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A Standard Late Cenozoic Microbiostratigraphy in Southern
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Part 1. Calcareous Nannoplankton Zones and their
Correlation to the Planktonic Foraminferal Zones

By
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Abstract—The present investigation attempts to establish a standard biostratigraphic
sequence by means of calcareous nannoplanktons and planktonic foraminifera for the
Shimajiri Group and overlying Chinen Formation, which are well developed in the
southern Okinawa-jima region, using 20 well-core samples and 52 surface samples. It
results in the recognition of eight calcareous nannofossil datum planes from the CN9a
through CN13a Zones in OkADA and BUkry’s (1980) scheme and of eight planktonic
foraminiferal datum planes, aside from two coiling-change data of Pulleniatina species,
from the N16 through N22 Zones in BLow’s (1960) shceme. Through this upper
Miocene to lower Pleistocene sequence, the stratigraphic positions of both kinds of
datum planes are agreably located from each other, particularly when their calibrated
ages are considered.

It is also suggested that the geographic tracing of some planktonic foraminiferal
datum planes is much useful for further study of geological structure of the Shimayjiri
Group. Standard microbiostratigraphic scale proposed here may offer us more
reliable and detailed procedures for such an advanced geological investigation. On the
basis of field observation and laboratory work, an unconformable relationship is con-
clusively estimated between the Shimajiri Group and the Chinen Formation of the
Ryukyu Group. During the time gap between the two groups, a movement might have
caused the tectonic feature of the present-day Ryukyu Arc System.

Introduction

Since the geology of the whole Ryukyu Islands was outlined by an exhaustive field
work of HANzAWA (1935), the Shimajiri Group has been regarded as to represent a
good sedimentary sequence of the late Cenozoic age. On the basis of the U. S.
military geological survey by FLINT et al. (1959), MACNEIL (1960) and LERoY (1964)
respectively studied molluscan fossils and benthic foraminifera from the Group de-
veloped in southern Okinawa-jima. Their biostratigraphical contributions, however,
were rather limited. Just before the retrieval of Okinawa to Japan, the Geological
Survey of Japan started the extensive survey of this region for natural gas prospecting
and published the results in a summarized form (e. g., FUKUTA et al., 1970). NATORI
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(1976), a member of this research group, reported a considerably detailed result on the
planktonic foraminiferal stratigraphy of the Shimajiri Group. Meanwhile, Ujng
and Ok1 (1974) established a similar zoning for the Group developed as the basement
of Miyako-jima, about 200 km southwest of Okinawa-jima. Concerning the calcare-
ous nannofossil stratigraphy, NIsHIDA (1973) published a preliminary note. His re-
port is so sketchy and re-examination of the result is almost impossible.

For past few years, our group has worked on the detailed geology of the Shima-
Jiri Group in southern Okinawa-jima by applying microbiostratigraphic methods.
Because majority of the Group exposed on surface are composed of massive mudstone
without any useful lithostratigraphic key bed, only datum planes identified by micro-
fossils can offer us any useful means to reveal the geological structure. A preliminary
result for this subject is already published by MisaiMa and Uing (1983).

In the course of this continued work, we noticed that the zonal scheme of plank-
tonic foraminifera proposed by NATORI (1976) needs some revision in viewpoint of the
recently developed taxonomic and biostratigraphic concepts. The zonal scheme also
needs refinement through more detailed field work and support through the other kinds
of microfossils, particularly of calcareous nannofossils. The purpose of this paper is
to establish a comprehensive microbiostratigraphic zonation that is useful for further
study of the Shimajiri Group, which is developed in Okinawa-jima as well as under
the bottom of the adjacent seas.

This paper also discusses the Pliocene-Pleistocene boundary for the uppermost
part of the Group, and compare our result with previous works of IBARAKI and TSUCHI
(1975) and NisHIDA (1980) who studied the planktonic foraminifera and calcareous
nannofossils, respectively.

Details of the taxonomy and stratigraphic problem of planktonic foraminifera
will be given in Part 2.

Summarized Geology of the Southern Okinawa-jima
Region, especially on the Shimajiri Group

The southern area of Okinawa-jima is occupied with hilly region, which consists
mainly of the uppermost Miocene to lowermost Pleistocene Shimajiri Group and the
Pleistocene Ryukyu Group. The latter Group, reefal facies dominant, unconformably
overlies on the Shimajiri Group and makes terraces in many places. The altitude of
terraces varies from approximately 180 m above to approximately 30 m below the sea
level owing to a block movement called as “Uruma movement” by Kizaki and
TAKAYASU (1976). The Shimajiri Group is composed of massive mudstone which is so
susceptible to weathering and erosion that low hilly topography develops unless the
mudstone is covered by the Ryukyu Group.

Shimajiri Group (HANZAWA, 1935)

By FukuTA ef al. (1970), this group was divided into three formations: namely,
Tomigusuku, Yonabaru and Shinzato Formations, in ascending order.
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Fig. 1. Location map.

Tomigusuku Formation (Okinawa Natural Gas Prospecting Group, 1971 = Naha
Formation of MakiNo and HiGucHI, 1967)

The Tomigusuku Formation is not exposed on surface, except for the uppermost
part which was called as the Oroku Sandstone Member by MAKINO and HiGUCHI
(1967). Total thickness of this formation is about 940 m at Ryusei Well No. 2 (R2)
which was drilled at Onoyama of Naha City in 1969. The drilling penetrated down
to the pre-Neogene Nago Formation which unconformably underlies the Tomigusuku
Formation.

