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Center: Paragondolella bulgarica Budurov and Stefanov Group (Conodonta, Triassic), scale = 200 um, from Muto
et al. (this issue). Upper left: Neogloboquadrina acostaensis (Blow) sinistral form (Foraminifera, Miocene), scale
=100 pm, from Suzuki et al. (this issue). Upper right: Denticulopsis simonsenii Yanagisawa et Akiba (Diatom,
Miocene), scale = 10 pm, from Suzuki et al. (this issue). Right: Calocycletta costata (Riedel) (Radiolaria,
Miocene), scale = 100 um, from Kamikuri (this issue). Bottom: Bicornucythere bisanensis (Okubo) (Ostracoda,
Pleistocene), scale = 100 um, from Ozawa and Tanaka (this issue). Left: Trilonche cf. vetusta Hinde (Radiolaria,
Devonian—Carboniferous), scale = 100 pm, from Uchino and Kurihara (this issue).
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Paleoenvironmental analysis from fossil ostracod assemblages of the Middle

Pleistocene Naganuma Formation in the Sagami Group, central Japan

Hirokazu Ozawa"" and Gengo Tanaka’

Hirokazu Ozawa and Gengo Tanaka (2019) Paleoenvironmental analysis from fossil ostracod assemblages
of the Middle Pleistocene Naganuma Formation in the Sagami Group, central Japan. Bull. Geol. Surv.
Japan, vol. 70 (1/2), p. 5-16, 5 figs, 4 tables.

Abstract: This study estimates paleoenvironmental changes in water depths and temperatures from
approximately 0.6 Ma during the marine oxygen isotope stage (MIS) 15 of the Middle Pleistocene along
coastal Japan. We used the modern analog technique (MAT), which is based on ostracod assemblages
from the Naganuma Formation in the Sagami Group of Kanagawa Prefecture in central Japan. The
analysis revealed that the Naganuma Formation was deposited in the shallow-marine environment at
paleo-water depths of 25-41 m, similar to current depths of southwestern Japan coastal areas such as
the Setonaikai Sea. The estimated summer paleo-water temperature (ca. 28°C) was approximately 2°C
higher than current Sagami Bay water temperatures at depths of shallower than 30 m. The estimated
temperatures were also similar to or slightly lower (~2°C) than current summer temperatures in Sagami
Bay at depths of 40 m. The estimated winter paleo-water temperatures (6-11°C) were slightly lower
(~27C) than current Sagami Bay temperatures at depths of shallower than 40 m. This study reports for the
first time fluctuations in paleo-water temperature estimates quantitatively from 0.6 Ma during the MIS 15
along coastal Japan.

Keywords: osracods, Middle Pleistocene, Naganuma Formation, MIS 15, modern analog technique,

paleo-water temperature, Sagami Bay, Kanagawa Prefecture, central Japan

1. Introduction

The paleoenvironment and invertebrate faunas fluctuated
drastically during the Pleistocene in response to marine
climatic changes and glacioeustacy in shallow seas of the
northwest Pacific Ocean margin near the Japanese Islands
(Chinzei, 1991; Tada, 1994; Amano, 2004; Ozawa and
Kamiya, 2005; Ozawa and Ishii, 2014). Because of the
mid-Pleistocene transition (MPT; e.g. Berger and Jansen,
1994) and a shift in the glacioeustatic climatic cycle
periodicity from 41 kyr to 100 kyr, the Middle Pleistocene
represents an important paleoclimate period.

Benthic ostracods provide clues for understanding
paleoenvironments, because they lack a planktic growth stage
and are endemic, making them sensitive to environmental
changes (e.g. Boomer et al., 2003). Previous Japanese
studies of ostracods have documented environmental
changes since the Middle Pleistocene, evidenced by
fossils in shallow seas along the Pacific coasts of the

Osaka Bay, Lake Hamana, and Tokyo Bay (Yajima, 1978,
1982; Ishizaki, 1990a, b; Ozawa et al., 1995; Yasuhara
and Kumai, 2003; Irizuki and Seto, 2004; Irizuki et al.,
2002, 2005, 2011) from 0.4 Ma in the MIS 11 (MIS age
from e.g. Lisiecki and Raymo, 2005). However, details of
the Middle Pleistocene paleoenvironment prior to 0.4 Ma
along the Japanese coast remain unknown.

The Middle Pleistocene Naganuma Formation (ca. 0.6
Ma, MIS 15; Machida, 2010) of the Sagami Group is
exposed on the northern side of Sagami Bay (Fig. 1; Ujiie
and Kagawa, 1963) and is known for its shallow marine
calcareous fossils, including molluscs (Yabe, 1906;
Oyama, 1973). There are no reports of fluctuations in
paleo-water temperatures from 0.6 Ma in the MIS 15 for
coasts of Japan and adjacent regions. This study reports,
for the first time, fluctuations in paleo-water temperatures
of coastal Japan from 0.6 Ma (MIS 15) using modern
analog technique (MAT) methods.

'Earth Sciences Laboratory, College of Bioresource Sciences, Nihon University, Kameino 1866, Fujisawa, Kanagawa 252-0880, Japan
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2. Geological setting

The Naganuma Formation in the Sagami Group is exposed
at the base of the Miura Peninsula in the southernmost
region of Yokohama City and in the northeastern region
of Fujisawa City, Kanagawa Prefecture, central Japan
(Fig. 1). The geology and fossils of this formation have
been studied (e.g. Otuka, 1937; Ujiie and Kagawa, 1963;
Oyama, 1973; Mitsukoka et al., 1977; Mitsunashi and
Kikuchi, 1982) since 1906 (Yabe, 1906). This stratum
unconformably overlies the Lower Pleistocene Ofuna
Formation in the Kazusa Group (age from Fujioka et al.,
2003), and the unconformable surface is known as the
“Naganuma Unconformity” (Machida, 2010; Fig. 2).
The Middle Pleistocene Byobugaura Formation in the
Sagami Group unconformably overlies the Naganuma
Formation (Osada et al., 1982; age from Machida, 2010).
The Naganuma Formation primarily consists of silt and
fine- to medium-grained sand, and contains calcareous
fossils accompanied by layers of tuff (Otsuka, 1937; Ujiie
and Kagawa, 1963; Fig. 2). Fossil ostracods have also
been found in the Naganuma Formation (Ozawa, 2009).

The chronology of tuff layers suggests that the Naganuma
and Byoubugaura formations in the Sagami Group of
the Miura Peninsula are correlated with the lower and
upper parts, respectively, of the Kasamori Formation in
the Kazusa Group of the Boso Peninsula in central Japan
(Machida, 2010; Fig. 2). The two unconformities of the
Naganuma Formation in the study area (Fig. 2) are also
seen in the Kazusa Group of the Boso Peninsula. Based
on the chronology of the Ks18 tuff layer of the lower part
of Kasamori Formation (Machida, 2010), the Naganuma
Unconformity is estimated to have been formed while
the sea-level was low during a glacial period (MIS 16).
Similarly, the Byobugaura Formation is correlated with
the upper part of the Kasamori Formation (Fig. 2). Based
on estimations from the Ksl1 tuff layer chronology in
the Kasamori Formation, previous researches (Machida
et al., 1980; Machida, 2010) determined that another
unconformity between the Naganuma and Byobugaura
formations was also formed while sea-level was low during
a glacial period (MIS 14). The Naganuma Formation is
thought to have formed from deposits during the high
sea-level period of the interglacial period between MIS
16 and 14, and therefore to be correlated with MIS 15,
approximately 0.6 Ma (Machida, 2010; MIS age from
Lisiecki and Raymo, 2005), although Ozawa (2009)
referred previous studies of nannofossils and tuff layers
pre-2009 to estimate that the formation was deposited in
ca. 0.5 Ma (MIS 13).

Fig. 1 (A) A map of locations described in the text. (B) A map of
the study area. (C) A map of the distribution of the Naganuma
Formation of central Japan, with the study site, modified from
Ujiie and Kagawa (1963). (A)—(C) are modified from Ozawa
(2009).
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Fig.2 (A)A columnar section of the Naganuma Formation with
sample horizons, modified from Osada et al. (1982) and
Ozawa (2009). FB: dominant occurrences of fragments
of barnacles. (B) Schematic stratigraphic correlation for
the Naganuma, Byoubugaura and Kasamori formations
between Yokohama and Boso areas. Data for tuff layers
in (A) and (B) referred from Mitsuoka et al. (1977),
Mitsunashi and Kikuchi (1982), Osada et al. (1982),
Machida and Arai (2003), and Machida (2010). MIS
(Marine oxygen Isotope Stage) nos. are referred from
Machida (2010).

3. Materials and methods

We used the modern analog technique (MAT) to analyze
the Naganuma Formation fossil ostracod assemblage
dataset found in Table 1 of Ozawa (2009). Ozawa (2009)
described fossil ostracod assemblages from eight sediment
samples (Tyl-Ty8) collected from the Naganuma
Formation outcrop, which is exposed in the Taya area of
Sakae-ku, Yokohama City, Kanagawa Prefecture, central
Japan (latitude: 35° 21.77° N, longitude: 139° 31.42° E;
Figs. 1 and 2). Then a total of 58 ostracod species were
identified.

The MAT is a method for estimating paleoenvironmental
conditions, such as the water depth and temperature, by
comparing similar recent environmental data to fossil
assemblages (Overpeck et al., 1985). The degree of
nonsimilarity between objective fossil assemblages and
recent assemblages is determined by the formula as
follows;

SCD - Zil1=1 (Fpi1/2 _Mpi‘I/Z)Z

(SCD: square chord distance; Fpi: proportion of the
i-th fossil species; Mpi: proportion of the i-th modern
species). Ikeya and Cronin (1993) first employed MAT to
fossil ostracod assemblages in order to estimate Pliocene
and Pleistocene paleoenvironments of Japan, based on
273 recent samples from Japan and adjacent areas. In
the current study, we summarized data from 419 recent
samples (including 367 species) from Japan and adjacent
areas (Zhou, 1993; Tsukawaki ef al., 1997, 1998, 1999,
2000; Yamane, 1998, Ozawa et al., 1999; Yasuhara and
Irizuki, 2001; Nakao and Tsukagoshi, 2002; Irizuki et
al., 2006; Tanaka, 2008) using the modern analog data
matrix of the United States Geological Survey (Ikeya
and Cronin, 1993). Squared-chord distances (SCDs) were
computed using Microsoft Excel 2007 in the Visual Basics
for Applications (VBA) environment, following methods
described by Tanaka and Nomura (2009).

The SCD is a value between 0 and 2. When the SCD is 0,
the objective fossil assemblage is completely concordant
with recent assemblages. To obtain the minimum and
maximum bottom water temperatures for each recent
ostracod sample, temperatures for the sites used in our
study were obtained from the sectioned squares of the
Japan Oceanographic Data Center (JODC) database within
one degree of latitude and longitude (JODC, 2017; http://
www.jodc.go.jp/jodcweb/index_j.html). We estimated
paleo-water temperatures in both summer and winter
at paleo-water depths for eight Naganuma Formation
samples described by Ozawa (2009).

4. Results

The MAT results for changes in the paleo-water
depth and temperature in summer and winter based on
the ostracod assemblage dateset from the Naganuma
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Table 1 Results of modern analog area based on the MAT (modern analog technique) for each fossil ostracod sample from the Naganuma
Formation. From left to right: sample number from Ozawa (2009); estimated water depth (WD); summer bottom water temperature
(SBT); winter bottom water temperature (WBT); square chord distance (SCD); longitude (Long.) and latitude (Lat.) of the most
similar modern site in terms of the ostracod assemblage; reference for the recent ostracod assemblage of a modern analog area.

N: northern; C.: central; SW: southwestern.

Sample no. WD (m) SBT(C) WBT(C) SCD Long. (°N) Lat. (°E) Modern analog area Reference

Tyl 41 16.0 11.0 1.06 127.09 34.16 N East China Sea Choe (1985)

Ty2 25 28.4 6.3 0.87 133.25 34.13 C. Setonaikai Sea Yamane (1998)
Ty3 25 28.4 6.3 0.71 133.25 34.13 C. Setonaikai Sea Yamane (1998)
Ty4 35 30.6 10.3 1.22 131.37 34.43 SW Sea of Japan Tsukawaki et al. (2000)
TyS 25 28.4 6.3 0.81 133.25 34.13 C. Setonaikai Sea Yamane (1998)
Ty6 31 28.4 6.3 0.89 133.20 34.08 C. Setonaikai Sea Yamane (1998)
Ty7 31 28.4 6.3 0.72 133.20 34.08 C. Setonaikai Sea Yamane (1998)
Ty8 25 28.4 6.3 0.58 133.25 34.13 C. Setonaikai Sea Yamane (1998)

Table 2 MAT (modern analog technique) method results (SCD analysis; SCD means square chord distance) for the three ostracod
assemblages (A—C) from the Naganuma Formation (Ozawa, 2009). From left to right: assemblage names; five dominant species
from Ozawa (2009); assemblage (Ass.); estimated water depth (WD) range; summer bottom water temperature (SBT) range;
winter bottom temperature (WBT) range; square chord distance (SCD) range; modern analog area based on the modern analog

technique (MAT). C.: central; SW: southwestern; N: northern.

Ass. Five dominant species WD SBT WBT SCD Modern analog
range (m) range (°C) range (°C) range areas

Krithe japonica
Amphileberis nipponica C. Setonaikai Sea

A Buntonia hanaii 25-41 16.0-30.6  6.3-11.0  0.71-1.22 SW Sea of Japan,
Bicornucythere bisanensis N East China Sea
Krithe surugensis
Amphileberis nipponica
Bicornucythere bisanensis

B Nipponocythere bicarinata 25-31 28.4 6.3 0.72-0.81 C. Setonaikai Sea
Krithe japonica
Loxoconcha tosaensis
Bicornucythere bisanensis
Amphileberis nipponica

C Trachyleberis scabrocuneata 25 28.4 6.3 0.58 C. Setonaikai Sea

Loxoconcha tosaensis
Nipponocythere bicarinata

Formation (Ozawa, 2009) are shown in Table 1 and Fig.
3. Species compositions of fossil ostracod assemblages
from eight Naganuma Formation samples are similar to
modern assemblages found in present-day shallow seas
surrounding southwestern Japanese Islands, such as the
central Setonaikai Sea (Hiuchinada Sea), the southwestern
Sea of Japan, and the northern East China Sea (Tables 1
and 2).

Our results suggest that paleo-water depths fluctuated
between 25 and 41 m (Fig. 3; Table 1). These water depths
are slightly shallower for Ty1 through Ty8 (41-25 m). The
paleo-water temperatures in summer are estimated to be
approximately 16°C for the one lower horizons (Tyl),

and 28-31°C for the seven upper horizons (Ty2-Ty8).
Winter paleo-water temperatures are estimated to be
approximately 10—11°C for the two lower horizons (Tyl
and Ty4) and 6°C for the six upper horizons (Ty2, Ty3
and Ty5-Ty8).

Our results showing a realtively wide SCD range (0.71—
1.22; Fig. 3 and Table 2) suggest that the modern analog
areas of the assemblage A of Ozawa (2009) are the central
Setonaikai Sea (Hiuchinada Sea), the southwestern Sea of
Japan, and the northern East China Sea, from longitudes
127-134°E and latitudes 34—36°N and at water depths
ranging from 25-41 m. The modern analog area for the
assemblage B is the central Setonaikai Sea (Hiuchinada
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Fig.3 Vertical changes in results from the MAT (modern analog technique) method (SCD analysis; SCD means square chord

distance) for each sample in the Naganuma Formation within a columnar section, with sample horizons. Ostracod
assemblages A—C and Continental shelf species are the same as in Ozawa (2009). Data for appearance horizons of the
assemblages A—C and percentages for Continental shelf species are referred from Ozawa (2009). Continental shelf
species: Abrocythereis guangdongensis, Actinocythereis kisarazuensis, Bradleya japonica, Bradleya sp., Hirsutocythere?

hanaii, Krithe surugensis and Loxoconcha tamakazura. Columnar section is modified from Ozawa (2009).

Sea) from longitudes 133—134°E and latitudes 34-35°N
at water depths of 25-31 m, as evidenced by a realtively
low SCD range (0.72-0.81). The modern analog area of
the assemblage C has the lowest SCD score (0.58), and
it is also the central Setonaikai Sea (Hiuchinada Sea) at
longitude 133°E and latitude 34°N at a water depth of 25
m.

5. Discussion

5.1 Paleo-water depth

The paleo-water depth of the Naganuma Formation was
reconstructed by several previous studies of molluscan
fossils. Osada et al. (1982) reported the detailed species
composition of the molluscan fossils from the two upper
horizons above the Tayasuko tuff layer at the same location
as the current study. They recognized one molluscan fossil
assemblage, which was dominated by Acila divaricata
(Hinds) in the two horizons, and reported that the
paleoenvironment in their lower horizon (near sample Ty
of Ozawa (2009)) was the inner bay area influenced by
the open sea with 20—-60 m water depths. They estimated
that the water depth of their upper horizon (near sample

Ty6 of Ozawa (2009)), was slightly shallower than that
of the lower horizon.

The three steps of the water-depth decrease during the
depositional periods of the horizons Ty 1-Ty8 were defined
from the ostracod assemblages A—C (Fig. 3), which include
dominantly Amphileberis nipponica, Bicornucythere
bisanenesis and Krithe japonica (Fig. 4; Table2) by Ozawa
(2009). That study stated that the water depth decreased
upwards in the studied sequence from around 40 m water
depth to 10—-15 m water depths, and that the influence
of the open-sea water was weaker during depositional
periods of the upper six horizons of Ty3-Ty8, compared
with the lower two horizons Ty1-Ty2, based on the ratio
of continental species of Ozawa (2009); i.e., Abrocythereis
guangdongensis, Actinocythereis kisarazuensis, Bradleya
Japonica, Bradleya sp., Hirsutocythere? hanaii, Krithe
surugensis and Loxoconcha tamakazura (Figs. 3 and 4).
These species are reported from modern continental shelf
area around Japan (e.g. Ikeya and Suzuki, 1992; Zhou and
Ikeya, 1992; Zhou, 1995; Tsukawaki et al., 1998, 2000;
Tanaka, 2008, 2012).

Therefore paleo-water depths reconstructed from MAT
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Scale bar: 0.1 mm

Fig. 4 SEM images of fossil ostracods from the Naganuma Formation, modified from Ozawa (2009). LV: left
valve, RV: right valve, CA: carapace. 1: Amphileberis nipponica (Yajima), male LV, sample no. Ty6, 2-3:
Bicornucythere bisanensis (Okubo), 2: female LV, Ty7, 3: A-1 juvenile LV, Tyl, 4: Bradleya japonica
Benson, female RV, Ty1, 5: Buntonia hanaii Yajima, male LV, Ty3, 6: Hirsutocythere? hanaii Ishizaki, A-1
juvenile RV, Ty5, 7: Krithe japonica Ishizaki, female RV, Ty6, 8: Krithe surugensis Zhou and Ikeya, male
RV, Ty7, 9: Loxoconcha tosaensis Ishizaki, male LV, Ty7, 10: Nipponocythere bicarinata (Brady), male
RV, Ty6, 11: Sinoleberis tosaensis (Ishizaki), female CA left side, Ty5., 12: Trachyleberis scabrocuneata
(Brady), A-1 juvenile RV, Ty5. All scale bars are equal to 0.1 mm.

in our study (Fig. 3; Tables 1 and 2) are mostly consistent
with results from previous molluscan and ostracod studies.

5.2 Paleo-water temperature

The SCD scores (0.58-1.22) for paleotempeartures
based on ostracods and the MAT were fairly high (Fig. 3;
Tables 1 and 2). Tkeya and Cronin (1993) demonstrated
that a SCD value below 0.5 indicates analogs at a faunal
provincial level, although we could obtain only these SCD
scores herein. However we had tried to attempt to compare
paleotemperatures to average modern data, including
the minimum and maximum water temperature in and
around Sagami Bay (Table 3), in an effort to reconstruct
the Japanese paleoenvironment from 0.6 Ma, because this
study reported for the first time fluctuations in paleo-water
temperature estimates quantitatively during the MIS 15
along coastal Japan.

We compared the estimated Naganuma Formation
paleotemperatures (Figs. 3 and 5; Tables 1 and 2) to
modern water temperatures in and around Sagami Bay,
located within latitude 35-36°N and longitude 139—-140°E
(Table 3). We utilized data for this region from Japan
Oceanographic Data Center (2017)’s website (http:/
www.jodc.go.jp/jodeweb/JDOSS/index_j.html), as this
is the area closest to the Naganuma Formation sampling
site. Modern water temperatures are presented as averages
with maximum and minimum values for 97 years between
1906 and 2003. Data are given for latitude 35-36°N and
longitude 139-140°E (within one degree of latitude and
longitude for a given site) at water depths of 20, 30, and
50 m in summer (August) and winter (February) (Table
3). The water depths are not the same as the estimated
paleo-water depths, so comparisons were made between
similar water depths. For example, a paleo-water depth of
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Table 3 Modern average, maximum, and minimum water temperatures from 1906 to 2003 for latitude 35-36°N and longitude
139-140°E (within one degree of latitude and longitude for a given site) at three water depths (20, 30, and 50 m) in summer
(August) and winter (February). From the J-DOSS database of Japan Oceanographic Data Center (2017).

Water Summer temperature (°C) Winter temperature (°C)
depth (m) average maximum minimum average maximum minimum
20 21.6 26.6 15.5 13.9 17.5 8.6
30 20.0 26.1 14.0 14.4 17.4 10.9
50 17.5 23.2 12.7 14.5 17.3 11.5
summer winter
water temperature (°C) water temperature (°C)
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Fig. 5 Results for the paleo-water depth and water tempearature in summer and winter from the MAT (modern
analog technique) method (SCD analysis; SCD means square chord distance) for each sample in the
Naganuma Formation, and modern average, maximum, and minimum water temperatures from 1906 to 2003
for latitude 35-36°N and longitude 139-140°E (within one degree of latitude and longitude for a given site)
at three water depths (20, 30, and 50 m) in summer (August) and winter (February). Data of the modern
water temperature are referred from the J-DOSS database of Japan Oceanographic Data Center (2017).

31 m was compared to average values at the 30 m depth
in modern seas.

Results from these comparisons suggest that estimated
paleo-water temperatures at depths of 25-35 m (16-31C;
Fig. 5, Tables 1 and 2) were slightly higher than those in
and around the present-day Sagami Bay (ca. 18-22C of
20-50 m; Fig. 5; Table 2) in summer for seven of eight
samples. For the assemblage A samples (Ozawa, 2009), the
summer estimated temperatures at 25 m and 35 m for three
samples (28.4°C for samples Ty2 and Ty4, and 30.6°C for
Ty3, respectively; Fig. 5; Table 2) were 7-10°C higher than
present-day average temperatures at depths of 20 m and 30
m (21.6°C and 20.0C; Fig. 5; Table 3). These estimated

temperatures are approximately 2-4°C higher than the
modern maximum temperatures in this region (26.6°C and
26.1°C). Estimated summer temperatures at depths of 41
m for another sample in the assemblage A (16.0°C for Ty1)
were 2-4°C lower than the modern average temperatures at
30 and 50 m in Sagami Bay (17.5°C and 20.0°C). This value
is also 2-3°C higher than modern minimum temperatures
in this area (12.7°C and 14.0C). Estimated summer
temperatures of the assemblages B and C at 25 m and 31
m (28.4°C for Ty5-Ty8) were 7-8°C higher than average
temperatures at 20 m and 30 m (20.0°C and 21.6°C; Table
3), and are 2°C higher than recent maximum Sagami Bay
temperatures (26.1°C and 26.6C).
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Estimated winter water temperatures (6-11°C) were
lower than recent Sagami Bay water temperatures at
depths of 20-50 m (14-15°C; Fig. 5; Table 2) for all
samples. Estimated winter temperatures of the assemblage
Aat25m,35m,and 41 m (6.3°C for Ty2 and Ty3, 10.3°C
for Ty4, 11.0°C for Tyl) were 4-8°C lower than recent
average temperatures at 20 m, 30 m, and 50 m (13.9C,
14.4°C, and 14.5°C, respectively; Table 3), and 1-2°C
lower than modern minimum temperatures (8.6°C, 10.9°C,
and 11.5°C, respectively). Estimated temperatures of the
assemblages B and C at 25 m and 31 m (6.3°C for Ty5-8)
were 8°C lower than average temperatures at depths of 20
m and 30 m (13.9°C and 14.4°C, respectively), and were
2-5°C lower than modern minimum temperatures in and
around Sagami Bay (8.6°C and 10.9C).

The estimated summer water temperature for depths of
25-35m was slightly higher (~2°C) than that in present-day
Sagami Bay at depths of 20-30 m, although the estimated
summer temperature at 41 m depths was similar to or
slightly lower (~3°C) than current temperatures at 30-50
m depths (Fig. 5). The estimated winter temperatures
were slightly lower (~2°C) than those recorded recently
in Sagami Bay at depths of 30—50 m.

The ostracod species Sinoleberis tosaensis (Fig. 4) was
found in assmblage B of the Naganuma Formation (Ozawa,
2009). This shallow-marine species has been mainly found
along the Pacific coast of southwestern Japan (south of
35°N) from Lake Hamana of Honshu Island to Uranouchi
Bay of Shikoku Island (water depths of less than 15 m,
and in the Taiwan Strait of the southern East China Sea
(Ishizaki, 1968; Malz and Ikeya, 1982). This species is not
found around modern Tokyo Bay (e.g. Frydl, 1982; Zhou,
1995). S. tosaensis fossils are found in Pliocene deposits in
southwestern Taiwan along the coast of the northern South
China Sea and in Plio-Pleistocene deposits in Taiwan and
Japan along the Pacific Ocean coasts (Malz and Ikeya,
1982). Modern-day and fossil distributions of this species
suggest that it favors warm envinronments influenced by
warm Kuroshio Current along the Pacific Ocean coast
(Ozawa, 2009). Therefore, the presence of this species in
the Naganuma Formation might suggest that paleo-water
temperatures in shallow marine areas were slightly higher
0.6 Ma compared to those in the present-day Sagami Bay,
especially in summer.

5.3 Comparison with results of Ozawa (2009)

Based on the species compositions of three ostracod
fossil assemblages from the Naganuma Formation, as
determined through Q-mode cluster analysis, Ozawa
(2009) described three types of paleoenvironments with
three stepwise changes during the depositional period of
the horizons Ty1-Ty3; i.e., the outer bay (assemblage A),
central bay (assemblage B), and inner bay (assemblage
C) (Fig. 3; Table 2). In our MAT analysis, the species
composition of the fossil assemblages B and C, described
by Ozawa (2009), is most similar to the assemblages from
the modern area of the Setonaikai Sea (Hiuchinada Sea)

(Tables 1, 2 and 4). The fossil assemblage A is correlated
with the three modern assemblages from three different
areas; i.e., the Setonaikai Sea, Sea of Japan, and East
China Sea (Tables 1, 2 and 4). Fossil assemblages from
six samples (Ty2, Ty3, and Ty5-Ty8) out of a total of
eight samples collected from the Naganuma Formation
are most similar to those from the modern Setonaikai
Sea (Hiuchinada Sea) (Tables 2 and 4). Ozawa (2009)
identified the paleoenvironment of the assemblage A as
the outer bay area. The SCD scores for two (Tyl and
Ty4) out of four samples of the assemblage A have the
highest range in our study, ca. 1.1-1.2 (Fig. 3; Tables 1 and
4). Thus, our results reflect the utility of relatively small
datasets for MAT analysis by including assemblages from
just four localities in outer bay areas of the Setonaikai Sea
(Hiuchinada Sea).

Comparing the results of Ozawa (2009) with those from
our MAT study (Table 4), their paleoenvironments align
well with bay areas, with the assemblage A as outer bay
(samples Tyl and Ty4) and B as central bay (Ty5-Ty7),
and differ slightly for the assemblages A (Ty2 and Ty3) and
C (Ty8). The SCD scores of these three samples (Ty2, Ty3
and Ty8) were greater than 0.5; i.e., 0.6-0.9 (Fig. 3; Tables
1 and 4). Therefore, our data may not yet support a detailed
comparison between paleoenvironments and modern sea
environments around Japan, especially for these three
samples. On the other hand, Ozawa (2009) might have
regarded the percentages of Amphileberis nipponica and
Loxoconcha tosaensis, which are often reported from outer
and central bay areas (e.g. Yamane, 1998; Tsukawaki et
al.,2000), in assemblages A (Ty2, Ty3) and C (Ty8; Table
4) as more important in paleoenvironments. However,
our MAT results show a similar tendency with regard
to paleoenvironmental fluctuations to those reported by
Ozawa (2009), with the water depth decreasing upwards
in this sequence from around 40 m to 20 m, and a weaker
influence from open-sea water in the upper horizons, as
compared to the lower horizons.

5.4 Paleoenvironment of 0.6 Ma in and around Japan

Several recent studies of other microfossils were used
to generate new details of the Japanese paleoenvironment
around 0.6 Ma. Radiolarian fossils from 0.74 Ma were
present in a drill core that was obtained from the bottom
ofthe sea at a depth of 1,200 m from east of the Shimokita
Peninsula in northeastern Japan (Matsuzaki et al., 2014).
This study determined that the influenece of the warm
Tsugaru Current (a branch of the Tsushima and Kuroshio
Currents) significantly increased from 0.62 Ma to 0.48 Ma
(from MIS 15 to MIS 13). Based on the fossil radiolarian
assemblages, researchers estimated that sea surface water
temperatures 0.6 Ma were slightly higher than modern-
day temperatures off the Shimokita Peninsula. They
hypothesized that warm Kuroshio Current, which flows
along the northwest margin of the Pacific Ocean near the
Japanese Islands, became more influential for central and
southwestern Japan during this time.
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Table 4 Comparisons for MAT (modern analog technique) method results (SCD analysis; SCD means square chord
distance) for the three ostracod assemblages (A—C) from the Naganuma Formation (Ozawa, 2009). From left
to right: sample no., modern analog area (outer bay and central bay are referred from Choe, 1985; Yamane,
1998, Tsukawaki et al., 2000) and square chord distance (SCD) based on the modern analog technique (MAT),
paleoenvironment and assemblage names of Ozawa (2009). C.: central; SW: southwestern; N: northern.

This study Ozawa (2009)
Sample no. Modern analog area SCD  paleoenvironment  assemblages
Tyl N East China Sea (outer bay)  1.06 outer bay A
Ty2 C. Setonaikai Sea (central bay)  0.87 outer bay A
Ty3 C. Setonaikai Sea (central bay) 0.71 outer bay A
Ty4 SW Sea of Japan (outer bay) 1.22 outer bay A
Ty5 C. Setonaikai Sea (central bay)  0.81 central bay B
Ty6 C. Setonaikai Sea (central bay) 0.89 central bay B
Ty7 C. Setonaikai Sea (central bay) 0.72 central bay B
Ty8 C. Setonaikai Sea (central bay) 0.58 inner bay C

Compared to estimates from radioralian and ostracod
studies, Japanese Middle Pleistocene pollen studies
(Hongo, 2009; Hongo and Mizuno, 2009; Nirei, 2017)
differed in paleoclimate estimations for present-day central
Japan. Based on the assemblages of the dominant genera
Cryptomeria and Fagus in boring core samples from
inland areas near Tokyo and Osaka bays, results from the
pollen studies determined that the paleo-air temperatures
in inland areas of the Kanto and Osaka plains during MIS
15 were slightly lower than present-day temperatures.

Results from the current study and other
micropaleontological studies of 0.6 Ma demonstrate
evidence of both warmer and cooler paleotemperatures
compared to present temperatures among inland, coastal,
and offshore regions of Japan. The SCD scores from our
ostracod MAT analysis were relatively high (Fig. 3; Tables
1 and 2). So yet, our study could not address a detailed
comparison of paleotemperatures and modern-day sea
water temperatures.

The paleotemperatures of the Northwest Pacific margin of
the Japanese Islands during the MPT remain unknown.
Research on paleoclimates in marine and inland
regions during the MPT will clarify changes related
to glacioeustacy in both the paleoenvironment and in
invertebrate faunas in shallow marine regions along the
Northwest Pacific margin. Further paleoenvironmental
research on the Middle Pleistocene is needed in Japan
and adjacent regions.
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Abstract: The middle to upper Miocene Shida Group is widely distributed in the northeastern Sendai
area, Miyagi Prefecture, Northeast Japan. This group is divided into the Irisugaya, Bangamoriyama, Aoso
and Nanakita Formations in ascending order. Among them, the Aoso Formation is mainly composed of
ocean current-dominated sedimentary facies and yields abundant molluscan and marine vertebrate fossils.
Therefore, this formation has been focused for paleoenvironmental, paleogeographic and paleontological
studies of Northeast Japan. In this study, we established integrated biostratigraphy using planktonic
foraminifera and diatom for the Shida Group in the northeastern Sendai Plain, which includes the type
locality of the Aoso Formation. We also report fission track (FT) ages of two pyroclastic layers of Aoso
and Nanakita Formations. Consequently, the Irisugaya Formation is correlated with the diatom zone
NPDS5B. The Aoso Formation is assigned to the diatom zone NPD5D and planktonic foraminiferal zone
N.16-N.17A. The Nanakita Formation is correlative with zones NPD6A and NPD6B. FT ages of the
uppermost part of the Aoso Formation and the lower part of the Nanakita Formation were determined at
9.3 £ 0.4 Ma and 7.6 & 0.7 Ma, respectively. These results are concordant with each other and support
previous chronostratigraphic data of adjacent areas.

Keywords: Aoso Formation, biostratigraphy, diatom, fission track age, Miocene, Miyagi Prefecture,
Nanakita Formation, planktonic foraminifera, Sendai City, Shida Group
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Fig. 2 Schematic geologic column of the Miocene sequence in the study area.

TxlbEhTna, LarL, 206 HEkEHEYEIRT
iﬁt,%*ﬁ@@ﬁt@ﬁ'uk%&fhﬁ@ot

9, HNCBERE 2 Sk A4 B IR -
%m%m%gﬁei,%h%h%m&wm&%mm@i
RAERTHELOSEDS LTS (FKEEEA,, 19825 7
JFE A, 19825 BINR - FKHE, 1999). L~ L, Zhbd
A3 5 KR 0 il VA FLH AR & 0 ik T 300 77
ELLE B,

—J7, PAREOMIB TR SR &, SHERIC T
éhé@ﬁ@%mﬁﬁi%k Z O LA D RERCA LI Y
%%Ik?%ﬂﬁfﬁ#%ﬁbfnéumﬁi# 1986).
205 B, HHUEE EOMAR L, #HRRE S CIEHRE
IR X (AERHE A, 1986), 2D T 4 v a v - b
7927 FDAFERIZLD, BLZ10-83 MalcHEFE L 72 Z
&M S 222 5 Ty % (Fujiwara et al., 2008). & 512
ARG D A7 DO FKAR G EEDK-ArEA & 8 Makii # DA
ZNY (FHERIEA, 1989; 4 H - A, 1980). 2Dk H I
BTRE I G35 HREHE Y R OFENR S, HikE
DA LR & D 200 TEELL EE L HEE X TE
D, HHICED < B ERO R & 2 OHEREER O[]

ZRKREETED B -7z
Dk &S50z, BMEOmEEAfLRERIE, i

KU 53 A3 % HIRRRE AR 4 kg DAL A AR AR & &
2L —HLT\WEhr ot T LEERA—HDFEKD
#O&LT B | iy o VA 1118 Al Ol w1 B TR Y R | Y
J¥ 2 ICHES. L TN Z ERTREEE LTHE T O h
é.i%ﬁii%@ﬁk%%«/b%ﬁw_ﬁwfné
728, WIRAICA YRR & U < A3ECAYERIZME S

WHRAPREHEE LS. Ledi-> T, HEO L5
RPGED 720121, TRET & IR DO WAL A7 FHRED

AERGHE A M HAC I U, &2 R HE O[S X0 i FH FR A %
HEFEIZB®RTE Z EREE L. L, HAD EEH
W i3OI E R & R A A g Tk
B ERDhnid, I LMmEHTIEEAE TN TS
o7z,

Z ZTARMIZE TR, i TACH SRtk FERH o
ERBEFOFE#RUT 5 Z L &, Ll FEbigco
HIRE - RO OEERILE BN S LT, i
WA LI AR O FMRET &, HE AT OB %
1ol &7, b T, BILAFEREBEHHEN L DX
BB A RERICT 2 Z L 2 HIGL T, HEEOLIEH
ET(RE%@W$K®Mﬁ%ﬁoﬁ.%@%%,?@
DERBEINE, KD FIERE O A LRI &
Zehbrh, —HEERKS 728 DD, @ﬁﬁ%@
A—F % 1Z i%ﬁ#% ENTE. F72, FEMEAESL
HEry, R RO ER A EES L, G
HALHEB IR O _EFR AR & A s O EEB AR &
KIGEATR G IZIETERE T 5 Z LN TE 2.

2. HMEBIE

A7 B0 5 EREIX 35 & UCIERNZ A (1986)
IZHE 5 72 ARFeI % OV OJEZIE, R D &
WoGHRER O NERRE, &y flkE, HhkE, tltHiE
\”ﬁﬁé(%ll o). EHEHE N 72RO
FIRFRG % RIEEIZE > T BUERNZE D, 1986).
A#ﬁﬁif CEEKBERY S L BB YL N B O E
555, WK ~HRIT, R CIEF e %2R
. RS0 mBLETH B, KA g A
{9 2 LM F ORI OMERIZ A A+ 5. HH -
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A (2003) 1, GEHERFOHERGHIRNT 2 17, AERRE
DU O NMIFER > 2 7 A THERE L 722 & 21 5
MU 7.

Ty RLFIAENEERNBEICEH> 23 ) 7 - &
HEWAET, Bmm 25510 mmOM» 6 M4 5
A, I CTHEAENREET S, Kty bEemIisET S
KBS 2 RS RE T 5. IR IEFE IR O H O
ANESHETRAR 120 miZ & T 5725, #HAEHIRAT
I B0 10 mfEETH 5. ARIEFHE IS IO H
“HW S OEROMBH T THNOAEREE & D %<
KT T B, ARIEEO T L — GHIR 0 i
HIGEM > 2 7 4 T CHEREL 2z &M@ s h 5 (FH - 4
2003).

BRI RIS R BE O J8 37 3 5 [ERS 1S 2MIG < ik D R
HREBEOM~ R RE & Fh &35, FAthskE Tl
RIRICHERE AL 2 b0, Fr RUEEHIDAAT
BoTwdeillbhs., EEIEN LRI THE<
150 ~ 220 miZET 54, JLHKOFEANELS 2D, &K
INTIERI20 mTH B CLAHEA, 1983, 1986). Faithis
JE%, RES R E O ISIC 5720, 70 mTdH
3. AR EIEHNOJboE B EBEIZIAL 546 L (B2
X, JEAHE A, 1983, 1986), ALV 5 FREERE < R 5.
TRRRE 13800 = L — SR O Vi s R PEM > 2 7 4
TCHERIL 2z & HiE S hd (FH - 3ifa, 2003).

T IRRE (LSRR & e 2 MR BE RS Fa R kA0 BE O T
fl kg A e 23, [Hlkg o NIz £ % #EKT CERHIE 2,
1983) 1%, RIZEBR AT MM FEE L 2 KEES m
DRSS 2MREK SRS T, K<BYTE 5. #EKT
KO TREOHRRE X, ML 36 12 G R~k R
L5, #EKTIOT < NV ORERmOXEIZIEA
KB ) V2= LEEL Gk, BBk 7z BLamh »
BlERah 3. #EKT» 5 HFkER L@ ek e
U CHURAL U, ORISR 0 & SR 4 B 5 12 & e v~ KDk
WRE 2 R CHBPE ORI RN & 23 5. 2o i
JEKS (B, 1957 ; ALAtIE A, 1983) 23EH A 5.

FEREKS L, BRI A GRS (IR KRS IERY 8
m 5 AWFZETIXSEEKSP L IER) &, Zh 4% S i P
A (EJE1 miuil#k, mAR3 m A4 TIESEEKSC & I
KDty M h5nb,. ZOHEEEIRSERCHEE L H
DI ENDHB. -, #EKSIEFERICAAELL A,

CAEHRE I, FICEIKERS, AR, KL
KA, VL NEOHRE» S & BT, TNOEKE
EABAIZES. K72 T3 % < DT %% (Hanzawa
et al, 1953 5 $§H, 1957 5 JLANE A, 1986) IZfEvy, fHEfE
KSCOMIE A RO TIRE TS, L7z - T, HAEKSP
O LR & THEMRRE, #EKSCOMES DI 5 LA
tItHEE 5 5. ZOBERIKBIIZRT, KOS
JEELDFE T Bk DO R VIbkg % TR & 32 HkkkE» 5,
FERF IR CREXE B A S 22 D, RSP O T8

IZZ L LdbHEANRES 2T 25/ 33 5. &
I, deAHE 2 (1983) TR O K0 DO T OBES O
RIETABOTRAERHL 7=, ZIIRBKICHHERT
Eho720, H3VIEHEMEOR XML K 5 12§
JEKSCIZ K 2 RAET MIDOHIEKSP A R\ =0 ¢ % (HEH,
1957 ; AEFHE A, 1986) Z& A0, ZOHEILMERED
S U UVIRINEEC 5 Z 212X B, AR TSR
JEDORRIT B B LR DA & FIFBE] A 325 5 ik
PO WTHERELZ OB L, HMER Bz >t
FH i MR D SHEREK 8C % B dd CHfERR L 7=.

BAE R R R A IOk TT200 miz 3 U (dEAIE 2,
1986), GATIC & - TRHERMHOZE(L 2 K& V. i
MO O L AL R i L RDR T, bR R & & .
—J5, LA OEMNNOALE O w5 T 5 ARIREIZ,
HRE OB & LALHRE I b B 28, ARk D
JK'E THIRE T & 5 (ALAHE A, 1983 5 FHFFIED, 1982).
A L AR A IR 1S B 7= B -EAER N O AL o0& &
g & CAbH I A3 % (ERHIE 2, 1983, 1986).
HH - A (2003) 12 &R, CAEHBEOHER Y 2 T 4103
HIFAME S 27 4 Th 5.

BALHRE TR DR AR 6 B, ThTE )R
Btem2 51 mO2KOBEDOI L FEDYE Y P25k
5 #EKI01E, AR TS TRSHY.D., ZHAUFFELLRA
5 EHEDO VL ME, KINEEEIKS, RO NEES
%YL NEWAEORRE (ke UTREE2 mfiE) Th 5.

JEAHEA (1986) 1F, #REKI0A#EIR & LCLItHRE%
TEE B2 Tnsg. Zmah, LALHE T E
J590 m) IZHEREKIC DL _F A i & Mk ki ) ¢, %
5 ETHRAL U TS R E R B, #EEK10 D
FEm T OHIRAL UAIE LA & & S Je 2~ Hoki i
HEEx b, —J), tAoHRE L (EIE45 m) iE> L b
A, MRS, KILEEEEIRE, BWREIKEDOHREH» S X
D, FEKI0 DK 18 m A IZEIF 10-20 cm THRBEE O
WA e (BEREK 14) % Pede CEAHZ A, 1983, 1986),

EHBRNOXBOBKRIZ, NESRELE - fFLE
AP, Ty fRlREE EREIEABRTH 5 (L
FHE A, 1983, 1986). HIbkk & LILH R OBIfRIZD W
TIIPERBARBMBRE ST 72 (JEMIEA, 1983, 1986).
L2 L, &l - 374 (2003) 13, FEEOMEHIRIZKIT 5
SHE O HEL AR (BIR - FAEE, 1999) DAGHRIZIHE
%, HMEEELIEHEERAEATHE LEEL TV 5.
b K5 ICHEMER LEO#EKSPA-LALHEIZ X -
TRFIZHH XT3 Z & JeRHER, 1986), 7=,
BB DAL AR E TR & - C i Jd o 512 1 R R Bt
BHEEEIND Z N5, RIFETEMFIIAEARKRE
Eri5.
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3. MRRUVEE
3.1 BtV ar e e

ARWFFE T, K, BrES, T, BARIE RO E AL
D5ODfFFX s v a v EHEL U &R 72 (58
KO AK) . HhEtr v a v GE3IX) I, alis
IREFXE B & HIRRAIHE 2 R CIHROMHKICE S L — I
BT, AI2BAETOf s Y g v Ek
Bt s v aryThh, NERRE, & lkE, HKE
FOCIeHRE % & GESRKRUE X)) . Hilt s
va v (a4, BN S OB D KR
T, BEKTEGOEMBO T A& EETX). hIT
Yo v v B4R L, Bl ARthI O JLE O K#EEH
T, HkER LIBOE & SEREKSPO FEAFE I L Tu
50E7X). BAMELY Y 3 v (B4R, Eadifak
fEDOVE ST ORI DL — b T, HkER 2 5-LAtH
JETEE &L GRS, Skl s ¥ g v GE3X) Al
BhiEMFlE ORI s Y 3 T, EAtHE E
HaE A= 2 (FIX).

3.2 BhEMEILE

A LGNS B R O EA D &Rkt 2 & 3 V1
BT, RERLRIROCKR ORI L 72 & A 5 1 3 Hifit
Zs FHT AR TR I 4 8 A CERINL 7= (583 1X)) . & ¢ @2 i
LB L, R 2R TR Xh T Z &,
EYLG A EIc Ao a2 &, WL ICHKRE ) V2 —L
DEENTOBZEIZHBEL, OKAMILARBIFIZE
FENTOBERLNBREHEIZDONT, YNV RNY
7 — ZHOTH30 cBZREMW D T, 1 kef2E 055
T332k (P1-P32) % FREX L 7. KRAHFFEI I 1 % kbt
FREUEHE A A HRX ISR U 72 GBS IXD).

PRELL 725 0 aRHE s i 4 160 g & 54N 380 g I
FAEL 72, FAREBORBHIBEEE > ) Y ABER O S T
AR LTI L 2= (LW - 525, 2013). (RIETRT
OB, Wi M) v A, SN EEThTRLE
75 DA TPRILL 72,

WEBOR 1 £ T fRAVEE U 72 K PEFRE 3 18 5 o7 #les %
WTHEIL, NIRRT EE T Th fLl oo M % fiff 58 L
7z, AFLRORRD 5 N 7z30BHI DWW T 1ER & 72 D 20011
REHEICEROM A2 1T 572, ZOFRIZ15A v ¥ 2
(BT 125 pm) OfGZ FAWT, 125 pm A LD & 0 % 4l
L7z, BAALBRIZ OO THEERBO A Z L 7.

3.3 HEEtA

HEAOmINE, S N, @8R EROERL
D4y g v Tiro7-. Hhtr Y 3 v (EE3KX) TiE,
34308 (A0s003-36) ZHFHL L 7. iRt o v 3 v (554
X)) Tid, FHIFKE OHEREKT LA 5 12508 (Aoso37-48)
AL 72, BAKMER Y Y 3 v (5 4K) TiE 47808 (Aoso

Fig. 3
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WA HMAUEFILE 2 Y g viCck T A EERR
(A0s003-36, Aoso64-72) & A FLHGEREE (P1-32), 7 4 v
va v b7y 7 FARHIE B (A0so035C) DEREUAL
EX]. Saito and Isawa (1995) 12 &k - CEalEEA fLHk
FAHE N7z 10508 (AOS-30-66) % ff¢ TR L 7=
EHBEEERAT 2 775 T4 0 1 BRI S A ) R OTiliG
IR | 2 5.

Map showing sampling locations of diatom samples
(A0s003-36, Aoso64-72), planktonic foraminiferal
samples (P1-32) and a tuff sample for fission track dating
(A0s035C) in the Aoso and Takamoriyama sections.
Samples reported by Saito and Isawa (1995) for their
planktonic foraminiferal analysis (total 10 samples;
AOS30-66) are also indicated. Geographic maps “Tomiya”
and “Northeastern Sendai” (1:25,000 in scale) published
by Geospatial Information Authority of Japan are used.
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e S0
_'4%%@5 /F
ol 9.3£0.4 Ma S22 0\ (45 I -
v, e (FTage) t i’ i( \j;%@fgsoﬁv‘\

HalXl N KRUCBARMELY Y 3 ViCk T S HEER
(A0s037-48, Aoso49-52) LHiIll[ ¥ 2 2 3 VIZH 1)
57 4v¥ay - b7y 2 FBRMERR (10.K8) D
PRI X, [F PR R A7 2 05 5 T4 0 1 X
[ 7] % .

Fig.4 Map showing sampling locations of diatom samples
(A0s037-48, Aoso49-52) in the Shinbukuro and
Kimizukuri sections and a tuff sample for fission track
dating (10.K8) in the Nakamachi section. Geographic
map “Tomiya” (1:25,000 in scale) published by
Geospatial Information Authority of Japan are used.

49-52) M L7z, MBI OERHRLYE 2 v a v (H3X)
TiE 770k (Aoso 64, 66-68, 70-72) & FRHLL 7=. &%t 2~
Vg VORBHEIEHEEZ B oA S EIRNITIIN L 72, &
B, MM~ OME R EROBYETIE, akhIR
JEER A ORNZHAET 5~ » F F LA 7, TR K
BROTREOERELA A L, WEEARD MR 4 # A T
FRHLL 7=.

AUBHDO LRI, Akiba (1986) Dunprocessed strewn slide
DFETIT - 72, GERFHI T 24, Ny ~v—
TV, 1 g&2100 mlE — 7 =12 AR, kB2
HREEICHMIAK AT E AN, —BEKRET 2. ZOMET
MEHIIE L A ETRILT 5. KITE — A — ISR EMA T

9100 mIDOFRENR & L, K920 FRIGE U CRRIA RS
MLDEFES, READEEE, S~ 78Xy P T
05 mZHD ML, 18 X 18 mmD H/N—2"F ZIZiH N4
5. IhEkky P T — b OEk - s, 7La—L
T 7zPleurax (B AR & H /3= 5 ZIZHF L, &6
I - W X CT LT — LA ER I E S, BRI,
TDHIN=2F A%dky P TL— b TRDIZAT4 ¥
7 22 5.

Hust Ot 80T, AYBEMEE 60015 D5 T TIiT -
7z. Chaetoceros|F DRI F & BT, #ista =4
TOMOERRH10012% 5 FTEHEL, TOHK, X561
HIN—=2"F ZADIES mmDFEH % EAL T, ZOWMAET
W7 1CRD S -fl, ROBR & UL TORED & /-Fd
dpresent (+) & LTCREEk L7z, &k, (LAwWARETZ
BOEEE, 5124 VEETERTSH, 274
FABMER L CERL 2. (RIR-ico>uwaig, kil
100 2598 FHEREIZFRSD & N7 & B&ECER L 72,

EE ¥ O 7 77 IR 78 (preservation) &, 7% O % 48 - &
fROFEE L L adt 2R OHEEOHE #IC, G
(good), M (moderate), P (poor) O 3EXFEIZ 431} 7=, g
= (abundance) (X 100 ZRIZE S F TOETBHOEIZ LD,
A (abundant) = EAHE 1 K, C (common) = EFHE1 L
3K, R (rare) = EEHILL EEX 5L 7=

FEEL A X 43 13 Akiba (1986) & Yanagisawa and Akiba
(1998) DH7 48 “ ALK i b X & L, b
FAIENPD T — F, A JgHEIZD T — I (D10-120) % F 72
4F-{X I Watanabe and Yanagisawa (2005) % /WY TEIE L,
Hilgen et al. (2012) O3 S EF-AORE 12 A b s
L7z, &k, ZOWE TR % fEgit4 5 72012, 2 —
FER GO ERGHEA UL U ¢, BENIC S LA
M5y U7z [1X [ ] (interval) & JEARITEA LTS 5.
KX TR 2L TlZ, NPD5BH A X [# 5B,—5B,,
NPDS5D## 28 [X [ 5D,—5D,s, NPD6B 23 [X [t 6B,—6B; 12 Z
hZhifirshs.

3.4 Zqa4vyar- b7y IER

AHFFe CIEBIRE 2B OFTHER ZHJIE L 72, 121
HIkRE AL HRE R A E R I E § 5 EREKSPO#R 41
B GRBHI0.KS) T, B JESHERIL T2 Ealia
FOHET s v 3 v (F4X) THRILL 72, & 50 & DI,
LACHRE T E O B EERE G A0s035C) T, Hk
Yoy a VORREOBMNEDFEEGHEIX) T, FIKERE
i FEB ORI 20 5 W10 ecmfEE D FETED K
AR 2 RELL 72, s O PREUE 1255 5 (X R OV 7
KizzhZhonL 7=

FTAEMRUIE, SEIKERB2 oM L=2Y v a v+
IZDWT, ¥ — #RIE (Hurford, 1990a, b) 12 & % 4+
#8574 7 2 # — (ED2 method : Danhara et al., 1991) (2
Ko THlEL, BuhkrHEaHE, 10KSERHZ BT
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Table 1 Occurrence chart of planktonic foraminifera in the Aoso section.

