 9. Sample 186-1151A-46R-3, 45–48 cm; (5) Filisphaera filifera (B-1/80.2×6.7), (9) Tuberculodinium vancam-
poae (B-1/93.4×16.7). 6, 13–15. Sample 186-1151A-73R-1, 45–48 cm; (6) Nematosphaeropsis lemniscata (B-1/
81.9×4.9), (13) Xandarodinium sp. A (B-1/79.4×12.2), (14) Xandarodinium sp. A (B-1/84.2×7.2), (15) Brig-
antedinium simplex (B-1/86.2×5.1) 7. Reticulatosphaera actinocoronata (Sample 186-1151A-105R-1, 45–48 cm)
(B-1/84.5×5.7). 10–12, 16. Sample 186-1151A-26R-1, 44–46 cm; (10) Lejeunecysta sp. (B-1/79.7×11.7), (11)
Selenopemphix quanta (B-1/84.7×21.7), (12) Selenopemphix nephroides (B-1/82.0×12.5), (16) Brigantedinium ir-
regulare (B-1/78.5×13.5).
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