The cored sequence at this well indicates that the formation consists essentially of
alternation of sandstone-rich unit and siltstone-rich unit. FUKUTA ef al. (1970) dis-
criminated these units as T1, T2, --- T13, in descending order*; odd suffix represents
sandstone-rich unit and even one does siltstone-rich unit. Electric logging record
well reflects the alternative mode of these units at R2 well and makes it possible to
correlate seven wells from one another; they were drilled in the southern Okinawa-jima
region for natural gas prospecting (FUKUTA ef al., 1970; Okinawa Natural Gas Explo-
ration Company, 1983, unpublished data).

The uppermost unit (T1) called as the Oroku Sandstone Member outcrops not
only around Oroku but also in two areas northern outside of the studied region; i. e.,

* The stratigraphic assignment of these units shown by FukuTa et al. (1970) and by NoHArA and
KoMINE (1978) in the brief notes agrees well to our detailed re-examination (Fig. 3a-d) of the same core,
except for the slight difference in thickness and in stratigraphic positions of T5, T7 or T9.
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Fig. 2. Locality map of studied samples.
Majority of the white area consists of the Shimajiri Group. Tracing of three
planktonic foraminifera datum planes are based on Y. Suzuki (1984 MS).

around Maeda of Urasoe City and in the southern territory of Okinawa City. The
sandstone, bluish in color (yellowish brown after weathering), is rather well sorted,
and is medium- to fine-grained. This general character is common for the other sand-
stones of this formation excluding the bottom unit (T13) which is well indurated and
is somewhere calcareous or conglomeratic.

Yonabaru Formation (MAkINO and HicucHI, 1967)

The Yonabaru Formation conformably rests on the Oroku Sandstone Member.
This formation is mostly composed of bluish gray massive siltstone throughout the
total thickness of about 900 m. NAKAGAWA et al. (1982) studied the tephrochro-
nology of this formation and the overlying Shinzato Formation. Both formations are
intercalated with so numerous (more than hundreds), mineralogically similar, and
generally thin (a few cm for many cases) tuff layers that the utilization of these layers
for correlation purpose is found to be impossible. And light minerals and volcanic
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Fig. 3a

Fig. 3. Columnar sections of the Ryusei Well No. 2 drilled at Onoyama, Naha City (slightly
modified from MisHIMA, 1983 MS).

glass shards in the tuffs were so much decomposed as to make discrimination of each
layer impossible.

The intercalations of sandstone beds are not common except for the Nakagusuku
Sandstone Member (TANAKA, 1982 MS; MisHiMA and Ujng, 1983) that is situated at
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about 100 m above the base of this formation. This sandstone is fine- to medium-
grained and, at many places, becomes coarser (even conglomeratic) toward the base,
at which load cast structure commonly develops. Although its thickness varies from
a few meters to about 8 m (in exceptional case reaches up to about 40 m), the distri-
bution can be well traced in the region north of the studied area. In the studied area,
however, the Nakagusuku Member has not yet been completely traced due to the re-
stricted outcroping.
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Shinzato Formation (= Shinzato Tuff of MakINO and HiGucHI, 1967)

The Shinzato Formation, the uppermost constituent of the Shimajiri Group,
consists of essentially identical siltstone with that of the Yonabaru Formation. The
Shinzato Formation is discriminated from the Yonabaru merely by an insertion of
sandstone layer at its base. Different from somewhat exaggerated estimation of Fu-
KUTA et al. (1970), we observed the lithology of the basal unit as about one meter thick
coarse-grained sandstone bed containing subangular cobbles of mudstone at the basal
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part at southwest of China, Chinen-son. The basal bed of the Shinzato Formation
at the base of an about 30 m high cliff at Shinzato, Sashiki-cho, is represented by about
2.5 m thick pumiceous sandstone and it changes to about 7 m thick pumiceous tuff
at another locality which is approximately 600 m away westwards. Around the
Shinzato area, the siltstone of this formation contains charcoal fragments and more
number of pumice patches than that in the China or Hokama areas. Globigerinoides
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Fig. 4. A route map for the Shinzato Formation, southwest of China, Chinen-son, and its
geological section perpendicular to the general strike (N 29°E) (modified from M. Suzukir,
1981 MS).

fistulosus (SCHUBERT), a planktonic foraminifera, has its initial occurrence just below
the sandstone bed at both localities of China and Shinzato.

The Shinzato Formation distributes almost exclusively in the environs of the
Chinen Peninsula, and its maximum thickness attains to about 110 m along a sampling
route southwest of China (Fig. 4).

Ryukyu Group (= Riukiu Limestone and Kunigami Gravel of HANzZAWA, 1935)

Chinen Formation (MACNEIL, 1960)

MACNEIL (1960) assigned the calcareous sandstone in the basal part of his Naha
Formation (main component of the Ryukyu Group) as the Chinen Sandstone Member
[Formation] which unconformably overlies the Shimajiri Formation [Group]. Since
then many authors have argued about the nature of the boundary between the two
groups.

At a cliff in the golf links of the Shurei Country Club, southwest of China, the
Chinen Formation contacts with the uppermost portion of the Shinzato Formation. A
columnar section (Fig. 5) indicates that a calcareous sandstone, main lithofacies of the
Chinen Formation, gradually changes to underlying sandy mudstone and then to silt-
stone, whose basal 15 cm is composed of compactly aggregated breccias of granule- to
small pebble-sized siltstone. The base of this breccia bed cut a slightly inclined tuff
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