P2 P6 P8 P11 P12 P13 P14 P15 P16 P17 P28
Catapsydrax pervulus Bolli, Loeblich et Tappen 1 1 6
Dentoglobigerina altisprina altisprina (Cushman et Jarvis) 2 1 1
Dentoglobigerina altisprina globosa (Bolli ) 1 1 1
Dentoglobigerina baroemoenensis (LeRoy) 3
Dentoglobigerina sp. 1
Globigerina angustiumbilicata Bolli 11 2 2 6 4 4 12 1 1
Globigerina bulloides d'Orbigny 73 63 66 30 52 80 56 132 105 85 1
Globigerina falconensis Blow 23 13 7 8 14 18 17 12 11 19
Globigerina pseudociperoensis Blow 3 1 3 4
Globigerinella obesa (Bolli) 1 2 1
Globigerinita glutinata (Egger) 9 1 7 4 5 9 2 4 7 6 1
Globigerinita uvula (Ehrenberg) 1
Globigerinoides bollii (Blow) 5 10 4 2 2 2 6 2 14
Globigerinoides immaturus LeRoy 5 14 3 7 3 10 2 6 4
Globoferinoides quadrilobatus (d'Orbigny) 6 2 4 15 11 1 4 7
Globigerinoides ruber (d'Orbigny) 1 1 2 1 2
Globigerinoides trilobus (Reuss) 2 4 3 1 1 2 1 1 1 2
Globoconella miozea (Finlay) 1
Globoconella conoidea (Walters) 1
Globoquadrina dehiscens (Chapman, Parr et Collins) 3 4 1 3 2 2 2
Globorotalia lenguaensis Bolli 1 3
Globorotalia cf. mayeri Cushman et Ellisor sinistral 3
Globorotalia merotumida Blow et Banner 2 1 3
Globorotalia cf. merotumida Blow et Banner 1 1
Globorotalia paralenguaensis Blow 2
Globorotaloides falconarae Giannelli et Salvatorini 2 1 6 5 2 7 3
Globoturborotalita decoraperta (Takayanagi et Saito) 1 1 1 1 4 4 3 4
Globoturborotalita nepenthes (Todd) 2 2 1 2 1 3 2 2 2
Globoturborotalita obliguus (Bolli) 9 23 8 18 20 8 4 4 3 13
Globoturborotalita woodi (Jenkins) 4 11 11 1 17 20 8 27 27
Hirsutella scitula (Brady) 1
Menardella cultrata (d'Orbigny) 2 2 2 1 1 1 2
Menardella praemenardii (Cushman et Stainforth) 2 6 1 1 2 2 2
Neogloboquadrina acostaensis (Blow) dextral 1 1 1 1
Neogloboquadrina acostaensis (Blow) sinistral 2 4 2 6 2 3 1 2
Neogloboquadrina pachyderma (Ehrenberg) dextral 12 2 2 5 10 6 5 3 1 2
Neogloboquadrina pachyderma (Ehrenberg) sinistral 6 13 38 10 17 22 25 25 5 26
Neogloboquadrina praeatlantica Foresi, laccarino et Salvatorini dextral 11 8 2 9 3 6 3 3 3 5
Neogloboquadrina praeatlantica Foresi, laccarino et Salvatorini sinistral 20 17 43 22 11 28 15 121 33 62
Neogloboquadrina praehumerosa (Natori) dextral 2 3 1
Neogloboquadrina praehumerosa (Natori) sinistral 4 5 3 12 1 1 2
Orbulina suturalis Bronnimann 1 1 2 4 1
Orbulina universa d'Orbigny 1 1
Sphaeroidenellopsis seminulina (Schwager) 1 2 1 1 1 1
Sphaeroidenellopsis subdehiscens (Blow) 3 2 6 1 2
Total number of identified planktonic foraminiferal specimens 223 215 224 162 193 247 186 334 220 310 2
Unidentified specimens of planktonic foraminifera 11 21 41 19 46 5 30 22 18 8 0
Total number of planktonic foraminiferal specimens 234 236 265 181 239 252 216 356 238 318 2
Total number of benthic foraminiferal specimens 316 853 848 435 504 441 310 241 472 325 8
Planktonic foraminiferal number / 1 g dry weight 11.7 332 372 13 15.9 52.1 172.8 339.1 46.7 131.6 1.6
Benthic foraminiferal number / 1 g dry weight 31.6 120.1 119.2 435 50.4 92.3 248 229.6 93 137.5 6.6
Planktonic / Total foraminiferal ratio (%) 27.0 21.7 23.8 23.0 24.0 36.4 41.1 59.6 335 49.5 20
Preservation ( Very Good, Good, Moderate, Poor, Very Poor ) P M M M M M M M P M P

H A& 7 JIWF 28T TRR4 X(3% % (Danhara et al., 2003) C,
Ao0so35CRABHI L BOK A I - I F 2 7 [0l 2 5 0RHIRSR
No.1 (Danhara et al., 1991) Tirbh 7z, HIESMFHFIZE
2EROMIEIZR L 722, FfllidDanhara ef al. (2003) (23R
NENTW3B,

4. FREFRF
4.1 FHEEEILRIEAERF
TR 2 & FREL L 725132508 (P1-P32) D 5 B, 11k
B2 15@40Ma R L2251, B5K). kb, &

ST, AALERAEN U 7230 o ISR IR X O
(2, EEHU o 223 U0R O RFUE IR D 212 55 1 TR
L7z, BhziE s g hIcE £h 2 il Lo
#9777, k3390 GREPLS), SRe/hin7 GRORP2) ©
bHolz. EhiFER g PICEFN I ERAEALRBUZ
FHI116.5, Ik 248 GRK P14) Td - 7=, FRlEVEA fLIR
DA LUK 5 R (P/TIE) 13°F4934.0, 8 K59.6
GURIPIS) Th - 7. B2 T d L <PEMT S
FilZ Globigerina bulloides d’ Orbigny T & - 7z (27.4%). X
W C Neogloboquadrina praeatlantica Foresi, laccarino et
Salvatorini® /£ % Z ffl{A, Neogloboquadrina pachyderma
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Fig. 5  Planktonic foraminiferal biostratigraphy of the Aoso section, with diatom zones and the horizon of

the tuff sample for fission-track dating (A0so35C). Sample locations, the occurrence of planktonic
foraminifera in this section and the result of the fission-track dating are shown in Fig. 3, Table
1 and Table 2, respectively. Planktonic foraminiferal zones: Blow (1969). Diatom zones: Akiba
(1986), Yanagisawa and Akiba (1998), and Watanabe and Yanagisawa (2005). Diatom interval: this
study.
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T5. wHOFRNNEICHE S &, ZopE Iz ITR
A% T 10.57 MadD KB EHR R IEF R 52 51
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and Srinivasan (1983)13 Afd O /L 77 X [#] % Blow (1969)D
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(Hilgen et al., 2012). $t->T, ARMEEAHE L 72 2508HE
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Fig. 6 Diatom biostratigraphy of the Aoso section. Sample locations and the occurrence of diatoms in this

section are shown in Fig. 3 and Table A1, respectively. Diatom zones: Akiba (1986), Yanagisawa
and Akiba (1998), and Watanabe and Yanagisawa (2005). Diatom interval: this study.
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Table 2 Results of fission track dating of two tuff layers in the study area.

Sample name No. of Spontaneous Induced Dosimetry Pry) U Agetlo
grains Ps Ny Pi N; Pa Na (%) (ppm) (Ma)
(cm?) (cm?) (cm™)
10.K8 (All) 30 121 x10°% 916 384 x106 2899 8812 x10* 4512 0 360 9.7 + 04
(Adopted) 28 120 x10° 828 395 x10° 2738 8812 x10* 4512 22 370 93 + 04
A0s035C (All) 30 2,14 x10° 189 857 x10° 759 8.626 x10* 2208 1 80 8.0 = 0.7
(Adopted) 28 206 x10° 173 874 x10°5 735 8.626 x10* 2208 5 80 7.6 + 0.7

Dating was carried out by the external detector method that applies to external natural surfaces of zircon (ED2). Zeta-calibration values
for T. Danhara: (gp, = 35043 for sample 10.K8 using JRR4 reactor with DAP detector (Danhara et al., 2003) or {gp, = 372+5 for sample

A0s035C using RSR of Rikkyo University reactor with mica detector (Danhara ez al ., 1991) against NIST SRM612 dosimeter glass. p
and N are the track density and the total number of tracks counted, respectively. Pr(xz): the probability of obtaining the Xz-value for v

degrees of freedom (where v=number of grains-1) (Galbraith, 1981). U is average uraniunm content. Ages that passed the x*-test after

excluding older grains are adopted in this study.
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Fig. 10

Radial plot diagram for fission-track data from samples 10.K8 and Aoso35C. Adopted ages are based on the pooled-

age calculation for most of grains (open circles) that passed ) -test after excluding older ones (closed circles) as a
detritus. The radial plot was drawn by Galbraith (1990).
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Chronostratigraphy of the Neogene sequence distributed in the northeastern Sendai area and its
environs, Miyagi Prefecture, northeastern Japan. Geomagnetic polarity time scale: Hilgen et al. (2012);
Planktonic foraminiferal zones: Blow (1969) and Berggren et al. (1995); Nannofossil zones: Okada
and Bukry (1980); Diatom zones: Akiba (1986), Yanagisawa and Akiba (1998) and Watanabe and
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Table A1 Occurrence chart of diatoms in the Aoso section.

Section

A0so section

Formation

Irisugaya Formation

Aoso Formation

Nanakita Formation

Sample number (Aoso)

03 10 05 06 11

w
w

17

27 30)132 33

Diatom zones (NPD)

? 5B 5B

6A| 6B 6B

Diatom intervals

5B3 SB3

6A |6B1 6B1

Preservation
Abundance

P
R

[eRs"1 BN
[oks-1ECIES]

=Ra~] B BC)
FRa~1 BN BN I
e~}

P

Z=lia] BC] BC)

Actinocyclus ellipticus Grunow

A. ingens f. ingens (Rattray) Whiting et Schrader
A. ingens f. nodus (Baldauf) Whiting et Schrader
A. ingens f. planus Whiting et Schrader
Actinoptychus senarius (Ehr.) Ehr.
Arachnoidiscus spp.

11
1

4 26

W
Vo O
—
i

+ W

=
P [Z=Ra-] BC] B

Ny
Ny

= W’U'\1~Q::;

Wy

I (Y«

M
R _C
1 2

W

LN, .—‘+ng§§

Azpeitia endoi (Kanaya) P.A.Sims et G.A.Fryxell
A. vetustissima (Pant.) P.A.Sims

Cavitatus jouseanus (Sheshukova) D.M.Williams
C. miocenicus (Schrader) Akiba et Yanagisawa
Cocconeis scutellum Ehr.

+ o= Wy
'

!
4 = W,
+ama N, —Z B

+]r o
,

o= Wy
+
Lo

'
'
'
'
—

.

FEE S P SR
,

LN R

C. vitrea Brun

Coscinodiscus marginatus Ehr.
C. radiatus Ehr.

C. spp.

Cladogramma dubium Lohman

—_
~

o=
—_
o
=N

'
'
'
R =y

- NP (S

'
'
TR NS I
'
'

Clavicula polymorpha Grunow et Pant.

Crucidenticula kanayae var. kanayae Akiba et Yanagisawa | - - -1 -

Delphineis surirella (Ehr.) G.W.Andrews
Denticulopsis hyalina (Schrader) Simonsen
D. ichikawae Yanagisawa et Akiba

D. lauta (Bailey) Simonsen

D. praedimorpha var. minor Yanagisawa et Akiba

D. praedimorpha var. praedimorpha Barron ex Akiba

D. dimorpha var. dimorpha (Schrader) Simonsen
(Closed copula)

D. crassa Yanagisawa et Akiba

D. simonsenii Yanagisawa et Akiba

D. vulgaris (Okuno) Yanagisawa et Akiba
D. praekatayamae Yanagisawa et Akiba
D. katayamae Maruyama

S-type girdle view of D. simonsenii group

D-type girdle view of D. simonsenii group
Diploneis smithii (Bréb.) Cleve
Eucampia sp. A (= Hemiaulus polymorphus Grunow)
Grammatophora spp.

4+
.
+ =
.
.

'
[

T N e
'
'

Hyalodiscus obsoletus Sheshukova
Tkebea tenuis (Brun) Akiba

Koizumia adaroi (Azpeitia) Yanagisawa
Melosira sol (Ehr.) Kiitzing

Navicula hennedyii W.Smith

[ I}
N N =,
—

[\S]
'
'

+
+
\
o=
\
\

=
K=l

Nitzschia heteropolica Schrader

Nitzschia praereinholdii Schrader

Nitzschia rolandii Schrader emend. Koizumi
Odontella aurita (Lyngb.) J.A.Agardh
Paralia sulcata (Ehr.) Cleve

+ [
!
!

'S
=

Plagiogramma staurophorum (Greg.) Heib.
Proboscia alata (Bright.) Sundstom
Proboscia barboi (Brun) Jordan et Priddle
Pterotheca subulata Grunow

Rhaphoneis amphiceros Ehr.

= -

.
+ =
.
.
.
.

Rhizosolenia hebetata f. hiemalis Gran

R. styliformis Brightw.

Rouxia californica Perag.

R. peragari Brun et Hérib.

Stellarima microtrias (Ehr.) Hasle et P.A.Sims

Stephanogonia hanzawae Kanaya
Stephanopyxis spp.

Thalassionema hirosakiensis (Kanaya) Schrader
T. nitzschioides (Grunow) H.Perag. et Perag.
Thalassiosira grunowii Akiba et Yanagisawa

= o

37

T. leptopus (Grunow) Hasle et G.A.Fryxell
T. manifesta Sheshukova

T. minutissima Oreshkina

T. temperei (Brun) Akiba et Yanagisawa

T. cf. yabei (Kanaya) Akiba et Yanagisawa

ot Bwoe e =

+ - - - -

T. spp.
Thalassiothrix longissima Cleve et Grunow
Trochosira spinosa Kitton

B
| -

1
I
2 3 1
4

+ 2

Total number of valves counted

100 100 100 100 100

100 100 100 100 52 40

50

100 100 100 100f100 100

Resting spore of Chaetoceros

23 44 82 10 16

39 11 3 18 4 9

8

270 820 300 615[134 256

Preservation, G: good; M: moderate; P: poor. Abundance, A: abundant; C: common; R: rare
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Tabel A2 Occurrence chart of diatoms in the Shinbukuro and Kimizukuri sections.

Sections Shinbukuro section Kimizukuri

Formation Aoso Formation Nanakita F.

Sample number (Aoso) 38 39 40 41 4243 44 45 46 50 51 52

Diatom zones (NPD) 5D 5D 5D 5D 5D|5D ? 5D 6A 6B 6B

Diatom intervals 5D1 5D1 5D1 5D1 5D1{5D1 6A 6B1 6B2

Preservation G G| G P P M

Actinocyclus ellipticus Grunow - - -+
A. ingens f. ingens (Rattray) Whiting et Schrader 10 3 -

= | Z|o

Actinoptychus senarius (Ehr.) Ehr. 1
Adoneis pacifica G.W.Andrews et Rivera -
Arachnoidiscus_spp. + - - - - -

R Wz-;;-\v

49
2
2 2
G M P
Abundance A A A|lA C R R R C
T - N
+ 1+ 3
+ + 3 1
1 1
- +

+|

Azpetia nodulifera (A.W.F.Schmidt) G.A.Fryxell et P.A.Sims | - - - - - - - - - - - - -
A. vetustissima (Pant.) P.A.Sims - - - - - - - - - - - -1
Cavitatus jouseanus (Sheshukova) D.M.Williams - - - - -
C. miocenicus (Schrader) Akiba et Yanagisawa - - - -
Cocconeis californica Grunow + - - -

'
+
'
'
'
'
'

+

C. costata Greg. - - -1
C. scutellum Ehr. -
C. vitrea Brun -
Coscinodiscus marginatus Ehr. -
Cladogramma dubium Lohman - - - -

\
+

\

+

+
.
.
+ =
+ 4=

Delphineis surirella (Ehr.) G.W.Andrews +

Denticulopsis lauta (Bailey) Simonsen - - - - - - - - - - -

D. praelauta Akiba et Koizumi

D. dimorpha var. dimorpha (Schrader) Simonsen
(Closed copula)

+
+
+
'
'
'
'
'
'
'
N FT S Y ORI

.
.
+oo=E

+ 0 ol

+
+

D. vulgaris (Okuno) Yanagisawa et Akiba 1
D. praekatayamae Yanagisawa et Akiba
D. katayamae Maruyama -

S-type girdle view of D. simonsenii_group 15

R
—
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v o =+ 4+
o= =
'
P
L=l

+
1
D. simonsenii Yanagisawa et Akiba 6
6

Diploneis smithii (Bréb.) Cleve -
FEucampia sp. A (= Hemiaulus polymorphus Grunow) -
Goniothecium rogersii Ehr. -

+]=
—
[
—_
oo
!
!
!
S i
N =

R ==y

Hyalodiscus obsoletus Sheshukova -

oo o

Grammatophora spp. -+ - - - -+
+ 2

Tkebea tenuis (Brun) Akiba + - - - -
Koizumia adaroi (Azpeitia) Yanagisawa B T [
Melosira sol (Ehr.) Kiitzing - - - - - - - - -

Nitzschia grunowii Hasle - - - - - - - - - - -
N. heteropolica_Schrader e e

(] FR I
T A

.
By
C o+

N. porteri Frenguelli - - - - -
N. praereinholdii Schrader -+
Odontella aurita (Lyngb.) J.A.Agardh - -

'
'
+
'
'
'
'
'
'
+

Plagiogramma staurophorum (Greg.) Heib. - -

+ _
Paralia sulcata (Ehr.) Cleve 32 4 4+ 2|+ 13 2 12 7|11 37
1

Proboscia barboi (Brun) Jordan et Priddle - -
Pterotheca subulata Grunow - - - - - - - - - -
Rhizosolenia hebetata f. hiemalis Gran - - - - - - - - - - -
R. miocenica Schrader - - - - -+ - - - - -
R. styliformis Brightw. - - - - - - -1 3 -1

'
'
'
'
'
] SR
'

==

Rouxia californica Perag. -+ o+ - -+ - - o -
Stellarima microtrias (Ehr.) Hasle et P.A.Sims - - - - - - - - - - -
Stephanogonia hanzawae Kanaya - - - - - - - - - - -
Stephanopyxis spp. -+ - - - -1 - -+ 3
Thalassionema hirosakiensis (Kanaya) Schrader -+ - - -

N
+ =

Dy =y

T. nitzschioides (Grunow) H.Perag. et Perag. 59 82 61 51 85|87 75 92 63 92|54 26 23
T. schraderi Akiba - - - - - - - - - - - - -
Thalassiosira burckliana Schrader - - - - - - - - - -
T. grunowii Akiba et Yanagisawa -1 -1 - - - - - -
T. leptopus (Grunow) Hasle et G.A .Fryxell - - - - - - - -+ -

.
.
—
N S

T. manifesta Sheshukova - - - - - - - - - _ ¥
T. minutissima Oreshkina - - - - - - - - - -
T. spp. + 1 4 + + |1 - - - -

Thalassiothrix longissima_Cleve et Grunow + 4+ + + -+ 1+ -

+

[ I L I
—_

'
RNTSENEN

- - - 2
Total number of valves counted 100 100 100 100 100|100 100 100 100 100|100 100 100 100

Resting spore of Chaetoceros 56 17 17 24 110/ 13 58 20 243 239/ 32 98 178 66

Preservation, G: good; M: moderate; P: poor. Abundance, A: abundant; C: common; R: rare.
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Table A3 Occurrence chart of diatoms in the Takamoriyama section.

Section Takamoriyama section
Formation Nanakita Formation
Diatom zones (NPD) 6B 6B 6B 6B 6B 6B 6B

Diatom intervals

6B2 6B2 6B2 6B2 6B2 6B2 6B2

Sample number (Ao0so)

64 66

67

68

70

71

72

Preservation
Abundance

M

P
R

P
R

Actinocyclus ellipticus Grunow

A. ingens f.ingens (Rattray) Whiting et Schrader
A. spp.

Actinoptychus senarius (Ehr.) Ehr.

A. vulgaris Schum.

R
2

10

=N SN SR (o N -]

A

Arachnoidiscus spp.

Aulacoseira spp.

Azpetia nodulifera (A.W.F.Schmidt) G.A.Fryxell et P.A.Sims
A. vetustissima (Pant.) P.A.Sims

Cavitatus jouseanus (Sheshukova) D.M.Williams

el FE=NI SRR N -l
'

C. miocenicus (Schrader) Akiba et Yanagisawa
Cladogramma dubium Lohman

Cocconeis californica Grunow

C. costata Greg.

C. curviritunda Brun et Temp.

'
S e e el

T R

C. scutellum Ehr.

C. vitrea Brun

Coscinodiscus marginatus Ehr.
C. perforatus Ehr.

C. radiatus Ehr.

C. spp.

Delphineis angustata (Pant.) G.W.Andrews
D. surirella (Ehr.) G.W.Andrews
Denticulopsis lauta (Bailey) Simonsen

D. simonsenii Yanagisawa et Akiba

=N =N =y

R T = [FCRFR VI

D. vulgaris (Okuno) Yanagisawa et Akiba

S-type girdle view of D. simonsenii group
Diploneis smithii (Bréb.) Cleve
Eucampia sp. A (= Hemiaulus polymorphus Grunow)
Grammatophora_spp.

Hyalodiscus obsoletus Sheshukova

Tkebea tenuis (Brun) Akiba

Koizumia adaroi (Azpeitia) Yanagisawa

Melosira sol (Ehr.) Kiitzing

Fragilariopsis fossilis (Freng.) Medlin et P.A.Sims

R = =N N W A=

N N =

[ B T Ll

O ] L e TR

Nitzschia praereinholdii Schrader

N. suikoensis Koizumi

Odontella aurita (Lyngb.) J.A.Agardh
Paralia sulcata (Ehr.) Cleve
Plagiogramma staurophorum (Greg.) Heib.

+[

=

Proboscia barboi (Brun) Jordan et Priddle
Pseudopodosira elegans Sheshukova
Rhizosolenia styliformis Brightw.

Rouxia californica Perag.

Stellarima microtrias (Ehr.) Hasle et P.A.Sims

TR S I

N =y

Stephanopyxis spp.

Thalassionema hirosakiensis (Kanaya) Schrader
T. nitzschioides (Grunow) H.Perag. et Perag.

T. schraderi Akiba

Thalassiosira burckliana_Schrader

>+

T. leptopus (Grunow) Hasle et G.A.Fryxell
T. manifesta Sheshukova

T. minutissima Oreshkina

T. sp. A

T. sp.B

SO I s
(3]
Ne)

o= W=, W

RN _+g—wuu. — (NG

T. spp.
Thalassiothrix longissima Cleve et Grunow
Triceratium condecorum Brightw.

+ o+
1

T e R

o == B —a|—

2

1

Total number of valves counted

100 100 100 100 100 10

0 100

Resting spore of Chaetoceros

233 120 104 209 213 96 390

Preservation, G: good; M: moderate; P: poor. Abundance, A: abundant; C: common; R: rare.
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Planktonic foraminifera from the Aoso Formation. Length of scale bars equal 100 pm.

la-c: Globogquadrina dehiscens (Chapman, Parr et Collins), sample P13.
2a-c: Globorotalia lenguaensis Bolli, sample P6.

3a-c: Globorotalia paralenguaensis Blow, sample P8.

4a-c: Globoturborotalita decoraperta (Takayanagi et Saito), sample P6.

5a-c: Globoturborotalita nepenthes (Todd), sample P13.

6a-c: Neogloboquadrina acostaensis (Blow) sinistral form, sample P13.

7a-c: Neogloboquadrina pachyderma (Ehrenberg) sinistral form, sample P13.
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Plate 2
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Diatoms from the Aoso and Nanakita formations. Length of scale bars equal 10 pm (Scale A for figs.
1-13, B for figs. 14-29). Code number(s) in parentheses indicate(s) sample number(s).

1-3: Denticulopsis simonsenii Yanagisawa et Akiba [1: Aoso42; 2, 3: A0so52]

4, 5: Denticulopsis vulgaris (Okuno) Yanagisawa et Akiba [4: Aoso41; 5: Aoso42]

6-9: Denticulopsis dimorpha var. dimorpha (Schrader) Simonsen [6: Aoso38 (valve with closed copula);
7: Aoso38 (valve). 8: Aosol3 (isolated closed copula) 9: Aoso19 (isolated closed copula)

10: Denticulopsis praekatayamae Yanagisawa et Akiba [A0s030]

11: Denticulopsis katayamae Maruyama [A0s030]

12: Crucidenticula kanayae var. kanayae Akiba et Yanagisawa [Aoso06]

13: Nitzschia porteri Frenguelli [Aoso052]

14: Rhizosolenia miocenica Schrader [Aoso43]

15: Thalassiothrix longissima Cleve et Grunow [A0so052]

16—18: Thalassionema schraderi Akiba [A0s052]

19: Stellarima microtrias (Ehr.) Hasle et P.A.Sims [Aoso052]

20: Thalassiosira minutissima Oreshkina [A0so30]

21, 22: Thalassiosira burckliana Schrader [Aoso52]

23: Azpetia nodulifera (A.W.F.Schmidt) G.A Fryxell et P.A.Sims [A0s052]

24: Cladogramma dubium Lohman [Aoso43]

25, 26: Thalasiosira sp. A [Aoso41]

27: Eucampia sp. [Ao0so052]

28: Goniothecium rogersii Ehr. [A0so46]

29: Ikebea tenuis (Brun) Akiba [A0s052]
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Article

Conodont-based age calibration of the Middle Triassic Anisian radiolarian biozones

in pelagic deep-sea bedded chert

Shun Muto"", Satoshi Takahashi', Satoshi Yamakita®, Katsuhito Soda’ and Tetsuji Onoue’

Shun Muto, Satoshi Takahashi, Satoshi Yamakita, Katsuhito Soda and Tetsuji Onoue (2019) Conodont-
based age calibration of the Middle Triassic Anisian radiolarian biozones in pelagic deep-sea bedded
chert. Bull. Geol. Surv. Japan, vol. 70 (1/2), p. 43-89, 14 figs, 2 tables, 10 plates.

Abstract: The age of pelagic Panthalassic deep-sea bedded chert has been assigned based on radiolarian
biostratigraphy. However, Triassic radiolarian biostratigraphy is in many cases not precisely correlated
to the conodont zones and the standard geological timescale. In this study, we investigated the conodont
biostratigraphy of two radiolarian-controlled bedded chert sections of Anisian age: the Ajiro Island section
in Oita Prefecture and the Kurusu section in Aichi Prefecture. We recognised six conodont biozones
in the studied sections: the upper Olenekian Novispathodus brevissimus-Icriospathodus collinsoni and
Triassospathodus homeri Zones, the lower Anisian Chiosella timorensis Zone, the middle Anisian
Paragondolella bulgarica Zone, the upper Anisian Paragondolella excelsa Zone and the uppermost
Anisian to lowermost Ladinian Paragondolella trammeri Zone. These conodont zones were successfully
correlated to the standard Triassic radiolarian zonation proposed by Sugiyama (1997, Bull. Mizunami
Foss. Mus., vol. 24, p. 79-193). Sugiyama’ s radiolarian TR 1 Zone, previously considered to be of
Olenekian age, extends to the middle Anisian. The TR 2A Zone, the TR 2B Zone and the lower part of the
TR 2C Zone are correlated to the middle Anisian, while the upper part of the TR 2C Zone and the lower
part of the TR 3A Zone are correlated to the upper Anisian. The upper part of the TR 3A Zone and the
lower part of the TR 3B Zone are probably correlative to the uppermost Anisian, but the possibility that

they are correlative to the lowermost Ladinian cannot be ruled out.

Keywords: biostratigraphy, conodont, radiolarian biozone, Panthalassa, Middle Triassic

1. Introduction

Carboniferous to Jurassic pelagic deep-sea bedded chert
preserved in the accretionary complex of Japan provides
precious sedimentary records of the Panthalassa sea floor
(Kojima ef al., 2016; Matsuda and Isozaki, 1991; Wakita
and Metcalfe, 2005) (Fig. 1A). For instance, evidence
of oceanic anoxia (Fujisaki et al., 2016; Takahashi
et al., 2009), bolide impact (Sato et al., 2013, 2016)
and climate change (Nakada ef al., 2014) have been
documented from Triassic bedded chert in Japan. The
prerequisite for such studies is the recognition of reliable
geochronological controls for the bedded chert sequence,
which was attempted by biostratigraphic correlations. The
age assignment of bedded chert is commonly based on
radiolarian biostratigraphy, which has been successfully
established in many regions due to the abundant occurrence

of radiolarians from bedded chert (e.g. Matsuoka and
Yao, 1986; Sugiyama, 1997). Currently, the radiolarian
biozones of Sugiyama (1997) established in the Inuyama
area in central Japan are regarded as the most complete
radiolarian zonation of Triassic deep-sea bedded chert
deposited in the pelagic Panthalassa (e.g., O’ Dogherty et
al., 2010). However, the Triassic radiolarian biozones of
Sugiyama (1997) is not precisely correlated to the global
standard geological timescale (Ogg, 2012). Hence, it is
necessary to calibrate the radiolarian biozones based on
geochronological controls that can be robustly correlated
to the global standard geological timescale. Calibration
by conodont biostratigraphy as in Sato et al. (2013, 2016)
and Nakada et al. (2014) is a useful method, because
although much rarer than radiolarians, conodont fossils
occur reasonably frequently from deep-sea bedded
chert (Hayashi, 1968; Isozaki and Matsuda, 1982, 1983;

" Graduate School of Science, The University of Tokyo, 7-3-1 Bunkyo-ku, Tokyo, 113-0033, Japan
* Faculty of Education, University of Miyazaki, 1-1, Gakuen Kibanadainishi, Miyazaki, 889-2192, Japan
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A Depositional grounds of the pelagic
deep-sea sediments in Japan

_. Tethys

. Oceanaf

- 7
: ?—J Panthalassa

Pangea

Supercontinent

~250 Ma

B
Jurassic accretionary complexes Yo N
7,Oshima-North Kitakami Belt /

B Mino-Tamba-Ashio Belt
N Chichibu Belt

Kurusu section
(Inuyama area)

200 km

Fig. 1 (A) Palacogeographic map of the Anisian (Ziegler et al.,
1998) showing the location of the depositional site of the
pelagic deep-sea sediments in the Jurassic accretionary
complex of Japan. (B) Location of the studied sections.
The distribution of Jurassic accretionary complexes is
after Isozaki et al. (2010).

Nishikane et al., 2011). In this article, we focused on the
radiolarian biozones previously assigned to the Anisian
Age (the TR 2A to TR 3A Zones of Sugiyama, 1997), and
calibrated their ages based on conodont biostratigraphy.
Previous reports of Anisian conodonts from bedded
chert have been sporadic (Ando et al., 2001; Matsuda
and Isozaki, 1982; Mizutani and Koike, 1982; Sugiyama,
1997; Tanaka, 1980). The conodont Chiosella timorensis,
which has been proposed as a marker for the base of the
Anisian (Ogg, 2012; Orchard, 2010) has been found from
pelagic deep-sea sediments including bedded chert in the
Kuzuu area in east Japan (Muto ef al., 2018), the Nichihara
area in southwest Japan (Tanaka, 1980) and the Kamiaso
area in central Japan (Matsuda and Isozaki, 1982). In
particular, Muto et al. (2018) indicated that the radiolarian
based Olenekian-Anisian boundary, which is placed at

the base of the TR 2A Zone of Sugiyama (1997) is within
the middle Anisian. Therefore, the age of the “lower
Anisian” radiolarian biozones of Sugiyama (1997) needs
to be reinvestigated. On the other hand, the finding of
middle Anisian conodonts Paragondolella bulgarica and
Nicoraella kockeli from the TR 2B and TR 2C Zones in
the Inuyama area (Ando et al., 2001; Mizutani and Koike,
1982; Sugiyama, 1997) ensures that a part of these zones
is correlative to the Anisian. However, the full range of
these conodonts with regard to the radiolarian biozones
remains unknown. The occurrence of the late Anisian
conodont Paragondolella excelsa followed by that of
the Ladinian conodont Budurovignathus hungaricus
from a continuous bedded chert section in the Nichihara
area (Tanaka, 1980) likely indicates the presence of the
Anisian-Ladinian boundary. Unfortunately, radiolarians
were not reported from this section, and the boundary
cannot be correlated with radiolarian biozones. A more
intensive investigation on conodont biostratigraphy and
its correlation with radiolarian biozones based on high-
resolution sampling are required to calibrate the age of
the radiolarian biozones.

Two sections were selected for investigation of
conodont biostratigraphy in this study. The first is the
Ajiro Island section in the Tsukumi area, southwest Japan
(Onoue et al., 2011; Soda et al., 2015; Uno et al., 2012)
(Figs. 1B, 2). This section was chosen because the TR
2A to TR 3A Zones can be collectively observed in one
continuous section (Onoue et al., 2011). Although the
stratotype of the radiolarian biozones of Sugiyama (1997)
was defined in the Inuyama area, the stratotype sections
of the TR 2A to TR 3A Zones were defined in separate
outcrops, which is a large disadvantage to the Ajiro Island
section. In addition, the Ajiro Island section was logged
bed-by-bed in Onoue et al. (2011) and Soda et al. (2015).
Radiolarian biostratigraphy was based on their logs, which
meant that we could compare conodont and radiolarian
biostratigraphy at bed-by-bed resolutions.

The second section is the Kurusu section in the Inuyama
area in central Japan (Yao and Kuwahara, 1997) (Figs. 1B,
3). Although this is not one of the stratotype sections of
Sugiyama (1997), it provides crucial evidence on the age of
the TR 2A Zone, as detailed below. The stratotype section
of the TR 2A Zone is Section M in the Inuyama area, but
the base of this zone is not observed there (Sugiyama,
1997). In the Ajiro Island section, the base of the TR 2A
section was determined, but the underlying TR 1 Zone did
not yield the radiolarian Parentactinia nakatsugawaensis,
which is the species that most characterises the TR
1 Zone. Therefore, the TR 1 Zone in the Ajiro Island
section may not be directly correlative to its type section
in the Inuyama area. In contrast, in the Kurusu section,
the Pa. nakatsugawaensis Assemblage Zone is overlain
by the Hozmadia gifuensis Assemblage Zone (Yao and
Kuwahara, 1997) and the boundary of the two zones can
be approximated as the base of the TR 2A Zone. The
boundary of the Pa. nakatsugawaensis Assemblage Zone
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and the H. gifuensis Assemblage Zone was also reported
from the Momotaro-jinja section in the Inuyama area (Fig.
3; Yao and Kuwahara, 1997). However, the H. gifuensis
Assemblage Zone in this section did not yield the nominal
species H. gifuensis. Furthermore, according to Sugiyama
(1997) who investigated the lateral extension of the
Momotaro-jinja section (Section T of Sugiyama (1997)),
the interval assigned to the H. gifuensis Assemblage Zone
by Yao and Kuwahara (1997) is within the TR 1 Zone. In
sum, the Kurusu section is the only well-studied section
that includes the base of the TR 2A Zone.

In this article, we present the lithostratigraphy and
conodont biostratigraphy of the Ajiro Island and Kurusu
sections. The conodont biostratigraphy is illustrated
parallel to previous results on radiolarian biostratigraphy.
Based on correlation with conodont biostratigraphy
established in the Tethys region and North America,
including the global boundary stratotype section and point
(GSSP) candidate for the base of the Anisian and the GSSP
of the base of the Ladinian, the radiolarian biozones were
calibrated to the global standard geological timescale.

2. Geologic setting of the study sections

The studied sections belong to the Jurassic accretionary
complex in southwest Japan. The Jurassic accretionary
complex is mainly composed of Carboniferous to Middle
Jurassic oceanic rocks (ocean floor basalt, deep-sea chert,
hemipelagic siliceous mudstone, seamount basalt and
seamount-capping carbonate), and Middle Jurassic to
lowermost Cretaceous trench-fill terrigenous clastic rocks
(mudstone and sandstone) (Isozaki et al., 2010; Wakita and
Metcalfe, 2005). Of the Carboniferous to Middle Jurassic
oceanic rocks, the deep-sea sedimentary rocks were
deposited in the pelagic Panthalassa superocean several
thousand kilometres away from the nearest continent (Fig.
1A), after which they traveled to a subduction zone along
the paleo-continent and formed a part of accretionary
complexes by the tectonic movement of the oceanic plates
(Isozaki et al., 2010; Matsuda and Isozaki, 1991; Wakita
and Metcalfe, 2005).

2.1 Ajiro Island section

The Ajiro Island section is located in Ajiro Island (Ajiro
Jima in Japanese) on the northern coast of the Youra
Peninsula, Tsukumi City, Oita Prefecture, Kyushu District
(33°4°10” N 131°55’10”E). The studied section belongs
to the Southern Chichibu Belt (Fujii, 1954; Hoshizumi
et al., 2015; Kambe and Teraoka, 1968: Matsuoka et al.,
1998), which is mostly composed of a Jurassic accretionary
complex (Isozaki et al. 2010; Matsuoka and Yao, 1990;
Matsuoka et al., 1998). The studied section is a part of the
Shakumasan Group, which preserves the upper part of the
original sequence on the oceanic plate (Nishi, 1994). The
Shakumasan Group is further subdivided into the lower
Enoura Formation and the upper Youra Formation (Nishi,
1994). The Enoura Formation is composed of Lower

Triassic to Middle Jurassic pelagic deep-sea sedimentary
rocks (mostly chert) (Matsuoka, 1986; Nishi, 1994), and
is overlain conformably by trench-fill clastic rocks of the
Youra Formation (Fig. 2; Nishi, 1994). The succession
of these two formations occurs repeatedly due to the
imbricate structure formed by thrusts (Fig. 2; Nishi, 1994).

The section investigated in this study belongs to the
lowermost part of the Enoura Formation (Fig. 2B). The
Ajiro Island section is located in the southernmost part of
the Ajiro Island on the northern coast of the Tsukumi area.
The studied outcrop corresponds to the “alternation beds
of siliceous claystone and chert” and “red chert” in Fig.
2 of Uno et al. (2012). According to the age assignment
based on radiolarian biostratigraphy, the bedded chert of
the Ajiro Island has been dated as latest Spathian to early
Ladinian, and has a northward younging trend (Onoue et
al., 2011; Takahashi et al., 1998). The palacolatitude of
the depositional grounds have been estimated to be 2.1 &=
5.2°S based on rock magnetic records (Uno et al., 2012).

2.2 Kurusu section

The Kurusu section (Kr-2 section of Yao and Kuwahara,
1997) is located on the eastern bank of the Kiso River
in Inuyama City, Aichi Prefecture, Chubu District
(35°25’8”N 136°57'50” E). The Kurusu section belongs
to the Mino-Tamba-Ashio Belt, which is mostly composed
of a Jurassic accretionary complex (Isozaki et al., 2010;
Yamakita and Otoh, 2000; Kojima et al., 2016). The
Kurusu section is a part of the Kamiaso Unit (Wakita,
1988), which is a coherent tectonostratigraphic unit
composed of Lower Triassic siliceous claystone, Middle
Triassic to Lower Jurassic pelagic deep-sea bedded chert,
Middle Jurassic hemipelagic siliceous shale and Upper
Jurassic turbidite and massive sandstone in ascending
order (Yao et al., 1980). Thus, the upper part of the
original sequence on the oceanic plate is preserved in
the Kamiaso Unit. The Kamiaso Unit in the Inuyama
area has been studied in detail by Kimura and Hori
(1993). They clarified that the coherent sequence from
pelagic siliceous claystone and chert to trench-fill clastic
rocks (“Inuyama Sequence” in their paper) repeated six
times as thrust sheets, which together form a synclinal
structure with a W-plunging, WNW-ESE trending axis
(the Sakahogi syncline; Mizutani, 1964). The Kurusu
section corresponds to the lowermost strata of “sheet 4”
in Kimura and Hori (1993), and is located on the northern
wing of the Sakahogi syncline, close to the axis (Fig. 3).

Yao and Kuwahara (1997) studied the radiolarian
biostratigraphy of the Kurusu section and indicated
that the section is correlated to the Parentactinia
nakatsugawaensis Zone and the Hozmadia gifuensis Zone.
The radiolarian biostratigraphy indicates a southward
younging trend for this section. This younging trend is
consistent with the fact that the south of the section faces
the axis of the Sakahogi syncline. The palaeolatitude of
the depositional site of the Anisian bedded chert in the
Inuyama area has been estimated to be 12.3 + 15.6°N
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or S (Oda and Suzuki, 2000) or 5.6 & 2.2°S by (Ando
et al., 2001) based on palacomagnetic records. Ikeda
et al. (2010) investigated the “Kr-2 section of Yao and
Kuwahara (1997)” for cyclostratigraphy, but their section
was observed in a different part of the outcrop (compare
Fig. 4 of Yao and Kuwahara (1997) and Fig. 1S in the
supplementary materials of Ikeda et al. (2010)). In this
study, we investigated the studied section of Ikeda et al.
(2010) in addition to the section of Yao and Kuwahara
(1997).

3. Methods

3.1 Field mapping

For both the Ajiro Island and Kurusu sections, geological
maps of the outcrop were made based on examination of
the geological structure and lithology at the sub-metre
scale. For the major part of the Ajiro Island section,
detailed lithostratigraphy has been reported by Onoue
et al. (2011), Soda et al. (2015) and Uno et al. (2012).
We conducted a biostratigraphic investigation building
on the lithostratigraphic section constructed by these
studies. For the lower part of the Ajiro Island section,
lithostratigraphy has not been investigated thoroughly
by previous studies. Therefore, we reconstructed the
lithostratigraphy of this part of the outcrop based on
detailed mapping with careful attention to deformation
and continuity. Lithostratigraphy of the Kurusu section

has been reported by Yao and Kuwahara (1997) and Ikeda
et al. (2010). However, both studies did not investigate the
entire outcrop. In this study, we present an original outcrop
sketch map and lithostratigraphic columns that include,
but are not restricted to, stratigraphic intervals that were
investigated by these studies.

3.2 Conodont biostratigraphy

Conodonts were found by observing the surfaces
of sample rocks cleaved parallel to the bedding into
small “chips” (the “chip method”; Muto et al., 2018;
Takemura et al., 2001). This method allows us to find
conodonts that are cracked or preserved as moulds and
impossible to extract by dissolving the host rock. A
preliminary search for conodonts by the “chip method”
was conducted at the outcrop using a hand lens (20
magnifications), and horizons that yielded conodonts
were selected for further investigation. Following Muto
et al. (2018), 2-5 kg blocks of the selected horizons were
brought back to the laboratory, and then cleaved into thin
planar chips. These chips were moistened with tap water
and then examined under a stereoscopic microscope of 20
to 60 magnifications. Early attempts of the “chip method”
resulted in larger numbers of specimens from greenish
grey parts of the bedded chert compared to red or purple
parts. This is probably because conodont fossils have more
chances of being found in the more transparent greenish
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grey chert compared to purple or red chert. Therefore,
the parts of strata that have been altered to greenish grey
were targeted in the later attempts to find conodonts from
dominantly purple or red intervals.

For specific identification, the chips were observed
under a stereoscopic microscope of 100 magnifications.
The surface of the chips were dried, soaked with water or
coated with oil depending on the type of host rock and the
state of preservation of the specimens. Moulds in siliceous
claystone without grey fillings were best observed on dry
surfaces, while moulds in siliceous claystone with grey
fillings were better observed when soaked with water.
Specimens in chert were best observed when the surface

of the chert was coated with oil.

4. Results

4.1 Ajiro Island section
4.1.1 Field mapping

The Ajiro Island section is exposed on the southern
coast of Ajiro Island, Tsukumi City, Oita Prefecture (Fig.
2). The outcrop of the Ajiro Island section consists of two
parts that have different geological structure and lithology.
The main part of the section (the AJR section), which
is exposed along the south to southeast coast of Ajiro
Island, comprises bedded chert (Fig. 4). The AJR section
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has already been studied in detail by previous studies
(Onoue et al., 2011; Soda et al., 2015; Uno et al., 2012),
and therefore we will only give a brief description of the
outcrop. The other part is exposed at the southern tip of
Ajiro Island, and comprises alternating beds of siliceous
claystone and chert that are more intensely folded and
faulted compared to strata of the AJR section (Figs. 4, 5).
This part has been mapped by Onoue et al. (2011) and
Uno et al. (2012), but lithostratigraphy was not examined
in detail. Here, we provide a more detailed geological
map and lithostratigraphic columns for this part of the
section (the AJ-1, AJ-2, AJ-3-1 and AJ-3-2 sections).
In the following text, we will explain the geological

structures and lithofacies of the Ajiro Island section in
stratigraphically ascending order (stratigraphic order is
explained in Section 4.1.2.).

The lower part of the Ajiro Island section corresponds
to the AJ-1, AJ-2, AJ-3-1 and AJ-3-2 sections exposed at
the southern tip of Ajiro Island (Fig. 5). The strata here
generally strike ENE-WSW and dip steeply to the north,
apart from the northwestern part where the strata strike
E-W to WNW-ESE. Isoclinal folds with wavelengths up
to 2 m are present throughout the outcrop, and the strata
are locally overturned. The axial planes of these folds
are almost parallel to the bedding. The faults in this part
of the outcrop can be distinguished into the following
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two types. Major faults with displacements of at least
several metres were identified in the northern part. These
faults are characterised by sheared zones about 50 cm
wide on either side of the fault plane. Minor faults with
displacements of up to 2 m are present throughout the
outcrop. These faults are not accompanied by wide
sheared zones. Recognition of three key beds (Figs. 5,
6) revealed that strata in the western half of the outcrop
are relatively weakly deformed. Therefore, we observed
the lithostratigraphy in the western half of the outcrop,
avoiding areas where strata are deformed by faults
and folds. The reconstructed lithostratigraphic column
comprises four continuous sequences: AJ-1 section, AJ-2

section, AJ-3-1 section and AJ-3-2 section in ascending
order (Figs. 5, 9). On the other hand, in the eastern part
of the outcrop, strata in the lower part of the AJ-1 section
are repeated by faults and folds, while the upper part of
the AJ-1 section, the AJ-2 section, the AJ-3-1 section and
most of the AJ-3-2 section are missing.

The AJ-1 section is approximately 8.4 m thick, and is
composed mainly of alternating beds of grey siliceous
claystone and dark grey chert (Fig. 7A). An interval
composed of black siliceous claystone and black chert
occurs in the lower part of this sequence. The AJ-2 section
is approximately 4.8 m thick, and is composed mainly of
alternating beds of grey siliceous claystone and dark grey
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between the same key bed in different places (see Fig. 5 for location). (A, B) Key bed A. (C, D) Key bed C.

or black chert (Fig. 7B). Thin (~10 mm thick) red siliceous
claystone beds occur characteristically in this section.
The AJ-3-1 section is approximately 2.0 m thick, and is
composed mainly of alternating beds of grey siliceous
claystone and grey or dark grey chert (Fig. 7C). The AJ-
3-2 section lies directly above the AJ-3-1 section, but a
slip plane exists between the two sections, and therefore
they are not confirmed to be continuous (Fig. 7C, D).
The AJ-3-2 section is approximately 3 m thick, and is
composed of dark grey bedded chert with intercalations
of grey siliceous claystone (Fig. 7D). This section is in
fault contact with greenish grey bedded chert to the north.

In the outcrop of the AJR section, the strata strike ENE-
WSW and dip steeply to the north (Fig. 4). A major fault
with an apparent displacement of ~10 m occurs in the
northern part. Minor faults with apparent displacements
of up to 2 m occur throughout the outcrop. Deformation
of the strata is negligible, apart from drags and shears near
faults. The colour of bedded chert changes from greenish
grey to purple, then to red in ascending order (Figs. 8A-D,

Fig. 9). Some white highly recrystallised chert beds occur
in the red bedded chert. Some parts of the purple and red
bedded chert are altered to greenish grey (Fig. 8D). Our
study section mostly corresponds to the section illustrated
in previous studies (Onoue et al., 2011; Soda et al., 2015;
Uno et al., 2012). However, we observed an additional
~2 m of red bedded chert above the top of their section.
In addition, we identified a stratigraphic discontinuity at
the basal part of the lithologic column by Onoue ef al.
(2011) (the two faults within the AJR section in Fig. 9).
Our reinvestigation of the geological structure showed
that the stratigraphic intervals corresponding to the TR
1 and TR 2A Zones in their section are separated by
a fault. Furthermore, a block of greenish grey bedded
chert occurs structurally between these two intervals.
The lithostratigraphic column illustrated in this study
incorporates this new finding.

4. 1.2 Conodont biostratigraphy
Conodont fossils were found from all of the investigated
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Fig. 7 Outcrop photographs of the lower part of the Ajiro Island section. (A) Alternating beds of grey siliceous
claystone and dark grey chert in the AJ-1 section. (B) Alternating beds of grey siliceous claystone and dark
grey or black chert in the AJ-2 section. (C) Alternating beds of grey siliceous claystone and grey or dark grey
chert in the AJ-3-1 section. (D) Dark grey bedded chert in the AJ-3-2 section. Note the slip plane in (C) and
(D). The stratigraphic way up is to the top in all photos. The black ruler in (A) to (C) is 1 m long. The black
board in (D) is 20 cm x 30 cm.

samples (more than 2000 specimens in total). Conodonts
in siliceous claystone were preserved as moulds, while
those in chert were dark grey skeletons or white or orange
casts. Although most of the specimens were broken and
unidentifiable, 194 specimens were identified at the
species level (Table 1; Plates 1-7). Conodont animals
are taxonomically classified based on their apparatuses

that comprise an assemblage of conodont elements (Clark
et al., 1981; Orchard, 2005; Sweet, 1988), but some
morphologically distinguishable elements are yet to be
assigned to any apparatus. Such elements are classified as
form groups and are indicated in this paper with quotation
marks.

Conodonts from the siliceous claystone that alternates
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Fig. 8 Outcrop photographs of the AJR section. (A) The upward lithofacies change from greenish grey bedded chert
to purple and red bedded chert. (B) Greenish grey bedded chert. (C) Purple and red bedded chert. (D) Red
bedded chert. Note that the colour is altered to greenish grey in some parts. The stratigraphic way up is to

the right in (A) and (C), and to the top in (B) and (D). The black ruler and board in the photos as scale are
the same as that in Fig. 7.

(p-53) Fig. 9

Lithostratigraphy, conodont biostratigraphy, radiolarian biostratigraphy and
magnetostratigraphy of the Ajiro Island section. The range chart for conodonts excludes
some specimens that were not identified at the species level. See Table 1 for full list and
numbers of identified conodonts. Radiolarian biostratigraphy is after Onoue et al. (2011)
and Uno et al. (2012). Magnetic polarity zones are after Uno et al. (2012). brevissimus-
collinsoni Zone: Nv. brevissimus-I. collinsoni Zone; timorensis Z.: Ch. timorensis Zone,
excelsa Z.: Pg. excelsa Zone. The species names denoted in quotation marks are form
species defined based on discrete conodont elements.
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Occurrence list of conodonts from the Ajiro Island section. Underlined numbers indicate the number of conferred specimens. Bracketed numbers indicate
the number of questionable specimens. The species names denoted in quotation marks are form species defined based on discrete conodont elements.
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Bulletin of the Geological Survey of Japan, vol.

W ds vppapoapuryoan,

W (IDIIMIN) DIISSDLAL YN,

ds puipnu.o)

ds pjjajopuosv.ing

(I9[3SOJA 29 INZOY) 1711401 °0))

(9331e]) S1pMUD.L142.1q DUIPNULOD)
(e1I001N) S1suavprid 3N

‘[e 319 InZ0oY] pivjuapInbav - SN

(YSoA 29 InzoY) snorivduny snyjpuiaoinpng
dnoiny ruounuv.ay - 8q

dnoiny psjaoxa-sg

“ds pjjajopuosisia)

ds pjjajopuoSoapn 9dKy uerukyyig-jsod
PIeydIQ 29 SUIP[OD PIVISDY "Jje SN

“ds pvjjajopuodv.ang 10-dds vjjajopuodoan
IQYSON 2] 824 D]]2]OPUOTOIN

pIeydIQ 29 SUIp[OD PIVISVY SN

“ds pjjajopuosoan

“ds pjpavaoo1N

(981eL) 1]2¥20% P]]2DL02IN

dnoiny vor4vsng vjjajopuoSving
JIO[ISOIN 29 InZOY] psown1nbav YN,
Y10y 1081 | pUIPNULOD

DIPAD) S1SU222q28 p]ja42]jomuvy,

. (I9[ISOIN 29 INZOY]) 142PUIG D]]2POIPUIYOIN,
(TureSoN) s1sua.coutty vjjaso1y)

-ds vjjasory)

(pIeyd1Q) sapiojj21opuos v]jasory)

ds snpoyivdsiaon 10 snpoyipdsossvli]
ds smpoyipdsosspiif

(preY21Q) sNY204q°[

(Suiq) sisuduinyun-J

(1opuag) 142uioy snpoyipdsossviif
(pIeyo1Q) snorijaunuds anN

(preyo1Q) snidn.iqo-aN

ds snpoyipdsiaonN

(preyoIQ) SMmu1ss1aa.1q SnpoyipdsiaonN

(UaT[0S) 1UOSUI]]0D SNPOYIPASO0140]

(1)

3
13)

AJR724+2 Am

|
o
o~
|

AJR724+19m

6
@

AJR722

70 (1/2), 2019

AJR669

ey

3
)

AJR630

3
)

AJR603-605

()

AJR577

6
(1

(1

AJR517

3)

AJR408

AJR377

AJR310



Conodont-based age calibration of Anisian radiolarian biozones (Muto et al.)

SJUQWIA[Q 9[qRIJIIUPI OU

T

Q)]

—

SJUQWIA[ 9[qBIJIIUPI OU

SJUQWIA[Q 9[qBIJIIUSPI OU

S

[4

vy T T 9

I

o

L |

12-S190¢S1

o1
90-7190S1

LT-ST90S1
€0-S001¢T

6C-9190¢1

V-1V

a1V

€1-S001SI

€0-618091
alis (1%
q-11tv
$'80-SI10ISI

10-LT90LI
¢0-818091

10-1fv

0drv
10141V
14481\
C0-LT90LI

€0-LT90LI



Bulletin of the Geological Survey of Japan, vol. 70 (1/2), 2019

with chert in the AJ-1, AJ-2 and AJ3-1 sections include
many adult specimens, but conodonts from the bedded
chert in the AJR section are mostly juvenile forms.
Especially, species of Paragondolella, which occurred
abundantly from the AJR section, are almost entirely
represented by juvenile stages with incomplete platform
development.

Species belonging to the genus Paragondolella are
difficult to distinguish in juvenile forms. Identification
of our specimens is further hindered by the fact that they
are partly immersed in the host rock. Hence, in the case
of specimens of Paragondolella, we referred to a group
of species that share some important morphological
characters (see the palaeontological notes in Chapter
9 for details). Specifically, three “Groups” are used in
this paper: the Paragondolella bulgarica Group (Pg.
bulgarica, Paragondolella bifurcata and Paragondolella
hanbulogi), the Paragondolella excelsa Group (Pg.
excelsa, Paragondolella fueloepi and Paragondolella
liebermani), and the Paragondolella trammeri Group
(Pg. trammeri and Paragondolella alpina). Note that
these “Groups” do not necessarily represent taxonomic
lineages.

Based on the occurrence of conodonts, six conodont
biozones were recognised in the Ajiro Island section: the
Novispathodus brevissimus-Icriospathodus collinsoni
Zone, the Triassospathodus homeri Zone, the Chiosella
timorensis Zone, the Pg. bulgarica Zone, the Pg. excelsa
Zone and the Pg. trammeri Zone in ascending order (Fig.
9).

The Nv. brevissimus-1. collinsoni Zone is characterised
by the occurrence of Nv. brevissimus and I. collinsoni.
Its base is not defined in the Ajiro Island section and
its top is defined by the last occurrence (LO) of the two
species. This zone is recognised in the lowermost part
of the AJ-1 section (Fig. 9). Other associated species are
Novispathodus abruptus, Novispathodus symmetricus and
T. homeri.

The T. homeri Zone is characterised by the occurrence
of Nv. abruptus, Nv. symmetricus and T. homeri. Its base
is defined by the LO of Nv. brevissimus and I. collinsoni
and its top is defined by the first occurrence (FO) of Ch.
timorensis. This zone is recognised in the main part of the
AJ-1 section and the lower part of the AJ-2 section (Fig.
9). Other associated species are Chiosella gondolelloides,
Triassospathodus anhuinensis and “Neohindeodella
benderi” .

The Ch. timorensis Zone is characterised by the occurrence
of Ch. timorensis. Its base is defined by the FO of the nominal
species and its top is defined by the FO of the Pg. bulgarica
Group. This zone is recognised in the AJ-3-1 section (Fig.
9). T homeri also occurred from this zone.

The Pg. bulgarica Zone is characterised by the occurrence
of the Pg. bulgarica Group. Its base is defined by the FO
of the Pg. bulgarica Group and its top is defined by the
FO of the Pg. excelsa Group. This zone is recognised
in the AJ-3-2 section and the lower to middle part of

the AJR section (Fig. 9). “Nh. benderi”, Cornudina?
igoi and “Kamuellerella gebzeensis” occurred from
the lower part of this zone. The middle part of this
zone yielded Neogondolella cf. hastata, in addition to
Ng. aff. hastata and Neogondolella cf. regale, as well
as species of Neogondolella with a large cusp that is
fused to the posterior platform brim (post-Bithynian type
Neogondolella; detailed explanation in Section 5.3.).
Other associated species are Cornudina breviramulis,
“Neohindeodella aequiramosa” and “Neohindeodella
triassica” .

The Pg. excelsa Zone is characterised by the occurrence
of the Pg. excelsa Group. Its base is defined by the FO of
the Pg. excelsa Group and its top is defined by the FO of
the Pg. trammeri Group. This zone is recognised in the
upper part of the AJR section (Fig. 9). Other associated
conodonts are the Pg. bulgarica Group, Co. breviramulis,
“Nh. aequiramosa” and “Nh. triassica’ .

The Pg. trammeri Zone is characterised by the occurrence
of the Pg. trammeri Group. Its base is defined by the FO
of the Pg. trammeri Group and its top is defined by the
FO of Budurovignathus cf. hungaricus. This zone is
recognised in the uppermost part of the AJR section (Fig.
9). Other associated conodonts are the Pg. excelsa Group,
Co. breviramulis, Cornudina tortilis and “Nh. triassica” .
At the top of this zone, Neogondolella aequidentata
and Neogondolella pridaensis co-occurred with B. cf.
hungaricus.

4.2 Kurusu section
4.2.1 Field mapping

The Kurusu section is exposed on the east bank of the
Kiso River in Kurusu, Inuyama City, Aichi Prefecture,
Chubu District (Fig. 3). Strata in this outcrop are deformed
by many faults and folds (Fig. 10). The outcrop is divided
into two parts that have different lithology by a fault
(“dividing fault” in Fig. 10). The eastern part includes
the area mapped by Yao and Kuwahara (1997), and the
section observed in this part of the outcrop is named the
Kr-2-YK section (Fig. 10). The western part was studied
by Ikeda et al. (2010), and the section observed here is
named the Kr-2-1 section.

The outcrop of the Kr-2-YK section has a complicated
geological structure (Fig. 10). The orientation of the
bedding plane is variable due to folding. Tracing of
characteristic black claystone and black chert beds
revealed that the lower part of this section is repeated
by folds. In some parts, the bedding of the strata was
difficult to identify due to strong deformation. The Kr-2-
YK section was observed in parts of the outcrop where
deformation was minimal, which include the area studied
by Yao and Kuwahara (1997). The Kr-2-YK section is
composed mainly of grey bedded chert with intercalations
of grey siliceous claystone (Fig. 11A). Black claystone
and black chert beds also occur in several horizons. The
transition between grey chert layers and grey siliceous
claystone layers is gradual. Therefore, the contrast
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between the chert layers and the siliceous claystone
layers is not strongly expressed in the configuration of the
outcrop surface. This may have led to the description of
the strata as “siliceous claystone” by Yao and Kuwahara
(1997). However, the rocks have moderate vitreous luster
and are not fissile, which indicate that its lithology is
better described as chert. This is further supported by the
presence of numerous radiolarian tests and quartz matrix
confirmed in thin sections (Fig. 11D). Dolomite occurs as
beds or planar nodules in two horizons. The lithology of
the Kurusu section deserves further detailed observation,
because it likely represents a transitional lithofacies
between the Lower Triassic siliceous claystone (“Toishi”;
Imoto, 1984) and Middle Triassic bedded chert. However,
itis beyond the scope of this paper, and we will tentatively
refer to the chert beds that grade into siliceous claystone
as “muddy” chert.

The section studied by Yao and Kuwahara (1997),
which corresponds directly to the upper 7 m of the Kr-2-
YK section, was regarded as continuous in the previous
studies. However, a fault was identified in the middle
part of this interval (Fig. 11C). This fault is accompanied
by a highly deformed sheared zone on both sides of the
fault plane. Therefore, the displacement and consequent
stratigraphic gap of this fault could be considerable.

The Kr-2-1 section is composed mainly of “muddy”
chert with intercalations of black claystone (Figs. 10,
11B). Intense folding such as that observed in the outcrop
of the Kr-2-YK section is not observed in this part of the
outcrop. However, the strata have experienced significant
deformation, represented by the distortion of the bedding
by numerous cm-scale faults and slip planes (Fig. 11B). The
Kr-2-1 section corresponds almost exactly to the section
reported by Ikeda et al. (2010), but was not observed in
exactly the same part of the outcrop, because some parts
that they observed had become covered by thick gravel.
Ikeda et al. (2010) assumed that the stratigraphic way up
in this section is to the northeast. However, the general
younging of the strata is to the southwest in this part of
the Inuyama area (see Section 2.2.), which is consistent
with outcrop-scale biostratigraphy in the Kurusu section
(Yao and Kuwahara, 1997). Therefore, it would be more
orthodox to assume that the stratigraphic way up is
to the southwest, which will be adopted in this study.
Nonetheless, it should be noted that the way up in the
Kr-2-I section remains indeterminate, even considering
our biostratigraphic data presented in Subsection 4.2.2.

4. 2.2 Conodont biostratigraphy

Conodonts were found from all of the investigated
samples (more than 200 specimens in total). Conodonts
occurred as dark grey skeletons. Although most conodonts
were broken, 28 specimens were identified at the species
level (Table 2; Plates 8—10). Since conodont occurrence
from the Kurusu section is sporadic, independent zonation
for this section will not be defined. Instead, we will refer
to the conodont biozones recognised in the Ajiro Island

section (Fig. 12).

The Kr-2-YK section yielded Ch. timorensis and “Nh.
aequiramosa” . These conodonts indicate that the Kr-2-YK
section is mostly correlative to the Ch. timorensis Zone.

The Kr-2-1 section yielded Nv. symmetricus, T. homeri,
Ch. gondolelloides and “Nh. benderi” . These conodonts
indicate that the Kr-2-I section is referable to the 7. homeri
Zone. Co. breviramulis, Co.? igoi, Neostrachanognathus
tahoensis and “K. gebzeensis” also occurred from this
section. Since the Kr-2-YK section is referable to the Ch.
timorensis Zone, the Kr-2-1 section is stratigraphically
below the Kr-2-YK section. Ikeda et al. (2010) and
Ikeda and Tada (2014) argued that the Kr-2-I section and
Section M of Sugiyama (1997) in the Inuyama area can
be partly correlated by key beds to produce a continuous
lithostratigraphy, based on the assumption that the Kr-2-1
section is equivalent to the Kr-2-YK section. However,
since the Kr-2-I section does not overlap with the Kr-2-YK
section, their correlation is not valid. Consequently, the
lowermost part of the composite section of the Inuyama
bedded chert by Ikeda et al. (2010) and Ikeda and Tada
(2014) that concerns the Kr-2-I section is not continuous.

5. Age assignment of the conodont biozones

5.1 The Lower-Middle Triassic (Olenekian-Anisian)
boundary (OAB)

The global boundary stratotype section and point
(GSSP) for the Olenekian-Anisian boundary (OAB)
is yet to be ratified. The Desli Caira section in north
Dobrogea, Romania has been proposed as a candidate
(Gradinaru et al., 2007), while the Guandao section in
Guizhou Province, South China is a potential reference
section (Ogg, 2012). The OAB is classically defined by
the ammonoid Japonites welteri (Balini et al., 2010;
Bucher, 1989). This has been applied to the Desli Caira
section (Gradinaru et al., 2007), but the Guandao section
lacks a significant ammonoid fauna (Ogg, 2012). On
the other hand, Orchard et al. (2007a, b) and Orchard
(2010) proposed that the first appearance datum (FAD) of
Chiosella timorensis, that occurs readily from both Desli
Caira and Guandao, can be used as a marker for the OAB.
Subsequently, Goudemand et al. (2012) concluded that the
FAD of Ch. timorensis is very close to, but is slightly below
the ammonoid-defined OAB and is within the uppermost
Spathian. Based on high-resolution investigation of
conodont biostratigraphy in the Desli Caira section and
the Guandao section, Goudemand et al. (2012) placed the
OAB above the FAD of Ch. timorensis and below the last
appearance datum (LAD) of Novispathodus symmetricus
and Triassospathodus homeri, so that the ammonoid based
age assignment (Bucher, 1989) is followed. Our definition
of the OAB will follow that by Goudemand et al. (2012).

In the Ajiro Island section, the first occurrence (FO) of
Ch. timorensis and the last occurrence (LO) of 7. homeri
are both at the level of Sample AjL1-B, which is the base
of the Ch. timorensis Zone (Fig. 9). Therefore, the OAB
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Fig. 10  Geological map of the outcrop of the Kurusu section. Note that the Kr-2 section of Yao and Kuwahara (1997)
and Ikeda ez al. (2010) (Kr-2-YK and Kr-2-I sections, respectively) correspond to different parts of the outcrop.

is placed between the level of Sample AjL1-B and the
level of Sample AjL1-A. The placement of the OAB at
the base of the Ch. timorensis Zone indicates that the
underlying Novispathodus brevissimus-Icriospathodus
collinsoni Zone and the T homeri Zone are of Olenekian
age. The occurrence of Nv. brevissimus and 1. collinsoni
is confined to the basal part of the Spathian (Chen et al.,
2015; Koike, 1981, 2004; Orchard, 1995,2007; Zhao et al.,
2007). Therefore, the Nv. brevissimus-I. collinsoni Zone
is correlated to the lower Spathian, and the succeeding 7.
homeri Zone to the upper Spathian.

In the Kurusu section, Nv. symmetricus and T. homeri did
not co-occur with Ch. timorensis. Therefore, the interval
referred to the Ch. timorensis Zone in this section is likely
to be of Anisian age. Thus, the OAB is in the lower 1 m or
below the base of the Kr-2-YK section (Fig. 12).

The thickness of the Ch. timorensis Zone is different
between the Ajiro Island and Kurusu sections. An
explanation can be given by the slip plane between the
AlJ-3-1 section and the AJ-3-2 section at Ajiro Island. That
is, lowermost Anisian strata are missing at the slip plane
above the Ch. timorensis Zone in the Ajiro Island section.
If this is the case, the Ch. timorensis Zone in the Kurusu
section mostly corresponds in age to an interval that is
missing at the slip plane in the Ajiro Island section.

5.2 The Anisian-Ladinian boundary (ALB)

The Anisian-Ladinian boundary (ALB) was ratified at
the base of the Eoprotrachyceras curionii ammonoid zone
in the Bagolino section in Brescia, Northern Italy (Brack,
2010; Brack et al., 2005). This horizon is above the FO of
species belonging to the Paragondolella trammeri Group
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Table 2 Occurrence list of conodonts from the Kurusu section. Underlined numbers indicate the number of conferred specimens.
The species names denoted in quotation marks are form species defined based on discrete conodont elements.
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and below the FO of Budurovignathus hungaricus (Brack
etal.,2005). The same is true for the ALB (the base of the
curionii amonnoid zone) in the Balaton Highland, Hungary
(Kovéacs, 1994). Therefore, the ALB can be placed within
the Pg. trammeri Zone in the Ajiro Island section (Fig. 9).
In the GSSP, the FO of the conodont Budurovignathus
praehungaricus is very close to the ALB (Brack et al.,
2005), and provides a good correlation marker for the
boundary (Chen et al., 2016b; Ogg, 2012; Orchard, 2010).
However, this species has not been found from the Ajiro
Island section. Another potentially useful marker species
is Neogondolella aequidentata, which has a short range
straddling the ALB (Chen et al., 2016b; Muttoni et al.,
2004; Orchard, 2010). In the Ajiro Island section, Ng.
aequidentata occurred from the top of the Pg. trammeri
Zone, suggesting that the ALB is near this horizon in the
upper part of the zone.

5.3 The Anisian substages
The Anisian Stage is divided into four substages:

Aegean, Bithynian, Pelsonian and Illyrian in ascending
order. The Aegean is characterised by Ch. timorensis
all over the world (Chen ef al., 2016b; Lehrmann et al.,
2015; Nicora, 1977). In Europe and North America, the
Bithynian is characterised by Paragondolella bulgarica
(Nicora, 1977), and the Pelsonian is characterised by
Nicoraella kockeli (Nicora, 1976; Pisa et al., 1980).
On the other hand, Ni. kockeli occurs from below the
FO of Pg. bulgarica in South China (Lehrmann et al.,
2015). Hence, the stratigraphic order of the FOs of these
species requires further investigation, and the recognition
of the Pelsonian based on the occurrence of Ni. kockeli
may not be valid on the global scale. In any case, the
occurrence of Ni. kockeli from our studied sections is
too sporadic to determine substage boundaries. Therefore,
we refrain from conclusively determining the Bithynian-
Pelsonian boundary. Based on the fact that species of the
Paragondolella excelsa Group characterises the Illyrian
(Kozur, 1980), the Pg. bulgarica Zone is correlated to
the Bithynian to Pelsonian interval, and the Pg. excelsa
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Zone to the lower Illyrian (the Illyrian likely extends to
the lower part of the Pg. trammeri Zone; see section 5.2)
(Fig. 9).

It is notable that a type of Neogondolella characteristic
to the Pelsonian and younger age occurs from the upper
part of the Pg. bulgarica Zone. These are species of
Neogondolella that possess a large cusp that is fused to
the posterior platform margin and occupies the posterior
end of the element. Such forms can be referred to species
such as Neogondolella cornuta, Neogondolella constricta
and Neogondolella shoshonensis. In fact, some of our
specimens have characteristics that may be referable to
Ng. shoshonensis (Plate 3, Figs. 5, 6). The species of
Neogondolella mentioned above are known only from
the Pelsonian and younger strata (Chen et al., 2016b).
Therefore, we refer to them as post-Bithynian type
Neogondolella. In the Ajiro Island section, the FO horizon

of the post-Bithynian type Neogondolella is sample
170627-03 and the Bithynian-Pelsonian boundary may
be placed at this horizon (Fig. 9).

6. Age calibration of the radiolarian biozones

According to the radiolarian zonation proposed by
Sugiyama (1997), the OAB was regarded to be correlative
to the TR 1-TR 2A radiolarian biozone boundary, and the
ALB to the TR 3A-TR 3B radiolarian biozone boundary.
Our conodont-based age control proved that the age
assignment is erroneous for the TR 1-TR 2A boundary,
and probably also for the TR 3A-TR 3B boundary (Fig.
13). In the following text, the age calibration of the
radiolarian biozones TR 1 to TR 3B (Sugiyama, 1997) is
discussed in ascending order.

In the Ajiro Island section, the TR 1 Zone was
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brevissimus-1. collinsoni Zone was not recognized in the sections of Sugiyama (1997), but is inferred to be
encompassed in the TR 0 Zone, because conodonts from the Momotaro-jinja section indicate that the TR 0
Zone extends to the Smithian (Yamakita et al., 2010).

recognised in the Paragondolella bulgarica Zone, well
above the OAB (Onoue et al., 2011; Uno et al., 2012) (Fig.
9). In the Kurusu section, the TR 1-TR 2A boundary is
approximated by the boundary between the Parentactinia
nakatsugawaensis Asemblage Zone and the Hozmadia
gifuensis Assemblage Zone (Yao and Kuwahara, 1997),
which is well above the base of the Chiosella timorensis
Zone (Fig. 12). Thus, the TR 1 Zone includes part of the
Pg. bulgarica Zone, which is of Bithynian to Pelsonian
age. This age assignment is consistent with the finding of
a radiolarian assemblage indicating the TR 1 Zone from
the Bithynian to Pelsonian interval in the pelagic deep-
sea Ogama section in Kuzuu, Tochigi Prefecture, Japan
(Muto et al., 2018). On the other hand, pelagic deep-sea
siliceous claystone correlative with the TR 1 Zone and the
underlying TR 0 Zone in the Momotaro-jinja section in the
Inuyama area (Sugiyama, 1997; Yao and Kuwahara, 1997)
yielded Spathian conodonts Novispathodus symmetricus
and “Neohindeodella benderi” (Takahashi ef al., 2009).
Based on data of the Ajiro Island section, the Kurusu
section and the Momotaro-jinja section, the TR 1 Zone is
correlated to the upper Spathian to the lower part of the
Bithynian to Pelsonian interval, and the OAB is within
this zone (Fig. 13).

The entire part of the TR 2A and TR 2B Zones and most
of the TR 2C Zone is encompassed in the Pg. bulgarica
Zone, and is correlated to the Bithynian to Pelsonian
interval (Figs. 9, 13). This age assignment is consistent
with the occurrence of Pg. bulgarica from the TR 2B
and TR 2C Zones reported from bedded chert sections in
the Inuyama area (Mizutani and Koike, 1982; Sugiyama,
1997). If the placement of the Bithynian-Pelsonian
boundary at the FO of post-Bithynian type conodonts in
the Ajiro Island section is correct, this boundary is within
the TR 2B Zone (Figs. 9, 13). The TR 3A Zone is mostly
correlated to the Illyrian Paragondolella excelsa Zone,
but its base may be within the uppermost part of the Pg.
bulgarica Zone, and its top is in the basal part of the
Paragondolella trammeri Zone (Figs. 9, 13). Itis possible
that the upper part of the TR 3A Zone extends into the
Ladinian (Fig. 13), but this is unlikely given that the ALB
is probably in the upper part of the Pg. trammeri Zone
(detailed in Section 5.4.).

The top of the TR 3B Zone was not recognised in the
Ajiro Island section (Onoue et al., 2011; Uno et al., 2012).
We assume that only the lower part of the TR 3B Zone
of Sugiyama (1997) is present in the Ajiro Island section,
because it lacks radiolarians such as Triassocampe
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postdewerveri that appear in the upper part of the TR 3B
Zone (Onoue et al., 2011; Uno et al., 2012). The lower
part of the TR 3B Zone is within the Pg. trammeri Zone,
and therefore falls within the upper Illyrian to the lower
Fassanian (lower substage of the Ladinian). Since the ALB
is probably in the upper part of the Pg. trammeri Zone, the
lower part of the TR 3B Zone is likely to be correlative
to the upper Illyrian (uppermost Anisian). Unfortunately,
radiolarian biostratigraphy has not been investigated for
the upper part of the Pg. trammeri Zone. Therefore, we
cannot determine whether the TR 3B Zone extends above
the top of the Pg. trammeri Zone. Further study is needed
in order to clarify the age of the top of the TR 3B Zone.

7. Correlation with rock magnetic records

The Ajiro Island section has been studied for rock
magnetic records by Uno et al. (2012), who recognised
two magnetic polarity zones in the red bedded chert. A
reference record of Middle Triassic magnetic reversals
was compiled by Hounslow and Muttoni (2010) based
mainly on sedimentary records of the Tethys, many of
which have been studied also for conodont biostratigraphy.
We attempted to correlate the rock magnetic records of the
Ajiro Island section to the reference record by Hounslow
and Muttoni (2010) based on the framework of conodont
biostratigraphy (Fig. 14). However, a single solution was
not obtained and there are two possible options, as detailed
below.

In Option 1 (Fig. 14A), polarity zone § in the Ajiro
Island section is correlated to the reversed polarity in
magnetozone MT4 to MTS. The two stratigraphically
isolated intervals of polarity zone « are either correlated to
the two separate normal polarities in magnetozones MT6
and MT7, or together correlated to the normal polarity
in magnetozone MT7. In this case, the ALB in the Ajiro
Island section is above polarity zone « and below the
FO of Budurovignathus cf. hungaricus, within the upper
1.5 m of the Pg. trammeri Zone. This option agrees with
Uno et al. (2012) in that polarity zone « is correlated to a
normal polarity and polarity zone /3 to a reversed polarity,
suggesting deposition in the southern hemisphere.

In Option 2 (Fig. 14B), polarity zone {3 in the Ajiro Island
section is correlated to the normal polarity in magnetozone
MT6, whereas zone « of the Ajiro Island section is
correlated to the reversed polarity in magnetozones MT6
to MTS. In this case, the ALB is placed in the lower part
of the Paragondolella trammeri Zone, ~1 m above its
base. This option assumes that polarity zones « and (3 are
correlated to reversed and normal polarities, respectively,
contradictory to Uno et al. (2012). Hence, this option
suggests the deposition of the bedded chert of the Ajiro
Island section took place in the northern hemisphere.

The ambiguity in the correlation of mangnetic polarities
results mainly from two reasons. Firstly, the gaps in the
polarity zones in the Ajiro Island section due to the
difficulty in recovering primary magnetic records from

deep-sea chert (Uno et al., 2012) allow a considerable
amount of speculation in the correlation. Another reason is
the lack of both biostratigraphic and magnetostratigraphic
data within the MT6 magnetozone of the reference
magnetostratigraphy from the Tethys sections (Hounslow
and Muttoni, 2010). Thus, further studies in both the
Panthalassic deep-sea sections in Japan and the reference
Tethyan sections are required to establish a conclusive
correlation of integrated Anisian bio-magnetostratigraphy
between the two regions.

8. Conclusions

We investigated conodont biostratigraphy in the Ajiro
Island section in Oita Prefecture and the Kurusu section in
Aichi Prefecture. Six conodont biozones were recognised: the
lower Spathian Novispathodus brevissimus-Icriospathodus
collinsoni Zone, the upper Spathian Triassospathodus
homeri Zone, the Aegean Chiosella timorensis Zone, the
Bithynian to Pelsonian Paragondolella bulgarica Zone, the
lower Illyrian Paragondolella excelsa Zone, and the upper
[llyrian to basal Fassanian Paragondolella trammeri Zone,
in ascending order. The age of the radiolarian biozones
previously recognised in the studied sections were assigned
based on conodont biostratigraphy. The TR 1 Zone was
assigned to the upper Spathian to Bithynian (or Pelsonian)
and thus the Olenekian-Anisian boundary is within this
zone. The TR 2A Zone, the TR 2B Zone and most of the
TR 2C Zone are correlated to the Bithynian to Pelsonian
interval. The uppermost part of the TR 2C Zone and the
lower part of the TR 3A Zone are definitely correlated to the
Illyrian. The upper part of the TR 3A Zone and the lower
part of the TR 3B Zone fall within the upper Illyrian to the
basal Fassanian, while the possibility that both intervals are
correlative to the upper Illyrian is more likely. The Anisian-
Ladinian boundary is within the TR 3B Zone or above it,
and further study is needed to clarify its position relative to
the radiolarian biozones. Our conodont data are helpful in
correlating the magnetic polarity zones detected from the
Ajiro Island section to the reference magnetostratigraphy of
the Triassic obtained in the Tethys realm. Further studies will
establish an integrated bio-magnetostratigraphic correlation
between the pelagic Panthalassic deep-sea sections and the
Tethyan sections.

9. Palaeontological notes

(Form species defined by discrete elements rather than
multi-element apparatuses are shown in quotation marks.)

Budurovignathus cf. hungaricus (Kozur & Vegh)
(Plate 1, Figs. 1,2.)
Epigondolella hungarica Kozur & Vegh in Kozur &
Mock, 1972. p. 8-9, Plate 2, Figs. 3-7.
Remarks: This species is distinguished by a short free
blade, a sinuous but unornamented platform and a posterior
process. The platform margins are unornamented unlike
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Correlation of magnetic polarity zones in the Ajiro Island section (Uno ef al., 2012) to the reference

magnetostratigraphy by Hounslow and Muttoni (2010). The range of Ni. kockeli, Pg. bulgarica Group and Pg.
excelsa is not well understood in magnetozone MT6, but they are known to overlap to some extent (Kovacs,
2011; Kozur, 1980). See Fig. 9 for legends of lithofacies and fossil occurrence.

younger species of Budurovignathus.

The specimen illustrated in Plate 1, Fig. 1 has a short
free blade and a sinuous but unornamented platform. The
posterior denticles are broken, and therefore the presence
of a posterior process is not confidently confirmed. The
specimen illustrated in Plate 1, Fig. 2 has a sinuous
platform and a posterior process extending behind the
basal pit, which are characteristics of Budurovignathus.
The posterior platform margin is not pointed, which is a
characteristic only seen in B. hungaricus. The anterior
part is broken, and therefore the presence of a free blade
cannot be confirmed.

Chiosella gondolelloides (Bender)
(Plate 1, Figs. 3, 4, Plate 9, Figs. 1, 2.)
Spathognathodus gondolleloides Bender, 1970. p. 529530,

Plate 10, Figs. 17, 19, 20.
Neospathodus gondolleloides (Bender). Orchard, 1995.
p. 115, Figs. 2.4, 2.5.
Remarks: The specimens are pectiniform elements
characterised by a faint mid-lateral rib. Chiosella timorensis
is similar to Ch. gondolelloides, but the former has a more
developed mid-lateral rib that rises sharply from the
blade, a higher length: height ratio (greater than 2.5:1)
and a smaller basal cavity. Ch. gondolelloides is similar
to Triassospathodus homeri, Triassospathodus brochus
and Novispathodus symmetricus in lateral profile, but the
former can be distinguished from the latter three species
by the presence of a mid-lateral rib. Ch. gondolelloides
differs from 7. brochus also in having more fused denticles.

Chiosella timorensis (Nogami)
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(Plate 1, Fig. 5, Plate 8, Figs. 1-6.)
Gondolella timorensis Nogami, 1968. p. 127-128, Plate
10, Figs. 17-21.
Neogondolella timorensis (Nogami). Koike, 1981. Plate
2, Fig 7.
Chiosella timorensis (Nogami). Goudemand et al.,
2012. Figs. 2.1-14, 3.1-8.
Remarks: The specimens are pectiniform elements
characterised by a prominent mid-lateral rib, small basal
cavity and increasingly inclined denticles at the posterior
end. The specimen illustrated in Plate 1, Figure 5 is a
juvenile form, which is shorter and has a less prominent
mid-lateral rib compared with adult forms. The basal
cavity, which is terminally located, is relatively small. The
specimen is similar to juvenile forms of Ch. gondolelloides,
T. homeri, T. brochus and Nv. symmetricus, but can be
distinguished from the latter four species by the narrower
basal cavity.

Cornudina breviramulis (Tatge)
(Plate 1, Figs. 6-8, Plate 9, Figs. 3, 4.)
Ozarcodina breviramulis Tatge, 1956. p. 139, Plate 5,
Figs. 12.
Cornudina breviramulis (Tatge). Koike, 1996. p.
118-119, Figs. 3.1-3.21.
Cornudina breviramulis (Tatge). Koike, 2016. p.
168-170, Figs. 4.1-4.3.
Remarks: The specimens are angulate pectiniform
elements with a thick long cusp and short anterior and
posterior processes. The anterior process bears up to
four small discrete denticles that increase in size and
inclination to the posterior. The posterior process bears
up to three denticles that are smaller than those of the
anterior process.

Cornudina tortilis Kozur & Mostler (Plate 2, Figs. 2, 3.)
Cornudina tortilis Kozur & Mostler, 1970. p. 432-433,
Plate 1, Figs. 10, 16, 20, 24.
Cornudina tortilis Kozur & Mostler. Koike, 1981. Plate
1, Fig. 34.
Remarks: The specimens are characterised by a short
anterior process and a very long and curved cusp. The
posterior process bears small denticles of equal size.
Cornudina tortilis is considered to be the P2 element of
Co. breviramulis (Koike, 1996, 2016).

Cornudina? igoi Koike

(Plate 1, Fig. 9, Plate 2, Fig. 1, Plate 9, Fig. 5.)

Cornudina igoi Koike, 1996. p. 119—120, Figs. 4.1-4.20.
Remarks: The specimens identified as this species is
distinguished by a long cusp and a very short anterior
process that bears only two denticles. Although this
species may not belong to the genus Cornudina, which
typically has a posterior process, it is tentatively included
in this genus following the original description.

Icriospathodus collinsoni (Solien) (Plate 2, Fig. 5.)

Neospathodus collinsoni Solien, 1979. p. 302303,
Plate 3, Figs. 10, 12-20.
Neospathodus? collinsoni Solien. Koike, 1981. Plate
1, Figs. 42-44.
Remarks: Icriospathodus collinsoni (Solien) is a species
characterised by a biserial row of denticles that form ridges
extending laterally across the element, that commonly
possess short lateral processes. Although the biserial
nature of the denticles cannot be observed in lateral view,
the ridge-like form of the denticles and the lateral process
can be observed in the specimen illustrated in Plate 2,
Fig. 5. This specimen also shows affinity to the holotype
in that the element is relatively low and decreases height
gradually to the anterior. The specimen illustrated in Plate
2, Fig. 6 also shows affinity to the holotype in lateral view,
but the biserial nature and ridge-like form of the denticles
cannot be confirmed.

“Kamuellerella gebzeensis Gedik” (form species)

(Plate 2, Fig. 4, Plate 9, Fig. 6.)

Kamuellerella gebzeensis Gedik, 1975. p. 124-125,

Plate 8, Figs. 1, 2, 4.

Remarks: The specimens are bipennate ramiform elements
characterised by an anterior process that is bent downwards
and bears relatively high denticles, and a posterior process
that bears numerous thin erect denticles.

Neogondolella aequidentata Kozur et al.

(Plate 2, Fig. 7.)

Neogondolella aequidentata Kozur et al., 1994a. p.

278-279, Plate 2, Figs. 5-9.

Remarks: This species is characterised by a curved element
with a platform that runs its entire length and a high carina
of uniform height. The lateral platform margins are sub-
parallel. Neogondolella regale also has a carina of uniform
height, but it is not arched and it has more fused denticles.

Neogondolella cf. hastata Golding & Orchard

(Plate 2, Figs. 8-11.)

Neogondolella hastata Golding & Orchard, 2016. p.

12051206, Fig. 9.

Remarks: The specimens are characterised by a platform
that extends from the anterior end to the anterior side of
the base of the large terminal cusp and a uniform carina
of discrete denticles. The platform is widest around mid-
length. It does not surround the cusp, and terminates before
the cusp in juvenile forms. The cusp is conspicuously
higher and thicker than the other denticles.

Neogondolella aff. hastata Golding & Orchard

(Plate 3, Figs. 1,2.)
Remarks: The specimens are similar to Neogondolella
hastata in having a platform that is widest around
mid-length and terminates at the anterior base of the
conspicuously large cusp, and a relatively low carina of
uniform height. However, their carina is composed of
fused denticles as opposed to discrete denticles in Ng.
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hastata. This species differs from Ng. regale in having a
thick and high cusp.

Neogondolella pridaensis (Nicora, Kozur & Mietto)

(Plate 3, Fig. 3.)

Neogondolella pridaensis Nicora et al., 1981. p.

762-763, Plate 89, Figs. 1-9.

Remarks: The specimen is characterised by a reduced
platform and a large terminal cusp. The platform terminates
in a rib surrounding the posterior side of the cusp. The
denticles are of even height and are fused. Species of
Paragondolella differ from Neogondolella pridaensis in
having a well-developed platform, which is particularly
evident near the posterior end.

Neogondolella cf. regale Mosher (Plate 3, Fig. 4.)
Neogondolella regale Mosher, 1970. p. 741-742, Plate
110, Figs. 1, 2,4, 5.
Neogondolella regale Mosher. Nicora, 1977. Plate 5,
Figs 1-7.
Remarks: This species is distinguished by an almost
straight element with a well-developed platform that runs
almost its entire length, and a high carina of uniform height
composed of moderately fused denticles. The platform has
mostly uniform width throughout its length, and does not
surround the terminal denticle. The specimens from the
Ajiro Island sections show these characteristics, although
they are partly not visible.

Neogondolella shoshonensis Nicora
Neogondolella shoshonensis Nicora, 1976. p. 640—642,
Plate 83, Figs. 1-15, Plate 84, Fig. 17.

Remarks: This species is distinguished by a well-developed
platform, a low carina that becomes extremely low around
mid-length and an enormous, posteriorly reclined cusp
with a large basal area that dominates the posterior end.
Some of the specimens identified as “post-Bithynian type
Neogondolella” (Plate 3, Figs. 5, 6) display the latter two
features, but the platform is not well preserved. Therefore,
the specific identification of these specimens is pending.
Other specimens identified as “post-Bithynian type
Neogondolella” (Plate 3, Figs. 7-9) are similar to Ng.
shoshonensis, but some important characters are different
or unconfirmed. The specimens illustrated in Plate 3, Fig.
7 and Fig. 8 have a large cusp and a very low carina,
but the cusp does not recline posteriorly. The specimen
illustrated in Plate 3, Fig. 9 has a very low anterior carina
and an enormous cusp that reclines posteriorly, but the
middle part of the carina is not visible.

“Neohindeodella aequiramosa Kozur & Mostler” (form

species) (Plate 3, Figs. 10, 11.)

“Neohindeodella cf. aequiramosa Kozur & Mostler”

(Plate 8, Fig. 8.)

Neohindeodella aequiramosa Kozur & Mostler, 1970.
p. 445-446, Plate 2, Figs. 1,2, 4, 5,7, 8.

Neohindeodella aequiramosa Kozur & Mostler. Koike,

1982. Plate 8, Figs. 35-37.

Remarks: The specimens are bipennate ramiform elements
characterised by an anterior process that bears relatively
large, anteriorly reclined denticles. The basal margin is
deflected downwards below the cusp and forms a convex
down outline below the anterior process. The specimen
illustrated in Plate 8, Fig. 8 is identical to “Neohindeodella
aequiramosa’ in the configuration of the basal margin and
the denticulation of the anterior process, but its cusp and
much of the posterior process is broken.

“Neohindeodella benderi (Kozur & Mostler)” (form
species) (Plate 3, Figs. 12, 13, PL. 10, Figs. 1, 2.)
Hindeodella benderi Kozur & Mostler, 1970 p. 440441,
Plate 2, Figs. 10, 11, 13.
Neohindeodella benderi (Kozur & Mostler). Koike,
1981. Plate 1, Fig. 14.
Remarks: The specimens are bipennate ramiform elements
marked by a short anterior process that is conspicuously
downturned and bears an enormous denticle at the anterior
end. Apart from this large denticle, there are no denticles
or only one or two minute denticles on the anterior process.
This form species is identical to the S elements of the
apparatus of Neostrachanognathus sp. A in Agematsu et
al. (2008), which is referred to as Neostrachanognathus
tahoensis in this paper.

“Neohindeodella triassica (Miiller)” (form species)

(Plate 4, Fig. 1-3.)

Hindeodella triassica Miiller, 1956. p. 826, Plate 96,

Figs. 4, 5.
Neohindeodella triassica (Miiller). Koike, 1981. Plate
1, Fig. 25.
Neohindeodella triassica (Miiller). Koike, 1982. Plate
8, Figs. 21-30.
Remarks: The specimens are bipennate ramiform elements
distinguished by a large cusp and denticles that are upright
at the anterior and become reclined in the posterior part.
The basal margin is convex under the cusp, and is relatively
straight to the posterior. There is a short anterior process
with relatively large denticles near the anterior end. “Nh.
aequiramosa’ differs from this species in the bending
of the element below the cusp and the configuration of
the basal margin, which is convex downwards below the
anterior process and not below the cusp.

This form species is considered to be the S3/4 elements
of Cornudina breviramulis (Koike, 2016), and also
shows affinity to the S3 element of the apparatus of
Triassospathodus reconstructed by Orchard (2005).

Neostrachanognathus tahoensis Koike.
(Plate 10, Fig. 3.)
Neostrachanognathus tahoensis Koike, 1998.p. 127-128,
Figs. 9.10, 9.14, 9.16-23.
Neostrachanognathus sp. A. Agematsu et al., 2008. Fig. 8.
Remarks: This specimen is a coniform element with a
posteriorly elongated basal area. Agematsu et al. (2008)
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redefined the original definition of Neostrachanognathus
tahoensis by Koike (1998), and argued that the P1 element
of this species is a coniform element without a posterior
clongation of the basal area. However, the holotype of
Nc. tahoensis has a posterior elongation of the basal area.
Agematsu et al. (2008) also described another species
of Neostrachanognathus (Neostrachanognathus sp.
A), which has a coniform P1 element with a posterior
elongation of the basal area, and is assigned here to Nc.
tahoensis. The S element of Nc. tahoensis in Agematsu et
al. (2008) (their Neostrachanognathus sp. A) is identical
to “Nh. benderi” .

Nicoraella kockeli (Tatge) (Plate 4, Fig. 4.)
Ozarkodina kockeli Tatge, 1956. p. 137, Plate 5, Figs.
13, 14.
Neospathodus kockeli (Tatge). Koike, 1982. Plate 6,
Figs. 2-11.
Remarks: The specimens are pectiniform elements
characterised by an angular profile of the upper margin
due to the denticles decreasing in height in both anterior
and posterior directions from the conspicuously wide
cusp. The cusp is located posterior to the mid-length of
the elements. The decrease in height of the denticles is
rapid to the posterior side of the cusp. The basal cavity is
not expanded laterally, and is positioned slightly anterior
from the posterior end. This species is distinguished from
Novispathodus abruptus by the forward-shifted position
and unflared configuration of the basal cavity, and from
T. homeri by the small basal cavity.

Novispathodus abruptus (Orchard) (Plate 4. Fig. 5.)
Neospathodus abruptus Orchard, 1995. p. 118-119,
Figs. 3.16-3.19, 3.23-3.26.
Remarks: The specimens are pectiniform elements
characterised by denticles that decrease height rapidly at
the posterior end, resulting in the arcuate outline of the
upper margin. This species is distinguished from 7. homeri
by the lack of a distinct posterior process.

Novispathodus brevissimus (Orchard) (Plate 4, Fig. 6.)
Neospathodus triangularis (Bender). Koike, 1981. Pl.
1, Fig. 6.
Neospathodus brevissimus Orchard, 1995. p. 119, Figs.
3.14-3.15,3.20-3.22.
Remarks: The specimen is characterised by a blade
composed of thin fused denticles and a basal cavity that
expands widely in lateral directions and truncates abruptly
at the posterior end. The height of the blade is equal for
almost its entire length, giving the element a quadrate
outline in lateral view.

Novispathodus symmetricus (Orchard)
(Plate 4, Figs. 7-10, Plate 10, Figs. 4, 5.)
Neospathodus symmetricus Orchard, 1995. p. 120121,
Figs. 2.6,2.10-2.13, 2.18.
Remarks: The specimens are pectiniform elements

characterised by sub-equal denticles that are slightly
to moderately inclined to the posterior. This species is
distinguished from 7. homeri by the lack of a posterior
process and abrupt truncation of the basal cavity, and from
T. brochus by the more fused denticles and the lack of
radiating denticles at the posterior end. Orchard (2007)
assigned Nv. symmetricus to the genus Triassospathodus,
which was distinguished from Novispathodus based on
differences in their multielement apparatus (Orchard,
2005), but the apparatus of this particular species is yet
to be reconstructed. As far as the P1 element is concerned,
Nv. symmetricus is closer to Nv. abruptus than to 7. homeri
in that it lacks a well-developed posterior process. Hence,
we include Nv. symmetricus in Novispathodus.

Novispathodus triangularis (Bender)
Spathognathodus triangularis Bender, 1970. p. 530,
Plate 5, Fig. 22.
Neospathodus triangularis (Bender). Orchard, 1995. p.
116, 118, Figs. 3.1-3.4.
Remarks: Novispathodus triangularisi (Bender) was
redefined by Orchard (1995) as a species with a conspicuous
fold on the upper surface of the basal cup, that extends
vertically to a sub-terminal cusp. The specimen illustrated
in Plate 4, Figure 11 has a vertical groove above the basal
cup, which may be the “fold” described by Orchard
(1995). The specimen also has a length-height ratio similar
to the specimens illustrated by Orchard (1995). However,
the poor preservation of the specimen makes it difficult to
make a conclusion.

Paragondolella bulgarica Group (Plate 5, Fig. 2-8.)
Paragondolella cf. bulgarica Group (Plate 5, Fig. 1.)
Paragondolella bulgarica Budurov & Stefanov, 1975.
p. 794, Plate 1, Figs. 1-23.
Neogondolella bulgarica (Budurov & Stefanov).
Nicora, 1977. Plate 5, Figs. 8—14.
Neogondolella bulgarica (Budurov & Stefanov). Koike,
1981. Plate 2, Figs. 1-3.
Neogondolella bulgarica (Budurov & Stefanov). Koike,
1982. Plate 4, Figs. 1-19, 22-24.
Paragondolella bifurcata Budurov & Stefanov. Chen et
al., 2016a. p. 728, Fig. 2.
Neogondolella unilobata Gedik, 1975. p. 133-134,
Plate 1, Figs. 9-25.
Neogondolella hanbulogi Sudar & Budurov, 1979. p.
50-51, Plate 1, Figs. 9, 10, Plate 2, Figs. 1-9, Plate
3, Figs. 1-12.
Remarks: This group is distinguished by an arched element
and a high-carina of moderately fused denticles that ends
with a strong terminal cusp. A small denticle is often
present behind the cusp. The last denticle is sometimes
fused to the posterior brim of the platform. In juvenile
specimens, the platform is not developed (Plate 5, Fig.
6) or confined to the posterior part (Plate 5, Figs. 4, 5).
In later stages, the platform runs almost its entire length.
These characteristics match with those of Paragondolella
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bulgarica.

In juvenile stages, Pg. bulgarica is very similar to
Paragondolella bifurcata, which is considered as a
descendant of the former species (Chen et al., 2016a).
Since our specimens are almost entirely juveniles, it is
impossible to separate them into the two species. We also
follow Nicora (1977) and Chen et al., (2016a) in treating
Paragondolella unilobata as a junior synonym of Pg.
bulgarica. Therefore, we will include Pg. bifurcata and
Pg. unilobata in the Pg. bulgarica Group. In addition,
Kovécs and Rélisch-Felgenhauer (2005) reported
transitional morphotypes between both these two species
and Paragondolella hanbulogi. Hence, Pg. hanbulogi is
also included in the Pg. bulgarica Group.

Paragondolella excelsa Group (Plate 5, Figs. 9-14.)
Paragondolella excelsa Mosher, 1968a. p. 938-939,
Plate 118, Figs. 1-8.
Paragondolella excelsa Mosher. Mosher, 1968b. Plate
120, Figs. 1-7.
Gondolella liebermani Kovacs & Krystyn in Kovacs,
1994. p. 492493, Plate 6, Figs. 1-3.
Gondolella fueloepi Kovacs, 1994. p. 493.
Gondolella fueloepi fueloepi Kovacs, 1994. Plate 7,
Figs. 2, 3, PL. 8, Fig. 4.
Gondolella fueloepi pseudobifurcata Kovacs, 1994.
Plate 8, Figs. 1, 3.
Remarks: The specimens are segminiplanate elements
with a high blade and a thick platform developed in the
posterior part of the element that surrounds the terminal
cusp. The cusp is thick, reclined posteriorly and its tip is
lower than the anterior denticles. These characteristics
match with juvenile forms of Paragondolella excelsa. In
adult forms, this species is characterised by a carina that
is high at the anterior and decreases height posteriorly
ending in a node-like cusp, and a massive platform that
surrounds the terminal denticle. The low, thick cusp and
well-developed platform in our specimens are regarded
as a precursor of these adult characters. Paragondolella
liebermani and Paragondolella fueloepi also has a
carina that decreases to a low, node-like cusp and a thick
platform that surrounds the posterior end. Hence, we treat
Pg. excelsa, Pg. liebermani and Pg. fueloepi as the Pg.
excelsa Group, although juvenile characters of the latter
two species have not been thoroughly investigated.
In juvenile stages, the Pg. excelsa Group somewhat
resembles the Pg. bulgarica Group, but the former has
a thicker platform and a lower and more reclined cusp.

Paragondolella trammeri Group (Plate 6, Figs. 1-7.)

Gondolella haslachensis trammeri Kozur and Mock,
1972. p. 13, Plate 1, Figs. 3-7.

Paragondolella trammeri (Kozur) Kozur et al., 1994b.
p- 176178, Plate 2, Figs. 19, 23, 24. Plate 3, Figs.
10, 13, 16.

Gondolella alpina Kozur & Mostler, 1982. p. 292-293,
Plate 1, Fig. 1, Plate 2, Figs. 4, 5.

Gondolella alpina alpina Kozur & Mostler. Kovacs,
1994. p. 488-489, Plate 4, Figs. 2, 4, Plate 5, Figs.
1-3.

Remarks: The specimens are segminiplanate elements
characterised by a large posteriorly reclined cusp and a
platform that merges at the posterior end into a pointed
denticle behind the cusp. The platform is thicker in larger
specimens (Plate 6, Fig. 6) reflecting ontogenic growth.
These characters match with those of Paragondolella
trammeri. Paragondolella alpina is similar to Pg.
trammeri, but can be distinguished from the latter in
adult specimens by the presence of a free blade. Immature
specimens of Pg. alpina have not been well studied. We
withhold from conclusively differentiating the two species
in our specimens, and refer to them as the Pg. trammeri
Group.

In earliest growth stages, the Pg. trammeri Group
somewhat resembles late juvenile stages of the Pg.
bulgarica Group in having a pointed posterior platform
end behind the cusp. However, the former differs from
the latter in the lower and more discrete denticles, and
the higher cusp. In later juvenile stages, the Pg. trammeri
Group differs from the Pg. bulgarica Group in having a
thicker platform. Pg. trammeri Group is distinguished
from the Pg. excelsa Group in having a small terminal
denticle fused to the posterior brim of the platform.

Triassospathodus anhuinensis (Ding) (Plate 6, Fig. 8.)
Neospathodus anhuinensis Ding, 1983. p. 44, Plate 5,
Figs. 9, 10.
Remarks: The specimen is characterised by a blade
composed of small and fused denticles and a well-
developed posterior process that occupies around one third
of the element. It differs from 7. homeri in having a much
longer posterior process and smaller denticles.

Triassospathodus brochus (Orchard) (Plate 7, Fig. 1.)

Triassospathodus cf. brochus (Orchard) (Plate 7, Fig. 2.)

Neospathodus brochus Orchard, 1995. p. 119, Figs.

3.27,3.28, 3.35, 3.36.

Remarks: This species is distinguished by a pectiniform
element that possesses relatively discrete denticles that
become increasingly reclined near the posterior end, so
that the terminal denticle is orientated at a low angle to the
basal margin. This species is distinguished from 7. homeri
by the more discrete denticles and radiating denticles at
the posterior end.

The specimen illustrated in Plate 7, Fig. 2 is partly
broken at the anterior side, but the observed features are
identical to those of 7. brochus.

Triassospathodus homeri (Bender)

(Plate 7, Figs. 3-6, PI. 10, Figs. 6, 7.)

Spathognathodus homeri Bender, 1970. p. 528-529,
Plate 5, Figs. 16, 18.

Neospathodus homeri (Bender). Orchard, 1995. p.
115-116, Figs.2.1-2.3,2.7-2.9,2.14-2.17,2.20-2.21.



Conodont-based age calibration of Anisian radiolarian biozones (Muto et al.)

Remarks: The specimens are pectiniform elements marked
by a short posterior process that bears up to five denticles.
The posterior process is commonly downturned and bears
denticles that are sometimes smaller than the anterior
process. This species is distinguished from Nv. abruptus
and Nv. symmetricus by the presence of the distinct
posterior process.
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Plate 1  Stereo-photographs and sketches of conodonts from the Ajiro Island section. Figs. 3—5 are reversely arranged so
that the moulds appear as casts. All other figures are normally arranged. Scale bars are 200 pm.

1, 2: Budurovignathus cf. hungaricus (Kozur & Vegh). Sample AJR 724+2.4m.

3, 4: Chiosella gondolelloides (Bender). 3. Sample AjL-B. 4. Sample 151005-13.

5: Chiosella timorensis (Nogami). Sample AjL-1-B.

6-8: Cornudina breviramulis (Tatge). 6. Sample 170627-02. 7. Sample 170627-03. 8. Sample AJR 724+1.9m.
9: Cornudina? igoi Koike. Sample AJR 0.
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Plate 2 Stereo-photographs and sketches of conodonts from the Ajiro Island section. Fig. 5 is reversely arranged so that
the mould appears as a cast. All other figures are normally arranged. Scale bars are 200 pm.

1: Cornudina? igoi Koike. Sample AJR 144.

2, 3: Cornudina tortilis Kozur & Mostler. 2. Sample AJR 722. 3. Sample AJR 724+1.9m.

4: “Kamuellerella gebzeensis Gedik”. Sample 170627-02.

5: Icriospathodus collinsoni (Solien). Sample AjL-C.

6: Icriospathodus sp.? Sample AjL-C.

7: Neogondolella aequidentata Kozur. Sample AJR 724+2.4m.

8—11: Neogondolella ct. hastata Golding & Orchard. 8, 9. Sample 160627-02. 10, 11. Sample 160627-03.
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Plate 3  Stereo-photographs and sketches of conodonts from the Ajiro Island section. Fig. 12 is reversely arranged so that the mould
appears as a cast. All other figures are normally arranged. Scale bars are 200 pm.

1, 2: Neogondolella aft. hastata (Golding & Orchard). Sample 170627-03.

3: Neogondolella pridaensis (Nicora, Kozur & Mietto). Sample AJR 724+2.4m.

4: Neogondolella cf. regale Mosher. Sample 170627-03.

5-9: post Bithynian type Neogondolella. 5, 7. Sample 170627-03. 6. Sample AJR 577. 8. Sample AJR 310. 9. Sample AJR 517.
10, 11: “Neohindeodella aequiramosa Kozur & Mostler”. 10. Sample AJR 144. 11. Sample 170627-02.

12, 13: “Neohindeodella benderi (Kozur & Mostler)”. 12. Sample 151005-13. 13. Sample AJR 0.
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Plate 4  Stereo-photographs and sketches of conodonts from the Ajiro Island section. Figs. 5, 7-11 are reversely arranged
so that the moulds appear as casts. All other figures are normally arranged. Scale bars are 200 pm.

1-3: “Neohindeodella triassica (Miiller)”. 1. Sample AJR 144. 2. Sample AJR 517. 3. Sample AJR 724+1.9m.
4: Nicoraella kockeli (Tatge). Sample AJR 101.

5: Novispathodus abruptus (Orchard). Sample 150615-21.

6: Novispathodus brevissimus (Orchard). Sample AjL-C.

7-10: Novispathodus symmetricus (Orchard). 7. Sample 150615-21. 8. Sample AjL-B. 9. Sample 151005-13.
10. Sample 160819-03.

11: Novispathodus sp. indet. Sample AjL-B.
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Plate 5 Stereo-photographs and sketches of conodonts from the Ajiro Island section. All
figures are normally arranged. Scale bars are 200 pm.

1: Paragondolella sp. cf. Paragondolella bulgarica Group. Sample 151015-08.5.
2-8: Paragondolella bulgarica Group. 2. Sample AJR 0. 3, 4. Sample AJR 144.
5. Sample AJR 310. 6, 7. Sample AJR 517. 8. Sample AJR 577.
9-14: Paragondolella excelsa Group. 9. Sample AJR 517. 10-12. Sample AJR
577.13. Sample AJR 722. 14. Sample AJR 724+2.4m.
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Plate 6  Stereo-photographs and sketches of conodonts from the Ajiro Island section. Fig. 8 is reversely arranged so
that the mould appears as a cast. All other figures are normally arranged. Scale bars are 200 um.

1-7: Paragondolella trammeri Group. 1. Sample AJR 603—-605. 2—4. Sample AJR 630. 5. Sample AJR 722.

6, 7. Sample AJR 724+1.9m.
8: Triassospathodus anhuinensis (Ding). Sample 150616-29.
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Plate 7 Stereo-photographs and sketches of conodonts from the Ajiro Island section. All figures are reversely
arranged so that the moulds appear as casts. Scale bars are 200 pm.

1: Triassospathodus brochus (Orchard). Sample 151005-13.

2: Triassospathodus cf. brochus (Orchard). Sample 151005-13.

3-6: Triassospathodus homeri (Bender). 3. Sample 150615-21. 4. Sample AjL-B. 5. Sample 151005-13.
6. Sample AjL1-A.
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Plate 8 Stereo-photographs and sketches of conodonts from the Kr-2-YK section. All figures are normally
arranged. Scale bars are 200 pum.

1-6: Chiosella timorensis (Nogami). 1-3. Sample Kr1-04. 4. Sample Kr1-03. 5, 6. Sample Kr1-02.

7: Chiosella sp. Sample Kr1-04.
8: “Neohindeodella cf. aequiramosa Kozur & Mostler”. Sample Kr1-03.
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Plate 9  Stereo-photographs and sketches of conodonts from the Kr-2-I section. All figures are normally
arranged. Scale bars are 200 pm.

1, 2: Chiosella gondolelloides (Bender). 1. Sample Kr2-01. 2. Sample Kr2-03.
3, 4: Cornudina breviramulis (Tatge). Sample Kr2-01.

5: Cornudina? igoi Koike. Sample Kr2-01.

6: “Kamuellerella gebzeensis Gedik”. Sample Kr2-03.
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Plate 10 Stereo-photographs and sketches of conodonts from the Kr-2-I section. All figures are
normally arranged. Scale bars are 200 um.

1, 2: “Neohindeodella benderi (Kozur & Mostler)”. Sample Kr2-01.

3: Neostrachanognathus tahoensis Koike. Sample Kr2-01.

4, 5: Novispathodus symmetricus (Orchard). Sample Kr2-01.

6, 7: Triassospathodus homeri (Bender). 6. Sample Kr2-01. 7. Sample Kr2-03.
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Ayako Kawatani, Katsuo Sashida, Sachiko Agematsu and Naoki Kohno (2019) Radiolarian fossils from
the Miocene Tsurushi Formation distributed in Sado Island, Niigata Prefecture, Japan. Bull. Geol. Surv.
Japan, vol. 70 (1/2), p.91-99, 4 figs, 1 table, 1 plate.

Abstract: The Middle Miocene Tsurushi Formation distributed in Sado Island is composed of the lower
basalt and upper mudstone. This formation is important to elucidate the geohistory of Sado Island and the
expansion process of Japan Sea.

We tried to clarify the geologic age of the Tsurushi Formation by using biostratigraphical data on
microfossils from this formation. We identified radiolarian fossils from three sites (Sites 1 to 3) of the
Tsurushi Formation and correlated the radiolarian assemblages with the previously proposed radiolarian
zones. At the Site 1, we discriminated Eucyrtidium inflatum. E. inflatum indicate the E. inflatum Zone,
which corresponds to 15.3-11.7 Ma. At the Site 2, E. inflatum, Lychnocanoma kamtschatica and
Lychnocanoma magnacornuta were identified. On the basis of the occurrences of these species, the
formation of the Site 2 can be correlated with the E. inflatum Zone (15.3—11.7 Ma) to the L. magnacornuta
Zone (11.7-9.1 Ma). L. kamtschatica has been reported only from the high latitudes of the North Pacific.
The occurrence of this species from the Tsurushi Formation is its first occurrence from the Japan Sea
region. At the Site 3, relatively a lot of specimens of Cyrtocapsella tetrapera and Cyrtocapsella japonica
are identified, which indicate the Subzone a of the E. inflatum Zone or older zones.

Keywords: Miocene, radiolaria, Japan Sea, Tsurushi Formation
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Fig. 1 Map of the study area. Topographic map is from the GIS map (https://maps.gsi.go.jp/#16/37.862158/138.294353/&base=std
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A, Location map of Sado Island. B, Location map of samples. C, Location map of Site 1 and Site 2. D, Location map of Site 3.
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Fig. 2 Columner section and stratigraphic occurrence of
radiolarian fossils of the Tsurushi Formation at Site 1.
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Fig. 3 Columner section and stratigraphic occurrence of radiolarian fossils of the Tsurushi Formation at Site 2.
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Fig. 4 Columner section and stratigraphic occurrence of
radiolarian fossils of the Tsurushi Formation at Site 3.
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Table 1

List of radiolarian fossils.

Site 2 Site 3

Sample number

H28-01
H28-02
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0 0 0 03
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Haliomma sp.

Lipmanella redondoensis

Lychnocanoma kamtschatica
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Theoperidae gen. et sp. indet.
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Article

Summer surface water polycystine radiolarians
in the eastern margin of the Japan Sea

Naoto Ishida"”

Naoto Ishida (2019) Summer surface water polycystine radiolarians in the eastern margin of the Japan
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Abstract: In late August 2014, a living polycystine radiolarian assemblage was collected from the
surface waters off the shore of Sakata, Yamagata Prefecture, in the eastern margin of the Japan Sea.
The assemblage was dominated by the spumellarian Spongosphaera streptacantha, and included a
few individuals of Pseudocubus obeliscus and Tetrapyle octacantha. The intraspecific variation in S.
streptacantha observed in the main spine and spongiose layer was thought to reflect skeletal growth.
Morphometric analysis of the main spine and spongiose layer indicated that most individuals of S.
streptacantha were growing. On the sampling day, the surface water attained the annual maximum water
temperature and was strongly influenced by the Tsushima Warm Current. S. streptacantha inhabited the
summer surface water of this ocean area almost exclusively.

Keywords: living radiolarian assemblage, summer surface water, Spongosphaera streptacantha Haeckel,

Tsushima Warm Current, Japan Sea

1. Introduction

The Japan Sea is a mid-latitude marginal sea enclosed
by the Eurasian Continent, Japanese Islands, and Sakhalin
(Fig. 1A). The surface water in the southeastern half of the
Japan Sea is strongly influenced by the Tsushima Warm
Current (TWC), which flows into the Japan Sea through
the Tsushima Strait in the southwest and exits through the
Tsugaru and Soya (La Perouse) straits in the northeast.
Microplankton in the surface water of the TWC drift north
and develop ontogenetically and heterogenetically under
the influence of the warm water, salinity, and nutriments.

Polycystine radiolarians are useful paleoenvironmental
indicators in the Japan Sea. Over the last 15 years, our
knowledge of radiolarians in the Japan Sea has increased
based on investigations using core sediments (e.g. Itaki,
2001; Itaki and Ikehara, 2003), surface sediments (e.g.
Itaki, 2003; Motoyama et al., 2016), and living material
(e.g. Matsuoka et al., 2001; Itaki et al., 2003). This study
reports a living polycystine radiolarian assemblage in the
high summer surface waters of the eastern margin of the
Japan Sea. The assemblage provides useful information
on the skeletal growth of the radiolarian Spongosphaera
streptacantha and is very suggestive of the seasonal
change in surface-water radiolarians in the Japan Sea.

2. Oceanographic condition

Figure 1A shows the surface currents in the Japan Sea
on the sampling day. After entering through the Tsushima
Strait, the TWC branched, meandered, and eddied in the
southeast Japan Sea and flowed toward the northeast
at less than 1 knot (Japan Coast Guard, 2014a). On the
sampling day, one of the main currents of the TWC passed
through the Sado Strait and streamed along the west coast
of Honshu, the main island of Japan. In 2014, the surface
water temperature at the sampling site reached the annual
maximum of 26-27 °C from August 25 to 27 (Japan Coast
Guard, 2014b).

3. Sampling site and methods

The radiolarian assemblage investigated in this study
was collected by the research vessel Kaiyomaru No. 3
(Kaiyo Engineering) in the early morning of August 26,
2014. The sampling was conducted at a site located about
65 km off the shore of Sakata, Yamagata Prefecture (38°
59’ 44” N, 139° 17" 46” E; Fig. 1B). A 200-mm-diameter,
450-mm-long plankton net with a 72-um mesh, was
used for the sampling. The net was towed by hand for
25 minutes at a depth of 10—15 m. The volume of water
filtered while sampling was not estimated.
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140° Sakhalin

Eurasian
Continent

Fig. 1 A) Geographical setting of the Japan Sea and surface currents on the sampling day (from the Japan
Meteorological Agency, 2014). Abbreviations are as follows: TWC, Tsushima Warm Current; TSS,
Tsushima Strait; TGS, Tsugaru Strait; SYS, Soya (La Perouse) Strait; TTS, Tatar Strait. The black
square indicates the area in B. B) Map showing the geography around the sampling site located off
Sakata, Yamagata Prefecture. The sampling site is indicated by the asterisk.

The sample was placed in ca. 10 % hydrogen peroxide
for several days to remove organic matter from the
radiolarians. After rinsing with dilute hydrochloric acid
to eliminate carbonates, the sample was sieved through
a 41-um mesh. The residue on the sieve was mounted
on glass slides using “Entellan New” mounting medium.
Radiolarians were observed and photographed by
transmitted light using a biological microscope.

4. Radiolarians

4.1 Faunal composition

The sample contained 48 polycystine radiolarians, of
which 42 were Spongosphaera streptacantha Haeckel
(87.5 %); a few Pseudocubus obeliscus Haeckel and
Tetrapyle octacantha Miiller were also found. Figure 2
shows photomicrographs of the radiolarian species and
individuals from the sample.

4. 2 Morphologic variation of Spongosphaera streptacantha

Haeckel (1860) originally described the spumellarian
species S. streptacantha. According to Kurihara and
Matsuoka (2004), a typical specimen of S. streptacantha is
composed of three main elements: the microsphere, main
spine, and spongiose layer (Fig. 2-1). The microsphere
consists of two concentric microspheres, the inner and
outer microspheres, which are situated in the center of the

skeleton. Six to nine main spines arise from the surface
of the outer microsphere. A main spine has three distinct
ridges and grooves and is Y-shaped in cross-section.
Teeth-like apophyses are arrayed along the ridges of the
main spines.

Wide intraspecific variation was recognised in S.
streptacantha in this assemblage. The microsphere and
main spine were observed in all specimens, whereas
the spongiose layer was sometimes absent. Figure 3
summarises the diameter of the outer microsphere, length
of the main spine, and diameter of the spongiose layer of
37 specimens. The outer microsphere diameter ranged
from 35.4 to 41.7 (mean = 1¢: 38.1 = 1.6) um and was
fairly uniform, while the length of the main spine and
diameter of the spongiose layer ranged widely (Fig. 3).
This study subdivided S. streptacantha into three classes
based on the developmental of the spongiose layer.

4.2.1 Morphotype-A

Nineteen specimens that lacked the spongiose layer
were classified into Morphotype-A. Figure 4 shows three
typical specimens of Morphotype-A. The main spines of
this morphotype were shorter than those of Mophotypes-B
and -C (Fig. 3). The specimen in Figure 4-1 had a 44-um-
long main spine, which was the shortest in the study
assemblage. The main spines tapered toward the tips and
were fairly slender compared with those of the specimens
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Fig. 2 Transmitted light photomicrographs and list of polycystine radiolarians in the study assemblage. 1) Spongosphaera
streptacantha Haeckel. The specimen ID and skeletal characters are indicated. 2, 3) Pseudocubus obeliscus
Haeckel. 4) Tetrapyle octacantha Miiller. 5) Nassellaria gen. et sp. indet.
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Fig. 3 The diameters of the outer microsphere, lengths of the main spine, and diameters of the spongiose layer of

37 specimens of Spongosphaera streptacantha in the study assemblage. S. streptacantha was subdivided into

Morphotypes-A, -B, and -C based on the development of the spongiose layer. The black diamond with “d”
indicates specimens with a delicate layer in the spongiose layer.
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Fig. 4 Transmitted light photomicrographs of Spongosphaera streptacantha without a spongiose layer (Morphotype-A).
The specimen ID is indicated in each photograph. 1) A specimen with short main spines. The left main spine is
44 pum long. 2, 3a) Specimens with longer main spines. 3b) Close-up view of the main spine of the specimen
in 3a. Ridges and grooves are recognised only at the base and no serrated apophysis is seen. The base of the

main spine is 3.4 pm wide.

in Figures 4-2 and 4-3.

The specimens shown in Figures 4-2 and 4-3 had main
spines 87 and 131 pm in length, respectively. Distinct
ridges and grooves were recognised only at the bases of
these main spines (Fig. 4-3b). The main spine shown in
Figure 4-3b was 3.4 um wide at the base. Although teeth-
like apophyses were visible along the edges of the main
spines of Morphotypes-B and -C, as described below,
none were observed in specimens of Morphotype-A (Fig.
4-3b).

4. 2.2 Morphotype-B

Seventeen individuals were classified as Morphotype-B,
which had a weakly developed spongiose layer (<120
um in diameter). Figure 5 shows three specimens of
Morphotype-B. The specimen shown in Figure 5-1 had a
faint spongy network around the microsphere. The main
spines, 248 um in length, tapered distally, like those in
Figure 4.

The specimens in Figures 5-2a and 5-3 had sparsely
developed spongiose layers. The main spines of these
specimens were over 300 um in length; that of specimen
in Figure 5-3 was 402 pm long and was the longest in the
study assemblage. Distinct thin ridges and grooves were
recognised proximally and distally on the main spine in
Figure 5-2b. The maximum width of the main spine was
5.5 um. Weakly developed teeth-like apophyses were
visible at the edges of the ridges and were connected with
the spongiose layer at the proximal part of the main spine.

4. 2.3 Morphotype-C

Six individuals were classified into Morphotype-C,
which had a large, dense developed spongiose layer
(>120 um in diameter). Three typical specimens of
Morphotype-C are shown in Figures 2-1, 6-1, and Fig.
6-2. The total length of the main spines of Morphotype-C
was unknown because most of the main spines longer

than 150 pm were broken (Fig. 3). Figure 6-1b shows
a close-up view of a main spine of Morphotype-C. The
maximum width of the main spine was 10.3 um. Teeth-like
apophyses were visible at the edges of ridges. A delicate
layer was recognised only in two specimens with larger
(>200 um in diameter) spongiose layers (Fig. 3). The
specimen in Figure 6-2 possessed a delicate layer in part
of the outer rim of the spongiose layer.

5. Discussion

5.1 Intraspecific variation of Spongosphaera streptacantha

This study focused on the morphological variation of
S. streptacantha in terms of the diameter of the outer
microsphere, length of the main spine, and diameter
of the spongiose layer. Previously, Kurihara and
Matsuoka (2004) examined the skeletal development of
S. streptacantha in 19 specimens that had spongiose layers
ranging from 122.8 to 351.4 um in diameter, which would
be classified into Morphotype-C of this study. By contrast,
as most specimens in the study assemblage were classified
into Morphotype-A or -B, this study can examine the early
stage of skeletal development of S. streptacantha.

All specimens had microspheres in the centers of the
skeletons and the diameters were quite uniform (Fig. 3).
The microsphere is evidently formed in the initial stage
of morphogenesis before the formation of the main spine
and spongiose layer. Matsuoka (2017) shows a specimen
of S. streptacantha with extremely short main spines, ca.
10 pm in length.

The lengths of main spines were distributed continuously
from 44 to 402 um (Fig. 3). The width and structure of the
main spine developed gradually in tandem with the length,
as is shown in Figures 4-3b, 5-2b, and 6-1b. This character
variation is considered to be a process of accretionary
skeletal growth.

The spongiose layer forms in the latter stage of skeletal
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Fig. 5 Transmitted light photomicrographs of Spongosphaera streptacantha with a weakly developed
spongiose layer (Morphotype-B). The specimen ID is indicated in each photograph. 1) A specimen
with slightly developed spongiose layer. The main spines of this specimen are thread-like and taper
at the top. The main spine is 248 pm long. 2a) A specimen with main spines with distinct ridges
and grooves. The spongiose layer is clearly observed. 2b) Close-up view of the main spine of the
specimen shown in 2a. Weakly developed serrated edges are seen. The maximum breadth was 5.5
um. 3) A specimen with a 402-pm-long main spine.

growth (Fig. 3). The delicate layer, which is in the
peripheral part of the spongiose layer, forms in the final
phase of ontogenesis. Morphometric analyses of this study
and those of Kurihara and Matsuoka (2004) found that the
delicate layer develops in larger spongiose layers, over
200 pm in diameter.

The maximum size of the spongiose layer examined by
Kurihara and Matsuoka (2004) was 351 pm in diameter,
while the largest one in this study was 267 um. In
addition, no specimen in this study assemblage had a fully
developed delicate layer, as shown in Figure 9 of Kurihara
and Matsuoka (2004). Therefore, all the S. streptacantha
found in the study assemblage were immature individuals.

5.2 Implication for radiolarian seasonal change in
the Japan Sea
Kurihara et al. (2007) noted that S. streptacantha is
present in surface waters from late summer to early
autumn and prefers warmer water (>ca. 20 °C) based on
observations southwest of Sado Island, which is located
ca. 140 km southwest of the sampling site of this study.
For example, Matsuoka et al. (2001) and Kurihara and
Matsuoka (2004, 2005) reported that P. obeliscus and S.
streptacantha were abundant in August and September.
In addition, Kurihara and Matsuoka (2007) collected an
assemblage dominated by three species, S. streptacantha,
P. obeliscus, and Pseudocubus sp. A, at 0-35 m depths on
September 28, 2005.
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Fig. 6 Transmitted light photomicrographs of Spongosphaera streptacantha with highly developed
spongiose layers (Morphotype-C). The specimen ID is indicated in each photograph. 1a) A typical
specimen of Morphotype-C. The total length of main spine of this specimen is not known because
it was broken. 1b) Close-up view of the main spine of specimen of 1a. Distinct ridges and groove
are developed. Serrated apophyses align along the ridge lines. The maximum breadth was 10.3 um.
2) A specimen with a weakly developed delicate layer in the outer periphery of the spongiose layer.

In comparison, S. streptacantha was absent from the
assemblage collected from surface waters on May 20,
2002 off Sado Island (Itaki et al., 2003). A sample obtained
at 63—90 m depths on June 6, 2005, contained one possible
S. streptacantha (Kurihara et al., 2006). Each sample at
0-40 and 40-70 m depths on June 4, 2007 yielded one
individual (Kurihara et al., 2008). On June 7, 2010, only
one dead S. streptacantha was recovered at 100200 m
depths (Kurihara and Matsuoka, 2011).

Except off Sado Island, only a few living S. streptacantha
in the Japan Sea have been studies. S. streptacantha was
not collected at a site northwest of Hokkaido in July
1999 (Itaki, 2003). Samples from depths shallower than
100 m in the Tsushima Strait on October 31, 2006 rarely
contained S. streptacantha (Itaki et al., 2010). Matsuzaki
et al. (2016) investigated the vertical distribution of
polycystine radiolarians in the East China Sea southwest
of the Tsushima Strait in late May 2008 and noted
that S. streptacantha was dominant at 20-50 m depths
characterised by high temperatures (>20 °C) and high
chlorophyll « levels.

This study obtained a polycystine radiolarian assemblage

composed mainly of S. streptacantha with a few P.
obeliscus. The faunal composition of the study assemblage
matches the assemblage reported in surface waters
around Sado Island in August and September. Although
S. streptacantha dominated the study assemblage, all the
individuals were immature and in the process of growing.
Therefore, S. streptacantha likely started proliferating just
before the sampling and grows predominantly in the warm
summer surface waters under the strong influence of the
TWC.

6. Summary

Living polycystine radiolarians were collected in late
August, 2014 from surface water at the eastern margin
of the Japan Sea. This assemblage was dominated by
Spongosphaera streptacantha, with small numbers of
Pseudocubus obeliscus and Tetrapyle octacantha. Many
ofthe S. streptacantha specimens were immature forms in
various stages of growth. S. streptacantha matured almost
exclusively in the warm summer surface water in this
ocean area, which is strongly influenced by the Tsushima
Warm Current.
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Takayuki Uchino and Toshiyuki Kurihara (2019) Middle Devonian—early Carboniferous radiolarian
fossils extracted from the conglomerate in the Nedamo Complex, Nedamo Terrane, Northeast Japan. Bull.
Geol. Surv. Japan, vol. 70 (1/2), p. 109-115, 5 figs.

Abstract: The latest Middle Devonian to early Carboniferous (Mississippian) radiolarian fossils (e.g.
Trilonche cf. vetusta) has been obtained from the muddy matrix or mud-chips in the conglomerate in
the early Carboniferous Nedamo Complex of the Nedamo Terrane, Northeast Japan. This conglomerate
bed lies conformably on the mudstone bed including early Carboniferous radiolarian fossils reported by
the previous study. The conglomerate is also almost composed of terrigenous rock clasts (e.g. felsic tuff,
tuffaceous clastic rocks, mudstone), and strongly deformed.

The radiolarian fossils in the conglomerate support adequacy of the early Carboniferous accretion age
of the Nedamo Complex, which was constrained by the Late Devonian conodont age from the chert in
accordance with the oceanic plate stratigraphy.

The discovery of the radiolarian fossils in this study is a second report from the terrigenous rocks in
the Nedamo Complex. These reports are important to discuss the tectonics of an early Carboniferous
island-arc-trench system, because the Nedamo Complex is the only Carboniferous accretionary complex
recognizable in the Japanese Islands.

Keywords: radiolarian fossil, Trilonche, Devonian, Carboniferous, accretionary complex, Nedamo
Terrane, Nedamo Complex, Northeast Japan
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Fig.2  Route map (a) and columnar section (b) around the fossil location (modified after Uchino et al., 2008).
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Fig.3  Polished sample section (a) and thin section (b) of the radiolarian fossil-bearing conglomerate. MC: mud-
chip, ML: mudstone thin layer, R: radiolarian fossil.

— 112 —



MRS O 7 R ¥ fd~ A R ACEECR b (B - 55D

" N=88
felsic tuff

very fine tuffaceous sandstone
fine tuffaceous sandstone
medium tuffaceous sandstone
tuffaceous mudstone
mudstone [7] plagioclase
quartz il basalt

DNEDEEE

FAX BEEIZH T MR L UEIEE RS T 7.
Fig. 4 Circle graph showing the composition and rate of the
clasts in the conglomerate.
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sp. indet. sp. AX*Entactiniidae gen. et sp. indet. sp. BIZX°X°
WTW5b. s, t%#IEWonganan and Caridroit (2005) 2
& O Trilonche chiangdaoensis & fii%h TN T\ 5.

FE2DHinde (1899)23 i L 7= Trilonche vetusta & % D
Vriafdn 5 7 5 B, Aitchison ef al. (1999)7 Trilonche
minaxPf & U 72 8 O T H 5. Aitchison et al. (1999)
X, ZOMEPENTSE- TOHE25H/LA TN

%2/ F ¥ MbEA (Aitchison and Stratford, 1997) 125D ¥,
Trilonche minaxBE %P7 K VO XT 4+ 7 VDR
B ST R LT 7 =7 VOMEE L THLED
72, ZOBEAE WK 9 5 Trilonche vetustaZe 13 U ¥ &4
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Fig. 5.  Photomicrograph of the radiolarian fossils from the conglomerate in the Nedamo Terrane.
1: Trilonche cf. vetusta Hinde, 2-9: Trilonche spp., 10: Stigmosphaerostylus? sp.
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Hidetoshi Hara and Kousuke Hara (2019) Radiolarians from chert of the Cretaceous Shimanto
accretionary complex in the Umaji district, Kochi Prefecture, Southwest Japan. Bull. Geol. Surv. Japan,
vol. 70 (1/2), p. 117-123, 4 figs.

Abstract: The Cretaceous Shimanto accretionary complex, which is composed of the Taniyama, Hiwasa,
and Mugi units, is distributed in the Umaji district, Kochi Prefecture, Southwest Japan. The Taniyama
and Mugi units are characterized by mélange units including blocks of sandstone, chert and basalt. We
report radiolarian fossils from cherts of the Taniyama and Mugi units, indicating a latest Barremian to
early Aptian age and a late Santonian to early Campanian age, respectively. These ages obtained in the
Umaji district are coincident with the chert radiolarian ages reported from the both units distributed in
surrounding area of eastern Shikoku. A clear gap of chert ages clarified from both units supports that
subducted oceanic slabs between the Taniyama and Mugi units were changed from the old Izanagi Plate

to the young oceanic plates with ridge.

Keywords: radiolaria, chert, Shimanto accretionary complex, Cretaceous, Umaji, Shikoku
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Fig. 1 Geological map of the Cretaceous Shimanto accretionary
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complex in eastern Shikoku. The geological map is based

on Kumon and Inouchi (1976), Taira et al. (1980b, 1988), Kumon (1981), Kiminami et al. (1998), Ishida (1998),

Mizoguchi et al. (2009), and Hara et al. (2017, 2018).
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3 A=y s RUOREZ=y FOF v — 2 5pE LkEc A, 1, 2 1 Thanarla lacrimula (Foreman). 3 :
Thanarla brouweri (Tan). 4, 5 : Hiscocapsa asseni (Tan). 6, 7 : Dictyomitra formosa Squinabol. 8, 9 : Dictyomitra
koslovae Foreman. 10 : Dictyomitra aff. koslovae Foreman. 11 : Cryptamphorella conara Dumitrica. 12, 13 :

Artostrobium urna Foreman. 14 : Alievium superbum (Squinabol). 15 @ Pseudoaulophacus cf. praeflorensis Pessagno.

16 : Praeconocaryomma universa Pessagno. A7 —J)L2N—13, 100 pm%7/~7 .

Fig. 3

Radiolarians from chert of the Taniyama and Mugi units. 1, 2: Thanarla lacrimula (Foreman). 3: Thanarla brouweri
(Tan). 4, 5: Hiscocapsa asseni (Tan). 6, 7: Dictyomitra formosa Squinabol. 8, 9: Dictyomitra koslovae Foreman. 10:
Dictyomitra aff. koslovae Foreman. 11: Cryptamphorella conara Dumitrica. 12, 13: Artostrobium urna Foreman. 14:
Alievium superbum (Squinabol). 15: Pseudoaulophacus cf. praeflorensis Pessagno. 16: Praeconocaryomma universa

Pessagno. Scale bar is 100 um.
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Fig.4 Ocean plate stratigraphy of the Cretaceous
Shimanto accretionary complex in eastern Shikoku.
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Compiled radiolarian ages and detrital zircon U-Pb
ages are based on Hara et al. (2017).
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Isao Motoyama (2019) A review of Neogene radiolarian biostratigraphy in Japan during the last two
decades. Bull. Geol. Surv. Japan, vol. 70 (1/2), p. 125136, 2 figs.

Abstract: Progress in Neogene radiolarian biostratigraphy in Japan and the North Pacific region during
the last two decades is characterized by (1) the direct correlation between the radiolarian biostratigraphy
and the magnetostratigraphy, which has now been extended back to the Middle Miocene using deep-
sea cores, (2) advances in regional Neogene radiolarian biostratigraphy from the Northwest Pacific, the
California margin, and the Japan Sea, and (3) application of the revised zonations to correlate onshore
Neogene sections. These results have been supported by the reinvestigation of type-species described by
earlier studies in the 19th to earliest 20th century, revision of taxonomic systems from lower to higher
taxa, and researches for new biostratigraphic index fossils. Great advances have also been made in
Quaternary radiolarian biostratigraphy in the nearshore seas surrounding the Japanese islands, proposing
new radiolarian zones for the Kuroshio and Oyashio regions and the Japan Sea.

Keywords: Neogene, Quaternary, Radiolaria, biozone, geomagnetic polarity time scale, Japan, North

Pacific, Japan Sea

® B

AL1(1999a, b)IZk B L ¥ 2 —LIROARIHE =Rk
B LARETF A B 2 EBICOWTE LA il A .
E20FMAEIROIKS &, FHEAMELE LT, 2, ¥
W 3 7 123D O TR R RIS & Tl o Tl g
JEFe L ORI X h, i ko Tk A A ke
A RV P OBWFRPEER RO 5 /=2 LT
Ehd. FII, JLWEKTEE, H V) T 4 L= TR
B, HAUG & O 5 x Bgko ki) 2 o b A ke
DOWFERHEAZZZ L, Z LT, $=02, WET Sz
HILAHSE LOHE =Rt s v a Y OMISE < h
225 ENETFENDE. ZhoDlEEE L
12, SRS & 0 A OB HIFEO LA & X
h, KKk 5 @RATEIZ B L S0 HEERORE L 3 i
WoNTE 72, ole ICAAREEESIZH T
SRS R AT ORFZE 28 W R L T B i A E &
h3.

1. UBHIC

HARIZB T 2 85 = RIREc b a ke, aulEss
ANDIBHAEHKE L1950 RICsiE 4 &, ZO#%H
WELWRBELZZRTTEL BRI 3 L, 1960 ~ 1970

U BT B M =R ORI 2254, 1970 4L
WD VRIEIREIFZ7E 123D < LR A NV b O &b
Hr DML, 20004 LU O o Hbulig & e & O st o ik
BLns, KRELSIDOEBEIZHTO6NE. ZDHHD
1998 F-LIRG O RO FEANE, witdy - =5 (1973), KH
(1974), A111(1999a, b)IZX > THET XN TS, 1999
ELIFEIZ DWW TR (2009, 2014) 12K BN 2355 &
DD, ZNHIFITL FREARMIITE RN, 22T, K
BEiTld, HARZEGOIEK TR T 2 FR0E Y —
& L TOHE SR R 2 O BGE DO Al D0
THEEERIZHET L, ZOIGH & L CoREelbs 2 Hun
Te RIS - FREOWTE AL Y2 —F 5.

2. HHBETUERF & DX EBEFN

1998 4F-LLRGT D H A O #7255 = R b A kg 52 O i
JBIZDWTIE, Al - Al (1998) & A 1l1(1999a, b) 12 &
D, 72, 1999F5 5 2013 12DV TIEAIL(2014)12 &
DT EN TN D, K1L1(2014) TE X722, 1999 4F-
PkEOER Iz 2O AED S b, 12 dEkF
IS B B oAb A R & g XU T & i
T B2 DI T & D (Kamikuri et al., 2004, 2007 ; &
£, 2009 ; Kamikuri, 2010, 2017), & 5 12132004 4
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E20124F 1T U X - fEHE RV AR E O WET TH B
(Gradstein et al., eds., 2004, 2012).

HE R BRGSO M 1 K O d i XU 7 23 T
WABRIRREIR Y 2 ¥ 3 VA b TbGa T — 2 55
X, AR A ISR BT 2 Z e AT
&, ThicEounbhmRE T A NV N OBEFER
ERDBZENTESBIAIL, EFE 19955 R - &
&, 2008 5 i ARACH:, 2012). 2D &S HFHEIZL-T,
Kamikuri e al. (2004) (& = Pl D 24K O GG i Ml 2 7
(ODP Leg 186, Sites 1150, 1151) &~ C, %A~
FEIRL D EE R LA - ERETEA XY N OBUEF % E
L 7-. [ABEIZKamikuri ef al. (2007) (X AEARSEFEAEER O 2
AROUEHEHE] T 7 (ODP Leg 145, Sites 884, 887) IZ£D\
TH T~ B DAL O i R A - R A R b
OBAEERERD 72, ZThoicky, BECekbaER
Py — L & U OB & A TS 2 RS T
EICEE - 7=,

o R SR S HE R O M ER R A Bk L 22 D T
H 5, HERRES O SRR R A 5 2 B HRE S M
HEAFRIZDOWT S, Heirtzler ef al. (1968) LIk < £ &
I WET AT T2 (Bl 2 1F, Harland ef al., 1982,
1990 ; Berggren et al., 1985 ; Cande and Kent, 1992, 1995 ;
Gradstein et al., eds., 2004, 2012). BUEFARDOFIHIZY
725 C, Kamikuri ef al. (2004, 2007) & Kamikuri (2010) i3
1995 4 Jifx D Hiufigh SR P 418U (CK95 = Cande and Kent,
1995) IZHEHL L Tur72 43, A1l (2014) 132004 4k D 44X
JRUJE (ATNTS2004 : Lourense et al. 2004) 123D W CEHR
U L7 fgiftKamikuri ef al. (2017) 1%, 2012 4ER DA
R (ATNTS2012 : Ogg, 2012 ;5 Hilgen et al., 2012) {Z
LU TS L 2 BEF AR L T0wa. HA2SIE
#t % 2%, Kamikuri (2017) (ZAEKRFHERIE A UV 7 4L
= 7 W R O Ve 2 7 (ODP Leg 167, Sites 1020,
1021) D e At RE 7 & St~ 55 DU 5 oD v 1 ik S
FF L OHIBBRAW S22 L, BUEFEROEEIZH=D
ATNTS2012 & T 5.

% 11X 12, Kamikuri ef al. (2004, 2007, 2017), Z 1L
(2014), Kamikuri (2017) (2325 \WC, HAW, Jbk
FEE, AN 7 A L= TR O3IMIKIC I 1 B R
H~ B AL OB A & ERUE 2 XUR U 720 Al
K- P B A A A 1 8 [ Hays (1970), A1l (1988),
Motoyama (1996) IZ & » TRV SN d DT, LDk
5 IZKamikuri et al. (2004, 2007) 1= & 0 g & &
OEER I 6 FMRYEA -2 5h, 2 OFMRUEE, Al
(2014) 12 & - TATNTS2004 12 #2558 X 1, Kamikuri et al.
(2017) 12 & 5> TATNTS2012 IZ a5 X T\ 5,

3. ItBEFES
FAREE (CIEVE AR & HACHE) 0 v ] et~ fi i {1

DAL X &, 19994F- LIRS K & A& HidAw. L
ML, #%ik¥ 2 K5 ICHARMEDSE N LA IT AR
WMAEWZ TS, #) 75 )L=TIRFEBRIZ DN T,
Kamikuri (2017) 1= & o THRHEIHHTEAD S fERTTIHIZ 221 C
8 DD i (subzone) AMENE X 7=, Kamikuri et al. (2017)
X, ZO 505 OO A HAMIZ G EWHTEETH 5
ELTWS, BIKERS &, JelAT-EE HARW, &
V7 A= 7 D3O OHUEE TR R R RO £ < 1
WM 22, WIS H 52 EAHARNS. Zhidm
HERH OO pE = DK T F 2 K Cfthnm 2 E #6HF Tn
2HERETA XY PREEMIRAEI T E S0, B
TETCBRMmE RESFRLTNWEZ L AEIKRLT
W3DT, {LATFOEHOBIZIZFREEILS BRERH
5. FlzE, JEPAREREIC B0 B R it O R R ©
& 5 Lychnocanoma parallelipes & Lithelius barbatus\X, 71
V7 I =T TIERER U728, L. parallelipesiiy & L.
barbatusti \Z HAGHIIZIZEHTE 25, ) 71 L=
7 T A 0 (Kamikuri, 2017). 85 1RNC G #HE T
BB HARGHE & &) TR~ i g T35 — R4 e
¥4 XY b Td %Stichocorys delmontensis/peregrina® itk
LIRS A XY M 2DV, JEREDBERI 2251k & Hb
PHAY 2 ZA O W A & i PR R EE D E 82 23T b T
% (Kamikuri, 2012). E(LAIREATIIHE & THROBMR
IZH 5 2MOBNZROZETHD, 4 XY FOREIZ
BT P I A B O BRI 8 & 70 8, Kamikuri D 5311
T DWEHRIZDH 5578 - AL PRy - BRE AR 5k L
MEAHD R Z 3¢ D& LTI,

& T, 200341 B ha U 7= 0 A [ I o v s H G
(Integrated Ocean Drilling Program : IODP) & 2013 4E-70 5 %
M2 5| Z Mk 22 EIFEZE B I EHE (International Ocean
Discovery Program : IODP) {2 & » C, ¥4F, HAJED#
WL ROBENMLFERSI N TS, ZDHHD, T
Jeif (Site €9001C), FoPHFE i (Exp. 315 Site C0001), &
W (Bxp. 343 Site C0019), H AW - H F if (Exp. 346
Sites U1422-U1430) O HIH A M 20T, Aot~
PUACIRECR DWFZE A T b T 5. FAip &Ae S
T, B BEE AR ORRIEE & & ICF—3 7 TO
oL S O e R ALK LR & DX A 2 2 T
% (Matsuzaki ef al., 2014a, b, ¢, d). =P TIE 7L — b
B Wi e S 0 D Y g D AEARIRE 53 7 E 117z (Chester et al.,
2013). HAUECidKamikuri ef al. (2017) 12 & 1 7RO HEHE
a7 OREHALATET A HEF R Tn .

TS DS 5, Matsuzaki et al. (2014¢) 1Z A HH- 5
DB 50T, HWER 200 HERIZHZ-T, K
Wb “FEMEFCAERTFA R PERETES
ZEARIRNLTz, ZhUdh~ S (A o I R 2
&K (LA A (Nigrini, 1971 ;5 Sanfilippo and Nigrini,
1998) & ORHBRHREMH S 22§23 L THETHS. 20
T =IOV, (ZIFE CRE 23— 5 T HER Sk
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TR - BEcRIL A RERE G, 1990) & Dbk g
HGOT, SHROBERICHAGL -, Tdbmh i ER
70 TR Y3 2 BRI 2 7 (Site C9001C) 238 DD

R AR I 20 E T B (Matsuzaki et al., 2014d) .

ZHIFIZIFI0 HFEMEE VI EBF L L CdERN &
A RRE A RO Z & s, ZOEAMIMEEh 3.

Kamikuri e al. (2017) 1%, HAEOIODP Exp. 34612 &
D P & A7 S BT~ BERTRE L U LR E B
BZVNEH ) T U= T IR TR & AR A

HT&E3Z a7 ZULTENRIIOWTIEZAR
LI eaERML, BIURICDOWTIE S DORHEHRAL
AHICRATAEAERL TS 1K), HABOSMY
OB LA DWW TE,  ZHUETS & ME O 2 A
A SN TWAS. Bl Z1E, Itaki and Ikehara (2003) 135
FERI3 IS Y 72 5 IR % 4D O RE AR 12 o
L7z, Zoiadfbanmd, BEEaEsicik-5< 3
DThH DM, HAUWGEOWFEHERE R 7 B0 AR &

ORI B ERETFA XY P ORUEFREEF RN TEHD,

HAWOWIE T 7 QX - FRREIZHETH 5. Z
OREEA LT, 4= &4 - OFA R R0 H it

JEDOHEE 2 728 T % QBIEIE 2, 2004 5 Friln - BOK,

2007 5 Nakajima and Itaki, 2007 ; Nakajima et al., 2014) .
WD T %N — 212 L 72l ORI & R %
&, ELICHEIURAERT - il O#ENEF LV, H
AFNFIZHNE ZAPERTWL &, £3 Rl
(Matsuzaki) 512 & 2 Tt - L EEMIZ BT 5 —H o
iff7e & E2E (Kamikuri) 512 & 5 HKEOMELAH 5. H
AUFTIE & SITHOK (Ttaki) 512K D BAF BRRDN LTS
B IR, BOR, 2001 ;5 Ttaki ef al., 2004, 2007 ;
Ikehara and Itaki, 2007). dE A NHZEU B &, FH—
23 (I Z1E, Matul et al., 2002, 2009; Ttaki et al., 2008 ;
Ikenoue et al., 2011), ~N\—1 ¥ g (IODP Exp. 323 : ffl 2
1, Tkenoue ef al., 2016 5 §HHIZA, 201812k B L ¥ 2 —
g2 a2y, JEHOKT-E (I0DP Exp. 341 : Matsuzaki
and Suzuki, 2018) IZH W\ T ¥, BRREZ v a7 G
PG o FE e = 7 Uil oD A4 A 15 5012 U C i iy
1R DHENERE R L Tl D, BECRIZER S FA0F
ARG - R AR S 21 SIS i 72 L %
PV AMMAEMZTB E WA S, AEH TR L 724 )E
FEeEifze i, WiEEinie & S ERICBE/RL T3
A, HEHEFIIOWTIEARTOTE,I L Zh 57202
IR, LA L, w2 22 85rER
W FOMBIIHEZWES2 OB H 50T, 7 OHHE
& B R - AR OEREADET, L
BNEHMRIZK - CaAfEN BRSNS 5T & &2 W
L7,

4. EEWItBEER
At % il > THuRg OFRE KD 258, Bl 2 I3k

HEZTERNS KD A FLRRHE A L G RIFIZH W7
HREORE LS FRERD L ZENTE S, HROM
b7 — 7 CHfFOFERAERD 5 & 2 DHRUEL £ 50
2, BHEMILGERRIETH % (Bl Z21L, Berggren et al.,
1995). BEEWACAFRIUE & 1E 21213, [Al— D HbE
mRP a2 7 TEEOWILG 2L — T OEREFEA XY b
DOREIFRREIR 6 2223 5 ke, [al— 0 HUE Wi <> Ji
Hilz 7 TN LA Q4RI &t SUE P It L,
bR SR 2 BT U TR o b A R O A H B AR
EEDDHEERD D, FERIEINS 200 LM
AL bE THIER - AT RRESMEShTh 5.
1999 F-LARETIE, F A7 (1999) 12k b, HEEE - ik
oo A FLE - BIKE S v LA D 4D DI R S
L — T Ot & CK9S O Mg KA FAK & 2 v /34
LT, HARRES b i - b a - RREAES
N7z BIR(1999) 13, BB BRIk o> i v it 12
B B EESE - BoEeh - A SR - KB v e
@iﬁf? 4 ORGP EREL < BEt L7z, 2hic &k
, B2 RE R Iz DL T, BEOARETEA RV b e
@ﬁ?&xﬂ:b ZHEDNWT, Eucyrtidium asanoi DY) FE HY g e
Cyrtocapsella tetrapera® ZORJGUE, Cyrtocapsella japonica
DEFERHED I DDA XY P OBUEFRAHREE & < Ko
53TV 5. Takahashi et al. (1999) I3 EHFEE Ok
WARON—v 2 > 2 v OHE - ek - GIKEF v /1L
LR LY 2 v g v OEREEA LB bR R T %
IREERE AT U O L, AR 2 fER L 72,
Motoyama et al. (2004) 1%, =PEihoHEIEE = 7 (ODP
Leg 186 Sites 1150, 1151) (23T, b #igi~ 550U
ROFERE - Bl - A L - RIKE T v LR RS
FOBEEN AT, & 612 Bt~ E Rz
T XU & ORELAE HEIZ K D CKIS X — 2 DR
AR 2 3K 72
TECHRR R e AT FL AR LA oD 36 FH D 8 Loy HARHE I o
=% - BURICOWTIE, HAWHHEH O EA M
LHERRESMES TS, BilZIE, BRI O
X O RS E 121X CKS5 1T HEHL L 7= Hrik I W@ﬁAﬁm
AFERRER - T2 (BRI, 2000, SBIV-1X). 7
ﬁmeMﬁE%%%«®@m%ﬁﬁﬁbf,ﬁﬁﬁﬁ
FLH - AR SLER - GIKE T v 2 Abg - BEE - R -
68 - D 7 7L — 7 DAL ERE & ATNTS2004 O
WM PEAERNE 2 3 Vs A L L, HAHHI & s
=Rox i s EA AR FRRE 2 WEEL 7.
1980 S DEA ML ARET (Bl 218, FEH, 1986) Tid,
MAtA 7L — FREORIIETE TN TS, B XER
& DT — 2 345312 % b 5 72 72 0 1 Bl AR %
RODIONHEL 572, ZheRT, 513, £t
a7V =T OERET G @R T <R T & ot
e T3 728 (B Watanabe and Yanagisawa,
2005. fkdkH : Kamikuri et al., 2004, 2007. A AL
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W HIK'E S~ 7 {tF : Lourens ef al., 2004 ; Hilgen et
al., 2012), 72 7TOda et al. (1984) RFKIEH (1999), |
IBDOPIR (1999), Takahashi ez al. (1999), Motoyama et al.
(2004) M7 > 72 & 5 7, HOET — & 250 THBEBRET
FT3E0IFRENT AL TE, WIRFEADHA 5L
A ERUEA S L, g UM ORE & SEHE I L
TR ADE S Z & THAMILAFERREZER IR
B &Ik BlAE, BIRR - Sk (2008) DX 1.4.6 %,
REIE A (2011) DFig. 4, KRFEF DEAKRIZ 2 (2019) D
FBUXKEZO -l i b, ZOZ &I, ZDO20FED
R, M e B O EH ORI, HAambh
JEE O Y& EREANOBS [ HRBEL TE R Z
LABIKLTWADTHAS.

5. HEFHNHRE

SRS A O 7 AR R - L e
IR EOREA LT M TH D, BIEN LIRS
E S THHEDTRIIRMTZENTE RV, FREERIR
BEHITHE - HifE L XL OGRS A RIS 5. (b
LA XY b ORREIE, BEE & ZHOREICHED
WTCWB728, HiekiBEORREBEETH S5, T
TS AL & M7= FE - HRAE O o3 SR UE & 24 D T % 1ifE
L, 2o 2MREMTHATIZ LS AYTHS.

BB I SO 24 U, IR 2 o &
ERMEDOENERTH 5728, T OFENNIZ S B
RO 1R LRBAAICE S £ T4 EHToNT
W5, N )L (Ernst Haeckel : 1834 ~ 1919) & = — L
¥ UL 7 (Christian Gottfried Ehrenberg : 1795 ~ 1876) I,
2 H O R ORE A S 72 19 RO M F O KF &
LTHIBENS. “ NSk THfEE LTas &7z
WAL, Ny rLA3500FELL F, T — 1L YL H500
FELL IS KU, AbET4000 8% % (FHH, 2012
K- K4, 20125 3 - A, 2012). LA LAads, 4
BEOFIERCEIE, F2BETE AL Ay vy FIZkb80
ThHho72Zk, BTNy FIIZ X B0 & 4 71
KDL PTHARFZ 5> TNDB T EEN, FDH%RDIY
M EORIOFK & 25Tz, 20k Bk %E
FTHT 2 72 O ICE LB A A - JALKY: - FHRE K
T VUKRILNRE gy F AR - Ny 7L
N ZDHENZ I D[Ny F L - T— L VR Y G
732004 ~ 2005 1292 &, 2 OEFIZE LR EY
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Notes and Comments

Radiolarian assemblages from the lower to middle Miocene
at IODP Site U1335 in the eastern equatorial Pacific

Shin-ichi Kamikuri"*

Shin-ichi Kamikuri (2019) Radiolarian assemblages from the lower to middle Miocene at IODP Site U1335
in the eastern equatorial Pacific. Bull. Geol. Surv. Japan, vol. 70 (1/2), p. 137-161, 1 figure, 1 table, 18 plates.

Abstract: Totally 183 species or species group of radiolarians including 78 spumellarians and 105
nassellarians were identified from the lower to middle Miocene at IODP Site U1335 in the eastern
equatorial Pacific. Photographs have been illustrated in 18 plates. These taxa include 70 unidentified
forms, particularly within the families Actinommidae, Collosphaeridae, Hexalonchidae, Litheliidae,
Pyloniidae, Spongodiscidae and Stylodictyidae. Some of these taxa might be new species.

Keywords: radiolaria, Miocene, equatorial Pacific

1. Introduction

The eastern equatorial Pacific is one of the major
upwelling areas and supports a significant proportion of
the new biological production (Chavez and Barber, 1987).
The band of cool surface water from about 3°S to 3°N is
called the equatorial “cold tongue” (Fiedler and Talley,
2006; Kessler, 2006; Pennington et al., 2006). Hence this
area makes global contribution to biogenic sediment burial
due to equatorial upwelling.

Integrated Ocean Drilling Program (IODP) Expedition
320, “Pacific Equatorial Age Transect (PEAT)”, was
designed to recover continuous well-preserved sediments
of the eastern equatorial Pacific (Pilike et al., 2010).
The primary object was to reconstruct the evolution of
the equatorial climate system throughout the Cenozoic.
Pilike et al. (2012) presented a record of the carbonate
compensation depth (CCD) that covers the past 53 million
years from a depth transect in the eastern equatorial
Pacific, and found large superimposed fluctuations in the
CCD during the middle Eocene.

One of the other aims of this program was to provide
information about rapid biological evolution and turnover
rates during times of climatic stress (Palike et al., 2010).
IODP Exp. 320 Site 1335 focused on the early and
middle Miocene. This interval of the time is noted for its
significantly heavy benthic oxygen isotopes, indicating
long-term global cooling (Zachos ef al., 2001). The early
and middle Miocene also marks the beginning of the
deposition of the abundant siliceous microfossil in the
eastern equatorial Pacific (Keller and Barron, 1983).

Species components and the faunal turnover of

radiolarians, which is one of siliceous microfossils, have
been well documented from the Quaternary to late Neogene
in the eastern equatorial Pacific (e.g. Molina-Cruz, 1977,
Moore et al., 1981; Haslett and Funnell, 1996; Kamikuri
et al., 2009). However that of radiolarian assemblages
during the early and middle Miocene are still unknown.
The purpose of this study is to illustrate radiolarian
morphotypes from the lower to middle Miocene at IODP
Site U1335 in order to record the species components in
the eastern equatorial Pacific.

2. Material and methods

Site U1335 was drilled at a water depth of 4,327.5 m
(5°18.735" N, 126°17.002" W) in the eastern tropical
Pacific (Fig. 1). The position of this site was estimated to

40°
20°]f -,
U1335
o #
0°{. .. :. Equatorial upwelling zone ., = " 4
20°S ‘ ‘ ‘
150°W 120° 90°

Fig. 1 Location map of IODP Site U1335 in the eastern
equatorial Pacific.

' Faculty of Education, Ibaraki University, Bunkyo 2-1-1, Ibaraki 310-8512, Japan
" Corresponding author: S. Kamikuri, Email: shin-ichi.kamikuri.millefeuille@vc.ibaraki.ac jp

— 137 —



Bulletin of the Geological Survey of Japan, vol. 70 (1/2), 2019

have ranged in latitude from about 0° to 2°N from the early
to middle Miocene (Pilike et al., 2010). The lithology
from the lower to middle Miocene of this site consists
of nannofossil ooze with well-preserved radiolarians
(Pilike et al., 2010). A total of 21 sediment samples from
U1335A-10H-CC to 31H-CC (106.0 to 337.1 meters
composite core depth below seafloor) were examined
in this study. The samples were treated with standard
methods to isolate radiolarian individuals (Sanfilippo
et al., 1985). The sediment samples were treated with
H,O, and HCI solution. The residues were sieved with
63 pm, and covered with a 24 X 40 mm cover glass with

Norland Optical Adhesive #61 as the mounting medium.
The studied interval was divided into four radiolarian
biostratigraphic zones from RN5 to RN2 (Pilike et al.,
2010).

3. Radiolarian fauna

The aim of this study is to illustrate radiolarians of the early
to middle Miocene age collected from IODP Site U1335 in
the eastern equatorial Pacific. A total 183 morphotypes of
radiolarians including 78 spumellarians and 105 nassellarians
were encountered (Table 1, Plates 1 to 18). These taxa

Table 1 Explanation of Plates 1 to 18.

Plate no. Species and species group Location Zone |Reference

P1.01, fig. 1 Trisolenia combinata Bjerklund and Goll 13H-2, 104-106 cm, D32/4 |RN5 |Bjerklund and Goll, 1979
P1.01, fig. 2 | Collosphaera macropora Popofsky 15H-CC, B26/3 RN5 |Popofsky, 1917

P1.01, fig. 3 Trisolenia sp. A 15H-CC, K44/0 RN5

PI.01, fig. 4 | Siphonosphaera sp. C 13H-2, 104-106 cm, Z20/0 |RN5

PLO1, fig. 5 Collosphaera pyloma Reynolds 13H-CC, Q23/0 RN5 |Reynolds, 1980

P1.01, fig. 6 Collosphaera reynoldsi Kamikuri 10H-CC, H23/1 RN5 |Kamikuri, 2010

PLO1, fig. 7 | Trisolenia megalactis costlowi Bjerklund and Goll 13H-2, 104-106 cm, Y39/4 |RN5 |Bjerklund and Goll, 1979
PLO1, fig. 8 | Polysolenia spinosa (Haeckel) group 15H-CC, R37/2 RNS5 |Nigrini and Lombari, 1984
P1.01, fig. 9 | Polysolenia murrayana (Haeckel) 11H-CC, T33/3 RN5 |Nigrini and Lombari, 1984
P1.01, fig. 10 |Polysolenia spinosa (Haeckel) group 11H-CC, D20/1 RN5 |Nigrini and Moore, 1979
PL.02, fig. 1 Trisolenia megalactis megalactis Ehrenberg 17H-CC, W48/4 RN4 [Bjerklund and Goll, 1979
P1.02, fig. 2 Trisolenia megalactis megalactis Ehrenberg 18H-CC, G40/4 RN4 |Bjerklund and Goll, 1979
P02, fig. 3 Trisolenia megalactis megalactis Ehrenberg 17H-CC, Y48/1 RN4 |Bjgrklund and Goll, 1979
P1.02, fig. 4 | Siphonosphaera sp. A 17H-CC, G41/3 RN4

P1.02, fig. 5 | Siphonosphaera sp. A 17H-CC, D22/1 RN4

P1.02, fig. 6 Siphonosphaera sp. D 18H-CC, R10/1 RN4

P1.02, fig. 7 Siphonosphaera sp. B 13H-2, 104-106 cm, P39/2 |RN5

P1.02, fig. 8 | Collosphaera glebulenta Bjerklund and Goll 19H-CC, V21/1 RN3 |Bjerklund and Goll, 1979
P1.02, fig. 9 | Collosphaera glebulenta Bjerklund and Goll 13H-CC, R21/3 RN5 |Bjerklund and Goll, 1979
P02, fig. 10 |Collosphaera sp. A 15H-CC, E36/3 RN5S

P1.02, fig. 11 [ Collosphaera sp. A 13H-2, 104-106 cm, Q37/3 |RN5

P1.02, fig. 12 | Collosphaera sp. A 13H-CC, J15/4 RN5

P1.02, fig. 13 |Collosphaera brattstroemi Bjerklund and Goll 10H-CC, S38/4 RN5 |Bjgrklund and Goll, 1979
PL03, fig. 1 |Axoprunum bispiculum (Popofsky) 11H-CC, K20/0 RN5 |Takemura, 1992

P03, fig. 2 | Axoprunum bispiculum (Popofsky) 11H-CC, V12/1 RNS5 |Takemura, 1992

P1.03, fig. 3 | Stylosphaera communis (Carnevale) 23H-CC, D38/0 RN2 |Sanfilippo et al, 1978
P1.03, fig. 4 | Stylosphaera sp. B 13H-CC, P35/0 RN5S

P1.03, fig. 5 | Amphisphaera santaeannae (Campbell and Clark) 16H-CC, S38/0 RN5 |Petrushevskaya and Kozlova, 1972
PL.03, fig. 6 | Amphistylus polistylus (Carnevale) 16H-CC, X40/0 RN5 |Takemura, 1992

PL03, fig. 7 |Amphisphaera neptunus (Haeckel) 17H-CC, U43/3 RN4 |Petrushevskaya and Kozlova, 1972
P1.03, fig. 8 | Stylosphaera sp. A 23H-CC, L46/4 RN2

PL03, fig. 9 |Amphistylus angelinus (Campbell and Clark) 16H-CC, U45/2 RN5 |Campbell and Clark, 1944
P03, fig. 10 |Stylosphaera sp. B 13H-CC, F14/1 RN5S

P1.04, fig. 1 Actinomma robusta (Kling) 10H-CC, G38/0 RN5 |Morley and Nigrini, 1995
PL.04, fig. 2 | Actinomma robusta (Kling) 10H-CC, W20/1 RN5 |Morley and Nigrini, 1995
P1.04, fig. 3 Thecosphaera sp. A 11H-CC, 035/0 RN5

PL.04, fig. 4 | Actinomma robusta (Kling) 13H-2, 104-106 cm, E39/4 |RN5 |Morley and Nigrini, 1995
P1.04, fig. 5 Thecosphaera sp. B 13H-CC, U36/0 RNS

P1.04, fig. 6 Thecosphaera sp. C 18H-CC, N15/3 RN4

P1.04, fig. 7 Thecosphaera sp. D 18H-CC, H20/3 RN4

P1.04, fig. 8 Thecosphaera sp. E 25H-CC, T34/2 RN2

P1.04, fig. 9 |Hexacontium sp. B 20H-CC, U27/3 RN3

P1.04, fig. 10 |Hexacontium cf. arachnoidale Hollande and Enjumet 11H-CC, E21/2 RN5S

P1.04, fig. 11 |[Saturnalis circularis Haeckel 11H-CC, W43/1 RN5 |Nishimura and Yamauchi, 1984
P1.05, fig. 1 Cenosphaera sp. A 15H-CC, Q45/4 RN5

P05, fig. 2 |Heliodiscus sp. B 15H-CC, X21/1 RN5S

P1.05, fig. 3 |Hexapyle dodecantha Haeckel 15H-CC, L15/2 RN5 |Haeckel, 1887

PI.05, fig. 4 | Excentrodiscus sp. A 15H-CC, R12/0 RN5

PL.05, fig. 5 | Cenosphaera sp. B 15H-CC, E12/0 RN5

PL05, fig. 6 |Heliodiscus sp. A 16H-CC, C46/0 RN5

PI.05, fig. 7 Thecosphaera sp. E 15H-CC, N37/0 RNS

PL.05, fig. 8 |Hexacontium sp. C 15H-CC, V37/3 RN5

PL.05, fig. 9 | Axoprunum sp. A 15H-CC, Q45/4 RN5

P1.05, fig. 10 | Didymocyrtis violina (Haeckel) 18H-CC, P33/2 RN4 [Sanfilippo et al., 1985
P05, fig. 11 _|Didymocyrtis tubaria (Haeckel) 17H-CC, T46/4 RN4 |Sanfilippo et al, 1985
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Table 1 Continued.

Plate no. Species and species group Location Zone |Reference

P1.05, fig. 12 | Didymocyrtis mammifera (Haeckel) 15H-CC, X21/0 RN5 [Sanfilippo et al., 1985
PI1.05, fig. 13 | Spongurus cylindricus Haeckel 15H-CC, Y39/3 RN5 [Takahashi, 1991

P1.06, fig. 1 Cladococcus sp. A 16H-CC, L44/2 RNS

PL.06, fig. 2 [Hexacontium pachydermum Jergensen 13H-CC, Y40/1 RN5 [Petrushevskaya and Kozlova, 1972
P06, fig. 3 |Hexalonche sp. A 21H-CC, S23/3 RN3

P06, fig. 4 | Didymocyrtis prismatica (Haeckel) 25H-CC, D11/2 RN2 |Sanfilippo et a/, 1985
P06, fig. 5 | Didymocyrtis prismatica (Haeckel) 23H-CC, 031/0 RN2 [Sanfilippo et al., 1985
PL.06, fig. 6 | Didymocyrtis tubaria (Haeckel) 16H-CC, G16/0 RN5 [Sanfilippo et al., 1985
P06, fig. 7 | Didymocyrtis tubaria (Haeckel) 16H-CC, K41/2 RN5 |Sanfilippo et a/, 1985
PI.06, fig. 8 | Didymocyrtis laticonus (Riedel) 10H-CGC, L30/2 RN5 [Sanfilippo et al., 1985
PL.06, fig. 9 | Didymocyrtis mammifera (Haeckel) 13H-2, 104-106 cm, D23/1 |RN5 |Sanfilippo et a/, 1985
P1.06, fig. 10 | Didymocyrtis bassanii (Carnevale) 25H-CC, Y43/0 RN2 [Sanfilippo et a/., 1985
P1.06, fig. 11 | Cladococcus dentata (Mast) 17H-CC, 045/1 RN4 [Nigrini and Moore, 1979
P1.06, fig. 12 | Didymocyrtis bassanii (Carnevale) 13H-CC, V12/0 RN5 [Sanfilippo et al., 1985
P1.06, fig. 13 | Didymocyrtis bassanii (Carnevale) 18H-CC, Q37/0 RN4 |Sanfilippo et a/, 1985
P1.07, fig. 1 Larcopyle hayesi (Chen) group 15H-CC, U42/3 RN5 [Lazarus et al, 2005
PL.07, fig. 2 |Larcopyle hayesi (Chen) group 13H-2, 104-106 cm, Z24/0 |RN5 |Lazarus et a/, 2005
P1.07, fig. 3 |Larcopyle hayesi (Chen) group 19H-CC, W15/2 RN3 |Lazarus et al, 2005
PI.07, fig. 4 |Larcopyle hayesi (Chen) group 23H-CC, C26/0 RN2 |Lazarus et al, 2005
PL.07, fig. 5 [Larcopyle sp. C 13H-2, 104-106 cm, M39/0 |RN5

PL.07, fig. 6 |Lithelius sp. A 12H-4, 104-106 cm, X27/2 |RN5

PL07, fig. 7 |Larcopyle polyacantha (Campbell and Clark) 23H-CC, N37/0 RN3 [Motoyama, 1996

PI.07, fig. 8 [Larcopyle sp. B 17H-CGC, S14/3 RN4

PLO7, fig. 9 |Lithelius sp. A 16H-CC, K31/1 RN5

PL.07, fig. 10 _|Lithelius sp. A 15H-CC, Q43/3 RN5

P1.07, fig. 11 |Lithelius sp. A 23H-CC, N37/1 RN2

PL.07, fig. 12 _|Lithelius sp. C 25H-CC, J36/2 RN2

PI.07, fig. 13 [Larcopyle sp. A 10H-CC, F22/2 RN5

PI.07, fig. 14 [Larcopyle sp. A 15H-CC, X33/4 RN5

PL.07, fig. 15 [Larcopyle sp. A 15H-CGC, J12/0 RNS

P07, fig. 16 |Larcopyle titan (Campbell and Clark) 15H-CC, F40/0 RN5 [Campbell and Clark, 1944
P1.07, fig. 17 [Actinomma sp. B 17H-CC, M44/2 RN4

P1.07, fig. 18 [Larcospira moschkowskii Kruglikova 10H-CGC, V23/0 RN4 [Nigrini and Lombari, 1984
PL08, fig. 1 | Stylodictya sp. A 15H-CC, R43/2 RN4

P1.08, fig. 2 [Stylodictya sp. A 11H-CC, C14/4 RN4

P1.08, fig. 3 [Stylodictya sp. A 25H-CC, R36/0 RN2

PI1.08, fig. 4 |Spongurus cylindricus Haeckel 17H-CC, J16/0 RN4 [Takahashi, 1991

P1.08, fig. 5 [Stylodictya camerina Campbell and Clark 14H-2, 105-107 cm, N10/2 |RN5 |Campbell and Clark, 1944
P1.08, fig. 6 | Stylodictya camerina Campbell and Clark 25H-CC, T36/2 RN2 [Campbell and Clark, 1944
PL08, fig. 7 | Stylodictya sp. B 15H-CC, U34/1 RN5

P1.08, fig. 8 [Stylodictya camerina Campbell and Clark 15H-CC, Y32/3 RN5 [Campbell and Clark, 1944
P1.08, fig. 9  [Amphymenium amphistylium Haeckel 11H-CGC, D27/1 RN5 |Morley and Nigrini, 1995
PI.08, fig. 10 | Stylodictya sp. C 25H-CC, P30/3 RN2

P1.08, fig. 11 |Porodiscus circularis Clark and Campbell 10H-CC, J36/1 RN5 |Clark and Campbell, 1942
P1.08, fig. 12 |Porodiscus sp. A 15H-CC, 739/1 RN5

P08, fig. 13 |Heliodiscus sp. A 16H-CC, F38/2 RN5

P08, fig. 14 |Phacodiscus sp. A 11H-CC, T19/3 RN5

P1.08, fig. 15 |[Dictyocoryne sp. B 16H-CC, V34/0 RN5

PI1.09, fig. 1 Spongasteriscus marylandicus Martin 25H-CC, D28/0 RN2 [Palmer, 1986

PL09, fig. 2 |Heliodiscus sp. C 17H-CC, E31/0 RN4

PI1.09, fig. 3 Tetrapyle sp. A 10H-CC, D40/0 RN5

P1.09, fig. 4 Tetrapyle sp. A 17H-CC, G37/1 RN4

P09, fig. 5 |Dictyocoryne malagaense (Campbell and Clark) 10H-CC, G46/3 RN5 [Campbell and Clark, 1944
PL.09, fig. 6 [Spongaster sp. A 13H-CC, J30/1 RN5

P1.09, fig. 7 |Dictyocoryne sp. A 18H-CC, U32/0 RN4

P1.09, fig. 8 Spongopyle osculosa Dreyer 17H-CC, H46/4 RN4 [Nigrini and Moore, 1979
PL.09, fig. 9 [Spongodiscus resurgens Ehrenberg 17H-CC, Q31/4 RN4 [Petrushevskaya and Kozlova, 1972
P1.09, fig. 10 |Spongodiscus resurgens Ehrenberg 23H-CC, 044/4 RN2 |Petrushevskaya and Kozlova, 1972
P1.09, fig. 11 [Spongodiscus resurgens Ehrenberg 23H-CC, 043/4 RN2 |Petrushevskaya and Kozlova, 1972
PI1.09, fig. 12 [ Spongodiscus resurgens Ehrenberg 17H-CC, R29/2 RN4 [Petrushevskaya and Kozlova, 1972
PI1.09, fig. 13 [Excentrococcus annulatus Dumitrica 16H-CC, H13/4 RN5 [Dumitrica, 1978

PI1.09, fig. 14 [Spongodiscus sp. B 16H-CC, C29/3 RNS

PI1.09, fig. 15 [Spongodiscus sp. C 15H-CC, N21/3 RN5

PI1.09, fig. 16 [ Spongodiscus klingi Caulet 25H-CC, J34/2 RN2 [Caulet, 1986

PI.10, fig. 1 Cyrtocapsella tetrapera Haeckel 10H-CC, U23/0 RN5 [Sakai, 1980

PI.10, fig. 2 Cyrtocapsella tetrapera Haeckel 12H-4, 104-106 cm, W44/1 |RN5 |Sakai, 1980

PI.10, fig. 3 Cyrtocapsella japonica (Nakaseko) 17H-CC, X10/1 RN4 [Sakai, 1980

P1.10, fig. 4 | Cyrtocapsella japonica (Nakaseko) 19H-CC, S42/4 RN3 |Sakai, 1980

PI.10, fig. 5 Cyrtocapsella cornuta Haeckel 12H-4, 104-106 cm, V18/0 |RN5 [Sakai, 1980

PI.10, fig. 6 | Cyrtocapsella cornuta Haeckel 10H-CC, Y15/2 RN5 [Sakai, 1980

PI.10, fig. 7 |Lithopera baueri Sanfilippo and Riedel 13H-2, 104-106 cm, X30/4 [RN5 [Sanfilippo et a/, 1985
P10, fig. 8 | Stichocorys delmontensis (Campbell and Clark) 13H-CGC, T33/1 RN5 [Sanfilippo et al., 1985
PI.10, fig. 9 [Lithopera renzae Sanfilippo and Riedel 15H-CC, L37/0 RN5 [Sanfilippo et al., 1985
PI.10, fig. 10 [ Stichocorys wolffii Haeckel 21H-CC, R41/1 RN3 |Sanfilippo et al, 1985
PI.10, fig. 11 _[Lithopera thornburgi Sanfilippo and Riedel 10H-CC, U43/0 RN5 [Sanfilippo et al., 1985
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PL.10, fig. 12 | Eucyrtidium sp. A 23H-CC, D38/0 RN2

PL.10, fig. 13 | Stichocorys armata (Haeckel) 19H-CC, L40/3 RN3 [Sanfilippo et a/, 1985
PI.10, fig. 14 | Phormocyrtis alexandrae Q'Connor 25H-CC, Z39/1 RN2 |O’Connor, 1997b

PL.10, fig. 15 | Eucyrtidium sp. C 17H-CC, N12/3 RN4

PI.10, fig. 16 | Eucyrtidium cienkowskii Haeckel 10H-CC, V9/3 RN5 |Sakai, 1980

PI.10, fig. 17 | Stichocorys diaphanes (Sanfilippo and Riedel) 27H-CC, C46/1 RN2 |Sanfilippo et al, 1985
PI.11, fig. 1 Carpocanium cingulatum (Riedel and Sanfilippo) 18H-CC, T15/0 RN4 |Nigrini and Lombari, 1984
PI.11, fig. 2 | Carpocanium bramlettei (Riedel and Sanfilippo) 15H-CC, E44/1 RN5 |Nigrini and Lombari, 1984
PI.11, fig. 3 | Carpocanium bramlettei (Riedel and Sanfilippo) 10H-CC, Z44/1 RN5 |Nigrini and Lombari, 1984
Pl.11, fig. 4 | Carpacanium sp. B 23H-CC, T42/0 RN2

Pl.11, fig. 5 Carpacanium kinugasense Nishimura 10H-CC, S34/1 RN5 |Nishimura, 1990

PI.11, fig. 6 | Carpacanium kinugasense Nishimura 25H-CC, G44/1 RN2 |Nishimura, 1990

PI.11, fig. 7 Siphocampe sp. D 17H-CC, K18/3 RN4

Pl.11, fig. 8 | Siphocampe grantmackiei O'Connor 15H-CC, L24/0 RN5 |O’Connor, 1997b

Pl.11, fig. 9 |Botryostrobus sp. B 10H-CC, M43/0 RN5

Pl.11, fig. 10 |Botryostrobus aquilonaris (Bailey) 15H-CC, W38/2 RN5 |Nigrini and Lombari, 1984
PI.11, fig. 11 | Spirocyrtis subtilis Petrushevskaya 12H-4, 104-106 cm, D39/2 |RN5 |Nigrini and Lombari, 1984
P11, fig. 12 | Siphostichartus corona (Haeckel) 10H-CC, E20/3 RN5 |Nigrini and Lombari, 1984
Pl.11, fig. 13 |Botryostrobus sp. A 15H-CC, L37/0 RN5

P11, fig. 14 | Theocamptra ovata (Haeckel) 16H-CC, 242/0 RN5 |Nigrini and Lombari, 1984
PL.11, fig. 15 | Siphocampe sp. B 13H-CC, V36/0 RN5S

Pl.11, fig. 16 | Siphocampe sp. B 15H-CC, T38/1 RN5S

PL11, fig. 17 | Phormostichoartus fistula Nigrini 15H-CC, M34/0 RN5 _|Nigrini and Lombari, 1984
Pl.11, fig. 18 |Phormostichoartus fistula Nigrini 11H-CC, K40/0 RN5 |Nigrini and Lombari, 1984
PI.11, fig. 19 |Lithocampana sp. A 17H-CC, X10/1 RN4

PI.11, fig. 20 |Lithocampana sp. B 17H-CC, Y42/1 RN4

PI.11, fig. 21 | Cycladophora conica Lombari and Lazarus 25H-CC, F36/4 RN2 |Lombari and Lazarus, 1988
PI.12, fig. 1 Calocycletta caepa Moore 16H-CC, N38/4 RN5 |Nigrini and Lombari, 1984
Pl.12, fig. 2 | Calocycletta virginis (Haeckel) 17H-CC, T42/1 RN4 |Nigrini and Lombari, 1984
Pl.12, fig. 3 Calocycletta serrata Moore 30H-CC, S38/0 RN2 |Nigrini and Lombari, 1984
P12, fig. 4 | Calocycletta costata (Riedel) 14H-CC, V39/4 RN5 [Nigrini and Lombari, 1984
PL.12, fig. 5 | Calocycletta robusta Moore 31H-CC, X43/4 RN2 [Nigrini and Lombari, 1984
Pl.12, fig. 6 | Albatrossidium minzok Sanfilippo and Riedel 10H-CC, J23/3 RN5 |Sanfilippo and Riedel, 1992
PI.12, fig. 7 |Anthocyrtidium sp. A 25H-CC, Y37/3 RN2

Pl.12, fig. 8 | Anthocyrtidium sp. B 25H-CC, T46/1 RN2

P12, fig. 9 Cyrtolagena sp. A 19H-CC, M26/4 RN3

PI.13, fig. 1 Lophocyrtis tanythorax (Sanfilippo and Riedel) 13H-2, 104-106 cm, W25/4 |RN5 |Sanfilippo and Riedel, 1970
PI.13, fig. 2 |Lophocyrtis tanythorax (Sanfilippo and Riedel) 15H-CC, S38/4 RN5 |Sanfilippo and Riedel, 1970
P13, fig. 3 | Cinclopyramis pacifica (Nakaseko) 18H-CC, N12/4 RN4 |Nakaseko, 1963

PI.13, fig. 4 Cinclopyramis woodringi (Campbell and Clark) 17H-CC, T16/0 RN4 |Campbell and Clark, 1944
PI.13, fig. 5 |Lophocyrtis sp. A 25H-CC, Y43/4 RN2

PI.13, fig. 6 Calocyclura sp. A 12H-4, 104-106 cm, Y24/4 |RN5

Pl.14, fig. 1 Lamprocyclas maritalis Haeckel 11H-CC, M20/0 RN5 |Nigrini and Moore, 1979
Pl.14, fig. 2 |Lophocyrtis aspera (Ehrenberg) 25H-CC, S29/3 RN2 |Sanfilippo and Caulet, 1998
PI.14, fig. 3 Theocorys spongoconus Kling 27H-CC, C28/0 RN2 [Nigrini and Lombari, 1984
Pl.14, fig. 4 |Lamprocyclas sp. B 27H-CC, H49/3 RN2

Pl.14, fig. 5 Theocorys sp. A 17H-CC, J22/0 RN4

Pl.14, fig. 6 Clathrocanium atreta Sanfilippo and Riedel 25H-CC, C45/1 RN2 |Sanfilippo et al, 1973
PL.14, fig. 7 |Lithomelissa sp. A 11H-CC, D22/0 RN5

Pl.14, fig. 8 |Lithomelissa sp. A 12H-4, 104-106 cm, M39/0 |RN5

Pl.14, fig. 9 |Lophophaena sp. A 11H-CC, G19/0 RN5

PI.14, fig. 10 | Ceratocyrtis sp. A 12H-4, 104-106 cm, K44/1 |RN5

PL.14, fig. 11 |Lamprocyclas margatensis Campbell and Clark var. A [16H-CC, U9/3 RN5 |Campbell and Clark, 1944
P14, fig. 12 |Ljpmanella conica Petrushevskaya 25H-CC, T28/3 RN2 |Petrushevskaya and Kozlova, 1979
PI.14, fig. 13 |Lophophaena tekopua O'Connor 12H-4, 104-106 cm, X36/2 |RN5 |O’Connor, 1997a

Pl.14, fig. 14 |Lophophaena tekopua O'Connor 25H-CC, L40/4 RN2 |O’Connor, 1997a

Pl.14, fig. 15 |Clathrocanium coarctatum Ehrenberg 16H-CC, 740/0 RN5 |Takahashi, 1991

PI.15, fig. 1 Pterocanium audax (Riedel) 14H-2, 105-107 cm, G17/3 [RN5 |[Nigrini and Lombari, 1984
PI.15, fig. 2 | Pterocanium audax (Riedel) 23H=CC, J20/1 RN2 |Nigrini and Lombari, 1984
P1.15, fig. 3 |Lychnocanoma elongata (Vinassa de Regny) 25H-CC, W33/4 RN2 |Sanfilippo et al, 1985
PI.15, fig. 4 | Pterocanium aff. tridentatum (Ehrenberg) 13H-2, 104-106 cm, L15/0 |RN5

P15, fig. 5 | Pterocanium charybdeum (Miiller) 16H-CC, J43/0 RN5 |Lazarus et a/, 1985
PL.15, fig. 6 | Pterocanium sp. A 10H-CC, E43/3 RN5S

PI.16, fig. 1 Lychnocanoma sp. A 23H-CC, P42/2 RN2

PI.16, fig. 2 |Lychnocanoma sp. A 23H-CC, E29/2 RN2

P16, fig. 3 [Lychnocanoma sp. A 27H-CC, H41/1 RN2

PL.16, fig. 4 _|Lychnocanoma nodosum (Haeckel) 21H-CC, S28/4 RN3 |Haeckel, 1887

P16, fig. 5 |Lychnocanoma nodosum (Haeckel) 18H-CC, U41/3 RN4 |Haeckel, 1887

PI.16, fig. 6 | Dictyophimus splendens (Campbell and Clark) 11H-CC, W43/1 RN5 |Morley and Nigrini, 1995
P16, fig. 7 | Dictyophimus sp. A 17H-CC, D12/0 RN4

PI.16, fig. 8 Valkyria pukapuka O'Connor 15H-CC, W44/1 RN5 [O’Connor, 1997a

PI.16, fig. 9 Valkyria pukapuka O'Connor 13H-CC, D41/2 RN5 |O’Connor, 1997a

PI.17, fig. 1 Dorcadospyris dentata Haeckel 18H-CC, U11/0 RN4 |Sanfilippo et al, 1985
Pl.17, fig. 2 |Dorcadospyris alata (Riedel) 16H-3, 149-151 cm, D44/0 |RN5 |Sanfilippo et a/, 1985
P17, fig. 3 | Dorcadospyris ateuchus (Ehrenberg) 27H-CC, 046/1 RN2 |Sanfilippo et al, 1985
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PI.17, fig. 4 [Lamprocyclas margatensis Campbell and Clark var. B 15H-CGC, V38/2 RN5 [Campbell and Clark, 1944

PI.17, fig. 5 [Lamprocyclas margatensis Campbell and Clark var. B 16H-CC, U27/4 RN5 [Campbell and Clark, 1944

PI.17, fig. 6 |Lamprocyclas margatensis Campbell and Clark var. B |15H-CC, V36/3 RN5 [Campbell and Clark, 1944

PI.17, fig. 7 Cornutella trochus Ehrenberg 15H-CGC, N37/0 RN5 [Ehrenberg, 1873

PI.18, fig. 1 Tympanomma binoctonum (Haeckel) 25H-CC, G43/3 RN2 [Nigrini and Lombari, 1984

PI.18, fig. 2 Tympanomma binoctonum (Haeckel) 18H-CC, N15/0 RN4 [Nigrini and Lombari, 1984

PI.18, fig. 3 | Tholospyris anthophora (Haeckel) 19H-CC, E42/3 RN3_|Nigrini and Lombari, 1984

PI.18, fig. 4 Tholospyris anthophora (Haeckel) 17H-CC, T13/2 RN4 [Nigrini and Lombari, 1984

PI.18, fig. 5 [Dendrospyris pannosa Goll 23H-CC, 044/4 RN2 [Petrushevskaya and Kozlova, 1972
PI.18, fig. 6 Tholospyris mammillaris (Haeckel) 19H-CC, J49/3 RN3 |Nigrini and Lombari, 1984

PI.18, fig. 7 Tholospyris kantiana (Haeckel) 10H-CGC, K45/2 RN5 [Nigrini and Lombari, 1984

PI.18, fig. 8 Tympanomma tuberosum (Haeckel) 17H-CC, V14/1 RN4 [Petrushevskaya and Kozlova, 1972
PI.18, fig. 9 [Liriospyris mutuaria Goll 25H-CC, D29/0 RN2 [Nigrini and Lombari, 1984

PI1.18, fig. 10 [Liriospyris sp. A 25H-CC, C43/4 RN2

PI.18, fig. 11 [Dendrospyris sp. A 10H-CC, Q40/4 RN5

PI.18, fig. 12 | Eucoronis octopylus (Haeckel) 14H-CC, X37/4 RN5 [Sanfilippo et al., 1985

PI1.18, fig. 13 | Eucoronis perspicillum Haeckel 16H-CC, V22/3 RN5 [Petrushevskaya and Kozlova, 1972
PI1.18, fig. 14 [Eucoronis perspicillum Haeckel 16H-CC, P45/0 RN5 [Petrushevskaya and Kozlova, 1972
PI.18, fig. 15 |Acanthodesmia circumflexa (Goll) 25H-CC, C45/1 RN2 |[Nigrini and Lombari, 1984

P1.18, fig. 16 [Acanthodesmia sp. A 25H-CC, X36/0 RN2

PI.18, fig. 17 [Acanthodesmia sp. B 13H-2, 104-106 cm, Q30/0 |RN5

P1.18, fig. 18 |Dendrospyris pododendros (Carnevale) 13H-CC, C46/3 RN5 [Petrushevskaya and Kozlova, 1972
PI.18, fig. 19 | Giraffospyris annulispina Goll 18H-CC, U11/0 RN4 [Goll, 1969

PI.18, fig. 20 | Eucoronis toxarium (Haeckel) 14H-CC, D16/2 RN5 [Goll, 1969

P1.18, fig. 21 | Phormospyris stabilis (Goll) 11H-CC, C11/4 RN5 [Nigrini and Lombari, 1984

PI.18, fig. 22 | Phormospyris sp. B 13H-CC, D41/0 RN5

PI.18, fig. 23 |Liriospyris parkerae Riedel and Sanfilippo 17H-CC, Q31/0 RN4 [Riedel and Sanfilippo, 1978

P1.18, fig. 24 |Liriospyris stauropora (Haeckel) 17H-CC, J16/0 RN4 [Riedel and Sanfilippo, 1978

PI.18, fig. 25 [Zygocircus sp. 15H-CC, Z239/1 RN5

PI.18, fig. 26 [ Zygocircus sp. 15H-CGC, S37/0 RN5

PI.18, fig. 27 [Botryocyrtis sp. A 23H-CC, D38/3 RN2

PI.18, fig. 28 | Centrobotrys thermophila Petrushevskaya 28H-CC, S45/2 RN2 [Sanfilippo et al., 1985

P1.18, fig. 29 | Centrobotrys petrushevskayae Sanfilippo and Riedel 28H-CC, S45/2 RN2 |Sanfilippo et a/, 1985

PI1.18, fig. 30 [Acrobotrys disolenia Haeckel 25H-CC, G44/3 RN2 |Haeckel, 1887

include 70 unidentified forms, particularly within the taxonomic problems. Samples were provided by the

families Actinommidae, Collosphaeridae, Hexalonchidae,
Litheliidae, Pyloniidae, Spongodiscidae and Stylodictyidae.
Some of these taxa will be described as new species in the
near future. The radiolarian assemblages included at least 68
tropical-subtropical taxa (e.g. Acanthodesmia circumflexa,
Calocycletta caepa, Calocycletta robusta, Carpocanium
cingulatum, Centrobotrys petrushevskayae, Collosphaera
brattstroemi, Dendrospyris pannosa, Didymocyrtis
laticonus, Didymocyrtis tubaria, Dorcadospyris alata,
Eucoronis octopylus, Hexapyle dodecantha, Liriospyris
parkerae, Lithopera thornburgi, Lophocyrtis tanythorax,
Lychnocanoma elongata, Polysolenia spinosa, Pterocanium
audax, Stichocorys armata, Stichocorys wolffii, Tholospyris
anthophora, Trisolenia megalactis costlowi) and 31
cosmopolitan taxa (e.g. Actinomma robusta, Amphisphaera
neptunus, Amphymenium amphistylium, Axoprunum
bispiculum, Botryostrobus aquilonaris, Cinclopyramis
pacifica, Cladococcus dentata, Cycladophora conica,
Cyrtocapsella japonica, Dictyophimus splendens,
Lamprocyclas margatensis, Larcopyle polyacantha,
Lipmanella conica, Lophocyrtis aspera, Stylodictya
camerina, Theocamptra ovata).
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Plate 1 Illustrations of the encountered radiolarians. 1: Trisolenia combinata Bjerklund and Goll; 2: Collosphaera macropora Popofsky;
3: Trisolenia sp. A; 4: Siphonosphaera sp. C; 5: Collosphaera pyloma Reynolds; 6: Collosphaera reynoldsi Kamikuri; 7:
Trisolenia megalactis costlowi Bjerklund and Goll; 8, 10: Polysolenia spinosa (Haeckel) group; 9: Polysolenia murrayana
(Haeckel).
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Plate 2 Illustrations of the encountered radiolarians. 1-3: Trisolenia megalactis megalactis Ehrenberg; 4, 5: Siphonosphaera sp. A;
6: Siphonosphaera sp. D; 7: Siphonosphaera sp. B; 8, 9: Collosphaera glebulenta Bjerklund and Goll; 10—12: Collosphaera
sp. A; 13: Collosphaera brattstroemi Bjerklund and Goll.

— 145 —



Bulletin of the Geological Survey of Japan, vol. 70 (1/2), 2019

3
la 1b
2a 2b
100 pm
4
Sa 5b
6a 6b
7a 7b
9a 9b
8a 8b 10a 10b

Plate 3 Illustrations of the encountered radiolarians. 1, 2: Axoprunum bispiculum (Popofsky); 3: Stylosphaera communis (Carnevale),
4, 10: Stylosphaera sp. B; 5: Amphisphaera santaeannae (Campbell and Clark); 6: Amphistylus polistylus (Carnevale); 7:
Amphisphaera neptunus (Haeckel); 8: Stylosphaera sp. A; 9: Amphistylus angelinus (Campbell and Clark).
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Plate 4 Illustrations of the encountered radiolarians. 1, 2, 4: Actinomma robusta (Kling); 3: Thecosphaera sp. A; 5: Thecosphaera
sp. B; 6: Thecosphaera sp. C; 7: Thecosphaera sp. D; 8: Thecosphaera sp. E; 9: Hexacontium sp. B; 10: Hexacontium cf.
arachnoidale Hollande and Enjumet; 11: Saturnalis circularis Haeckel.
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Plate 5 Illustrations of the encountered radiolarians. 1: Cenosphaera sp. A; 2: Heliodiscus sp. B; 3: Hexapyle dodecantha Haeckel; 4:
Excentrodiscus sp. A; 5: Cenosphaera sp. B; 6: Heliodiscus sp. A; 7: Thecosphaera sp. E; 8: Hexacontium sp. C; 9: Axoprunum
sp. A; 10: Didymocyrtis violina (Haeckel); 11: Didymocyrtis tubaria (Haeckel); 12: Didymocyrtis mammifera (Haeckel); 13:
Spongurus cylindricus Haeckel.
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Plate 6 Illustrations of the encountered radiolarians. 1: Cladococcus sp. A; 2: Hexacontium pachydermum Jorgensen; 3: Hexalonche
sp. A; 4, 5: Didymocyrtis prismatica (Haeckel); 6, 7: Didymocyrtis tubaria (Haeckel); 8: Didymocyrtis laticonus (Riedel); 9:
Didymocyrtis mammifera (Haeckel); 10, 12, 13: Didymocyrtis bassanii (Carnevale); 11: Cladococcus dentata (Mast).
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Plate 7 Illustrations of the encountered radiolarians. 1-4: Larcopyle hayesi (Chen) group; 5: Larcopyle sp. C; 6, 9-11: Lithelius sp. A;
7: Larcopyle polyacantha (Campbell and Clark); 8: Larcopyle sp. B; 12: Lithelius sp. C; 13—15: Larcopyle sp. A; 16: Larcopyle
titan (Campbell and Clark); 17: Actinomma sp. B; 18: Larcospira moschkowskii Kruglikova.
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Plate 8 Tllustrations of the encountered radiolarians. 1-3: Stylodictya sp. A; 4: Spongurus cylindricus Haeckel; 5, 6, 8: Stylodictya camerina
Campbell and Clark; 7: Stylodictya sp. B; 9: Amphymenium amphistylium Haeckel; 10: Stylodictya sp. C; 11: Porodiscus circularis
Clark and Campbell; 12: Porodiscus sp. A; 13: Heliodiscus sp. A; 14: Phacodiscus sp. A; 15: Dictyocoryne sp. B.
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Plate 9 Illustrations of the encountered radiolarians. 1: Spongasteriscus marylandicus Martin; 2: Heliodiscus sp. C; 3, 4: Tetrapyle sp.
A; 5: Dictyocoryne malagaense (Campbell and Clark); 6: Spongaster sp. A; 7: Dictyocoryne sp. A; 8: Spongopyle osculosa
Dreyer; 9—12: Spongodiscus resurgens Ehrenberg; 13: Excentrococcus annulatus Dumitrica; 14: Spongodiscus sp. B; 15:
Spongodiscus sp. C; 16: Spongodiscus klingi Caulet.
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Plate 10 Illustrations of the encountered radiolarians. 1, 2: Cyrtocapsella tetrapera Haeckel; 3, 4: Cyrtocapsella japonica (Nakaseko);
5, 6: Cyrtocapsella cornuta Haeckel; 7: Lithopera baueri Sanfilippo and Riedel; 8: Stichocorys delmontensis (Campbell and
Clark); 9: Lithopera renzae Sanfilippo and Riedel; 10: Stichocorys wolffii Haeckel; 11: Lithopera thornburgi Sanfilippo and
Riedel; 12: Eucyrtidium sp. A; 13: Stichocorys armata (Haeckel); 14: Phormocyrtis alexandrae O'Connor; 15: Eucyrtidium
sp. C; 16: Eucyrtidium cienkowskii Haeckel; 17: Stichocorys diaphanes (Sanfilippo and Riedel).
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Plate 11 Tllustrations of the encountered radiolarians. 1: Carpocanium cingulatum (Riedel and Sanfilippo); 2, 3: Carpocanium bramlettei (Riedel
and Sanfilippo); 4: Carpacanium sp. B; 5, 6: Carpacanium kinugasense Nishimura; 7: Siphocampe sp. D; 8: Siphocampe grantmackiei
O'Connor; 9: Botryostrobus sp. B; 10: Botryostrobus aquilonaris (Bailey); 11: Spirocyrtis subtilis Petrushevskaya; 12: Siphostichartus
corona (Haeckel); 13: Botryostrobus sp. A; 14: Theocamptra ovata (Haeckel); 15, 16: Siphocampe sp. B; 17, 18: Phormostichoartus

fistula Nigrini; 19: Lithocampana sp. A; 20: Lithocampana sp. B; 21: Cycladophora conica Lombari and Lazarus.
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Plate 12 Tllustrations of the encountered radiolarians. 1: Calocycletta caepa Moore; 2: Calocycletta virginis (Haeckel); 3: Calocycletta
serrata Moore; 4: Calocycletta costata (Riedel); 5: Calocycletta robusta Moore; 6: Albatrossidium minzok Sanfilippo and
Riedel; 7: Anthocyrtidium sp. A; 8: Anthocyrtidium sp. B; 9: Cyrtolagena sp. A.
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Plate 13 Illustrations of the encountered radiolarians. 1, 2: Lophocyrtis tanythorax (Sanfilippo and Riedel); 3: Cinclopyramis pacifica
(Nakaseko); 4: Cinclopyramis woodringi (Campbell and Clark); 5: Lophocyrtis sp. A; 6: Calocyclura sp. A.
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Plate 14 Illustrations of the encountered radiolarians. 1: Lamprocyclas maritalis Haeckel; 2: Lophocyrtis aspera (Ehrenberg); 3:
Theocorys spongoconus Kling; 4: Lamprocyclas sp. B; 5: Theocorys sp. A; 6: Clathrocanium atreta Sanfilippo and Riedel; 7,
8: Lithomelissa sp. A; 9: Lophophaena sp. A; 10: Ceratocyrtis sp. A; 11: Lamprocyclas margatensis Campbell and Clark var.
A; 12: Lipmanella conica Petrushevskaya; 13, 14: Lophophaena tekopua O'Connor; 15: Clathrocanium coarctatum Ehrenberg.
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Plate 15 Illustrations of the encountered radiolarians. 1, 2: Pterocanium audax (Riedel); 3: Lychnocanoma elongata (Vinassa de Regny);
4: Pterocanium aff. tridentatum (Ehrenberg); 5: Pterocanium charybdeum (Miiller); 6: Pterocanium sp. A.
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Plate 16 Illustrations of the encountered radiolarians. 1-3: Lychnocanoma sp. A; 4, 5: Lychnocanoma nodosum (Haeckel); 6: Dictyophimus
splendens (Campbell and Clark); 7: Dictyophimus sp. A; 8, 9: Valkyria pukapuka O'Connor.
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Plate 17 Illustrations of the encountered radiolarians. 1: Dorcadospyris dentata Haeckel; 2: Dorcadospyris alata (Riedel); 3: Dorcadospyris
ateuchus (Ehrenberg); 4-6: Lamprocyclas margatensis Campbell and Clark var. B; 7: Cornutella trochus Ehrenberg.
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Plate 18 Illustrations of the encountered radiolarians. 1, 2: lympanomma binoctonum (Haeckel); 3, 4: Tholospyris anthophora (Haeckel);
5: Dendrospyris pannosa Goll; 6: Tholospyris mammillaris (Haeckel); 7: Tholospyris kantiana (Haeckel); 8: Tympanomma
tuberosum (Haeckel); 9: Liriospyris mutuaria Goll; 10: Liriospyris sp. A; 11: Dendrospyris sp. A; 12: Eucoronis octopylus
(Haeckel); 13, 14: Eucoronis perspicillum Haeckel; 15: Acanthodesmia circumflexa (Goll); 16: Acanthodesmia sp. A; 17:
Acanthodesmia sp. B; 18: Dendrospyris pododendros (Carnevale); 19: Giraffospyris annulispina Goll; 20: Eucoronis toxarium
(Haeckel); 21: Phormospyris stabilis (Goll); 22: Phormospyris sp. B; 23: Liriospyris parkerae Riedel and Sanfilippo; 24:
Liriospyris stauropora (Haeckel); 25, 26: Zygocircus sp.; 27: Botryocyrtis sp. A; 28: Centrobotrys thermophila Petrushevskaya;
29: Centrobotrys petrushevskayae Sanfilippo and Riedel; 30: Acrobotrys disolenia Haeckel.
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Notes and Comments

Middle to late Miocene radiolarians from ODP Site 1021
in the eastern North Pacific

Shin-ichi Kamikuri"*

Shin-ichi Kamikuri (2019) Middle to late Miocene radiolarians from ODP Site 1021 in the eastern North
Pacific. Bull. Geol. Surv. Japan, vol. 70 (1/2), p. 163—-194, 1 figure, 24 plates.

Abstract: The purpose of this study is to present microphotgraphs of all the encountered taxa of the
middle to late Miocene age from Ocean Drilling Program (ODP) Site 1021 in the eastern North Pacific in
order to analyze the species diversity of radiolarians. Totally 149 species or species groups of radiolarians
were identified from Site 1021 in the eastern North Pacific. Micro-photographs have been illustrated in
the 24 plates, and a new species, Lychnocanoma californica, is described.

Keywords: eastern North Pacific, Miocene, radiolaria, new species

1. Introduction

The California Current system is one of the most
biologically productive ecosystems in the world’s ocean
because they benefit from nutrient-rich coastal upwelling.
Ocean Drilling Program (ODP) Leg 167 was designed
to study the evolution of the California Current system
and associated upwelling systems from the middle
Miocene to the Quaternary (Lyle et al., 1997), and thirteen
sites were drilled from about 30°N to 42°N along the
California continental margin in the eastern North Pacific
Ocean. Of these thirteen sites, Site 1021 was drilled for
paleoceanographic reconstruction of the northern region
of the area influenced by the California Current during the
Neogene. LaRiviere et al. (2012) estimated quantitative
geochemical sea surface temperature since the late middle
Miocene from Site 1021 in the eastern North Pacific.
Barron et al. (2002) presented weight percent opal
records since the late middle Miocene from Site 1021, and
indicated that a dramatic decline occurred at about 7.6 Ma.

Radiolarians, which is one of the siliceous microfossil
group, were found in the sediment recovered from Site
1021, however its preservation of the fauna changed from
age to age (Lyle et al., 1997; Kamikuri, 2017). Sediments
older than the latest Miocene was relatively abundant
in radiolarians, of which preservation was good. The
sediments from the middle to upper Miocene are suitable
for studies of taxonomy, biostratigraphy and species
diversity on radiolarians.

The most important taxonomic studies of the middle

to upper Miocene in the eastern North Pacific is that of
Campbell and Clark (1944). The taxonomic studies were
based on siliceous sediments of onshore California. After
that, several biostratigaraphic studies of radiolarians were
conductive in the eastern North Pacific (Rowell, 1981;
Poore et al., 1981; Weaver et al., 1981; Perez-Guzman,
1985; Perez-Guzman and Casey, 1986). Kamikuri (2017)
studied biostratigraphic distribution of selected radiolarians
from ODP Site 1021 in the eastern North Pacific. The
purpose of this study is to present microphotgraphs of all
the encountered taxa of the middle to late Miocene age
from Site 1021 in the eastern North Pacific in order to
analyze the species diversity of radiolarians.

2. Material and methods

Site 1021 was drilled at a water depth of 4211.5 m
(39°5.248’ N, 127°46.985" W) in the eastern North Pacific
(Fig. 1). The lithology of the middle to upper Miocene of
this site is characterized by clay and diatom ooze with
well-preserved radiolarians (Lyle et al., 1997). A total of 49
sediment samples from 1021B-22X-1, 20-22 c¢cm to 33X-
6, 20-22 cm (210.32 to 308.21 meters composite depth
below seafloor; 7.50 to 12.83 Ma) were examined in this
study (Plates 1 to 24). Sample preparation for microscopic
examination followed the standard techniques (Sanfilippo
et al., 1985). Sediment samples were treated with H,0,
and HCI solution. The residues were sieved with 63 pm.
An optical microscope was used for observation and
photomicrographic work.

' Faculty of Education, Tbaraki University, Bunkyo 2-1-1, Ibaraki 310-8512, Japan
" Corresponding author: S. Kamikuri, Email: shin-ichi.kamikuri.millefeuille@vc.ibaraki.ac.jp

— 163 —



Bulletin of the Geological Survey of Japan, vol. 70 (1/2), 2019

150°W 120°W
60°N
Site 1021 —°
30°N _|
% N. Pacific
.

3. Radiolarian species diversity

Totally 149 species or species groups of radiolarians
were identified from Site 1021 in the eastern North
Pacific. Micro-photographs are illustrated in the 24 plates
including a new species, Lychnocanoma californica.

4. Taxonomic Notes

Genus Lychnocanoma Haeckel 1887, emend.
Foreman 1973
Lychnocanoma californica Kamikuri n. sp.
Plate 1, figs. 6-11.

Lychanocanoma nipponica type B. Kamikuri 2017, figs. 2a, b.

Holotype: MPC-42136; ODP Hole 1021B-26X-4, 70-72
cm, D42/0. Plate 1, figs 8a, b. Holotype is on deposit
in the micropaleontological reference collection of the
Natural Science Museum, Tokyo, Japan.

Description: Cephalis moderate in size with a few small
subcircular pores. Apical horn, simple unbladed and
its length being 0.5 times to twice as long as cephalic
diameter. Collar stricture distinct. Thorax hemispherical,
usually thick-walled with a relatively smoothed surface
and being subcircular pores aligned longitudinally.
Thoracic pores, medium and regular in size, about
12-16 pores on a half circumference. Three feet, three-
bladed, robust, straight or slightly curved with outward
convexity. Feet have usually one or two proximal pores.

Fig. 1 Location map of ODP Site 1021 in the eastern North
Pacific.

In some specimens, meshwork on the inner margin of
the feet.

Dimensions (based on ten specimens): Length of apical
horn: up to 40 um; cephalic diameter: 20-30 um; length
of thorax: 50-70 pm; width of thorax: 85-120 pum; length
of foot: up to 170 pm.

Distinguishing characters: Lychnocanoma californica is
closely related to Lychnocanoma parallelipes Motoyama.
Lychnocanoma californica differs from L. parallelipes
by a relatively thin thorax with a smooth surface, and a
shorter and thin apical horn. Lychnocanoma californica
can be distinguished from Lychnocanoma nipponica
Nakaseko and Lychnocanoma magnacornuta Sakai by
its parallel or slightly convergent feet.

Occurrence: Lychnocanoma californica (=Lychnocanoma
nipponica type B in original paper) occurred from 9.4 to
6.2 Ma in the late Miocene (Kamikuri, 2017).

Genus Actinomma Haeckel 1861a,
sensu Burridge et al. 2014
Actinomma hootsi (Campbell and Clark)
Plate 10, figs. 1a-4b, plate 16, figs. 8a, b.

Hexacontium hootsi Campbell and Clark 1944, p. 14, pl. 2, fig. 5.
Remarks: 1 changed the genus name to Actinomma,
because this species characterized by three cortical shells

with eight to ten unbranched spines.

Actinomma robusta (Kling)
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Plate 12, figs. 4a-8b.

Sphaeropyle robusta Kling 1973, p. 634, pl. 1, figs. 11,
12, pl. 9, figs. 9-13, pl. 13, figs. 1-5; Morley and Nigrini
1995, p. 81, pl. 1, figs. 6, 7.

Remarks: 1 changed the genus name to Actinomma,
because this species is similar to Actinomma langii
(Dreyer) in Burridge et al. (2014).

Genus Cinclopyramis Haeckel 1879,
sensu Suzuki et al. 2009
Cinclopyramis circumtexta (Haeckel) group
Plate 6, figs. 13, 14, 17.

Peripyramis circumtexta Haeckel 1887, p. 1162, pl. 54, fig. 5.
Peripyramis circumtexta Haeckel group in Petrushevskaya
1975, p. 587, pl. 13, fig. 29, pl. 44, figs. 5, 6.

Remarks: 1 changed the genus name to Cinclopyramis,
because Peripyramis is junior synonym of Cinclopyramis
(Suzuki et al., 2009).

Genus Cycladophora Ehrenberg 1872, emend.
Lombari and Lazarus 1988
Cycladophora klingi Lombari and Lazarus
Plate 1, figs. 3a, b.

Cycladophora bicornis klingi Lombari and Lazarus 1988,
p- 108, pl. 4, figs. 1-5.

Remarks: Cycladophora klingi was described originally
as a subspecies of Cycladophora bicornis by Lombari
and Lazarus (1988). I have raised this taxon to species
rank, because this species is distinguished from other
cycladophorids by its small compact shape and lower
thorax skirt.

Genus Lamprotripus Haeckel 1882
Lamprotripus splendens (Campbell and Clark)
Plate 2, fig. 6

Pterocorys (Pterocyrtidium) splendens Campbell and
Clark 1944, p. 46, pl. 6, figs. 16, 19, 20.

Dictyophimus splendens (Campbell and Clark) in Morley
and Nigrini 1995, p. 79, pl. 7, figs. 3, 4.

Remarks: 1 changed genus name to Lamprotripus, because
this species is similar to Lamprotripus cortina (Haeckel)
and L. hirundo (Haeckel) in Matsuzaki et al. (2015).

Genus Rhizosphaera Haeckel 1861b,
sensu Dumitrica 2017
Rhizosphaera churchi (Campbell and Clark) group
Plate 8, figs. 1-8.

Plegmosphaera churchi Campbell and Clark 1944, p. 10,

pl. 1, figs. 6-10.

Remarks: 1 changed genus name to Rhizosphaera, because
this species is similar to Rhizosphaera antarctica
(Haeckel) in Dumitrica (2017).

5. Species list

Amphistylus angelinus (Campbell and Clark) in Takemura
1992, p. 741, pl. 1, figs. 8, 9. [Plate 14, fig. 13.]
Amphymenium amphistylium Haeckel in Morley and

Nigrini 1995, p. 78, pl. 1, figs. 8, 9. [Plate 19, fig. 4.]

Anthocyrtidium sp. A: This study. [Plate 3, figs. 9, 10.]

Anthocyrtidium sp. B: This study. [Plate 3, fig. 11.]

Axoprunum bispiculum (Popofsky) in Takemura 1992, p.
741, pl. 1, figs. 1, 2. [Plate 14, fig. 11.]

Botryostrobus bramlettei (Campbell and Clark) in Nigrini
and Lombari 1984, p. N175, pl. 31, figs. 2a—2c. [Plate
1, fig. 12.]

Calocycletta caepa Moore 1972, p. 150, pl. 2, figs. 4-7.
[Plate 3, fig. 1.]

Calocycletta sp. A: This study. [Plate 3, fig. 5.]

Calocycletta sp. B: This study. [Plate 3, fig. 4.]

Calocycletta sp. C: This study. [Plate 3, figs. 2, 3.]

Carpocanium favosa (Haeckel): Carpocanistrum favosum
(Haeckel) in Takahashi 1991, p. 131, pl. 45, fig. 8:
Carpocanium spp. in O’ Connor 1997, p. 111, pl. 3,
figs. 18-20. [Plate 1, fig. 15.]

Cenosphaera jenkinsi Campbell and Clark group:
Cenosphaera jenkinsi Campbell and Clark 1944, p.
9, pl. 1, figs. 2-4. [Plate 15, figs. 1-11; Plate 16, figs.
6,7.]

Ceratocyrtis aff. mashae Bjerklund in Matsuzaki et al.
2015, p. 46, fig. 7.24. [Plate 5, figs. 10, 11.]

Ceratocyrtis sp. A: This study. [Plate 5, fig. 12.]

Ceratocyrtis sp. C: This study. [Plate 5, fig. 13.]

Cinclopyramis murrayana Haeckel in Matsuzaki et al.
2015, p. 58, figs. 9.19, 9. 20; Bathropyramis woodringi
Campbell and Clark 1944, p. 39, pl. 5, figs. 21, 22.
[Plate 6, fig. 7.]

Circodiscus circularis (Clark and Campbell) in Jackett
et al., 2008, p. 50, pl. 4, figs. 10, 12; Porodiscus
circularis Clark and Campbell 1942, p. 42, pl. 2, figs.
2, 6, 10. [Plate 20, figs. 1-4.]

Collosphaera glebulenta Bjerklund and Goll 1979, p.
1316, pl. 2, figs. 9-25. [Plate 17, figs. 1-6.]

Collosphaera reynoldsi Kamikuri 2010, p. 97, pl. 3, figs.
18-25. [Plate 17, fig. 7.]

Collosphaera sp. A: This study. [Plate 17, fig. 9.]

Collosphaera sp. B: This study. [Plate 17, fig. 8.]

Cornutella paloverdensis Campbell and Clark 1944, p. 40,
pl. 5, figs. 17, 20, 24, 25. [Plate 6, fig. 3.]

Cornutella profunda Ehrenberg in Nigrini and Lombari
1984, p. N93, pl. 22, fig. 1. [Plate 6, fig. 15.]

Cromydruppocarpus esterae Campbell and Clark 1944, p.
20, pl. 2, figs. 26-28. [Plate 14, figs. 4-6.]

Cycladophora bicornis (Popofsky) in Matsuzaki et al.
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2015, p. 63, figs. 8.19-8. 22; Not Cycladophora
bicornis bicornis (Popofsky) in Lombari and Lazarus
1988, p. 106, pl. 5, figs. 9-12. [Plate 1, fig. 4.]
Cycladophora cabrilloensis (Campbell and Clark):
Clathrocyclas cabrilloensis Campbell and Clark 1944,
p. 48, pl. 7, fig. 1 (only); Cycladophora cabrilloensis
cabrilloensis (Campbell and Clark) in Lombari and
Lazarus 1988, p. 118, pl. 7, figs. 1-12. [Plate 1, fig. 1.]
Cycladophora cosma Lombari and Lazarus: Cycladophora
cosma cosma Lombari and Lazarus 1988, p. 104, pl.
1, figs. 1-6; Cycladophora cosma irregularis Lombari
and Lazarus 1988, p. 105, pl. 1, figs. 7-12. [Plate 1,
fig. 2.]
Cycladophora sphaeris (Popova): Spuroclathrocylas
sphaeris Popova 1989, p. 73, pl. 11, fig. 17, pl. 12,
fig. 3; Cycladophora sakaii Motoyama 1996, p. 246,
pl. 4, figs. 4a—6b; Cycladophora sphaeris (Popova) in
Kamikuri 2017, fig. 8.5. [Plate 1, fig. 5.]
Cyrtocapsella cornuta Haeckel in Sakai 1980, p. 709, pl.
8, figs. 8a, 8b. [Plate 5, fig. 4.]
Cyrtocapsella japonica (Nakaseko) in Sakai 1980, p. 709,
pl. 8, figs. 7a, 7b. [Plate 5, figs. 8, 9.]
Cyrtocapsella tetrapera Haeckel in Sakai 1980, p. 709,
pl. 8, figs. 5, 6. [Plate 5, fig. 5.]
Cyrtolagena sp. A: This study. [Plate 6, fig. 16.]
Dendrospyris aff. bursa (Sanfilippo and Riedel): This
study. [Plate 7, figs. 12, 13.]
Dendrospyris sp. A: This study. [Plate 7, figs. 3-5.]
Dendrospyris sp. B: This study. [Plate 7, fig. 6.]
Dendrospyris sp. C: This study. [Plate 7, fig. 8.]
Dendrospyris sp. D: This study. [Plate 7, fig. 9.]
Dendrospyris sp. E: This study. [Plate 7, fig. 11.]
Dendrospyris sp. F: This study. [Plate 7, fig. 14.]
Diartus hughesi (Campbell and Clark) in Sanfilippo et al.
1985, p. 655. Fig. 8.11. [Plate 19, figs. 20, 21.]
Dictyocoryne malagaense (Campbell and Clark) group:
Rhopalodictyum malagaense Campbell and Clark
1944, p. 29, pl. 4, figs. 4, 5. [Plate 19, figs. 1, 2.]
Dictyocoryne sp. A: This study. [Plate 19, fig. 3.]
Dictyophimus sp. A: This study. [Plate 5, fig. 16.]
Didymocyrtis antepenultima (Riede and Sanfilippo) in
Sanfilippo ef al. 1985, p. 657, fig. 8.6. [Plate 19, figs.
18,19.]
Didymocyrtis laticonus (Riedel) in Sanfilippo et al. 1985,
p. 658, figs. 8.5a, 8.5b. [Plate 19, figs. 16, 17.]
Didymocyrtis penultima (Riede and Sanfilippo) in
Sanfilippo et al. 1985, p. 658, figs. 8.7a, 8.7b. [Plate
19, figs. 14, 15.]
Didymocyrtis sp. C: This study. [Plate 19, figs. 22, 23.]
Didymocyrtis sp. D: This study. [Plate 19, figs. 24, 25.]
Druppatractus hastatus Blueford 1982, p. 206, pl. 6, figs.
3, 4. [Plate 14, fig. 7.]
Eucyrtidium calvertense Martin in Morley and Nigrini
1995, p. 82, pl. 4, fig. 8. [Plate 4, fig. 8.]
Eucyrtidium cienkowskii Haeckel group in Sakai 1980, p.
710, pl. 7, figs. 8a—10. [Plate 4, figs. 9—11.]
Eucyrtidium hexagonatum Haeckel in Nigrini and

Lombari 1984, p. N115, pl. 23, fig. 8. [Plate 4, fig. 7.]

Eucyrtidium inflatum Kling 1973, p. 636, pl. 11, figs. 7,
8, pl. 15, figs. 7-10. [Plate 4, fig. 13; Plate 5, fig. 15.]

Eucyrtidium sp. D: This study. [Plate 5, fig. 14.]

Eucyrtidium sp. E: This study. [Plate 4, fig. 12.]

Eucyrtidium sp. G: This study. [Plate 4, fig. 14.]

Excentrodiscus japonicus (Nakaseko and Nishimura) in
Kamikuri 2010, p. 86, pl. 2, figs. 2a—3b, Sa—6b, 8a—9b,
11a, 11b, 13a-14b, pl. 4, figs. 19a-19c. [Plate 10,
figs. 5-7.]

Gondwanaria campanulaeformis (Campbell and Clark),
Funakawa 2000, p. 100, pl. 1, figs. la—1d, pl. 7, figs.
la, 1b, text-fig. 4. [Plate 6, fig. 2.]

Haliommetta miocenica (Campbell and Clark) group in
Petrushevskaya and Kozlova 1972, p. 517, pl. 9, figs.
8, 9. [Plate 9, figs. 1-9.]

Heliodiscus sp. A: This study. [Plate 24, fig. 9.]

Hexacontium aff. arachnoidale Hollande and Enjumet:
This study. [Plate 11, figs. 4, 5.]

Hexacontium minerva Kamikuri 2010, p. 97, pl. 3, figs.
12a-14b, 16a—17b. [Plate 11, figs. 6-9.]

Hexacontium sp. A: This study. [Plate 11, fig. 1.]

Hexacontium sp. B: This study. [Plate 11, figs. 2, 3.]

Hexacontium sp. E: This study. [Plate 12, fig. 1.]

Hexastylus aculeata (Campbell and Clark): Staurolonche
aculeate Campbell and Clark 1944, p. 13, pl. 2, figs.
2, 3. [Plate 12, fig. 3.]

Hexastylus sp. A: This study. [Plate 12, fig. 2.]

Lamprocyclas hannai (Campbell and Clark): Calocyclas
hannai Campbell and Clark 1944, p. 48, pl. 6, figs.
21, 22; Lamprocyclas hannai (Campbell and Clark)
in Sanfilippo et al. 1985, fig. 29.8. [Plate 4, figs. 1-6.]

Lamprocyclas sp. C: This study. [Plate 3, figs. 12, 13.]

Lamprotripus cortina (Haeckel) in Matsuzaki et al. 2015,
p. 64, fig. 8.5. [Plate 2, fig. 4.]

Larcopyle aff. pylomaticus (Riedel): This study. [Plate
18, fig. 5.]

Larcopyle buetschlii Dreyer in Matsuzaki et al. 2015, p.
33, fig. 6.21-6.28. [Plate 18, figs. 18-22.]

Larcopyle polyacantha (Campbell and Clark):
Larnacantha polyacantha Campbell and Clark 1944,
p. 30, pl. 5, figs. 4-7. [Plate 18, figs. 7-17.]

Larcopyle sp. A: This study. [Plate 18, fig. 6.]

Larcospira moschkovskii Kruglikova in Nigrini and
Lombari 1984, p. S91, pl. 13, figs. 2a, 2b. [Plate 20,
fig. 17, Plate 22, fig. 8.]

Larcospira quadrangula Haeckel group in Nigrini and
Lombari 1984, p. S93, pl. 13, figs. 3a-3c. [Plate 18,
fig. 3; Plate 22, figs. 9, 10.]

Liosphaera hexagonia Haeckel in Takahashi and Honjo
1981, p. 146, pl. 1, fig. 23. [Plate 13, fig. 16.]

Lipmanella hister (Petrushevskaya) in Sugiyama and
Furutani 1992, p. 209, pl. 13, figs. 7, 8. [Plate 6, fig.
11]

Lipmanella redondoensis (Campbell and Clark) in
Funakawa 2000, p. 108, pl. 4, figs. 2a—3c, pl. 7, figs.
6a—6¢, text-fig. 8. [Plate 6, figs. 8-10.]
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Lithelius aff. elliptica (Ehrenberg): This study. [Plate 18,
fig. 4.]

Lithelius klingi Kamikuri 2010, p. 95, pl. 4, figs. 9-14.
[Plate 18, fig. 1.]

Lithelius minor Jorgensen group: Lithelius minor
Jorgensen in Nigrini and Moore 1979, p. S135, pl.
17, figs. 3-4b. [Plate 18, fig. 2.]

Lithomelissa cf. ultima Caulet: Lithomelissa ultima Caulet
1979, p. 129, pl. 1, figs. 2, 3. [Plate 6, fig. 4.]

Lithomelissa sp. A: This study. [Plate 6, fig. 5.]

Lithomelissa sp. B: This study. [Plate 6, fig. 6.]

Lithopera neotera Sanfilippo and Riedel in Sanfilippo et
al. 1985, p. 675, figs. 16.5a-16.4c. [Plate 5, fig. 3.]

Lithopera renzae Sanfilippo and Riedel in Sanfilippo et al.
1985, p. 675, figs. 16.4a, 16.5b. [Plate 5, figs. 1, 2.]

Lophoconus bihastatus Clark and Campbell 1945, p. 47,
pl. 6, fig. 15. [Plate 3, fig. 6.]

Lophocyrtis aspera (Ehrenberg) in Sanfilippo and Caulet
1998, p. 14, pl. 3A, figs. 5-10, pl. 3B, figs. 1, 2, 5-9,
pl. 6, figs. 6-8. [Plate 6, fig. 1.]

Lophospyris laventaensis (Campbell and Clark):
Ceratospyris (Lophospyris) laventaensis Campbell
and Clark 1944, p. 36, pl. 5, fig. 15. [Plate 7, figs. 1, 2.]

Lychnocanoma magnacornuta Sakai in Motoyama 1996,
p. 248, pl. 5, figs. 10a-11. [Plate 2, fig. 5.]

Lychnocanoma nipponica (Nakaseko): Lychnocanium
nipponicum Nakaseko in Shilov 1995, p. 109, pl.
3, figs. 4a, 4b; Lychnocanoma nipponica nipponica
(Nakaseko) in Morley and Nigrini 1995, p. 81, plL
5, figs. 4, 5; Lychnocanoma nipponica (Nakaseko)
type A in Kamikuri 2017, pl. 6, figs. 1a, 1b. [Plate 2,
figs. 1,2.]

Lychnodictyum aff. audax Riedel: This study. [Plate 2,
fig. 3.]

Perichlamydium scutaeforme Campbell and Clark 1944,
p. 24, pl. 3, figs. 14-16. [Plate, 20 figs. 10-15; Plate
23, figs. 9-12.]

Perichlamydium sp. K: This study. [Plate 24, figs. 7, 8.]

Perichlamydium sp. P: This study. [Plate 20, fig. 16.]

Phormospyris stabilis (Goll): Phormospyris stabilis
stabilis (Goll) in Nigrini and Lombari 1984, p. N59,
pl. 19, fig. 7. [Plate 7, fig. 7.]

Phormostichoartus fistula Nigrini in Nigrini and Lombari
1984, p. N183, pl. 31, figs. 6a-6c. [Plate 1, fig. 13.]

Phorticium clevei (Jorgensen) in Matsuzaki et al. 2015, p.
32, figs. 6.9, 6.10. [Plate 19, figs. 11-13.]

Phorticium sp. A: This study. [Plate 19, figs. 8-10.]

Polysolenia murrayana (Haeckel) in Nigrini and Moore
1979, p. S17, pl. 2, figs. 4a, 4b. [Plate 17, fig. 11.]

Polysolenia pseudarktios (Caulet): Acrosphaera pseudarktios
Caulet 1986, p. 226, pl. 1, fig. 8. [Plate 17, fig. 10.]

Saturnalis circularis Haeckel in Takahashi 1991, p. 78,
pl. 15, figs. 15-18. [Plate 13, fig. 11.]

Spirocyrtis subscalaris Nigrini in Nigrini and Lombari
1984, p. N199, pl. 32, figs. 7a, 7b. [Plate 1, fig. 14.]

Spongaster sp. A: This study. [Plate 21, fig. 13.]

Spongodiscus cauleti Kamikuri 2010, p. 94, pl. 4, figs.

1-4. [Plate 24, figs. 5, 6.]

Spongodiscus resurgens Ehrenberg in Petrushevskaya and
Kozlova 1972, p. 528, pl. 21, fig. 5. [Plate 21, figs.
1-12.]

Spongodiscus sp. D: This study. [Plate 21, fig. 14.]

Spongopyle osculosa Dreyer in Nigrini and Moore 1979,
p. S115, pl. 15, fig. 1. [Plate 22, figs. 5-7.]

Spongotrochus sol Campbell and Clark 1944, p. 28, pl. 4,
figs. 7, 9-11. [Plate 24, figs. 1, 2.]

Spongotrochus sp. B: This study. [Plate 22, fig. 1.]

Spongotrochus sp. C: This study. [Plate 22, figs. 2-4.]

Spongotrochus sp. Z: This study. [Plate 24, figs. 3, 4.]

Spongurus cylindricus Haeckel in Takahashi 1991, p. 85,
pl. 17, figs. 6-9. [Plate 19, fig. 5.]

Stichocorys delmontensis (Campbell and Clark) in
Kamikuri 2012, p. 24, pl. 1, figs. 1-9, pl. 3, figs. 1-6.
[Plate 5, fig. 7.]

Stichocorys peregrina (Riedel) in Kamikuri 2012, p. 25,
pl. 2, figs. 1-9, pl. 3, figs. 7-12. [Plate 5, fig. 6.]
Stylatractus neptunus Haeckel in Petrushevskaya and
Kozlova 1972, p. 520, pl. 11, fig. 11. [Plate 16, figs.

3-5.]

Stylatractus santaeannae (Campbell and Clark) in
Petrushevskaya and Kozlova 1972, p. 520, pl. 11,
fig. 10. [Plate 16, fig. 9.]

Stylatractus universus Hays in Morley and Nigrini 1995,
p. 82, pl. 2, fig. 3. [Plate 14, fig. 12.]

Stylodictya ornata Campbell and Clark 1944, p. 26, pl. 3,
fig. 20. [Plate 23, figs. 1-6.]

Stylodictya tenuispina Jorgensen 1905, p. 118, pl. 10, fig.
39. [Plate 23, figs. 7, 8.]

Stylodictya sp. A: This study. [Plate 20, figs. 5-9.]

Stylosphaera radiosa Ehrenberg in Petrushevskaya
and Kozlova 1972, p. 520; Amphisphaera radiosa
(Ehrenberg) group in Petrushevskaya 1975, p. 570,
pl. 2, figs. 18-20; Lithatractus santaennae pusillus
Campbell and Clark 1944, p. 19, pl. 2, figs. 23-25.
[Plate 14, figs. 1-3.]

Stylosphaera timmsi (Campbell and Clark): Stylosphaera
(?) timmsi (Campbell and Clark) in Sugiyama and
Furutani 1992, p. 203, pl. 12, figs. 3, 4, pl. 15, figs. 1,
2. [Plate 14, figs. 8-10.]

Styptosphaera spumacea Haeckel in Vitukhin 1993, pl.
27, fig. 6, pl. 28, fig. 5. [Plate 16, figs. 1, 2.]

Tetrapyle circularis/fruticosa group: Tetrapyle circularis
Haeckel in Zhang and Suzuki, 2017, p. 15, figs. 8.1-
8.15, 9.1-9.9; Tetrapyle fruticosa (Tan and Chen)
in Zhang and Suzuki 2017, p. 18, figs. 10.1-10.4;
Tetrapyle spp. (juvenile form) in Zhang and Suzuki
2017, p. 19, figs. 11.1-11.18. [Plate 19, figs. 6, 7.]

Thecosphaera dedoensis Nakaseko in Motoyama 1996,
pl. 2, fig. 2. [Plate 13, figs. 1-8.]

Thecosphaera sp. A: This study. [Plate 13, figs. 9, 10.]

Thecosphaera sp. B: This study. [Plate 13, figs. 12-15.]

Theocorys perforalvus O’ Connor 1997, p. 86, pl. 4, figs.
9-12, pl. 10, figs. 9-14, pl. 11, fig. 6. [Plate 6, fig. 12.]

Thecorythium sp. A: This study. [Plate 3, fig. 7.]
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Tholospyris kantiana (Haeckel) in Nigrini and Lombari
1984, p. N71, pl. 20, figs. 2a—2c. [Plate 7, fig. 10.]
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Plate 1 Illustrations of the encountered radiolarians. 1: Cycladophora cabrilloensis (Campbell and Clark) (Sample 1021B-26X-4,
70-72 c¢cm, 9.0 Ma); 2: Cycladophora cosma Lombari and Lazarus (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 3:
Cycladophora klingi Lombari and Lazarus (Sample 1021B-26X-6, 20-22 c¢m, 9.0 Ma); 4: Cycladophora bicornis (Popofsky)
(Sample 1021B-26X-4, 70-72 cm, 9.0 Ma); 5: Cycladophora sphaeris (Popova) (Sample 1021B-22X-6, 20-22 cm, 7.8 Ma);
6—11: Lychnocanoma californica n. sp. (6—8, 11: Sample 1021B-26X-4, 70-72 c¢cm, 9.0 Ma; 9, 10: Sample 1021B-26X-2,
120-122 cm, 8.9 Ma); 12: Botryostrobus bramlettei (Campbell and Clark) (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 13:
Phormostichoartus fistula Nigrini (Sample 1021B-32X-6, 20-22 c¢m, 12.2 Ma); 14: Spirocyrtis subscalaris Nigrini (Sample
1021B-26X-6, 20-22 cm, 9.0 Ma); 15: Carpocanium favosa (Haeckel) (Sample 1021B-32X-6, 20-22 cm, 12.2 Ma).
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Plate 2 Illustrations of the encountered radiolarians. 1, 2: Lychnocanoma nipponica (Nakaseko) (Sample 1021B-33X-2, 120-122 cm,
12.5 Ma); 3: Lychnodictyum aff. audax Riedel (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 4: Lamprotripus cortina (Haeckel)
(Sample 1021B-28X-6, 20-22 cm, 9.8 Ma); 5: Lychnocanoma magnacornuta Sakai (Sample 1021B-29X-4, 70-72 cm, 10.2
Ma); 6: Lamprotripus splendens (Campbell and Clark) (Sample 1021B-29X-2, 120-122 cm, 10.1 Ma); 7: Pterocanium sp. A
(Sample 1021B-32X-4, 70-72 cm, 12.1 Ma).
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[Nlustrations of the encountered radiolarians. 1: Calocycletta caepa Moore (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 2, 3:
Calocycletta sp. C (2: Sample 1021B-32X-6,20-22 cm, 12.8 Ma; 3: Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 4: Calocycletta
sp. B (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 5: Calocycletta sp. A (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 6:
Lophoconus bihastatus Clark and Campbell (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 7: Theocorythium sp. A (Sample
1021B-26X-4, 70-72 cm, 9.0 Ma); 8: Albatrossidium sp. C (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 9, 10: Anthocyrtidium
sp. A (9: Sample 1021B-33X-2, 120-122 cm, 12.5 Ma; 10: Sample 1021B-26X-4, 70-72 cm, 9.0 Ma); 11: Anthocyrtidium sp. B
(Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 12, 13: Lamprocyclas sp. C (Sample 1021B-29X-4, 70-72 cm, 10.2 Ma).
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[llustrations of the encountered radiolarians. 1—3: Lamprocyclas hannai (Campbell and Clark) type A (1, 3: Sample 1021B-33X-2,
120-122 cm, 12.5 Ma; 2: Sample 1021B-32X-6, 20-22 cm, 12.2 Ma); 4—6: Lamprocyclas hannai (Campbell and Clark) type B
(4, 5: Sample 1021B-32X-6, 20-22 cm, 12.2 Ma; 6: 1021B-32X-4, 70-72 cm, 12.1 Ma); 7: Eucyrtidium hexagonatum Haeckel
(Sample 1021B-26X-4, 70-72 cm, 9.0 Ma); 8: Eucyrtidium calvertense Martin (Sample 1021B-31X-6, 20-22 cm, 11.6 Ma);
9—11: Eucyrtidium cienkowskii Haeckel group (9, 10: Sample 1021B-26X-4, 70-72 cm, 9.0 Ma; 11: Sample 1021B-28X-6,
20-22 cm, 9.8 Ma); 12: Eucyrtidium sp. E (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 13: Eucyrtidium inflatum Kling
(Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 14: Eucyrtidium sp. G (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma).
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[lustrations of the encountered radiolarians. 1, 2: Lithopera renzae Sanfilippo and Riedel (1: Sample 1021B-32X-6, 20-22 cm,
12.2 Ma; 2: Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 3: Lithopera neotera Sanfilippo and Riedel (Sample 1021B-32X-6,
20-22 cm, 12.2 Ma); 4: Cyrtocapsella cornuta Haeckel (Sample 1021B-33X-4, 70-72 cm, 12.7 Ma); 5: Cyrtocapsella tetrapera
Haeckel (Sample 1021B-33X-4, 70-72 cm, 12.7 Ma); 6: Stichocorys peregrina (Riedel) (Sample 1021B-28X-6, 20-22 cm, 9.8
Ma); 7: Stichocorys delmontensis (Campbell and Clark) (Sample 1021B-31X-6,20-22 cm, 11.6 Ma); 8, 9: Cyrtocapsella japonica
(Nakaseko) (8: Sample 1021B-33X-4, 70-72 cm, 12.7 Ma; 9: Sample 1021B-32X-4, 70-72 cm, 12.1 Ma); 10, 11: Ceratocyrtis
aff. mashae Bjerklund (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 12: Ceratocyrtis sp. A (Sample 1021B-33X-2, 120-122
cm, 12.5 Ma); 13: Ceratocyrtis sp. C (Sample 1021B-32X-6,20-22 cm, 12.2 Ma); 14: Eucyrtidium sp. D (Sample 1021B-32X-4,
70-72 cm, 12.1 Ma); 15: Eucyrtidium inflatum Kling (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 16: Dictyophimus sp. A

14b

2b

10 11

15a 15b

17b

(Sample 1021B-32X-4, 70-72 cm, 12.1 Ma); 17: Pterocanium sp. A (Sample 1021B-32X-4, 70-72 cm, 12.1 Ma).
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INlustrations of the encountered radiolarians. 1: Lophocyrtis aspera (Ehrenberg) (Sample 1021B-28X-6, 20-22 cm, 9.8 Ma); 2:
Gondwanaria campanulaeformis (Campbell and Clark) (Sample 1021B-26X-4, 70-72 cm, 9.0 Ma); 3: Cornutella paloverdensis
Campbell and Clark (Sample 1021B-28X-6, 20-22 cm, 9.8 Ma); 4: Lithomelissa cf. ultima Caulet (Sample 1021B-33X-2,
120-122 cm, 12.5 Ma); 5: Lithomelissa sp. A (Sample 1021B-26X-4, 70-72 c¢cm, 9.0 Ma); 6: Lithomelissa sp. B (Sample
1021B-28X-6,20-22 cm, 9.8 Ma); 7: Cinclopyramis murrayana Haeckel (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 8—10:
Lipmanella redondoensis (Campbell and Clark) (8: Sample 1021B-26X-2, 120-122 cm, 8.9 Ma; 9: Sample 1021B-26X-4, 70-72
cm, 9.0 Ma; 10: 1021B-33X-4, 70-72 cm, 12.7 Ma); 11: Lipmanella hister (Petrushevskaya) (Sample 1021B-26X-4, 70-72
cm, 9.0 Ma); 12: Theocorys perforalvus O’Connor (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 13, 14, 17: Cinclopyramis
circumtexta (Haeckel) group (13, Sample 1021B-28X-6, 20-22 cm, 9.8 Ma; 14: Sample 1021B-33X-2, 120-122 cm, 12.5 Ma;
17: Sample 1021B-24X-1, 120-122 cm, 8.1 Ma); 15: Cornutella profunda Ehrenberg (Sample 1021B-26X-4, 70-72 cm, 9.0
Ma); 16: Cyrtolagena sp. A (Sample 1021B-33X-2, 120-122 c¢m, 12.5 Ma).
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Plate 7 Illustrations of the encountered radiolarians. 1, 2: Lophospyris laventaensis (Campbell and Clark) (Sample 1021B-26X-4, 70-72
cm, 9.0 Ma); 3—5: Dendrospyris sp. A (3, 4: Sample 1021B-33X-2, 120-122 cm, 12.5 Ma; 5: Sample 1021B-32X-6, 20-22
cm, 12.2 Ma); 6: Dendrospyris sp. B (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 7: Phormospyris stabilis (Goll) (Sample
1021B-33X-2, 120-122 cm, 12.5 Ma); 8: Dendrospyris sp. C (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 9: Dendrospyris
sp. D (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 10: Tholospyris kantiana (Haeckel) (Sample 1021B-33X-2, 120-122 cm,
12.5 Ma); 11: Dendrospyris sp. E (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 12, 13: Dendrospyris aff. bursa (Sanfilippo and
Riedel) (Sample 1021B-29X-2, 120-122 c¢m, 10.1 Ma); 14: Dendrospyris sp. F (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma).
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Plate 8 Illustrations of the encountered radiolarians. 1—8: Rhizosphaera churchi (Campbell and Clark) group (1—4, 7: Sample
1021B-26X-4, 70-72 cm, 9.0 Ma; 5: Sample 1021B-27X-1, 20-22 c¢cm, 9.1 Ma; 6: Sample 1021B-33X-2, 120-122 cm, 12.5
Ma; 8: Sample 1021B-32X-6, 20-22 cm, 12.2 Ma).
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Plate 9 Illustrations of the encountered radiolarians. 1-9: Haliommetta miocenica (Campbell and Clark) group (1, 2, 4: Sample
1021B-33X-2, 120-122 cm, 12.5 Ma; 3, 6-8: Sample 1021B-32X-6, 20-22 cm, 12.2 Ma; 5: 1021B-28X-6, 20-22 cm, 9.8 Ma).
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Plate 10 Illustrations of the encountered radiolarians. 1-4: Actinomma hootsi (Campbell and Clark) (Sample 1021B-33X-2, 120-122
cm, 12.5 Ma); 5-7: Excentrodiscus japonicus (Nakaseko and Nishimura) (Sample 1021B-28X-6, 20-22 c¢cm, 9.8 Ma).
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Plate 11 Tllustrations of the encountered radiolarians. 1: Hexacontium sp. A (Sample 1021B-28X-6, 20-22 cm, 9.8 Ma); 2, 3: Hexacontium sp. B
(2: Sample 1021B-33X-2, 120-122 cm, 12.5 Ma; 3: Sample 1021B-32X-6, 20-22 cm, 12.2 Ma); 4, 5: Hexacontium aft. arachnoidale
Hollande and Enjumet (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 6-9: Hexacontium minerva Kamikuri (6, 8: Sample 1021B-32X-6,
20-22 cm, 12.2 Ma; 7: Sample 1021B-28X-6, 20-22 cm, 9.8 Ma; 9: Sample 1021B-29X-4, 70-72 cm, 10.2 Ma).
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Plate 12 Illustrations of the encountered radiolarians. 1: Hexacontium sp. E (Sample 1021B-28X-6, 20-22 c¢cm, 9.8 Ma); 2: Hexastylus
sp. A (Sample 1021B-28X-6, 20-22 cm, 9.8 Ma); 3: Hexastylus aculeata (Campbell and Clark) (Sample 1021B-32X-6, 20-22
cm, 12.2 Ma); 4-8: Actinomma robusta (Kling) (4, 7: Sample 1021B-26X-4, 70-72 cm, 9.0 Ma; 5, 6: Sample 1021B-28X-6,
20-22 cm, 9.8 Ma; 8: Sample 1021B-32X-6, 20-22 cm, 12.2 Ma).
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Plate 13 Tllustrations of the encountered radiolarians. 1-8: Thecosphaera dedoensis Nakaseko (1-5: Sample 1021B-32X-6, 20-22 cm,
12.2 Ma; 6: 1021B-26X-4, 70-72 cm, 9.0 Ma; 7, 8: Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 9, 10: Thecosphaera sp. A
(Sample 1021B-28X-6, 20-22 cm, 9.8 Ma); 11: Saturnalis circularis Haeckel (Sample 1021B-28X-6, 20-22 ¢cm, 9.8 Ma); 12—15:
Thecosphaera sp. B (12, 13, 15: Sample 1021B-32X-6, 20-22 cm, 12.2 Ma; 14: Sample 1021B-28X-6, 20-22 cm, 9.8 Ma); 16:
Liosphaera hexagonia Haeckel (Sample 1021B-28X-6, 20-22 c¢cm, 9.8 Ma).
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Plate 14 Illustrations of the encountered radiolarians. 1-3: Stylosphaera radiosa Ehrenberg (1: Sample 1021B-32X-6, 20-22 c¢m, 12.2
Ma; 2, 3: Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 4-6: Cromydruppocarpus esterae Campbell and Clark (Sample
1021B-33X-2, 120-122 cm, 12.5 Ma); 7: Druppatractus hastatus Blueford (Sample 1021B-33X-2, 120-122 c¢m, 12.5 Ma);
8-10: Stylosphaera timmsi (Campbell and Clark) (8, 10: Sample 1021B-32X-6, 20-22 cm, 12.2 Ma; 9: Sample 1021B-33X-2,
120-122 cm, 12.5 Ma); 11: Axoprunum bispiculum (Popofsky) (Sample 1021B-28X-6, 20-22 cm, 9.8 Ma); 12: Stylatractus

universus Hays (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 13: Amphistylus angelinus (Campbell and Clark) (Sample
1021B-32X-6, 20-22 cm, 12.2 Ma).
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Plate 15 Illustrations of the encountered radiolarians. 1-11: Cenosphaera jenkinsi Campbell and Clark group (1, 3, 5: Sample
1021B-28X-6, 20-22 cm, 9.8 Ma; 2, 4, 6—11: Sample 1021B-32X-6, 20-22 cm, 12.2 Ma).
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Plate 16 Illustrations of the encountered radiolarians. 1, 2: Styptosphaera spumacea Haeckel (Sample 1021B-32X-6, 20-22 cm, 12.2
Ma); 3-5: Stylatractus neptunus Haeckel (3: Sample 1021B-32X-6, 20-22 cm, 12.2 Ma; 4: Sample 1021B-26X-6, 20-22 cm,
9.0 Ma; S5: Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 6, 7: Cenosphaera jenkinsi Campbell and Clark group (Sample
1021B-32X-6, 20-22 cm, 12.2 Ma); 8: Actinomma hootsi (Campbell and Clark) (Sample 1021B-33X-2, 120-122 cm, 12.5
Ma); 9: Stylatractus santaeannae (Campbell and Clark) (Sample 1021B-32X-6, 20-22 cm, 12.2 Ma).
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Plate 17 Illustrations of the encountered radiolarians. 1-6: Collosphaera glebulenta Bjerklund and Goll (Sample 1021B-33X-2,
120-122 cm, 12.5 Ma); 7: Collosphaera reynoldsi Kamikuri (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 8: Collosphaera
sp. B (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 9: Collosphaera sp. A (Sample 1021B-26X-4, 70-72 cm, 9.0 Ma); 10:
Polysolenia pseudarktios (Caulet) (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 11: Polysolenia murrayana (Haeckel)
(Sample 1021B-33X-2, 120-122 c¢m, 12.5 Ma).
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Plate 18 Illustrations of the encountered radiolarians. 1: Lithelius klingi Kamikuri (Sample 1021B-33X-2, 120-122 c¢m, 12.5 Ma); 2:
Lithelius minor Jorgensen group (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 3: Larcospira quadrangula Haeckel group
(Sample 1021B-33X-2, 120-122 cm, 12.5 Ma), 4: Lithelius aff. elliptica (Ehrenberg) (Sample 1021B-33X-2, 120-122 cm,
12.5 Ma); 5: Larcopyle aff. pylomaticus (Riedel) (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 6: Larcopyle sp. A (Sample
1021B-33X-2, 120-122 cm, 12.5 Ma); 7-11: Larcopyle polyacantha (Campbell and Clark) type A (Sample 1021B-33X-2,
120-122 cm, 12.5 Ma); 12: Larcopyle polyacantha (Campbell and Clark) type B (Sample 1021B-33X-2, 120-122 cm, 12.5
Ma); 13-17: Larcopyle polyacantha (Campbell and Clark) type C (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 18-22:

Larcopyle buetschlii Dreyer (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma).
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Plate 19 Illustrations of the encountered radiolarians. 1, 2: Dictyocoryne malagaense (Campbell and Clark) group (Sample 1021B-33X-2,
120-122 cm, 12.5 Ma); 3: Dictyocoryne sp. A (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 4: Amphymenium amphistylium
Haeckel (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 5: Spongurus cylindricus Haeckel (Sample 1021B-33X-2, 120-122 cm,
12.5 Ma); 6, 7: Tetrapyle circularis/fruticosa group (Sample 1021B-26X-2, 120-122 cm, 8.9 Ma); 8-10: Phorticium sp. A (Sample
1021B-26X-2, 120-122 cm, 8.9 Ma); 11-13: Phorticium clevei (Jorgensen) (Sample 1021B-26X-2, 120-122 cm, 8.9 Ma); 14:
15: Didymocyrtis penultima (Riedel) (Sample 1021B-26X-2, 120-122 cm, 8.9 Ma); 16, 17: Didymocyrtis laticonus (Riedel)
(Sample 1021B-33X-4, 70-72 cm, 12.7 Ma); 18, 19: Didymocyrtis antepenultima (Riedel and Sanfilippo) (Sample 1021B-32X-1,
20-22 cm, 11.7 Ma); 20, 21: Diartus hughesi (Campbell and Clark) (20: Sample 1021B-26X-2, 120-122 cm, 8.9 Ma; 21: Sample
1021B-28X-6, 20-22 cm, 9.8 Ma); 22, 23: Didymocyrtis sp. C (Sample 1021B-31X-6, 20-22 cm, 11.6 Ma); 24, 25: Didymocyrtis
sp. D (24: Sample 1021B-26X-2, 120-122 cm, 8.9 Ma; 25: Sample 1021B-27X-1, 20-22 cm, 9.1 Ma).
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Plate 20 Illustrations of the encountered radiolarians. 1-4: Circodiscus circularis (Clark and Campbell) (Sample 1021B-33X-2, 120-122
cm, 12.5 Ma); 5-9: Stylodictya sp. A (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 10-15: Perichlamydium scutaeforme
Campbell and Clark type A (10, 14, 15: Sample 1021B-26X-2, 120-122 c¢m, 8.9 Ma; 11-13: Sample 1021B-26X-4, 70-72
cm, 9.0 Ma); 16: Perichlamydium sp. P (Sample 1021B-25X-4, 70-72 cm, 8.6 Ma); 17: Larcospira moschkovskii Kruglikova
(Sample 1021B-33X-2, 120-122 cm, 12.5 Ma).
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Plate 21 Illustrations of the encountered radiolarians. 1-12: Spongodiscus resurgens Ehrenberg (Sample 1021B-33X-2, 120-122 cm,
12.5 Ma); 13: Spongaster sp. A (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 14: Spongodiscus sp. D (Sample 1021B-33X-2,
120-122 cm, 12.5 Ma).
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Plate 22 Illustrations of the encountered radiolarians. 1: Spongotrochus sp. B (Sample 1021B-24X-4, 70-72 cm, 8.3 Ma); 2—4:
Spongotrochus sp. C (Sample 1021B-24X-4, 70-72 cm, 8.3 Ma); 5-7: Spongopyle osculosa Dreyer (Sample 1021B-33X-2,
120-122 cm, 12.5 Ma); 8: Larcospira moschkovskii Kruglikova (Sample 1021B-33X-2, 120-122 cm, 12.5 Ma); 9, 10: Larcospira
quadrangula Haeckel group (9: Sample 1021B-26X-2, 120-122 cm, 8.9 Ma; 10: Sample 1021B-27X-1, 20-22 cm, 9.1 Ma).
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Plate 23 Illustrations of the encountered radiolarians. 1-6: Stylodictya ornata Campbell and Clark (Sample 1021B-26X-2, 120-122 cm,
8.9 Ma); 7, 8: Stylodictya tenuispina Jergensen (Sample 1021B-25X-4, 70-72 cm, 8.6 Ma); 9, 10: Perichlamydium scutaeforme
Campbell and Clark type B (Sample 1021B-26X-4, 70-72 cm, 9.0 Ma); 11, 12: Perichlamydium scutaeforme Campbell and
Clark type C (Sample 1021B-26X-2, 120-122 cm, 8.9 Ma).
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Plate 24 Illustrations of the encountered radiolarians. 1: Spongotrochus sol Campbell and Clark type A (Sample 1021B-26X-2, 120-122
cm, 8.9 Ma); 2: Spongotrochus sol Campbell and Clark type B (Sample 1021B-26X-2, 120-122 cm, 8.9 Ma); 3, 4: Spongotrochus
sp. Z (Sample 1021B-26X-2, 120-122 cm, 8.9 Ma); 5, 6: Spongodiscus cauleti Kamikuri (5: Sample 1021B-31X-1, 20-22 cm,
11.1 Ma; 6: Sample 1021B-30X-4, 70-72 cm, 10.8 Ma); 7, 8: Perichlamydium sp. K (7: Sample 1021B-26X-2, 120-122 cm,
8.9 Ma; 8: Sample 1021B-26X-4, 70-72 cm, 9.0 Ma); 9: Heliodiscus sp. A (Sample 1021B-26X-6, 20-22 cm, 9.0 Ma).
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Notes and Comments

Late Miocene polycystine radiolarians of the Japan Sea
(IODP Exp. 346 Site U1425)

Kenji M. Matsuzaki"" and Takuya Itaki’

Kenji M. Matsuzaki and Takuya Itaki (2019) Late Miocene polycystine radiolarians of the Japan Sea (IODP
Exp. 346 Site U1425). Bull. Geol. Surv. Japan, vol. 70 (1/2), p. 195-209, 1 figure, 2 tables, 9 plates.

Abstract: In this study, we have illustrated the 84 species/species group of polycystine radiolarians,
which were commonly encountered in the upper Miocene sediments at the Site U1425 of the Integrated
Ocean Drilling Program (IODP) in the Japan Sea. The micro-photographs of these species/species group

are illustrated in 9 plates.

Keywords: Integrated Ocean Drilling Program, late Miocene, Japan Sea, Polycystine radiolarians

1. Introduction

The Integrated Ocean Drilling Program (IODP)
Expedition 346 retrieved seven sites covering a wide
latitudinal and depth range in the Japan Sea and the East
China Sea. The sediment cores collected in the Japan Sea
cover the Holocene to the middle Miocene (e.g. Tada et
al.,2015; Kamikuri et al., 2017). Polycystine radiolarians
are Protista bearing skeletons of amorphous silica and
they are the unique microfossil group, which can inhabit
intermediate and deep-water (Suzuki and Not, 2015).
They are also usually used as a biostratigraphic and
paleoceanographical index in the North Pacific, where
the preservation of carbonates is low in the deep-sea
sediments. In the deep-sea sediment of the Japan Sea, the
preservation of carbonates is lower than those recorded in
the North Pacific because of a calcite compensation depth
about 2,000 m (e.g. Ujiie and Ichikura, 1973), whereas
radiolarians are usually well-preserved in such carbonate-
poor sediments in the Japan Sea. Therefore, polycystine
radiolarians were examined at all sites recovered in the
Japan Sea during the expedition 346 to define their local
biostratigraphy and establish a preliminary depth-age
model at each drilled site (Kamikuri ef al., 2017). In this
study, we propose to show micro-photographs of the
radiolarian species and/or species group, which often
occurred from the upper Miocene of IODP Exp. 346 Site
U1425.

2. Material and methods

In this study, we have analyzed radiolarians from 88
sediment core samples covering the late Miocene collected
from Sites U1425 drilled during IODP Expedition 346.
The Site U1425 is located at 39°29.44’N and 134°26.55’E
(Fig. 1), in the central Japan Sea, at the middle of the
Yamato Bank, where the water depths is 1,909 m water
depth. The 88 samples were freeze-dried, and treated with
diluted hydrogen peroxide (H,0,) (15%) (50 ml of H,O,
at concentration of 30% diluted in 100 ml of water) and
hydrochloric acid (15%) (40 ml of HCI at concentration
0f 35-37% diluted in 100 ml of water) to remove organic
and calcareous matter. The undissolved residue in each
sample was sieved over a 45-um screen following the
method proposed in Tada et al. (2015). The examination of
polycystine radiolarians was carried out under an optical
microscope Nikon Eclipse E 200 at magnifications of
100x to 400%. The photomicrographs were taken under
an optical microscope at magnifications of 400x using
a digital camera Olympus SP-600UZ, with an optical
zoom of 5.0-75.0 mm, which is set on the used optical
microscope.

3. Radiolarian fauna

Totally 84 species and species group, including 1
collodarian, 44 spumellarians and 39 nassellarians were
encountered during the late Miocene in the Japan Sea.
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Location of the studied site and general
oceanographic setting of the Japan Sea
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Photomicrographs of all forms are shown from plate 1 to
plate 9. For all these taxa, we have provided taxonomic
names and its related taxonomic references (Tables 1 and 2).
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Late Miocene radiolarians of the Japan Sea (Matsuzaki and Itaki)

Table | Taxonomic references of the encountered Collodarians and Spumellarians

Species name

plate(s)-Figure(S)

Taxonomic references

Rhizosphaera aff. variabilium (Nakaseko)

1.1-1.2

Gladenkov and Devyatkin, 1992, pl. 32, fig. 2

Hexaconthium minerva Kamikuri 1.3 Kamikuri, 2010, p. 97-98, figs. 12a-12b; 16a-16b
Rhizosphaera urumica Vituchin 1.4 Vitukhin, 1993, p. 87-88, pl. 30, fig. 5
Hexastylus spp. sensu Nigrini and Lombari 1.5 Nigrini, and Lombari, 1984, S 17, PI. 3, figs. la-1c
Acrosphaera muse Kamikuri 1.6 Kamikuri, 2010, p. 96-97, figs. 4a-6
Rhizosphaera sp. A 1.7 this study

Cenosphaera cf. compacta Haeckel 1.8 Blueford, 1982, p. 193-194, pl. 1, figs. 3, 4
Actinomma robusta (Kling) juvenile form 1.9,1.11 Suzuki, 2006, p. 863-865, figs. 11.1-11.28
Actinomma aff. okurai Nakaseko and Nishimura 1.10,1.12 Nakaseko and Nishimura, 1971, p. 68, pl. 1, figs. 1-8
Axoprunum bispiculum (Popofsky) 1.13 Popofsky, 1912, p. 91, pl. 2, fig. 2

Druppatractus irregularis Popofsky 1.14 Blueford, 1982, p. 204, 206, pl. 6, figs. 7a, 7b
Stylosphaera pyriformis (Bailey) 1.15 Matsuzaki et a/., 2015, p. 12, Figs. 5.10
Perichlamydium scutaeforme Campbell and Clark 2.1 Campbell and Clark, 1944, PI. 3, Fig. 15 only
Perichlamydium cf. praetextum (Ehrenberg) 2.2 Petrushevskaya, 1975, p. 575, pl. 6, fig. 10
Stylochlamydium cf. venustum (Bailey) 2.3-2.4 Matsuzaki et a/., 2015, p. 28, Figs. 4.2-4.4
Spongotrochus sp. A 2.5 This study

Spongodiscus cauletti group Kamikuri 2.6-2.7 Kamikuri, 2010, p. 94, PI. 4, Figs. 1-4
Spongopyle osculosa Dreyer 2.9 Matsuzaki et a/., 2015, p. 23, Figs. 4.12-4.13
Flustrella spp. (young forms) 2.10-2.11 This study

Spongodiscus sp. A 2.14 This study

Flustrella sp. A 2.8,2.12-2.13,2.15-2.19  |This study

Spongodiscidae juveniles spp. 2.20-2.21 This study

Stylodictya tenuispina Jergensen group 2.22-2.27 Matsuzaki et al., 2015, p. 27-28, Figs. 4.20
Tetrapyle cf. circularis Haeckel 3.1 Zhang and Suzuki, 2017, p. 15-18, Figs. 8-9
Tetrapyle cf. fruticosa (Tan and Chen) 3.2 Zhang and Suzuki, 2017, p. 18-19, Fig. 10
Phorticium cf. polycladum Tan and Tchang 3.3-3.4,3.38 Zhang and Suzuki, 2017, p. 43-45, Fig. 12

Prunulum coccymelia Haekcel group

3.5-3.6,3.11, 3.14-3.18

Haeckel, 1887, p. 313, pl. 39, fig. 4

Phorticium sp. A

3.7

This study

Phorticium aff. scitulum Zhang and Suzuki

3.9-3.10,3.12-3.13

Zhang and Suzuki, 2017, p. 45-47, Fig. 26

Sphaerolarnacillium sp. A 3.19-3.26 This study

Larcopyle aff. polyacantha (Campbell and Clark) 4.1-4.4 Motoyama et a/., 2017, Fig. 9.12 only

Larcopyle weddellium Lazarus, Faust and Popova-Goll group 4.5-4.14 Lazarus et al., 2005, p. 117, 119, pl. 10, figs. 1-14
Larcopyle sp. A 4.15 This study

Larcopyle labyrinthusa Lazarus, Faust and Popova-Goll 4.16-4.17 Lazarus et a/., 2005, p. 111, 119, pl. 5, figs. 14-24
Larcopyle sp. B 4.18 This study

Lithelius sp. A 4.19 This study

Lithelius cf. nautiloides (Popofsky) 4.20 Matsuzaki et a/., 2015, p. 37, Fig. 6.29

Lithelius sp. B 4.21 This study

Lithelius sp. C 4.22-4.23 This study

Lihelius barbatus Motoyama 5.1-5.4,5.7 Motoyama, 1996, p. 243, pl. 3, figs. 11-14
Spiremaria cf. decens Kozlova 5.5-5.6, 5.8-5.11 Kozlova, 1960, p. 315-316, pl. 4, fig. 3

Lithelidae gen et sp. indet 5.12,5.16-5.17 This study

Lithelius aff. spiralis (Ehrenberg) group 5.13-5.15 Matsuzaki et a/., 2015, p. 38, Fig. 6.31
Phacodiscus aff. calvertense (Martin) 5.18-5.19 Martin, 1904, p. 456, pl. 30, fig. 17

Lithelius klingi Kamikuri 5.20-5.21 Kamikuri, 2010, p. 95-96, pl. 4, figs. 9-14
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Table 2 Taxonomic references of the encountered Nassellarians

Species name

Plate (s)-Figure (s)

Taxonomic references

Dendrospyris sp. A 6.1 This study

Dendrospyris sp. B 6.2-6.3 This study

Dendrospyris sp. C 6.4, 6.6 This study

Dendrospyris sp. D 6.5 This study

Undet. Triospyridae 6.7 This study

Dendrospyris sp. E 6.8 This study

Dendrospyris cf. eurus Kamikuri 6.9-6.10 Kamikuri, 2010, p.100, PI. 5, figs. 19-22 only

Zygocircus archicircus Popofsky 6.11-6.12 Popofsky, 1913, p. 285-286, text-fig. 13

Zygocircus ? sp. A 6.13 This study

Steganocubus sp. A 6.14-6.16 This study

Peridium sphaerum Funakawa 6.17-6.19 Funakawa, 1995, p. 21-22, pl. 2, figs. la-4b
Steganocubus ? sp. 6.20 This study

Cryptogyrus aff. trachylobus Sugiyama 6.21-6.22 Sugiyama, 1993, p. 65, 67-68, fig. 19.1a-19.5, 20.1a-20.2b
Lophophaenidae gen. et sp. indet. 6.23 This study

Botryopera? gibbera Renaudie and Lazarus 6.24-6.27 Renaudie and Lazarus, 2012, p. 47, pl. 7, figs. 3A-6B
Pseudodictyophimus cf. elegans Dogiel and Reshetnyak 6.28 Dogiel and Reshetnyak, 1952, p. 14-15, fig. 7
Pseudodictyophimus sp. A 6.29 This study

Siphocampe arachnea/lineata (Ehrenberg) group 6.30-6.31 Nigrini, 1977, p. 256, pl.3, figs. 7-8

Botryostrobus bramlettei Campbell and Clark) group 6.32-6.33 Nigrini and Lombari, 1984, N 175-N 176, PI. 31, figs. 2a-2c
Botryocampe aff. robusta (Kruglikova) 6.34-6.35 Kruglikova, 1974, p. 194, pl. 2, figs. 15-19

Botryopera? daleki 6.36 Renaudie and Lazarus, 2013, p. 68, pl. 6, figs. 1A-1C, 4A-4B
Cycladophora nakasekoi Motoyama 7.1-7.14 Motoyama, 1996, p. 243-246, PI. 4, figs. 1-3
Cycladophora cf. nakasekoi Motoyama 7.15-7.22 Motoyama, 1996, p. 243-246, PI. 4, figs. 1-3
Cycladophora cf. sphaeris (Popova) 7.23 Popova 1989, p. 73, pl. 11, fig. 17, pl. 12, fig. 3
Cycladophora sphaeris (Popova) 7.24-7.26 Popova 1989, p. 73, pl. 11, fig. 17, pl. 12, fig. 3
Cycladophora cosma cosma Lombari and Lazarus 7.27-7.28 Morley and Nigrini, 1995, p. 81, pl. 4, fig. 2

Cycladophora aff. cornuta (Bailey) 7.29 Kruglikova, 1974, p. 193-194, pl. 2, figs. 12-14
Stichocorys delmontensis (Campbell and Clark) 8.1 Kamikuri, 2012, PI. 1, figs. 4, 8 only

Stichocorys peregrina (Riedel) "equatorial form" 8.2-8.8,8.11 Kamikuri, 2012, PI. 2, figs. 1-9

Stichocorys peregrina (Riedel) "North Pacific form"

8.9-10, 8.12-8.21

Kamikuri, 2012, PI. 3, figs. 1-12

Stichocorys sp. A 8.22-8.23 This study
Lychnocanoma magnacornuta Sakai 9.1 Motoyama, 1996, p. 248, pl. 5, figs. 10-11
Lychnocanoma parallelipes Motoyama 9.2 Motoyama, 1996, p. 248, 250, pl. 5, figs. 12a-14
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1-2: Rhizosphaera aff. variabilium (Nakaseko) (346-U1425B-34H4-46-48 cm); 3: Hexaconthium minerva Kamikuri
(346-U1425B-28H3-149-147 cm); 4: Rhizosphaera urumica Vituchin (346-U1425B-CC-12-17 cm); 5: Hexastylus spp.
sensu Nigrini and Lombari (346-U1425B-34H4-46-48 cm); 6: Acrosphaera muse Kamikuri (346-U1425B-CC-12-17 ¢cm); 7:
Rhizosphaera sp. A (346-U1425B-34H4-46-48 cm); 8: Cenosphaera cf. compacta Haeckel (346-U1425B-47H1-91-93 ¢cm); 9,
11: Actinomma robusta (Kling) juvenile form (9. 346-U1425B-47H1-91-93 cm; 11: 346-U1425B-28H3-147-149 cm); 10, 12:
Actinomma aff. okurai Nakaseko and Nishimura (10. 346-U1425B-34H4-46-48 cm; 12. 346-U1425B-47H1-91-93 cm); 13:
Axoprunum bispiculum (Popofsky) (346-U1425B-34H4-46-48 cm); 14: Druppatractus irregularis Popofsky (346-U1425B-
47H1-91-93 cm); 15: Stylosphaera pyriformis (Bailey) (346-U1425B-47H1-91-93 c¢m).

Plate 1
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Plate 2 1: Perichlamydium scutaeforme Campbell and Clark (346-U1425B-28H3-147-149 cm); 2: Perichlamydium cf. praetextum
(Ehrenberg) (346-U1425B-28H3-147-149 cm); 3-4: Stylochlamydium cf. venustum (Bailey) (346-U1425B-34H4-46-48 cm); 5:
Spongotrochus sp. A (346-U1425B-47H1-91-93 cm); 6-7: Spongodiscus cauletti group Kamikuri (6: 346-U1425B-47H1-91-93
cm; 7: 346-U1425B-34H4-46-48 cm); 8,12-13,15-19: Flustrella sp. A (8. 346-U1425B-47H1-91-93 cm; 12,15-18. 346-U1425B-
34H4-46-48 cm); 9: Spongopyle osculosa Dreyer (346-U1425B-28H3-147-149 c¢m); 10-11: Flustrella spp. (young forms) (10.
346-U1425B-28H3-147-149 c¢m; 11. 346-U1425B-47H1-91-93 cm); 14: Spongodiscus sp. A (14: 346-U1425B-34H4-46-48
cm); 20-21: Spongodiscidae juveniles spp. (346-U1425B-47TH1-91-93 cm); 22-27: Stylodictya tenuispina Jergensen group
(23-24. 346-U1425B-34H4-46-48 cm; 22, 25-27. 346-U1425B-47H1-91-93 cm).
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Plate 3  1: Tetrapyle cf. circularis Haeckel (346-U1425B-34H4-46-48 cm); 2: Tetrapyle cf. fiuticosa (Tan and Chen) (346-U1425B-34H4-46-48
cm); 3-4, 8: Phorticium cf. polycladum Tan and Tchang (3, 8. 346-U1425B-34H4-46-48 cm; 4. 346-U1425B-28H3-147-149 cm);
5-6, 11, 14-18: Prunulum coccymelia Haekeel group (5,18. 346-U1425B-34H4-46-48 cm; 6,16,17. 346-U1425B-47H1-91-93 cm;
11. 346-U1425B-28H3-147-149 cm; 14. 346-U1425B-47H1-91-93 cm; 15. 346-U1425B-28H3-147-149 cm); 7: Phorticium sp.
A (346-U1425B-34H4-46-48 cm); 9-10, 12-13: Phorticium aff. scitulum Zhang and Suzuki (9,10,12. 346-U1425B-34H4-46-48
cm; 13. 346-U1425B-47H1-91-93 cm); 19-26: Sphaerolarnacillium sp. A (346-U1425B-34H4-46-48 cm).
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Plate 4 1-4: Larcopyle aff. polyacantha (Campbell and Clark) (346-U1425B-47H1-91-93 c¢m); 5-14: Larcopyle weddellium Lazarus,
Faust and Popova-Goll group (346-U1425B-47H1-91-93 cm); 15: Larcopyle sp. A (346-U1425B-34H4-46-48 cm); 16-17:
Larcopyle labyrinthusa Lazarus, Faust and Popova-Goll (16. 346-U1425B-34H4-46-48 cm; 17. 346-U1425B-47H1-91-93
cm); 18: Larcopyle sp. B (346-U1425B-34H4-46-48 cm); 19: Lithelius sp. A (346-U1425B-34H4-46-48 cm); 20: Lithelius cf.

nautiloides (Popofsky) (346-U1425B-47H1-91-93 c¢m); 21: Lithelius sp. B (346-U1425B-47H1-91-93 cm); 22-23: Lithelius
sp. C (346-U1425B-34H4-46-48 cm).
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|II[I|IIII|

100 pm

Plate 5 1-4, 7: Lihelius barbatus Motoyama (346-U1425B-28H3-147-149 cm). 5-6, 7, 8-11: Spiremaria cf. decens Kozlova
(346-U1425B-28H3-147-149 cm). 12, 16-17: Lithelidae gen et sp. indet (12. 346-U1425B-28H3-147-149 cm; 16-17.
346-U1425B-47H1-91-93 cm); 13-15: Lithelius aff. spiralis group (Ehrenberg) (13, 14. 346-U1425B-47H1-91-93 c¢m; 15.
346-U1425B-34H4-46-48 cm); 18-19: Phacodiscus aff. calvertense (Martin) (346-U1425B-47H1-91-93 cm); 20-21: Lithelius
klingi Kamikuri (346-U1425B-47H1-91-93 cm).
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Plate 6 1: Dendrospyris sp. A (346-U1425B-34H4-46-48 c¢m); 2-3: Dendrospyris sp. B (2. 346-U1425B-34H4-46-48 cm; 3.
346-U1425B-47H1-91-93 ¢cm); 4, 6: Dendrospyris sp. C (346-U1425B-47H1-91-93 cm); 5: Dendrospyris sp. D (346-U1425B-
47H1-91-93 cm); 7: Undet. Triospyridae (346-U1425B-34H4-46-48 cm); 8: Dendrospyris sp. E (346-U1425B-47H1-91-93
cm); 9-10: Dendrospyris cf. eurus Kamikuri (346-U1425B-47H1-91-93 cm); 11-12: Zygocircus archicircus Popofsky (11-12.
346-U1425B-34H4-46-48 cm); 13: Zygocircus? sp. A (346-U1425B-34H4-46-48 cm); 14-16: Steganocubus sp. A (346-U1425B-
30HCC-12-17 cm; 13.346-U1425D-29H1-45-47 cm); 17-19: Peridium sphaerum Funakawa (346-U1425B-28H3-147-149 cm);
20: Steganocubus? sp. (346-U1425B-28H3-147-149 cm); 21-22: Cryptogyrus aff. trachylobus Sugiyama (21. 346-U1425B-
47H1-91-93 cm; 22, 346-U1425B-34H4-46-48 cm); 23: Lophophaenidae gen. et sp. indet. (346-U1425B-34H4-46-48 cm);
24-27: Botryopera? gibbera Renaudie and Lazarus (346-U1425B-47H1-91-93 cm); 28: Pseudodictyophimus cf. elegans Dogiel
and Reshetnyak (346-U1425B-28H3-147-149 cm); 29: Pseudodictyophimus sp. A (346-U1425B-34H4-46-48 cm); 30-31:
Siphocampe arachnea/lineata (Ehrenberg) group (346-U1425B-34H4-46-48 cm); 32-33: Botryostrobus bramlettei Campbell
and Clark) group (346-U1425B-47H1-91-93 cm); 34-35: Botryocampe aff. robusta (Kruglikova) (346-U1425B-30HCC-12-17
cm); 36: Botryopera? daleki Renaudie and Lazarus (346-U1425B-28H3-147-149 cm).
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Plate 7 1-14: Cycladophora nakasekoi Motoyama (346-U1425B-47H1-91-93 cm); 15-22: Cycladophora aff. nakasekoi Motoyama
(346-U1425B-47H1-91-93 cm); 23: Cycladophora cf. sphaeris (Popova) (346-U1425B-34H4-46-48 cm); 24-26: Cycladophora
sphaeris (Popova) (346-U1425B-28H3-147-149 cm); 27-28: Cycladophora cosma cosma Lombari and Lazarus (346-U1425B-
47H1-91-93 cm); 29: Cycladophora aff. cornuta (Bailey) (346-U1425B-47H1-91-93 c¢m).
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Plate 8 1: Stichocorys delmontensis (Campbell and Clark) (346-U1425B-34H4-46-48 cm); 2-8, 11: Stichocorys peregrina (Riedel)
"equatorial form" (346-U1425B-34H4-46-48 cm); 9-10, 12-21: Stichocorys peregrina (Riedel) "North Pacific form"(); 22-23:
Stichocorys sp. A (346-U1425B-34H4-46-48 cm).
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Plate 9

Late Miocene radiolarians of the Japan Sea (Matsuzaki and Itaki)

1: Lychnocanoma magnacornuta Sakai (346-U1425B-51HCC-24-29 cm); 2: Lychnocanoma parallelipes Motoyama
(346-U1425D-29H1-45-47 cm); 3-4: Lipmanella redondoensis (Campbell & Clark) (346-U1425B-47H1-91-93 cm);
5-6: Cinclopyramis quadrata (Haeckel) comb. nov. (346-U1425B-47H1-91-93 cm); 7-8: Cyrtolagena cuspidata (Bailey)
(346-U1425B-47H1-91-93 cm); 9-12: Cornutella bimarginatus (Haeckel) (9. 346-U1425B-28H3-147-149 cm; 10-12.
346-U1425B-47H1-91-93 cm); 13-15: Cornutella trochus Ehrenberg (346-U1425B-47H1-91-93 cm); 16-21: Carpocanarium
papillosum (Ehrenberg) group (346-U1425B-47H1-91-93 cm).
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Yoshimi Kubota and Rie Tajiri (2019) Resin-embedding procedure for marine sediment core samples for
semi-permanent archives and the use of outreach. Bull. Geol. Surv. Japan, vol. 70 (1/2), p.211-224, 10
figs, 1 table.

Abstract: Recently, taking long-slab samples from marine/lake sediment cores and preserving them for
research and outreach purposes has gained attention by researchers and educators. Epoxy resin is one of
the ways to preserve the sediment materials permanently. Here, we report a procedure to make epoxy-
resined samples with long and thin sediment samples, which were subsampled with aluminum sampling
tools (long-slab samples). We used marine sediment cores retrieved from the Yamato Rise, Japan Sea
during the Integrated Ocean Drilling Program (IODP) Expedition 346. The long-slab samples were
dehydrated with acetone and impregnated with the Spurr resin, epoxy resin. The state of the curing of the
resined samples was examined in the cross-section of one of the test samples after hardened by heating.
The surface of the resined samples was hardened enough as expected. Although the inside of the long-slab
samples was not enough hardened, the resined samples were good enough in quality for outreach purpose.

Keywords: Resin-embedding procedure, Deep sea core samples, Long-slab sample, Acetone dehydration,
Japan Sea sediment
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! [E 7L @ AE (National Museum of Nature and Science, 4-1-1 Amakubo, Tsukuba, Ibaraki, 305-0005, Japan)
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Fig. 1 A map of core sites.
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72720810 mZ LIZa 7 X v v THEIEL, B LTIk
TOBGHER T30 - 72 (EINE A, 2015). 20134F
1ZFHi X L 72Exp. 346 T, 12044 T2 Lo
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2018).
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22X BT HV 22Exp. 346 U1425 BRI L TD 2+ v Y 'BIH, International Ocean Discovery Program

Fig. 2

LIMS online Report http://web.iodp.tamu.edu/LORE/ (201844 H30H) kW #» v u— FL 7. HHEZ
Photoshop - THI% X (+100)& 2> F 7 A b+ (+30) % FHEE L 7=,

Scan images of Exp. 346 U1425. The images were downloaded from International Ocean Dis-covery Program
LIMS online Report http://web.iodp.tamu.edu/LORE/ (April 30, 2018). Brightness (+100) and Contrast (+30)
was modified with Photoshop software.
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Fig. 3 a) Aluminum sampling tool used in this study. b) Another aluminum sampling tool used in abroad.
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WZEREW, FlRBROv Y2 2T 7IE, FMCE U
BO7 7 )R E» R, SWEEEMO E» 65— T
BELZ Z0O#%, BMEIZEMRHT v 77404 TH

— 214 —



FERHERPIRAOR O B ek (KPR - H)

Tk AHOBEREQBED Zr ¥ 12—,

Table 1  Samples and dates of processing.

S?:Efle Exp. Site Hole Core  Core Type  Section  Section Half Top (il:Srval InteBr(\)/tatf ?clrn)
1 KY0905 PC3 5 A 0 50
2 KY0905 PC3 5 A 50 100
3 346 1425 E 1 H 1 W 0 70
4 346 1425 E 1 H 1 w 70 150
5 346 1425 E 1 H 2 w 0 70
6 346 1425 E 1 H 2 w 70 150
7 346 1425 E 1 H 3 w 0 75
8 346 1425 E 1 H 3 w 75 150
9 346 1425 E 1 H 4 w 0 50
10 346 1425 E 1 H 4 w 50 104
11 346 1425 E 2 H 1 w 0 75
12 346 1425 E 2 H 1 w 75 148
13 346 1425 E 2 H 2 w 0 75
14 346 1425 E 2 H 2 w 75 150
15 346 1425 B 1 H 4 A 75 144
16 346 1425 B 1 H 5 A 0 75
17 346 1425 B 1 H 5 A 75 150
Sample 7wbr F7ebY Frbr FEAY TEEY FhREY TR ThAY #E #ihs HifE fithE #ig  60°CT
No. 60%  70%  80%  90%  100% = X#E  Z#W| XK &F 3 i 3 i Bt
1 2124 2727 2/28 311 3/6 3/8 3/10  3/13 3/15AM 3/15PM 3/16 AM 3/16 PM 3/17 AM 3/17
2 2124 2727 2/28 311 3/6 3/8 3/10  3/13 3/15AM 3/15PM 3/16 AM 3/16PM 3/17 AM 3/17
3 4/17  4/18  4/20  4/25 4/28 51 5/8 5/12 5/25 5/26 5/29 - - 5/31
4 4/17  4/18  4/20  4/25 4/28 51 5/8 5/12 6/1 6/2 6/5 6/6 - 6/6
5 4/17 418 4/20  4/25 4/28 5/2 5/8 5/12 6/14 6/15 6/16 6/19 - 6/19
6 4/17 418 4/20  4/25 4/28 51 5/8 5/12 6/8 6/12 6/13 - - 6/13
7 317 3/21 3/22 3/23 3/27 328 3/31 4/3 4/17 4/18 4/19 4/21 4/24 5/9
8 317 321 3722 3/23 327 328 3/31 4/3 4/17 4/18 4/19 4/21 424 5/9
9 317 3/21  3/22  3/23 3/27 3/28  3/31 4/3 4/17 4/18 4/19 4/21 424 5/9
10 317 3/21  3/22  3/23 3/27 3/28  3/31 4/3 4/17 4/18 4/19 4/21 424 5/9
11 4/17 418  4/20  4/25 4/27 5/1 5/8 512 5/25 5/26 5/29 - - 5/31
12 4/17 418  4/20  4/25 4/28 51 5/8 5/12 6/14 6/15 6/16 6/19 - 6/19
13 4/17  4/18  4/19  4/25 4/28 5/2 5/9 5/12 5/25 5/26 5/29 - - 5/31
14 4/17  4/18  4/20  4/25 4/28 5/1 5/8 5/12 6/8 6/12 6/13 - - 6/13
15 4/17 418 4/20  4/25 4/28 5/1 5/8 5/12 5/25 5/26 5/28 - - 5/31
16 4/17  4/18  4/19  4/25 4/27 5/2 5/9 5/12 5/25 5126 5/30 - - 5/31
17 4/17  4/18  4/20  4/25 4/28 5/2 5/9 5/12 6/1 6/2 6/5 6/6 - 6/6

A, NFa—bi—=F—FEH\NTT I Z2F v 7 R{NDZE
KEntz, oIS, HICKEEEYIC Y, T3
WIZAN, Wk CEAEAEE £ TERX L 72, SN,
TRD & 2 Tk A V22, 1~ 2 emBE)E DD double-L
(LL) channelZ F W 72 & REUCBI O FREUT i I2 D W T,
Nakagawa et al. (2012) THAST & T3, £/, Z0OH%

TV HEOREZ OV T LAY 4 ), You
Tube (https://www.youtube.com/watch?v=SsgY GGVNW5Q,
20184F-4 H 30 H fiffad) TH2 Z A TX 3.

3. 7 TORBK

4 Exp. 346 (2H5(F 5 HAMO 2 750 ¥ © William S py N . o ,
Crawford, IODP/TAMU. ARHE, ROMEEE TR, [E R E6E O 19 s

Fig. 4 Cores of Japan Sea sediment (Exp. 346). Photos credit: (SCUUT) TR L7z 74 b CORBDII, jﬁ%\‘
William Crawford, IODP/TAMU. MELGZELIZ-DH 9 —DHEHCO YT A5 T
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&V R A R (B LIERIR). xS H 2HIED
BATY, TRFVREIEL, —HET 5 EErE
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ZI5MEEROXSICED. TRFVRENREZ, 15
THUZ 2 ED =R F A& & DS L (FEA])
2, BLAIEBIC K DERTHII L TR Y v -, % 5T
filiftd 5. L2L, REHIKRGREZH T B LEHAAR
RAKZTZENMENTED, BIEORMOFTIZHA
WA 4T 5 BE A B B (B - BEH, 2013). BiARLERIC
i, T2 GERIED, 1995) T2 Y ERHWS T
i3 % (Jim, 1985 ; Lamoureux , 1994 ; Pike and Kemp,
1996;Boés and Fagel, 2005; HF-fEH, 2013). =4/ —
NGB IAKIE, BHEEROHTNIZE 5128 5 — B,
ROV T oYL VA FH A FenT FLT ) VY
LNEI=FLBHEZVEAFLT )OI —FT A EICHE
By 208N H 5. —F, T VIERENE WD,
Koy & OEWLEZ O F RO GRICBITTE S L1005
R s 5 (HFA - #EHE, 2013). L7z2->7T, KifET
7R bV EBKFIE LT KR, FEARRIZH
- BEH (2013) OFIEREE O FiEEHE L T 55, HE
/RS IZH 7D HETORREMA TS

3.1 7t EHADERS

T VRIS = IR TR FIE % — B RS A
B EWIRIERH B —H, INERKEOE A S IRE
FTHRBZHIRYE S 2 VI RN D 5. SO
ABOER TREEETH - 721k, BROEETDH
5., WHZFIZAD T I AF 9 7 BERMDITEALERT X
FYORMBEECEIZY., FTIAFyrOhTY, &
mOREH L ET—RITHBEL THWERY TF L VElR
K Fuvr VEOERI—E LM TSI Z S
50, AL =7 2 VLS 2. 85 ecmD &
W 2R L THBLSERELT, RYIFL VEIRRY
FavL VEIBTHIROEDTROF 328 TET, B
HEERDOTFBZENTEEN 5720, BIRETHA
TEHE( =L BOMMARHL 22 E5Ka). 7 b
YRR AWK SIZT B8, 7 & b Ik Bk
DOHALE 720, MO LK) ZFLryy— &2
W7z (55a, d, o). A ANZZMEEE, T7& A
BHELEOVEIITBMHT v T T4 L LELEE, TV
=2 —IZANB, F£7-13, aT7RBARETHERICE
FIRENBZR)ZFL VB EORIZANTHRE L (GBS
Kb, ¢). TV r—4—iF, UVZ AT THIAFEAS

& 212, I L R i 2 A © = L BT L 72 (7
2o 8D Es5Hb). LaL, ZORMkELTr
b VIBRIZE S X B E2 ~3EBEE TKELER
LT RS Ko7, TV r—42—%, BOABKIZK
ELEB L EESK. Rk, 71 b ORI
i, EER A I ANRVE NS, £/, K)ZFLY
Wb b % 38y 2 71X, B ARG % iR
TEZ AL EORBTHNE, 25 LadilRDE D
PHFTE 5755,

3.2 PRk (B Hik

TENVE, RO - FEffisl, TR MY
RT7NIT =L TORKIE, KIREDSHAICIREE LY
TV DOBRWE N D (FIRIEA2, 1995 ; H - EH,
2013). AMFETIE, 60%4 & BREMIZ1H, 10% 3D
EEEFTho720 100%2RE, 2HEBZICT 2 b VB
WasgL, 74 b vEREGE, N1 H%ICBHEE
PUZRAIT L2, 29 TN, TR N VIBIROSHRT &
IR TORMOBSR EBERE AT -7, 71 VEk
PG, 10HREE THEO IV 5 2 b B3R T X 7228,
AV NTADRBETINASZ &AL, ZOHET
&1, KROHBMOEDELEFIHFTE 5 Z &1
L 7=, 100%7 & b Y IERLARIE, ZERFICIERO G
NERIZERL TR s, HERINOAHED
WHLTWAZEERL TS, HAREHRMIOREDZE
i, L* (v =27 =) Il &< &N 5 (e.g. Tada
etal, 1999). Z LT, HMMOHRTOZENIZ, HED
GHBICEBL TS Z DM S N TS (Tada et al.,
1999). 2% 0, ABMERAESZVEIEIKL LD, W
WA EWEBIEHSEL kS, TE N VBRIZIBL TSI
EHERE R DA BIEN T2 Z 12k 5T, WER

(p.217 =)

S 7 b VERICHEME Y 2SR EOEH, ) T b
VEBROBICHWMEE BTV -4 - )Tk
b OEREY 720, MfliER) L VRICA
NTVBET. d&e) MO LIZHR) TFL Yy —
FEBE, TR EOY ST TEANRTO S
T D) T bV 100%IE RO SR IR S I A E
L7=3D. QWBIckbuy 725 7 ORI E
HPA-723D. h) 7H P IZKDEF L za)DT
V=4,

Fig. 5 Photos regarding the process of dehydration by acetone. a)
A gutter utilized as a container for acetone and long-slab
samples. b) A vacuum desiccator. ¢) Long-slab samples
impregnated with acetone in the containers covered
by polyethylene bags. d) and e¢) Long-slab samples
impregnated with acetone in the containers. f) Change in
color of acetone after a long-slab samples is impregnated
with acetone. g) A long-slab sample with cracks because
of drying. h) Deformed desiccator because of acetone.
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KDWHBEL BB ZLI&k->TROIAV T X PAFHE 5
T EFEi16h5.

— /T, B0 2WEROEE, BRMEOEN
T b VERGIEEIOEZL AL RS kv, S0
3, BEHMESARTHE 572720, Ul425D 158D 5 52
ARDHIIZ K > TERERNIZOUR A - 72 (FH5Xg).

4. HiEE®REEL

4.1 BEOESE

BB O ERU I = R F VR BIE, 727V LR
Bilg, RV T 2TFILREIELR EA b5 (H - HH,
2013). HI - BEH (2013) TiE, GARKEREAD 729
DOEIBDOERBEALDFMF & LT, O{bk DM D+ 5
ThdZ L, OMLBEOMMERENZ &, OEHFDEED
WG AP e Z &, OfFRANDOREME 2 R Okl
W) 2 &, OEEEHTSH S Z LnETFohTn
5. N5 DEMF T &7z RIS BUR T IAAAE
L, IoRF O REIRIE, TLsIctErs 0, M
FERPNRT X &S H TS HE O MR BEYET
FHENTHWBEETH 5. Ko k>512, 7))
THEZIZTEIREIZIFZS PRI A4 XPF
ORiF Sl < & - = HEY A SR LT 2546, BiE
OMMENRBEETHS. DD, KKMETH VL BE
AHERPI O £ TIRZEET, BALICKRIT 2 TR &
3. GENIRSEMEL, BLEOBRER+A1ZEEbh
T B Spurr#éffig % AV 72 (Jim, 1985). Spurrféffig 13 44,
NSA (Nonenyl succinic anhydride), DER (Diglycidyl ether
of polypropylene glycol), ERL (Vinylcyclohexene dioxide),
DMAE (Dimethyla minoethanol) 7 5 X Tk, *%
D55, DER 2RO, DMAE A elE O [ 1L iEfH
AT AHEEHSTED, ZThoDEAEEEALSZ
CIZKDRMERE, FAEAREOM X LM LR % JH
TZ 5. Spurrliifigid, BIEEGICE@ (HEQ)1H 5 &
W RENDDH, AROBEEEALD T &I12X > TH
Mm@, W LRRHD/ YT A — 2 2HETE, FIEEL
EV. FHCDMAEZ R  F GE AR x <, ZORAEH
LV EREAANI Y. A TIEDER £ DMAE O#EI& % /)
&< LR Big o Rk (DG - BEH, 2013) OBECA %
FE#EL LT, ERL 100 g, DER 37 g, NSA 260 g, DMAE
2o DB TAWERE L. ARITERILTIT-7/2 F
¥, ERL, DER, NSAZEEIZAN, #72HH 50
HDBFEETIL RS, RAEE 5725, DMAE%,
VYT EM S TIRALHEREEES. BIROHE
TOHERIE, DMAE#0.1 gD IEMEX CHET S Z &,
BRI LZEFIRAE VL 2DEADICHEREETS Z
Thb.

4.2 HBEEOERETEE

o R LICET A EHEIE, FeRIIE L0/
M RBWSHEO &S 20N, KB L % Ul i
L TEEBZBZERESTEEW. LT,
B AL IR IS 2 5 2 FREORIEABETH 5.
72T, SHBEACZ L TERL /MO r — 2 (5
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BEALE 2L EAHRO K S5 I27 £ b Y ADIER SN0,
7 v EOEMIRNRIZT 2N H B, i, 1
fte= i3z r* VB BET 5720, Rtz
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FLyy—rEEE= L — 20 R, 2o ki
OIS 2T T HEN(EF6XD).
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Fig. 6 Photos regarding the process of epoxy resin. a) A PVC container to impregnate long-slab samples with epoxy
resin. b) Long-slab samples with epoxy resin in PVC containers. ¢) Bubbles occurred under reduced pressure. d)
Oven used to harden long-slab samples. €) A vacuum used to reduce the pressure. f) Valves of the desiccator. g)
Crushing the bubbles on the surface after hardening long-slab samples.
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U1425E 1H 4
a) Scan images of the sediment sample b) Epoxy-resined long-slab samples
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a) Scan images of the sediment sample

b) Epoxy-resined long-slab samples

Fig. 7 Comparison between the scan images of the sediment sample taken on the research vessel (a) and ¢)) and epoxy-
resined long-slab samples (b) and d)). a) and b) for U1425E 1H4 and d) and e) for U1425E 2H2.
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Fig. 8 Cross section of epoxy-resined KY0905 PC03 Sec5. The 1-2 mm sediment from the surface was
hardened, but center of the sample have not hardened yet, which is shaded area with white lines.
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U1425E U1425E U14258B U1425E U1425E U1425E U1425E
2H2 2H1 1H5 1H4 1H3 1H2 1H1

O IR L 758
Fig. 9 The long-slab samples on the special exhibition “Deep Sea 2017” held in National Museum of
Nature and Science, Japan in summer of 2017.

10X BRI Ok
Fig. 10 Visitors to the special exhibition “Deep Sea
2017” looking at the long-slab samples.
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Notes and Comments

A report of Permian, Triassic, and Jurassic radiolarian occurrences from the Ashio
terrane in the Hachioji Hills, eastern Gunma Prefecture, central Japan

Tsuyoshi Ito"”

Tsuyoshi Ito (2019) A report of Permian, Triassic, and Jurassic radiolarian occurrences from the Ashio
terrane in the Hachioji Hills, eastern Gunma Prefecture, central Japan. Bull. Geol. Surv. Japan, vol. 70 (1/2),

p. 225-247, 7 figs, 1 table, 6 plates.

Abstract: The Ashio terrane, which is a Jurassic accretionary complex, is exposed in the Hachioji Hills,
eastern Gunma Prefecture, central Japan. The Ashio terrane in the Hachioji Hills mainly comprises chert
and muddy mixed rock with siliceous mudstone and sandstone. Early Permian (Sakmarian, Cisuralian),
Late Triassic (Carnian—Norian), and Jurassic radiolarians occurred in the chert, whereas Middle Jurassic
(Bajocian—Bathonian) radiolarians occurred in the siliceous mudstone.

Keywords: radiolaria, Permian, Triassic, Jurassic, Ashio terrane, Hachioji Hills, Kiryu, Ohta, Gunma

Prefecture, Japan

1. Introduction

Mid-Mesozoic accretionary complexes, including the
Tamba—Mino—Ashio and Chichibu composite terranes,
are exposed in central Japan (e.g. Matsuoka et al, 1998;
Nakae, 2000) (Fig. 1). The Ashio terrane is distributed
over the Ashio Mountains and its adjacent regions. Many
researchers have reported the presence of several fossil
types, such as selachoid, brachiopod, fusulinid, conodont,
radiolarian, and ammonoid, from the terrane (e.g. Yabe,
1903; Morikawa and Horiguchi, 1956; Hayashi, 1963;
Aono, 1985; Kamata, 1996; Muto et al., 2018).

The Hachioji Hills in the eastern Gunma Prefecture are
geographically separated from the Ashio Mountains. The
Ashio terrane is exposed on the northeastern side of the
hills. As aforementioned, numerous fossil occurrences
have been reported from the Ashio Mountains. Suzuki
(1898a, b) first noted the presence of radiolarian remains
within the siliceous rocks found within the Ashio
Copper Mine of the Ashio Mountains. Since the 1960s,
radiolarians and conodonts have been extracted from the
Ashio terrane in the Ashio Mountains. However, despite
numerous fossil occurrences in the Ashio Mountains, only
a few brief reports have been written about the Ashio
terrane in the Hachioji Hills. Masuda (1989) reported on
the discovery of Middle Jurassic radiolarians from chert
and manganese nodules within mudstone. Meanwhile,
Hayashi et al. (1990) reported some possibly Triassic
radiolarians from chert.

The author obtained Permian, Triassic, and Jurassic
radiolarian assemblages from the Ashio terrane in the
Hachioji Hills. This article aims to briefly report the
geology of the Ashio terrane in the Hachioji Hills with
the radiolarian occurrences.

2. Brief research history of the Ashio terrane
in the Ashio Mountains

Several researchers have investigated the Ashio terrane
in the Ashio Mountains, and some geologic maps of
the mountains have been presented (e.g. Harada, 1886;
Kawada and Ozawa, 1955; Yoshida, 1956, 1957; Watanabe
et al., 1957; Fujimoto, 1961; Hatori, 1965; Yanagimoto,
1973; Igo et al., 1976; Aono, 1985; Sato and Aono, 1985;
Kamata, 1996). However, a few geologic maps have
depicted the area of the mountains comprehensively
(Hayashi and Hasegawa, 1981; Sudo et al., 1991) because
the Ashio Mountains they are distributed over a broad
area surrounding both the Gunma and Tochigi prefectures.
Figure 2 displays a simplified geologic map of the Ashio
Mountains. Major previous studies with their geological
divisions are summarized in Fig. 3.

The Ashio terrane had been considered a member of
the Chichibu Paleozoic strata until the 1970s. Although
Hayashi (1963, 1964, 1968a, b, 1971) discovered Triassic
conodonts from the “Chichibu Paleozoic strata,” he
considered the possibility that the Triassic-type conodonts
had appeared in the Permian. Koike et al. (1970, 1971,

' AIST, Geological Survey of Japan, Institute of Geology and Geoinformation
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Fig. 1 Index map of the study area with distribution of mid-Mesozoic accretionary complexes
in Kanto District, central Japan (based on Matsuoka et al., 1998; Nakae, 2000).

1974) and Conodont Research Group (1972, 1974)
similarly pondered whether or not the “Chichibu Paleozoic
strata” contains Triassic strata based on the discovery of
the Triassic conodonts. Hayashi and Hasegawa (1981)
showed the geologic maps of the Ashio terrane in the
Ashio Mountains and estimated their age to be Permian
to Triassic.

From the viewpoint of an accretionary complex geology
based on the plate tectonics, Aono (1985) surveyed the
Ashio terrane in the southeast Ashio Mountains and
obtained Triassic conodonts as well as Triassic and
Jurassic radiolarians. Kamata (1996) later investigated
a wide area of the south—southwest Ashio Mountains
and defined three tectonostratigraphic units, namely the
Omama, Kurohone—Kiryu, and Kuzu complexes. The
former two complexes are characterized by mixed facies
including some kind of blocks, such as chert, limestone,
and sandstone. The Omama Complex contains large
amounts of basalt and limestone, whereas the Kurohone—
Kiryu Complex contains small amounts of such rocks.
The Kuzu Complex is characterized by coherent facies,
composed mainly of repeated chert-clastic sequences with
basaltic-limestone blocks. Kamata (1997) subdivided the
Kuzu Complex into three units.

3. Geologic outline of the Hachioji Hills

In the Hachioji Hills, the Ashio terrane is exposed in the
northeastern side of the hills (Fig. 4). The Ashio terrane
in the Hachioji Hills consists mainly of chert and muddy
mixed rock with siliceous mudstone and sandstone.

The chert is mostly gray, dark-gray, and bright-gray
in color (Fig. 5A). Red chert, which yielded Permian
radiolarians, is observed at only one outcrop (Fig. 5B).
The chert is generally well-bedded (bed thickness:
3-10 cm) (Figs. 5A, 5B) and is composed mainly of
siliceous microfossils (possibly radiolarian remains) and
cryptocrystalline quartz with a few clay minerals (Fig.
6A).

The siliceous mudstone is dark-gray (Fig. 5C) and
weakly-bedded (bed thickness: 3-10 cm). Most siliceous
mudstone occurs within the muddy mixed rock (Fig. 5D).
The siliceous mudstone comprises scattered microfossils
(possibly radiolarian remains) with clay materials (Fig.
6B).

The sandstone is medium to fine-grained, gray or
brown lithic arenite (Fig. 6C). The sandstone is generally
included within muddy mixed rocks as blocks.

The muddy mixed rock comprises a dark-gray mudstone
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Stratigraphic divisions in levels of the formations are omitted. Gr.: Group. Carb.:

Carboniferous.
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Yabuzuka Formation
(Early Miocene)

- Kanayama Welded Tuff
(Paleocene)

Ashio terrane

[siliceous mudstone

chert

muddy mixed rock (including blocks of
chert, silicous mudstone, and sandstone)

. strike and dip of
N unconform|ty bed Sitfack:
N strike and dip of
\/‘ S cleavage surface
~{.| Radiolarian occurrence
@ Jurassic M Triassic

A Permian

Fig. 4 Geologic map of the Ashio terrane in the Hachioji Hills. The Paleogene is based on Takahashi and Yanagisawa (2003).

matrix with blocks of chert, siliceous mudstone, and
sandstone (Figs. 5D, SE, 5F). The size of the blocks of
each rock is as follows: the chert blocks range from several
meters to more than 100 m (Fig. 4); the siliceous mudstone
blocks, a few micrometers (Fig. 6D) to several meters
(Fig. 5C); the sandstone blocks, several centimeters (Fig.
5E) to a few meters (Fig. 5F).

On the southwestern side of the hills, the Paleogene
covers the Ashio terrane. According to Takahashi
and Yanagisawa (2003), the Kanayama Welded Tuff

unconformably overlies the Ashio terrane; the Yabuzuka
Formation unconformably overlies the Kanayama Welded
Tuff and the Ashio terrane. The Kanayama Welded Tuff
and the Yabuzuka Formation can correlate to the Paleocene
and the lower Miocene, respectively (Takahashi et al.,
1991; Takahashi and Yanagisawa, 2003; Nomura et al.,
2017). The unconformity boundaries between the Ashio
terrane and the Yabuzuka Formation are observable near
the Momiyama Pass.
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)
muddy mixe’ﬂ!rpc’lg?-
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¥

Fig. 5 Field occurrences. A: Triassic gray bedded chert in a quarry of Meisei Kousan Co. Ltd.;
B: Permian red bedded chert along a forest road; C: Jurassic siliceous mudstone along
a forest road; D: Muddy mixed rock including small siliceous mudstone blocks in a
quarry of Meisei Kousan Co. Ltd.; E: Muddy mixed rock including sandstone block
in a quarry of Meisei Kousan Co. Ltd.; F: Muddy mixed rock and sandstone block in
a quarry of Meisei Kousan Co. Ltd.
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Fig. 6 Photomicrographs of thin sections. A: Lower Jurassic dark-gray bedded chert; B: Dark
gray siliceous mudstone; C: Sandstone included in muddy mixed rock; D: Muddy mixed
rock including siliceous mudstone fragment.

4. Radiolarian occurrences and
age assignments

4.1 Materials and methods

A total of 46 samples of chert and siliceous mudstone
were collected from the Ashio terrane in the Hachioji
Hills. The samples were crushed into ca. 1 cm fragments
and were then soaked in a hydrofluoric acid (HF) solution
(ca. 5%) at ca. 20°C-25°C room temperature for 24
hours. Residues, which were collected through a sieve
with a mesh diameter of 0.054 mm, were enclosed within
a slide prepared with a photocrosslinkable mounting
medium (GJ-4006, Gluelabo Ltd.). These slides were
observed using a transmitted light microscope and were
photographed. Among the samples, 16 samples yielded
radiolarians (Table 1).

4.2 Permian radiolarians from chert
Two chert samples yielded Permian radiolarians (Plates
1, 2). Spicules were also discovered from both samples.
Samples IT16071006 and IT16071005 yielded abundant

Pseudoalbaillella sakmarensis. This species occurs in
the Pseudoalbaillella lomentaria Assemblage Zone and
lower Pseudoalbaillella rhombothoracata Assemblage
Zone (Ishiga, 1986). Although characteristic species of
the Pseudoalbaillella rhombothoracata Assemblage Zone
(i.e. Pseudoalbaillella rhombothoracata) have never
been found from the both samples, Pseudoalbaillella
scalprata Holdsworth and Jones and Pseudoalbaillella
postscalprata Ishiga, the ancestors of Pseudoalbaillella
rhombothoracata Ishiga (Ishiga, 1983), were obtained
from the both samples and either sample, respectively.
Consequently, both samples can be correlated to the upper
Pseudoalbaillella lomentaria Assemblage Zone (middle
Cisuralian, lower Permian).

4. 3 Triassic radiolarians from chert

Triassic radiolarians were obtained from eight chert
samples (Plates 3, 4). Among these samples, one sample
(IT16071201) yielded an age-undeterminable conodont
fragment and one sample (IT16072301) yielded certain
sponge spicules.
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Table 1 Fossil occurrences from the Ashio terrane in the Hachioji Hills. sl. md.: siliceous mudstone.

Sample no.

Lithology

IT16071005
IT16071006
IT16071201

chert
chert

IT16071401

IT16071402
IT16071403
IT16071404
IT16071405

chert

1T16072301

IT16112602
IT16112604
IT16071206
IT16071207
IT16120505

chert
chert

chert
chert

sl. md. 1T16071001
sl. md. IT16120104

Spumellaria gen. et sp. indet.
Nassellaria gen. et sp. indet.
Closed-end Nassellaria

+ |chert

+ + |chert

+ + |chert

+ [chert
+ |chert
+ |chert

+ |chert

+

+

+

+ o+

Striatojaponocapsa synconexa O’Dogherty, Gori¢an and
Dumitrica

Praeparvicingula sp.

Dictyomitrella ? kamoensis Mizutani and Kido
Minocapsa sp.

Hsuum ? matsuokai Isozaki and Matsuda
Zhamoidellum sp.

Spinosicapsa sp.

Pantanellium sp.

Paronaella sp.

Protunuma sp.

Parahsuum sp.

Eucytidiellum sp.

spine BS of Sugiyama (1997)

spine A2 of Sugiyama (1997)

spine D1 of Sugiyama (1997)

spine D2 of Sugiyama (1997)

spine C of Sugiyama (1997)

spine of Capuchnosphaera sp.

Pseudostylosphaera japonica (Nakaseko and Nishimura)
Pseudostylosphaera longispinosa Kozur and Mostler
Pseudostylosphaera sp.

Tritortis kretaensis (Kozur and Krahl)

Tritortis sp.

Mesosaturnalis octospinus Sugiyama

Mesosaturnalis sp.

Praehexasaturnalis tenuispinosus (Kozur and Mostler)
Muelleritortis sp.

Capnodoce sp.

Hozmadia sp.

Triassocampe sp.

Sarla sp.

+ o+ o+ o+

cf.

+

Pseudoalbaillella sakmarensis (Kozur)
Pseudoalbaillella lomentaria Ishiga and Imoto
Pseudoalbaillella scalprata Holdsworth and Jones
Pseudoalbaillella postscalprata Ishiga
Pseudoalbaillella sp.

Polyfistula sp.

arm of Quadriremis gracilis (De Wever and Caridroit)
Entactinia sp.

Latentifistula texana Nazarov and Ormiston
Latentifistula sp.

Quadriremis sp.

Pseudotormentus kamigoriensis De Wever and Caridroit
Pseudotormentus sp.

Quadricaulis inflata (Sashida and Tonishi)

+
S o+

+ 4+ 0w+ oo+ o+ +

Conodont fragment

Sponge spicule
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Sample IT16071201 yielded some type of spines
shown by Sugiyama (1997). According to the range of
the radiolarian zonation displayed by Sugiyama (1997),
spines B5, D1, and D2 co-occur in TR6A—-TR6B. Spine A2
occurs in the TR3A-TR6A. Based on the co-occurrence,
it is possible that the sample corresponds to TR6A,
uppermost Carnian—lowermost Norian, Upper Triassic.

From sample IT16071401, some satunalids were
observed. The Family Satunalidae appeared in the Carnian
and occurs abundantly in the Upper Triassic (e.g. De
Wever ef al., 2001). Therefore, the sample tentatively
corresponds to the Upper Triassic.

Sample 1T16071402 yielded satunalids appearing to
possess six spines, identified as Prachexasaturnalis cf.
tenuispinosus (Kozur and Mostler). The Prachexasaturnalis
tenuispinosus group occurs in TR7-JROA, middle Norian—
lower Hettanginian, Upper Triassic—lowermost Jurassic
(Sugiyama, 1997).

Samples IT16071403 and IT16112602 yielded
Pseudostylosphaera japonica (Nakaseko and Nishimura).
The Pseudostylosphaera japonica group occurs in the
TR2B-TR5A, middle Anisian—lower Carnian, Middle—
Upper Triassic (Sugiyama, 1997).

Sample 1T16071404 yielded spines C and D1 of
Sugiyama (1997). The former and latter occur in TR4B—
TR5A and TR5A-TR7, respectively (Sugiyama, 1997).
The co-occurrence range of these two types is restricted
in TR5A, Carnian.

Sample IT16071405 yielded Mesosaturnalis octospinus
Sugiyama. The occurrence range of this species is
restricted in TR7-TR8A, middle Norian.

SampleIT16072301 yielded spines of Capuchnosphaera?
sp. Capuchnosphaera occurs in the Carnian—lower Norian
(O’ Dogherty et al., 2009b).

Sample I1T16112604 yielded Tritortis kretaensis
(Kozur and Krahl). This species occurs in TR4A-TR5A,
upper Ladinian—lower Carnian, Middle—Upper Triassic
(Sugiyama, 1997).

4. 4 Jurassic radiolarians from chert

Three chert samples yielded possibly Jurassic
radiolarians (Plate 5). However, fossil preservation is
generally poor and hence the detailed ages are uncertain.
All samples yielded closed-end Nassellaria. This type of
Nassellaria appeared in the Early Jurassic (O’ Dogherty et
al., 2009a). Sample IT16071206 yielded Parahsuum sp.
The occurrence range of this genus is the Hattanginian—
Kimmeridgian, Jurassic (O’ Dogherty et al., 2009a). Here
it is tentatively considered that all samples are Jurassic,
although the occurrence range closed-end Nassellaria
reaches the Cretaceous (O’ Dogherty et al., 2009a).

4.5 Jurassic radiolarians from siliceous mudstone
Two siliceous mudstone samples yielded Middle
Jurassic radiolarians (Plate 6).
Sample IT16071001 yielded Striatojaponocapsa
synconexa O’ Dogherty, Gori¢an and Dumitrica. These

species abundantly occur in the upper Striatojaponocapsa
plicarum zone and lower Striatojaponocapsa conexa
zone (Hatakeda ef al., 2007), Bajocian—lower Bathonian
(Matsuoka, 1995).

One specimen of closed-end Nassellaria (Plate 6.39)
from sample IT16120104 resembles to Tricolocapsa cf.
riisti Tan Sin Hok sensu Yao (1979). This specimen co-
occurred with Striatojaponocapsa plicarum. Here, it is
tentatively considered that the sample is correlated with
the Striatojaponocapsa plicarum zone.

5. Implication

In this study, Permian, Triassic, and Jurassic radiolarians
were discovered from the chert and Jurassic radiolarians
were obtained from the siliceous mudstone. Previously,
Masuda (1989) reported Eucyrtidiellum unumaense
(Yao) and Unuma echinatus Ichikawa and Yao from
the chert of the Hachioji Hills. According to Matsuoka
(1995), Eucyrtidiellum unumaense occurs mainly in the
Striatojaponocapsa plicarum zone to Striatojaponocapsa
conexa zone, Bajocian—lower Callovian. Unuma
echinatus occurred Laxtorum? jurassicum zone to
Striatojaponocapsa conexa zone, Aalenian—Bathonian
(Matsuoka and Yao, 1986). Masuda (1989) stated that
a similar radiolarian assemblage was obtained from the
manganese nodule within the mudstone, although their
images were not shown.

Combined with this previous study, the primary ocean
plate stratigraphy of the Ashio terrane in the Hachioji
Hills is summarized below. The chert contains Sakmarian
(Cisuralian, Permian), Carnian—Norian (Upper Triassic),
parts of the Anisian—Ladinian, possibly Early Jurassic,
and Bajocian—lower Bathonian (Middle Jurassic) (Fig. 7).
Furthermore, the siliceous mudstone and the manganese
nodule within the mudstone contain Bajocian—lower
Bathonian (Middle Jurassic).
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Plate 1

Permian radiolarians and spicules from chert.

1-6, 21-24: Pseudoalbaillella sakmarensis (Kozur)
7, 8: Pseudoalbaillella scalprata Holdsworth and Jones
9,10, 19, 30, 34, 41: Latentifistula spp.

11-14: Latentifistula texana Nazarov and Ormiston
15, 29, 35, 36, 40, 46: Sponge spicule

16-18, 31-33, 37, 39, 43, 45: Pseudotormentus spp.
20, 44: Quadricaulis sp.

25: Pseudoalbaillella sp.

26-28: Entactinia? sp.

38: Polyfistula sp.

42: Quadricaulis inflata (Sashida and Tonishi)
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Plate 2
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Permian radiolarians and spicules from chert.

1-7, 26-36: Pseudoalbaillella sakmarensis (Kozur)

8: Pseudoalbaillella scalprata Holdsworth and Jones

9: Pseudoalbaillella postscalprata Ishiga

10: Entactinia? sp.

11, 13: Latentifistula texana Nazarov and Ormiston

12, 22, 41: Pseudotormentus kamigoriensis De Wever and Caridroit
14: Quadricaulis sp.

15, 16, 47, 48: arm of Quadriremis gracilis (De Wever and Caridroit)
17: arm of Quadricaulis inflata (Sashida and Tonishi)

18-21, 23-25, 45: Latentifistula? spp.

37: Pseudoalbaillella cf. lomentaria Ishiga and Imoto

38, 39: Pseudoalbaillella sp.

40: Entactinia? sp.

42—44: Quadriremis? spp.

46: Polyfistula sp.
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Plate 3
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Triassic radiolarians and conodont fragments from chert.

1: Spine B5 of Sugiyama (1997)

2: Spine A2 of Sugiyama (1997)

3, 4,28, 30, 31, 33: Spine D1 of Sugiyama (1997)

5: Spine D2 of Sugiyama (1997)

6: Pseudostylosphaera? sp.

7,9,17, 20,21, 23,29, 51, 54-57: Spumellaria gen. et sp. indet.
8: Conodont fragment

10-16: Mesosaturnalis? sp.

18, 19, 22, 38: Nassellaria gen. et sp. indet.

24: Capnodoce? sp.

25-27: Praehexasaturnalis cf. tenuispinosus (Kozur and Mostler)
32: spine C of Sugiyama (1997)

34-37: Triassocampe? spp.

39-43: Pseudostylosphaera japonica (Nakaseko and Nishimura)
44-46: Pseudostylosphaera sp.

47, 48: Pseudostylosphaera? spp.

49: Muelleritortis sp.

50, 52, 53: Capnodoce? spp.
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Plate 4  Triassic radiolarians and sponge spicules from chert.

1-3, 5-10: Mesosaturnalis octospinus Sugiyama

4, 14-16: Spumellaria gen. et sp. indet.

11: Capnodoce? sp.

12: Hozmadia? sp.

13: Tritortis? sp.

17: Spine of Capuchnosphaera? sp.

18-21: Triassocampe? sp.

22: Sarla? sp.

23-26: Pseudostylosphaera japonica (Nakaseko and Nishimura)
27: Pseudostylosphaera sp.

28-30: Pseudostylosphaera longispinosa Kozur and Mostler
31, 32: sponge spicules

33: spicule

34: Tritortis kretaensis (Kozur and Krahl)
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100 pum (18-28)

IT16112604
100 pm (33)

100 pm (34)
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Plate 5 Jurassic radiolarians from chert.

1-9, 12-19, 32-37, 39, 41-44, 50: Closed-end Nassellaria
20: Protunuma? sp.

10, 11, 21, 22, 26, 28-30, 38, 45, 48, 51, 58, 59: Nassellaria gen. et sp. indet.
23, 24: Hsuum? matsuokai Isozaki and Matsuda

25: Parahsuum sp.

27: Parahsuum? sp.

31, 46, 57: Spumellaria gen. et sp. indet.

40: Eucytidiellum sp.

47: Pantanellium? sp.

49: Spinosicapsa? sp.

52-56: Praeparvicingula? sp.

60: Pantanellium sp.

61: Paronaella? sp.
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Plate 6  Jurassic radiolarians from siliceous mudstone.

1, 2, 4-6: Stichocapsa? sp.

3, 51: Nassellaria gen. et sp. indet.

7: Striatojaponocapsa synconexa O’Dogherty, Gori¢an and Dumitrica
8, 14: Gongylothorax siphonofer Dumitrica

32: Eucytidiellum sp.

9-13, 15, 17-31, 33, 39, 41-44, 47: Closed-end Nassellaria

16, 34-38: Nassellaria gen. et sp. indet.

40, 45, 46: Minocapsa? spp.

48: Dictyomitrella? kamoensis Mizutani and Kido

49, 50, 52: Praeparvicingula? spp.
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Akira Yao (2019) Development of Paleozoic - Mesozoic radiolarian research in the latter half of the 20th
century in Japan. Bull. Geol. Surv. Japan, vol. 70 (1/2), p. 249-260.

Abstract: Paleozoic-Mesozoic radiolarian research developed rapidly in the latter half of the 20th century
in Japan. Based on passage of the author’s research, the development process of radiolarian research in
Japan is divided into 4 periods: (1) before 1968: Paleozoic-Mesozoic radiolarians were not admitted the
biostratigraphical validity, (2) 1969-1978: Mesozoic-type radiolarian fossils have begun to be found
from non-limestone facies “Paleozoic”, (3) 1979-1988: Paleozoic-Mesozoic radiolarian biostratigraphy
developed rapidly, and the reality as sedimentary complex of “Paleozoic-Mesozoic strata” was
elucidated, and (4) after 1989: based on the analysis of radiolarian fossil assemblage, approach to paleo-
environmental reconstruction has started.

Next factors existed as background of rapid development of radiolarian research: (1) radiolarian
characteristics (high diversity and variability of species, high population, comparatively stable shell
component, stratigraphically continuous occurrence), (2) spread of modernization of research method
such as hydrofluoric acid (HF) treatment, scanning electron microscope (SEM) and computer, (3)
organization of research system (Grants-in-Aid Co-operative Research (A), International Cooperation
Research Project, International Collaborative Research etc.) and (4) organization and internationalization
of information exchange (Radiolarian Symposium, International Conference etc.)

Keywords: Paleozoic, Mesozoic, Japan, radiolaria, biostratigraphy, development

2 B 1. EUC&IC

HAOH - HAERBEERCAOMEE, 20 ik
SURIER L 72, EHEOMEOLEIZH D NE, Zoi#
R, (1) 1968 4E-LAai < Hp - AR UG A IR
BRI RIEN GRS SN TV b 2, (2) 1969
1978 4F + JEA R “H AR 20 & A RO Bk AL
ABRFER I U220, (3) 1979419884 « /1«
AR A R s BB IR U, 2 s D < Mt
kT - HERT ORISR Y TV 7 AL LTO
FRENMRI] S -, (4) 1989 4R LIRE « RECRILA D
BHEMNTIZ RS S HBRBHE IO T 70— F 23 h % - 7=
], D4y Eh 5.

JRECRALAIFZE O Suf RO R, (1) Bk
L oRE (o LMkt e 7 Eom X, EREEEo
% &, WEIRE Kt oy, FEpFms i L 22 e ¢
&), () MEFEOER (7 v LRERE HF) 4, E#&
TUE WS (SEM), I v ¥ —2 D% K), (3) 7
IRHI DR (B & wiB &R AT (A), EIREH
e gz, EEEERZEZ E), KU, @) EHzsino
MURAL & FEIR L (ot 2, SR E S A L) &
WO TR D - 7=,

201743 A5 HD 2016 FEWMEED ) 7 7L v A&
VA —EES - B I EREERMRES AR RS
(MRC * NOM in Yamagata) DZ&#IZHWT, EHIL
RIZ & KB MEEB A & AR IS INOMI T B | & $% 5 &
N7z EFEIRIE, [ & & 7213KEICD 7D R
DEORALZORBIZHENT 2L ZAMICKEDED
NHDELE Ko TIZIZZDOUMEEMRAD L BIC
FOEHOBARLILRREBRATERBOZLET. K
R ITZE4E 2 —R MRC - NOM in IIJE EITEREBE
Al Dleds ZOZEHERKS EFHEOINETO
WF2estE &2 i LT, 20 % B ic s THARDHA
R AR AR U 7R A 4R DR D 720,

EH M BECERAL A ORI WD THE D - 72D 1% 1967
ETHY, ZTHhLR0EARMEL 7= 2O, R
1960 4EARAK A 5 1990 R 23 ¢, HADOEHAER—4
KLU, w - AR & &R DBECRIL A OWFFE A S
L7z, Zheds L ClaER-hER (DR, -
AR KAD) DFERED SRR X, H ARSI MR 7
FEHOWEZ ST PEINZZLL 2 Z L FEROBD TH 5.
Z O I -2 I, “HECREE R LR h (-
NE, 1982).

" Corresponding author: A. Yao, Okushiba-cho 8, Nara City, Nara 630-8256, Japan. Email: yao-a @ken.jp
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FH K OHEZEEE, HES S U IER L 2k
BALGIFZE B O - AR ORI A P 2 1S L
TEZWIAE, PiEIE S, 19835 HIHEA, 1985 ;
Mizutani and Yao, 1991 ; JUZ - &K%, 1993). 7k
PRI U 2= BILE, S T 20 AL #% 2 DO WFSE it 4
DB ZE3HEREEDNS. K/NGRTIE, FE1H-
HAERBEHEMAOMRE ED LS IZBEb > TE %
Wiz LT, 7% 0 R % 1968 4 LLAT, 1969 4F-—1978 4F,
1979 F-—1988 4F-, 1989 4F-LIF& D 4 KEHHIZ X 43 L THR O 3
5. F7z, v HAERBEMEAEG OB R L 721
FAZDOWT, [HdERILA OREE ], T2 FE0RRIL ],
[IFeiRml DR ], [HERe oML & FEREE] &0
STl 5.

2. 20 iIERFOFP - HERBBEBEHRORE

2.1 1968 FELIAT

HAROP - &4 RBECRCA ORIE W 2 0F281%, &
IE19204EIC 2 2 DIE D, DIFE 1960 -1 & T/,
BOFAZ i 220 LB O @ K & T & 72 OVURBIE A,
2001b). TN 5 DFXL DL AFHHRE DR ZH T
72dDTHD, YDA EROD A RS =%
T2z, EHREOFENRG L EICHS U i%EEhsz
EEL < o,

FEH I RREEKRTFD 1966152 MR OFEE L
C [ R BRI T S 1Ly Hiudsk oD FH 5 0 MBS S i o | % 2%
EL, BIMERE L ML OOBWEET > 72 7T ORE,
LB AALET ) FY MEADRRIZIEZEDS 5h 572
2, WisERLA & AER - b A DRR &0 H EICE
Fh 7z U\RE, 1968 5 Takahashi and Yao, 1969). 245D
WALA RS, $RISHH S 2 & 2 o 72 PH O F2HE (e =
VTV I A)ERELTWS Z EIZKST B o 728,
Wf7e 4 RD 2T v FITHED 5K E B L 75 5 7=

L1967 12 KB R R F BB L3RR I A%
U, Wil EnfiEs 235 2L &7 il
FeAE, HRURELRY: (B, BRURS) /MR E— S0
FITAE & U oA M (1944 45) I R TR IC & B
R A O & BRG U, B Lt g5k Ltk D BRI
B CHERESH-=BRALVWLY 27 R7) 25 HAT
18 TR LA A Brfd L #K L 72 (Ichikawa, 1950). T
A D Z DORFERER %32 k¥, EFHOEEMELTD
WA LEER R 2 762 LT, KREBETORfZRHM E LT
Sl RIS < HARDH - 4 RO FIERI” 4 2
FEUZ BBREONEE LT, ML aEi» oMk
N5 EGHEER SRR BRI L ThE L -, DFD
FRAC WA (R AT 0D 1 0 M4 ) oD R Ly U5 R gk (DAR%,
FO O R sk & 250) O Pl — K5 V5 % BRI © R
IZHAEL, L= b~y 7 - HIRKEEK L2 25612,

FREE U 72k 2 5 R0 U, Bt b o i ik oy e -
TR D FFE e UL A R RS OB R % et L 7.

2.2 1969%F-1978%

e AR A OWFZEIZ & 5T, 196941978
AEORFIE, 1979470 & D 20k 2 ik JE W HH 0 i B RS 12
Wb, ZOREBTED LS S frbh, EDk
IR IR, EDOLIITROBEEANEIT Lz %,
FEHOWNR A LT NIz 5.

2.2.1 ICFHRBIFETOWRE

FEH OB LR TORYOMFRIIT, ALOTH R
WO NIV LR OHERE» SRR - 7V
VIR & DAL K > T, R & 8RSy
Bt - L7222 & Th B, TS, Z oK%y
PHMEE 72 T <, AEETUE 7 PHMEE (scanning electron
microscope: SEM) TH#I%¢ - ik & 17 - 72 (JVURE - 1),
1969). SEMIF Y& 72 K ZICRE SN TH 5§, FEE
DG - B 3R 2 AL S F B AT O BRI T8 O
#) THY - 7z dHRECRIE A OSEMIE A H A TR &
=0, A - il (1969) BRI TH D, HARMIZE
RHIHITH 5.

BEHERFC 5 5 B 74 2 B AR, AT R Mg
D)L LR 6 fiih U 7= i b A Al BRI T e
<, WERBITH D, mElEs AR T 5 WEEME &R
WL 7= (VR - Tilll, 1969) & Th b, T DY HK
Holfb A s X B ERGERIE, T 9% E2 5 20 T
FIFEIC R S 2R e DIBUCEED W TH D, “i/E
ROUEEN" ZHEET DL NLTH 72, LA LAENS,
PERMEE NN EFELED, KDHLOWFROTTEE
MDD B BEECAE AR L 722 &3, “TECRER” A~
DBEEADE SMIT L7

FFIT 1969 FFI LA IS L, iR b A RO
W EROMITE AT L7z, feP RIS o BRI
“HAERT (BRGS0 K s & O EtligE A K
BRER) I, BEHREA2ZTTEL, RICER SO
7= KA ORa v Tkl - M bR &) » 5 & AR
TH DI ENWE P57 OVUE, 1970). HAREK
Bt a o ERNZ DWW TE, HAREEWF S 19714
2 S (RS, 197141 H) T“Mesozoic Radiolaria
from the Chichibu belt in the Yura district, Wakayama
Prefecture” & 8 U "CRlii U 72 & A IR D PEIRIZ
oSBT, FERMOZ S 2 VAR TH BEA L, T
ERPDZT A NEERTH 256 L &AL 7= GH)I
EA, 19715 A8, 1971). SisERACAEIE, Wi
NOFEIRTH - TEHPAER & IFRMH 2 FIC L 28BSk
THHIENHALEZ. DF 0, HkoRito—>T
BHBRAT VY 2 DRHEPEFHE N 2DITTHS.
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20 g RO HAO - AR 7R OEE (UURE)

2.2.2 RIUMIHTORE

AAROH - AR RO S <1, —MRIIZ R
MEG, b & LT S 2z RS O TERER) - R
R RN RRET 3 21213, (RAFO R OEIROEISE 0
BWThb. DD, 196955 5 FBHERILTIL S O
e B WL 2B I s (AR, Rtk & 2250) o A 130
FIZHBEHTAHRE NILLR DYV H Y )V a—)b
E, A IECYR, KPR TESER) Ko %
B THEt2MIa L 72, HEREHOBEREICEEFh S~
VHY IV VEREL, BIETHUEL. v vy
)V a = VIIEBET, ERHICREOR NS S ks
HRECRIE R AR 6 7z Z ofEci b aEag, HER
PRI U2 N T WESLHICEE S S D% 2 KE
oicxtl, HAEROEO L FEEAMIE AL A%z 5
s, ZOPERBIKEECADORROE —~HRE, HAE
B E R 1972 - 2 (RATRY, 197141 1)
C“Radiolarian fossil from the so-called Permian of Unuma,
north of Inuyama, Gifu Prefecture” & 8 U T L, HAHY
BBt T e R L7 OVURIEA, 1971). &
SIZHAER EEIC L2 hTnkr - 25 BlEo —
DT & %Spongosaturnalidi 2R LT, HARGEYFEE
107 1612 R BRECE R, 197146 H) Tl Rl
LT #818 PE O 1% W] Fh £ A2 Spongosaturnalin RadiolarialZ
DWW L L THER L 7=

o ERAREH(CED R & REFR L < LT,
RIBIK D “~ov £ R7EIRF v — + 2 5 BB AR
T2/ Py MeA» T S hiz (Koike er al, 1971). 2
ML, RilstusgiA & IEAE A e - PEIRIEAPI TS 2
N, Va7 vEFA MEARHS T 7z (Mizutani,
1964). T DO K512 1970FARIBUIE, SEiar AR
DOFEMERIZBIL T, WD DMER RSz, Z
NOoDOMENRII NS ETIE, dEHIOFEL 2H
L7.

19724F, KBRS K2 i 198 =8 \ZSEM (JEOL SEM
S-D)AEA S, —BERR th o EAZ. &
MTERIMIRD Y H Y 7Y 2 — L@k F v — 1 E
75 OIEHLAE, W< Oh D HIREIZ DV TSEM
2k B AT EBRENBRET 25 Eh, FMiLiE -
(Yao, 1972, 1979, 1982; Ichikawa and Yao, 1976). ZZ T
PrfECE X N2 NDO WL D2 OFffIX, Unuma echinatus=°
Striatojaponocapsa plicarum® & 512, {LAHEHEONFKFE
RO 28572, F72, SEMIC & » Ttk
DR ENT & 7 (Ichikawa and Yao, 1973), Bt A
ZHRHE U Z=SEMBE 2 i & 7z VR, 1975).

2.2.3 BLEMETOHRE

%%u,wmﬁsﬁu%;#t:/ﬁybﬁ%ﬁﬁﬁ
L—=Tb b, EREILE A RO A oL 4R
OBHHAIZBIML 72, 7 2 THREIN-HES - S

BIRHFAETRE S N, 556 h28Eh ot s %
MGt L 72, 2 ORER, KT v — Mg (B2 A7) &k
@ - REEERE (A ML 2 & AR %
R L, ZhZhActinommidfif# & Theoperid 4 % 371
L7=(a 7 Fy bR 2L — 7, 1974). #k6h - i6a
A JE 2 5 DRI 12 1ESpongosaturnalis? sp. 75 & D
Saturnalinae N EEN 5T 26, V2 % %N T 0[HE
PR L 7203, 1970 A RO TR aEGR & L
Ti, [HEREHEEL TR OBRYTHAH] (37
F Y bRIKEFZEZ L — 7, 1974) L8 X2 %155 h - 7=
LarL, ZhE CoERGEm», Mmbfbtakoa s Py
FMEFEIZEEDS VT W22, B0 “XIL AR 5 h
AR A E R L7222 812k 5T, Fry—b&
WEAhOBRBHRIEOMEH Shb Z T Lo 7.

2.2.4 “fh- HER OERBRETORSA

1960 AR A 5 1970 FARFTHIZ 2 T, mid D & 5
A R sk (FEACRIA ), Rilithdsk (S50ar), &4t
W e emr) ot B0 B S A & rp AR LA
DOFENPW S »ICE 572 Th5DREHLAREZIE,
HRHICHETE AL 57ICLTE Y 2 TR
Bt a» &G EN S, T, ERELERW O HER
Fry—b256iE, “HBKI FY MEAaaERTS5Z &
SIS 2T o 7z, fAOtH RS0S4tk o “ A R
3, EiEROIKEEREES TS, 202 &iF, W
B E W 5 BEA, A HERAE R & s
5ZLERLTHA.

FHE, 1970480 5 KHKRENE IS L —-TD—HE L
T, ACPEETR IO RS - 10+ R USRI T O
BACEr - DU T A O A 2 BRkG L 72, 1970 4%
B o, - HERTEMKTSF v — b, WEE
FH RS, Jorh, WEE), HEREEIKE OBECRE
R, ROGIKE - fEETHE 50 72 %5 HH 0O HE B £
ERETLTCE . ZOPHORE L LT, ~L 25k
WF v — b, ZERBRBBEERT v -, &Y 2 TR
ACRJEE, SRR T v — b - JEEA AL,
— RS BARIZ R A B MR AU g 3 1 30 s X0 M g oD s
WD L 2 R L7z OVUR, 1979; KFIKRZEfE s L —
7, 1981).

R IZ & 2 FRBEHE, ThE e b o
H2 b5 <, FREFRESKRLEE HD 204z
TERmE N Pl - i (1977) 13, EEBETO
WAH#F v — 25 Y 2 T8 - Akt
DEMZETRL . 20%, hitdiE2 (1979) 1%, #Lit
B - UEON Iz WT, a5 DA
BAHFEEL, Y2 %dKs» o afiitiliEzcoeon
S R CATE & G U 7=, oo ARG I, e ic T —
Ty 2SR AR O [l R 2 & W & 2 ERER 1968 4 2
HhhE o 72 IR HIETE (DSDP) DR (Initial Reports of
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the Deep Sea Drilling Project) 75 £ & D IHRIZFED N T 5.

BLED & 512, 1970 FREAICA - TPHE — iR — 2
i - BRSO - U T HHHC 30T, AL DR HEIZL -
T - AR ORI RIS X B EREET A ARSI
g o7 22 6f{ohlT—2ICHDNT, KHEH
TRT IR AER PR EEND L5240, (b
A OFEAR LA Tbh, RS L THARIIEDH -
AR OSBRI AN & BUsIZEE D 5 T o 72,

2.3 19794%-1988 %

1979 FF—1988 1%, HADH - d4 BRI G O
TR GBI bIzHTH D, ZO/E, HA
FES I “f B R i A > 2T 5 5. Z OO
DI E LT, ERBFFIiEs#EA, F & L TK
L ARSI K LA OREL 5 S h, (LhmOF
RIBIF AR LoD KA K A3 5 72, Th & RIEHEST
TR ERTOERME TR, - HAERT DS
SHOMEREH TV L w7 A TH B VD HEED, 2ulic
eI o7z, WRIET Y TV 7 Z DB -
BORFEE, 7L — MERERRIICEH X oz,

2.3.1 F - HERBBEHRRDO2R L ERH

1970 AR LUK, HARO R - A R LA O i
HTROZNE O - HER OMGH, Sudic R
L7z, ZORTIE, HAROBEH Iz SOk O 2038 7
BinE LCRTHNR S UUBIEA, 2001b). BAaAIZA
FEIE 2 (2001b) 12 K HUE, 19774E5 5 19824 D - 4
RO R B O SCRR B, 19774 ¢ 1#R, 19784F © O,
19794F = 124, 19804F- : 194, 19814F : 268, 19824F :
85 TH 5. A/Ngw ik, - AR B L 72
FEMHEB O ELITIORNT. R E L2DiE 19774
25 1982 4F-0 H AR ME 2 K S 5 H & HA
WE 2 BIVE SCER R CLERie 2 - Bl OB 2 15#))
Th, [HAERBEERA ] 200 LT AR A
RO L i D B0k v b L. HA
WE 2 PR FRHERETO A v v MERIE, 1977
00, 19784F 1 24, 19794 : 9fW, 19804 : 104,
1981 4F- @ 264, 19824F : 394 CTdH 5. HARHE %R
W TO A 7 v PERIE, Nos.79-81 (1977) : 0F
Nos.82-84 (1978) : 0#f, No.85 (1979) : 24, Nos.86-87
(1980) : 94, Nos.88-90 (1981) : 9#fi, Nos.91-92 (1982) :
TTh B, HARWE P2 PMAS RO HANE -2
WS - BRI VT, 19794FLIkE, v - dAqR
B IS BT B R E A B L T 5 Z I3 HfEN T
bhb.

i AR BRI O R 2RI L T, 20
WFZE 57 B9 2 [ 565 1 Il B R A 28 55 2 amsC B ) (PP T A,
1982) 12k S 7z vp - AU B D 29 5 SC TR
P72 KSR, BBl b G ol - SRR 1246, B

Fe 105, (CATEE 28, AR LR, R 1L,
SR U, R L IRTHB. T LG
25 X902, [UBUTER L 2 B Az s iiE, kicRE
@R L ARG T h - 7= T OWRENROTRIZIE, A
KO - HAR OFERHE NS EFEND 572215 T
HO, - EHERIRERITEA Z OBFHIZE 215 5 85
Ao TNt 3,

2.3.2 HMEHREBFRFONEORS

KBRS R ETNAFZEE 21, 1970 AR5 4 5 1987
FAZHTTC, b - 2 Y MERERS 2RO
KEGESERE U 72 AR - SRS - B AT A -
A - AR B - AEBE - K - Caridroit, M. -
U ORER - L ARG TH D, FEHIL, 1979FE 0 S8
FHPTR - BT HEMG IR & R0, SR LR D HIH IS
BWTa s Py M - R X 2 R e R
A& bbG L7z, T ORMEHRER % Yao er al. (1980) 125D
T, DIFicitd§ 5.

RENNGRICTEM T 2 RIRF v — b RO ke 7 Wi
(R)549 120 m) 2> & FrAalkt (3o fidl) 2 $R4E L, HFIETRL
U, b0z Py Mea e BEkE & T oL
TRE L7z 2 ORER,  FE R Wi o fe T (0 miE) 2
5104 mpEHEE T, —BRPH-RBEZ R P2 ML
ARIERES L, ZOEMNETFEE —av3 - JoKICE
B EMIEE &AM TH 572, 3/ F Y MufaEE
25270, Zh&kD EfiA S 1 DORE LA EE % 5%
U7z wi2E R BRI, RERY 2 7K
oL ATETH D, EFFHO 104 m EHERHT
Z=BR Y 2 7 RERVHET 5. 512, AEII
JE D Unuma echinatus TIN5 BECRILAHE A ET 5
PWEERZY 2 7 2%, £ ORI BN ORI
Va7 R EEHE L Do =BRPE-Y 2 7 5%
EEE, MR IEIEPAT A WS (27 2 D)2k > Tk
DUEL D LW FEEZY]SNIZL 7.

Yao (1982)1&, _bRCOMEAEIE Wi 2> & PE 4 % Bt
HbA A K DS LT, 1@ 3 it 4 &ird0fd
kAU, 40O ECEILAREE (Triassocampe deweveri
BEEE, Triassocampe novalt#e, Canoptum triassicumBfH,
Parahsuum simplum#tH) %30 L 72, Wiz &2 Bl
W%, BEPY 2 7B OREHLATIE TS 5.
IhE T8RP LT v — FEOFEMGEICIX, g
T53/ FY MbaPRETH 722, a7/ Fr Mbha
EHFEL VT v — MIBWT, KEHEH O A THER
AT A D REMEN R A T & -

FHZ, LELOBEHIFIZ R THE - s
GRS &I F v — PEEZO L OWEEEIZE
2 RECRA SR OBE 2175 72, T OMIREIVRIE
72 (1982) IZEE DWW T LA MICHE AL 4 5. Meatsbilid, %
W ORI, FEACREF O S R s - 7461 Ml -
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HWINHIKTo 5. ZOME, —BILPH»E Y27
A O AT (RS 1A T, ¥ 2 7 /KaiHhEo
“Parahsuum sp. D" HHEE, ¥ 2 TR D Hsuum sp. BEE
. Unuma echinatus¥¥ 8, Lithocampe(?) nudatafif s, ¥ 2
7 % % Wl D Gongylothorax sakawaensis — Stichocapsa sp.
CHf 4, “Tricolocapsa sp. O” B 2, Dictyomitra sp. A —
Dictyomitra sp. B #EH# 450 L 7=, ¥ 2 7] — 500
DL D2 O HALATFEOFEAGEmE, 1970 FA RO
1980 FF-AAJIHIZ T — 1 o 23R ALKRD ¥ 2 7 Rt I
Rt & W S ERHC D W T 5.

PLED X512, 1980 FRDF BT8R 25
£ 6 11 ORECRIEAERE G Xz, 2R TS
LT, fFH - (1982)1F, PUE - JWUHOBALHF v —
Mg - W R R AR R A RRET LT, AR
Y 2 7 RIS 10w OB tE R 2 E Lz, 72,
VB IE 20 (1982) 1%, JUINERIE 3R D B AC 417 12 F5 1
T, NI AR-HIER 5 16 DFXECRCATEE 25kl L
7z. Ishiga et al. (1982) 1%, FHEWF D F1iR R LEE—~L 4
RF v — MEICOFOBRERLATF R 2 ROE L 2. &
f5, LEITHIAL 2219820 30iE, 4 TIE 1 MKk
it i ] (PR, 1982) IR E 728 D
Thb.

1980 - AUHT¥: & TOLAWIE, TICRBROMAS
HEIZ & B (assemblage zone) & LTk X T &
7273, Matsuoka and Yao (1986) 13, ZEJ&YE (biohorizon:
DB - IR HE) TRUE & M7z [IFEAF (interval zone) &
LTY 2 7RIS MO LW &R E Lz, £ D,
HARDH - A RO RECRAE R Roed, 921058
ATE. VB (2004) 13, ZhE To HARD A RR
A JEE BT AR A B L, i bas & LT
VIOLLRIZOM, FARYRIZSH, FRRIZIBH, L
LRI 124, ZBRICISHE, Va7 RIC12a, HIEER
12164 &N L 72,

2.3.3 ‘i HEFR OREHANDOEA

197045 H 5 o - HAERBECRIL AL H - HHEROF
RIS TH 2 Z &AL 72728, IR
AR “UEAREEh A R O AR ST iR b AT 23
WHNBEIIThE -7 FORE, 1980 FEHTIIZ1Z,
FHE-ZE R - BACH - ALEAL B o JER s
“HERTDL L, “BR-V a2 IR FEFy—bEE
Va7 REEREN S B T ENWHE MRS Th
SHAERE ARG - EaRIE, R 3HRET
RS- WEERTHD, 2R LTHBEaI Y TL Yy
2 A% RS ZENHIL 2 FRS, ULk A
HACHEREE 2 Y L o 2 A TR SN B Z L Rk 5 7=
RS I VT Ly 2 A0E, BTN - BEENREIC RS
WTRAFT Y VabFy—L - EEY -2V 2R
ENha. AT VY TR ORE LA A4 XDT

Ty rnrbRD, WEE Ty s OREREEROHED,
KEH b AR EiIc k> THERPD NG, X5V 2aDK
Pk, WET L — A CIRAGA T BRI, HEREW &
WULEBEMIZER S h - e fRE b, Fv— b - iHF
BV =XV AFTEAF v — M, BB MESERT
MR Ehs —#EgEeEoMETHH, EHHRAEZRT.
Z ORGP E G S R A R I K o Tl 6 h
5. ZOY =20y 2AOEMZEE, EEEERESE 5
R E TCORRBROER A RT LD LM 3.
Fy— b - WEAEY -2 TV 20X, MR IZET & W
(25 ZMICX> TIEDIRLER > /S (25 2 b
ISALKEE) ERTHZ b D, HREa Y TL o
213, TNERRT 2 EAHOMAS DY L EREROH
BIZHEOSWTa2=y MR Eh3., 2=y MEZ T 2
PO SR, BESEN N A S PO =y MRS T
AR 5 &S Mtk 2R

PLED &5 I b A ofRiIc k> T eIz & h
T HAERT OREEEN S, HBOHERE - 2Ly
2 Z DIRFERE - IGRFHZBI LT, 7L — iR
BN S K5Ik -7 FHIZ, 1967 F- LIRS %
o) T & AP R U O PALET - D07 dEiEE o
“H e EERIZOWT, RERARGER & RS R T
RO HVERSEFETR 25T, ThE¥mXe LTE
L8, AU (Yao, 1984).

2.4 1989 F LIk

1980 - T D E RGP NIZE 2 —BE L - BRRE T, 4
B 1989 LARE, wh - AU E RIS O R T %
FAbG U7z, (LR E RT3 % HAVIE, ZRRaRECTHRER
ShabalHEDIRER, LR OLATHEDRLE
(e ) m L2 B2 L, ZILOBREERT S Z
ETH D, RIEIICIE, HEFOEBHRO W TS HERBRR
HHOBILIZT T —F TELDTIEEVWLEZLON
5. DUTIZEES O W7 - 2L BHERNT Ofl 4774,

2.4.1 T aKaiH—h OB R{IEAIFEDHEN
VR - KSR (1981) 13, &R RILHUEDOE £ o7 & 2
V6 RET B iR A BEE (Unuma echinatustEsh © DL
R, UelfE LWEa) IS 150 LG Eh s Z & & 6
U7z #1989 LI, RILMIROMEE v 7 ¥ 3 v (I
JEH30 mDEEE IRk, FR Do RO Ny U g
¥ 7 VHDIN-10, IN-7, IN-3, IN-1Jg4E (Fhin 5 L7
AN AT E I Yao, 1972 DText-fig.1-c&EHH) D~V 7 v
IV a—, KU, EEFEOXIDHVEROY Y H
Vo= (Va0 -1 =7 Y HOMKM(GH)-1
L HK-140, KUY 2 FHEHIHIO + 7L o 7 W ONI-12:
BALEIZ AR, 1997 D 1K & 2H) O R aiFE
BT L7, BRETPELT, Vv AV IV —LD
BB OKRE» S bafitkd Yy 27 v 7L, SEM
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TR - R L2 LA OMTIE L, R,
Spumellariaf@i$/NassellariafB b (S/NE) ,  FaHER oD kg
BRODYEWRLEE, FEHER oD B R & ARRFE R 22 & Tdb 5.
JUE (1989) 1XIN-7 G HED UelE S DRERFE R & — A B+
FELL R & UZ2Ay, 2 O%OMGEH CREIIEML 7z. A2
(1991a) iF, 5JkEHE(NJ-12, HK-140, GH-1, IN-7, IN-1)[#
DOFERER DO SERIE &2 ST LT, 7 OB & RGUER D 4EAR
g & AMEITF 5 Z & AR L7z, UR1991b) 1, E
FLSREUER M L C OMERE Y RIL A BRET L, 3 ~ sha#kic
bz o TENNT 2 RIIFE (AN - TRAETE) &1
JE AL 0D A M 5 % RO I AR A7 I - BOA AR LI
IZRFIL, RS SRED24 ~32% % 5052 &
EWS U7 NE(1997)1F, KISHEDRERREEL % 11
MET L, NJ-12:206FH, HK-140:201fH, MKM(GH)-1:282
i, IN-7:3037d, IN-1:2807%6, 5kE¥EAART745%H % F7l
L, 745Fi2CTA#SEMEE TR L7, 205 EUHER] (1R
Mg : b7 T VEIP SNy Y g YT VHE TOR 1500
JIAF-[) ORECRBFE O ZE L, BHEERK T 2 {0
AAEAB O R &, FifEo B - REEREO MR IZ K >
TRl TnwB & L7

Z D%, NE - PHIE(2004) 1F, ROMETHERERL
7. WA 2 Y g v O 4EHE(IN-10, IN-7, IN-3, IN-1) D
MR RUE 2 2 300FHR T 1, S/NHA & Il L
TIN-10 % 5IN-3 JBHE F TIREHRNCHIELE L2 L
2 L, IN-37% 5IN-1 @412 16 2> 5 CSpumellariaf £ D
Uk - Nassellariafd £z DG & W5 N FEHE (4 B DL
T) THYZEEYR S - 7. NBIEA (2008) 1%, Lid4
FEHE 2 PRLEUEDIN-16E M A T, WHE 2 > a v
128 2 RARM A RET 2RO XD ITT - 72, KU
B 5 &R, Spumellariafi$t, Nassellariaffifl &,
Pantanellidae + Hagiastridae * Xiphostylidae * Saturnalidaec®
INENOMEB LT & OffRAE Y v+ L, REf
BEDERNI DY 4 X (Tripocyclia southforkensis?®D A 54 V£
& FRILLE, Acanthocircus suboblongus® ) Vv 7 i 5 L #tE)
ZEHIIL 72, 2 OFER, FEEEREOZE 2 5 MIFD
T (7 B & ) ORA RS/ HEE S h, YA X
ZAbh 6 _EATREHEIZ 0 b o CRECRAE BB O KR A3
ETFLTW o2 fE XN,

2.4.2 NIVLREBEH-=SRPHAOKEBILAHED
AT

g, RZEBE A O FFEAm K & K E T 4
A & ZBA I 2 T ORRECRIL A REE D Z5E
ERET L7 Mgtk sy g Vg, BEHEOEAEE
Vg v (AL AR ER) ROt s 3 v (EE
R ) Th 5. MEf e LT, HRLHEBZ O
EEATA P77 ZCHEHAL, XEHME T CHOEE
AT\, MEERFEE R 1 v b L7e ZOE, B - %
JR(1997) 12 KA, ~L L4051 %2 8 U THHED SR

BEL, BROKEEZITAS LW, ZBiCH
ORIl TR SRR R E WAL, BT
BENIZ BRI SRR EE L 72, 72720, N afde
SRR OKECREARHEORICIZIE L A L HEMHEAR 5
N9, PITHRA %2 U COREBORTF IS 2R L 2 &
WA B,

et - R (2001) 13, L 4R EERIZERE U C ek
LEREED BRI 2 BT L 72 Babd R AUE & &
v avO5BUETH D, HFUWPEROFKRED & BB E A
Yy 27y 7L, SEMTHg L CTHEX S E2T->7%. %
DFER, skEHEEE L TILAREILX 70 ~ 100 FE THEK X
N, SO R EOIRREZ MR L Tz, B
J e T MBI OBk D, MEIRFER ORI A D 5 h, N
L LSRR IARIC IR i RO A4 BB S BudUZ B L L 2= 1]
BN EZEZ NS, P EDONL ARBRI— =8ich ]
DOBEERCATHEDONT %175 3% LT, THELERKE
MFES 5 720D ETMEDFHEEIR L 72 G - VR
2004). PR L 2[EHNTHELEET TV I EAWT,
BED 7 — 212 HD < AL LA RBI L ¥ 2 TR OB
EEERIT 2L, BT & TN SR 557

3. - HERKBERAROERNDER

3.1 HERIEA O

e AR LA D788 SO S HE R U 7215 51
(&, BECRA RO YR R R, B A g o
IR SN B BREE, Mg rh TORAFRI A & P HE 2 2R
ELTIHEL TV S,

3.1.1 EEHOSHMLEEM

FcHUE, WYEYE T 5 v o b v o W R A R
Thb TOLEITHEBEDO®ME S B, Polycystinadi [
A Eh, Ay T TR, LB E TR L T 5.
PolycystinafifJ121%, Albaillellaria, Spumellaria, Nassellaria
EEDH G EN, BRORFEIBA~BEWNT, B -
s - PR - 98 - Mg - MR 2 B4
BEELTWa. Zhif, FEXSTIZHWT, Polycystina
ISR 15,000ff & VS BRRGRESKI S TS, Rl
DYV HY IV 2= (YaThONy Y g TV
W) 20 ST 5 UelF 1, BARIZE T 28 ka6 (511
T UBIED, 2008) D—DTh 5. —MENEREIRF v —
FRFERED LRI B WS, i baId S %<
AL Lok & b,

Rt R E LT, MoSMkE2Z T Tul, 4
WERL DRRIFZAL D BE TH 5. b KEBE(IE, A
& - 2J50(1997) TR L 7= &k 51, P/TEIR A 6 = EAlHi
WO FITH % 91 L T A 40HEE & = BACHTI O BRI
LIRANE Z WAL AR I LTS, £/, NE
(1997) T/RL 7=k 512, PT7Ay T Hne/Ny Y gy
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7 V& TR 1500 TR 1) B KRR UE D FERER IS
BT, R (A 17 R B e TR LN AR R HED
F3E & o, RIGMICHEBERSZEN L. 202 &,
LA LD S 2 a2, EDRHEIZB VTS
ERAAMET B L ERL TS,

3.1.2 RO & HEIRE

BUE D FRALHR (Polycystina) D, #73—)L (JESHE >
) 7)) THEK X2, MBGRFETA/ S—LCTE R ThH
YU 5. - HAERBRICE N B L, R
BIER AL CEB I N TV BEA EBRWT, & TR
TR SN 5. BERRT 2 REORED, MkToh
b 2IFEBRPEIIRSREFIN TSN, 2K - A8
fE % 5 72350, BOAaEhifiEkEL &0, RPE
DRTFITEL & 5.

HERB AL AN ZETH D, WP ta L
L CHRMEE N0, EEEHRERER E ZE 2 615
JEiRF v — b g IS EH & EE A A S Kokt
ONLRET AEHNE, SEEOEKBEIZ 2 B O Rk
PERL, % OMEE KR BEMEEE (CCD) TOREMAE
HzE2Z0$, BHEECIEHEEOBEEHBOANRD, b
ORFMEEAEBIG IR NZDTH 5.

3.1.3 BEREHERK

AR, FADIRE O KPR 2 13 C
HELT, I ABIEOMRICHER L 2288 - e
B - RTBIE - BERSTICEE NS, ZOREIRIE, R
FPEfdife U CEE T 2 A0 % 0. FRICEIRF v —
bR ST S HER U T, HEREUE A E <,
RN b7z > TLRE U 72 HEREEREE N Ok &, TR
RO FINER L TEENBICE S 8E 25
na.

2O &9 miE b A O EOREIE, Bkl 2k S
IRECROAFRRHEIC I 2O S REDE &, AR
DL, Fl»OHBIZR B EEOILE, HE# Ot
FWREN R ECZOERK R H . 20K S BligER b
A DFHEZE WG A U 7z W B RESE A% 1960 AR DL
ICRITHEA, REHR bR 2 - SRR W T R
ftaL LT, F72, AP ARLxboikdEs UTHR)
THHZENWHLMITHE > TE F72, BECRLGHR
I AEYI PR R BB RIEEE S L TR AN TH B
ZELMENMIEDDODOH B,

3.2 MARFEDENRIL

A AU A DR A BUEIC SR U 7285 5t
1203, AR O VB 0 B 72 5 B 6 TR (HFH)
R OBERRLERD 720 D LSS (SEM, TV E 2 —
B) DI - B R o Tz,

3.2.1 HFEDIXKELER
FEHNFEE T D - 7219664 1, - AR UK
[2E0 (  E EN E 2 01 D O SV DY | ¥ SR B 1 i
—HRITH 5 7. FOFRNZ, KRR D % < AT v —
FRHEREE Vo 2HEOERICE TR, [HIK 8 -
TR ESTEL, - oA LR 2T T
BSRL T 220, bAoA BRI A R
HETWEP 57206 TH 5. 19604 F TITHEE A »
5 b & AR - B 5 R A Tn
Btz FEFZ, R T VREIZ L ST, B
B & e b A &g L 72 OVR - I, 1969) 238,
ZOMPEE, Fyv— MCERNEETH - 7.
1960401512, HATIR I FY MbasdEH &
n2ZL, “HAEROMFICERHES AN Z2DY,
Fy—tHhoa s Py MEAEIRT 2720127 v bk
R (7 B - HF) BV & ik 72 (Fk, 1969). =/
F ¥ N AEZEZ L — 7, 1970455 F ¥ —  OHF
APEABRAG L, FRIETH ORIED & L T O R{bAIHE
HU7 &7, RESQES - BN #HFAM L, Bk
Bfba & ER S HEL 72, DI, Bk % 5 fT588 - 0 — 7798,
7 ALK RS O P R AP IE ) D TR % 17\, HFUA
3 hk % s VB O A B AMICER S h, AR
MU T 72,

3.2.2 SEMOER

TR b 3 & R TERED AR it & e b, il
REM L VEEEORE AR OLDEH D, LD,
BREREIC X 2BBTMOBIER T, e, RO
JERE, BHNE L & DR A DO AD B, FHR@ O
TERERIR B A TH B 2023 5 2201213, L EWifet & i
LT, k0HMREDS &L, KR 5 mfE# £ THlbin
ICHIZR T X, HEWENENE WS B L § OSEMAH
Hexs.

1972 12 KBRS R 22 N 2R B I A & I 72SEM
S-11%, HAB AL T 58 2 FRICBIZR
&5 KD ICHF L IO/ NGER S P TH 0,
filif% 13200 ~ 300 T TdH > 72, BEHILAIIRIC B T
ZSEMO i E, 19704 LIRS, Budis % K& L, 1980
HERTIE—MRL L 7=

3.23 aAYFa1—4DER

T A 22 BT 55 R0 TR U R O FE SR A 23 ¢
2O, | F— 2 BRI ESThWo7 ThsF—
AEFLEEL, FL8, T sYy— L TCaryta—
ANRMEE STz, BPTEFIICBWWTHIFIFTZ 5
=V FLav¥a—4%(PC)iE, 1980FfRIZE KL~
U, 19904FRUCBUEICIAE 572, 72, HECHRSUIRT —
AN—=ZADHEEKRTA V4 =3y bEHELTOAKIZIE,
KEORMIT V2 =2 BV Eh, KEOSCHIFEHRO
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BeRicfteh s K52k 572,

3.3 WREHOBEBL

LA DRI 50T, &FZEE IS K S 5 o
TN HERIZ L 5 Z L3N TH B2, TOWEE &
DK E LFHEOHICALE DT, WFEE T TR IR
BIATA DG EMMT 2 L eEETH S, - HAER
iGN AN 8 S P ko Al O ik 4 Y i
DHIT35.

3.3.1 MEMAEMHEILIEESHRA)

ECR RO EE D LREEFRICLS LT, BTFD4D
O B0 7% 2 il B 8 48 A B 72(A) 23 Rk At 1 12 LR & h
7o [ARFSH - dE R OB A R 2B S 5 AT
(R&EH + BERY KOMAES, 1982-1983), [VHRE
HAO AR S ok o EBoER | (I(REH © KR
K% willvE—EB, 1984-1985), [k R o
EIEO ] (REE - bR KT KBMHAEE, 1989
1990), [k & % AR U BR I O 1 o 1) 28 B O i
7] (IR&EH + KBGOERY UE W, 1992-1994) T
b5, LOREMZED & A4 FIiE, 02Xk
W7D EEHENE 212 57202 K KEL TS,

YL EoBAZRANE, MFRfES & B oM
s TR S . IFEMEE L, BASEO KT
JEHCR X OB OIS & 4T > T B E 72 - 2% E» 6
SIENI. EHER A 24E 200 L34E T, T = iFear
ECBEERE IS L CEh T hifE 2 ) 72, Z O,
OIS AR 2 B2, REER IR EES &
FHOBRELTHRERPZ LN BRAEERWQA)IL,
AR OM A B Z TAL WS 25 2824880, A
S FIHIA LD B HREHRSCIR T — 2 N — 2 DR & SRS
BHBREE, KR EOMERIZ KX  EHRL 7-.

3.3.2 ERBHMREER

[EIBSHE A B0a BHA U (UNESCO) & [H Bt B~
& (IUGS) D E B e F3E & LT, [EERHE X HEt
1] (International Geological Correlation Programme: IGCP)
MNdH 5. % DProject No.115 (IGCP115: “Siliceous Deposits
in the Pacific Region”)D 2 2 [O][EFEMF 724, 1981 4F-8
H2127 HIZAATHEEE Tz, ZOFE, Kiliktkoh
ERPBIRERONR 5D, %< DIHE AW ISR
IR D = 8R—2 2 7 REIRF v — V& - g aRE
WS & M7z (Mizutani et al., 1981).

1985 4F-2 5 1990 412221} T, Project No.224 (IGCP224)7)3,
TS % ) — 4 — & U THIRk & hure. 1GCP224
DAL, “Pre-Jurassic Geologic Evolution of Eastern
Continental Margin of Asia” T&H 0, ZDHED ¢ &I
13 7y HOMRENBML 72 B, 797 OEMORS
WY Ty RYY LBHBES N HAENTIE, 1970

EREH 6 O - HAFIT B B R A R E
7%, W HLEG e, RS O RN R FRHE 2 E DR
WMAERIZHEDOWT, Kk (T L — ) ORBE L 2T
bz, ZOKR%E F L ¥ T“Pre-Cretaceous Terranes of
Japan” (Ichikawa ef al. eds., 1990) AR &7z, Z Dfft
T HABS O KM % /%3 2 e iidh a8 k%,
LW THUAIX 53 L 72 Il OB T H 5.

3.3.3 EEHEEWR

EHE, PEOICH KR KO ERERFERE & O
%L % 1991 4F- 4 5 2007 4F- % ¢, 174/ b 72 - TIHf
U7z, RO & 52001, AL k22D An Taixiang#(
B 1982 4RI KR L R A 2288, 27 F v ML
A &A% G 8 22 L REWFZE S S o T REE A& R L
BolT EIH B, 19864 ICH AT [N E Y T -
FibkthAR O ~L A- b ) 7 ZREB OB F ] (1K
#% A, W : 1986-1989) DfffFE4H#E & LTt
WAEMNZEE, AnBdZ o 6 ALK EHVE 7 R THE G
Fe[ BRI %2179 KO RIEAZ 2 72, 1987412
HErhis A FhEd 5 LR, mrhEoh - HAERE T
RIICWE L 72, 2 D%, PR E b E it
Ze TS 35 B E R BRI P AR D SRS E
&RV O K EGpoRTE | (RE U2 1) 28
PRIRE N, 1991 FIC B &2 i U 72, ZhuhiILIH
WD E D TH D, ThLEE, BF, EEEAHREo
7R 2 > CREPIENC 36 2 S RIAFZE 2 92k L C &
7z, HEWFEANOSIE I, HAMBAREDIEN»2 ~ 34,
FEHI A An BAZDIE A2 ~ 344 & Yao Jianxin (FPE
i) Tdh 5. Bl c OB S HVE A IS 3P E A A b
BHLEESR O H BWITE1#H & LTl - 72 1999 4F-
12, JLEIRFZFEDO RO —B % F L b T X (Yao et al.
eds., 1999) Z MR L 72, £ 72, 20004 % T ILEMZED
BEENZ, SARIEA (2001a) IZF & 72, 2001 4F LU O
HENC B 28U IE, F2RIGHE 11-12 A) FEhE L,
3 AP EERERE, 11-12 ARdEstkEn s b
VA== TH o7

FAREAAR (2001) 1, = - d A AR B O [ BE AL (R
Zee LT, o UBIEA (2001a) LIS, MHEHERIE
MIkB=a2—-V—=5 Y FOd - HAER, BHEABHIZX
B4 -4 FxTOR-HER, W B2k 74
VEYDOY 2 TRMIEKRFNy bDY 25 %-Hill
%, fRIER-E YEIZX3HPEOT RV R-ZBR,
A HHEE—ERIE A 12 & B E o [ i (b o kit f),
AN FNEMIZ K B a Y 7Y O - AR A INEEL
T3, Zhobshcy, Fa L @EB LK Chang Ki-
Hong##% & O I [AIffF7E (Chang et al., 1990) R /KA TG ER
JeE & pIEREE B R R E & AT 42T Yang Qun & D
R8s &, ZBOEILFIIZE AT S e,

FEE RIS B W T, HARTRMIZHERL 72 -
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AR RS, RO - AR RIES A SIS LT,
WM BT ORI &AL - DFFe 920 S, “Eifn
WCHEBEARREFTC&E 2 £/, HKENEEZEL T,
HIFMRAFEOBERRLMRTEOE KL NI IS NTE,
HEARHIER/ZLTE

3.4 TEEHEOMERIEEERE

BRI BT, FEERO IS A BN &
J AR ERIIHEE TS 54, LDIA
AR T RIS DOV TR 5 55 8 w3
Thsb. TOXD miHscioy; & LT HAREN THIA
SRR ER |, K0 IRHEAEBEMRES O
ML Z WANOSIRILZ LU IZEC

3. 4.1 HHEMRES

1970 AR A 5 1980 F-AXHI THD HHL T FE~ D Eho
Bl @S A L & 2%, Pt E R EB a4 A dD
Lo Tl 1 EA R TR 8] (1981410 H 14-15H
KBR) ASPiflE &tz BFRIESICIE, 1208 8 OB & >
72, ZOMRESOTLOOMTE LTI R
Wre e am ] (b did, 1982) A& h, Z oD
rziE b - AR AR B 0D 29 i O R SC AN ER &
TWa., ZTO%, BRI ESE, FH200 : 198546
H15-16 HRBR oK% (1S — 58, 2530 < 1990 4
9 H30H-10 7 1 H F=&bE K% GEJF 5 =55 - MHEER),
H4mm 199241 H29 H KRRk = OV 1B), 285
ml:1996 -1 H 26-28 H KRR vk OV 1R), Heldl:
19974F-6 A 1315 H #rig A2 (B kd - #8), 287000 : 2000
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Shinjiro Mizutani (2019) Personal history of my study on radiolarian biostratigraphy. Bull. Geol. Surv.
Japan, vol. 70 (1/2), p. 261-265.

Abstract: | have started to study the recent radiolarian biostratigraphy, when I have met Prof. E.F.Pessagno
of UTD (University of Texas at Dallas), who presented an excellent view of a radiolarian body extracted
from a Mesozoic siliceous sedimentary rock, June 4, 1976, at International Meeting of IGCP 115 (Siliceous
deposits of the Circum-Pacific region) held at USGS, Menlo Park, California. During my stay in Canada
and US, I informed to Prof. Pessgno, where I was, and asked to teach me how to separate the fossils from
siliceous rocks, and how to examine them. I moved from Canada, to Harvard and finally to UT at Austin.
February 16, 1977, I flied from Austin to Dallas-Fortworth, Prof. Pessagno kindly sent a guide who
can understand Japanese in order to bring me from the airport to the campus of his lab. Prof. Pessagno
demonstrated how to treat the rock-specimen and to separate the fossils and how to observe under SEM
(Scanning Electoron Microscope), and suggested me what kind of literature is good for us to study the
radiolarian biostratigraphy.

After my sabbatical leave, I return to Nagoya; fortunately, I have got a budget for the scientific study
in the fall of 1978 in order to purchase an inexpensive SEM (JM-T20) in our lab. The first discovery
of a Jurassic radiolaria had been made by a student (Sakai, 1979). Thereafter, we have worked for the
evidence of wide distribution of Jurassic formations in the Mino area, central Japan. The results have been
published as an authorized paper in Proceedings of Japan Academy (Mizutani ef al., 1981).

This paper, entitled “Personal history on my study of radiolarian biostratigraphy”, as noted above, has
outlined the memories of my own study on the radiolarian biostratigraphy particularly in relation to the
Pessagno’s school of UTD.

Keywords: microfossil, Radiolaria, scanning electron microscope, Mesozoic, Paleozoic, international
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(£7, aOLEVWTREDS, EBEIIRO» 528 L
haewfbh) OZ a2 TEV0E, FAZEZSLS
127857,

AL, TARTOEMUL A0 E2EIZ LT, WL

FECBIRT 2 K500 T BT, WIRT, B
LT, &1, SIFTHND L, L DREEBRON B
ZEMNL ibi%ot 72, ThPNcEzr=Zbrok
W2 EARBTAHEERRONEZ Lk otz
FOEPOF LN ED—21F, /N @EOLEMET
bAroEEbhiz, 5TV EZADBERTSH > 72,

3. 8 &

BAiE, Z OB, 4 TlZMizutani (1966) % FHW T 7z,
ZL7T, %’:%mt:&%%@@'bf,ﬁﬁﬁgﬂ
ETHEIGCP11S OEAITH &S &80, CHE S S
_a%,manwwﬁﬁﬁ_iﬁbfhnt.ﬂﬁ,:
DA TR DN % R A - T, HANZHD M E
SE LD, ZOHENSTH 7=,

19760604 : A %, Pessagno, E. F. Jr. ##% (UTD, Univ.
Texas at Dallas) 122 > 7z, FAl, IGCP 115 (siliceous deposits
in the circum-Pacific region) D [FFIEZIZHIE 4 % 72912
7 A ) 5 OHYEFE T (USGS) Menlo Park, Californiallf#
2. ZLT, ZOEHT, Pessagno %A, 4 DT,
2mxl mEDKZEDTA FA4 b 220 —v—kIZ,
EEE 7P (SEM) Tl - 72, “— Lo s
FOEE” ZME L, #OMEIZDONTIESTWZDT
B o7z PEAUR L 2 IRECR OB RS DM A kR - R A
Z D4 £ THBBIZHREETE 2. Z0MGEII091E6 L
Xz, A 1’%%\%_

ZDOH, ZEPEDb-TH2E, FAE, #REo20F 4T,
M?,mbwﬁhitﬁ<#6,mﬂﬁ®ﬁw_ow
T, MATELY, LHHAZ. FAOBFHOOORD N HE
#THY, 72, BRI TH-72ZEE5h0, 1, FA
DEGER DD 572D TH A5, i, AISKHHRL TS
7z. FAE, ZO%, I FEAhEN—T 7= D, &
BIZ, TFRHADLF—ZAF v Nz, ZOWE, R,
P FMEF T, HHDMAKE, UTDANT S A2 g L
7. ZOTVEERD, FAlX, UTDANTE, 25, FEL
<, Hfi&HGke 22A 7.

19770216 : THETHLEK LTI\ 72UTD D Pessagno £
DEZANTHT2 KD D 507213 AT 72 E - S0,
Z DZEWR, 37 b5, Dallas-Fortworth (DFW) &1y 95 D

IZKELZETH 5. *O@W%ﬁQO'&ofn
T, ZOMIZ, HfED2=»IZ, BHEIES TS,

FAIL, DFWZEHIZEH X, /YA 235 T, North Central
Bus Terminal IZ#& W7z, BUNZ G, HABD5» 5 AN
MZIZE TS NTW 2, #HiE, FAZale, HIZHEE TS
NT, 2EWD SPessgno BIZDIE 5 HE - WFFEHA®% >
T .

IZh<, BEE2LT, FH»S, HOFEBFEEANITE,
22T, ()FY, HES»5HFEMH 5T, {LAEEKDS
Wa 3 5. ZOJ1k%E, PessagnoBfZiE, FEERIC, L4
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A2, Y4 =—LOEREEEHT, FAORDHIT,
F L T Az (2) 3 < ATIEEARE 1 Wi (SEM)
NH -7z g, »2T, AFLEOWTEE L Tz,
—RBELT, REOMEE T2 LI, HEEZEL
t.%@tbt,%%Kﬁk&@@,ﬁM?%ot.%
hETITANS 2012, 1, WhicskELEy, 2L
T, M, 7}Uﬁ$%®ﬁ s EHEEL 2 &,
ZOEDOFHIEE, - TS 7 3)Z2LT, &
Htsh-fbak, 20, KEeh%E, WL, ThiaN
REAMBE O T T, BZL T, £25%. @k, ¥
DIFFMBE A, 2O FT, mMMHELMHE ST, 1t
EW%,*@fo,%wﬁﬁf,ﬁMﬁ®ﬁﬂétﬁN
T, HEIZ5 ~10E< 5 WIAEANRT, (5) SEMBEI%E
72D DI AEITV, BIER - vl kD, ﬁ“mwﬂﬂ#
TZEhHH b

Pessagno##% 1, §CII, 2D DT — 2 #EHTH
T, FME OO E 2D ERIEOE %
Lo Tz, KRFERTENEMmHRL TVBDT, Thi
R L AU a s ene, RICB AT .

FAD T 4 =)L F 7 — bIZIX, Feb. 18, 197712, Z D
B, BIZL T, FIRIZH S [ RO AR & Fh i fif
V72 spines LN TWBE 2T v F BRI TV,
ZLT, ATELLT, “TOFED twisting spine : Triassic -
Jurassic DR EFHrN TN 5,

ZOH, Y4, WX OB G E N2 E, 2RO
North Central Bus Terminal \iX-> TW/272&, 75=7
fiZ2 Boeing 727 T, F— A F VU NRE 7=,

19810206:FAld, Z D% Y, LezmAaeHF7=. T LT,
FRRLER %% -TC, thoBAEKk0D 7= gL, Ao
EBEARZA, £, OBRAEF N,

19820312 : BITRKD = FAKIC & - C, AL, 2D YK
D, S Ly T A HITE T BRI DERERIC
DWCHRAES S Z LN TE . ZOEDMY) CHEER
#x1d, bW % Deep Sea Drilling Project (DSDP) & 1135
7 A ) AHULTHESD 5 T IR EIEHE T & - 7-.
ZHIZOWTIE, HERRIZOREL T, $TIZE K O
BEINTWBREEZT, ZZTIE, HETS.

1978%k : BAid, MMEIL T, $<IUS, ZOMERIZID
WMAZ. XLHD, HxHoHTEL g DIXSEMTH - 7-.
i, AFFE2LLT, Wla®Ewe 2L, &L
b7z TREASEMITEMEREA & DT A L, YIOEH
DOEETERNZ L E2RD, FIeiRE 24525 7-0ICFHH
AR L 72,

ZORMIE, 3T, PEETETWHAZI978EFT
Fd o722, B, LS, BRLWNIDOSEM (HAE
THRASHEDISM-T20) #IAT 5 Z LB TE 7=

19790113 : ZDOH, FAk AT, SEM Of§%#EIZL T
R U ESRE 2 S, BEEN S -7 ML, N
" LT, RIERES SO EL LTk, g,

Loz V25T & S HALKEHUL] (Sakai, 1979).
FO%, E, T, o, WEMAERT, REHHE
RME DOWFZE A& el T =28l B (20, #AhEK
SPEFZ) KA BN LT, 7 O A T HRE O kg
FREWWELTE 5572 BRI, KEREORMNITRE
B, TOBEMIERAEL LB L.

19791020 : FAiE, HHEKREICBWT, FfE Sz
AEEYES, F124MB1ET, Tho ORSEA TS
#ZL7z, ZONEIE, FICKRESAMEEIELAZHET
Bz, LhL, ARH LOEHEMOIHEE LT3
ZrE, RS2 Ed B, FADFEEIZON
TORE, [FEAE, Bh 7=

L2L, fAiE, MEOEEMEEZEZL, Zof%sd LI
N, RELTEBE 272, O Luidbaikiiho
WO, F72, OBEHFEROUER-R, 2L T, ®
EWRHOWE, HEIZONWT, WAWALHRFELHL
WE L EIRNRIZREWNANEOIERE & T2, R
ERIEZT TS NBTHAIN? ZNTRIHWDG LI
LT, MAICERLAEIY, E5bND T WD,
RELE ST,

i, AT o7z, ZL T, WAWARKALR
Z O, FHHERET, HEZHEOEZ TH - 725k
BRI L, BEOWLT, itk - T
e - R LT 2 [ERBR b A A 2e s S he
TBHZ LI

19811001 : SREJIEA DMIETE S & > T, Ok
ZHEX N, HIR - BT &z OKkS, 1981). FAdE W7z
RAYIOANZ DOV TOmRL TH - 7. ZOHEE, 1Lh
OFFEOFHL H 0, Appendix& LT, $I1E, #HXLT
sz, RIZ, PessagnoBPZIZHIEEAIB RS T
5. 8BAA, %@ﬁii IR DR 2 6, 7 DBkl
¥ T, PessagnoBdRITik- 7z

ix, LHICRS S, Wb 2k E oL, £

I, HFFER T W F OISO MRS IC R S h, Wi
ENBZENLNWILEH STV L, fZzsh
MIREIZ U 72 ZOEREIRTOY 2 BRIz DN T
X, B &L OIRFHEORICN S & 5 & P
TRENRDBEEZLT. TRT, HETHEEERH >
72E B, DWTIL, FLREETh 2/MEE LIS
725 OB LT L TAh L EHF L7 R, ?A
DFEDSED > THh S, IRE—BAETBICEEL . &

i, B, BoTFEXBEVWS. ZLT, HETO
HiX %, EHBEE X AICEHNTE 5 572,

19810403 : /MRS, FAIE, 15:402°5 18:00 £ T,
BIEL T, I, BeAruZeaB8bo7-. %413, &
BHEICBET5A0FE A 23 CHfEE /. 2 LT, I
PR IR T 3 X5 ICE b, FRIZONWTIE,
RGO E ERAFIZOWTHS Sz, [HERZ, Jedn
PEEOZET, TORMAEITL, M- MRT 2

— 263 —



WE MRS 20194 B70& F1/25

FEEH{2BEID 5. IkAE, Z02wic, [X)
fTos] TR 720 DX % BACHEf 3 5 2 & 5@ <, TR
.

tBAA, AL, BAT, BAEOEBEFEET-T,
FRAEE HRA%o 2hE, T<SHEhz
(Mizutani et al., 1981).

1979012224 : #i R K EANEF R T BV L 72 W
MR EN RS N2, s, ENTYS, Mk
B OFOEE L ZOMBOEEESFEHM I IO T
BO, ZOWIEN, KBRKFOhEsEREEED & Z
ATHEDOENTWEZEERATE S 572, FAE, Fa,
KB, it B IC s SV L 72,

19811014 « 15 : KIRT, RESHBFA» N7z, R
30 EVEFLTOEBIMNEE, AAL, ZTO4f5
12044 & OWRENFFRY T, BIML 7= (il 1982).
ZOMOBMEHEO#SR D ShHEEE, A, 5TER
NBEZENTERN,

FE, WIS LT, U O M 8RS G s e
HERFIEDOMMEIZBM L T 2DT) EHBTE T,
ZOOTHRMEST, ZOWMILARBBOWTEE S 5 &,
IAK, RELL, BRMIZ, BREISHEN 52451
72, X%, hitddek e B ISR LT, A
G & & &, NRBEAICHERX S & baDBIRM % o
TTFXWEBENL .

19830301 : % O JFEF i, [ b4 & H A YD
A &R U CHI - R & e (R i IE 2, 1983).

19860515 : ZNA AT XN Zziltk, /ANIFE EBEA S
AL - W 2 BEFR OO LFRE AW 2. HH
FTAREZ LI, ZOHEFEORIZ, Lo VBENF
ED AR EALL ORI A Z O F TR ST, Hikil,
R X 7z IkiE 2, 1986, p.137, [X(87).

i, Zhel->T, wih, ZoBEERaE, 2
NETOWHW B kR & [H U &k 512, AZBRO [ E
ICHY B oh, dEICEEThA A5 -7 257
g, &0 HEINICZOBEERILAE, XS DAE
I2&-T, BEBEIZAEDTHAH, LI’RUZDTH 7.

4. TOEDENE

EREo & 5102, 1979 ~ 1982121, AE I B
T, &<, A ROBEICEL TE, KE AZL
MR 57, 2O mp, PlEEEERLE LT,
[TJRS810sakal] (Japanese Radiolarian Symposium, 1981,
KBRS KBRAC A28 2 5843 5 No.5, KPR AL A i 7E
2, 1982) AHIRFETT 2 (BIF, ZZTRFRA “7
ARV LEY). ZOKRIE, ZOEHDBEHZED N
A TNTH -7z BAEDIEL AL OHREEREONRH
d, ZOKREELIZEWT, HfFEEBRRIGCETIA,
72, BOOWMFIR L § 2 kO % RGN 5 72

WIZfis7z, 207 Ak Y OISR & o B B
L e zDFERIL, MEE, MErsh, sozhelt
BRENz, N, &F0DICEZOEREIFHHINED T

MINFTOMPFENTEEL > T2 728, &L, T

REBULAVAL W 2L, KFAEBLTAS

&, FEL AL, fILWAIRE LT, ZIF AN A

Ihz, 5D d < B LA Z AN E 7.

19880227 : 2O H, B, HE A THEZITH- T
5. Wi, Z20%%, LIXLIXUTDDPessagnod iz & %
fBEHT TR, ZOFHUL, UTDIS, HE 5 K%
BeedaA & U TilsE &%ty T2z Yang Qun (B BE) Ko
S5DMDTh 7. i, FALUTDTZ-> T\ T, 37T
12, 2257,

L, & HFRE 3 57280, ZahERZE I
BT T, AR OISR % ifi ) Ty 7z (Yang and
Mizutani, 1991). #5 #ERIE, BiH§2#22id, ©9
EIZTFD, ARPRNEBIED T 2L > T/,

i, BHREKRYE -HEKRFOEBRRZRO—EHE L
T, MELFEAEIS T2, 2O, F4 & PER
Bt R AR PIFZE I (Nanjing Institute of Geology and
Palacontolgy, Chinese Academy of Sciences = NIGPAS) IZ &
T, EAENT I 2 R LA DAL DR IZD
W, BiLTERLZEE DTz BT ki, HEL,
TTIL, 7HRVEAFL, GtA TV,

G, Rtk <mo7ebs BRIE, 2008425, Z
DONIGPASDOFi R &5 5 & 512k > Tnb, WEF,
M AL OMEMRO-OIRH L2 R, AL
Wiz, HRZZWD 7=, LA, NIGPASOYI DT &
(1950-1953) &, H# x4 MWEHEETHD, ZOH%
FrOHENZ B 2 Hf7 I, fRd T,

i, ZOHAROENOHSER 58 % 2 RAan s, Ik
K2, SCOBERPEIEE 2 THIC BT, BAETT7E % FEE
L&D EFEA T ZoOMBICIE, §TIC, iR
FDOMRZIHD TNL < DNEICb-TES 572,
Z LT, ZAMEE19824E 13560 /1, 1983 4F %3250
TMOWRE AR5 LN TEZ, LT, Pittddk
5&HDICLT, 208 DM%EE D 5 5 DA A1
F o7

19840331 : Z DRI “Report of Co-Operative Research
on Radiolarian Biostratigraphy of Mesozoic and Paleozoic
Groups in Japan.” L L T, RS N7z, ZOHREEI,
WD &S B> TN D,

Part 1: Titles of Reports (Z DFWIZEIL T, HEI
LD/ D—E),

Part 2: News and Info. (Z OFHHIEAL TiE, rHE%#HED
T, ZOMHE -2EEEIZONT, L7722 &idEr 5
72, bhbiud, ETEICLr -7 BRI EETH -7~
Znb, TOLI BHHET S E IR T, itk
Mee LT, FiEafED, Tha/HBCEMmLE Zh
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EHDTC, Pat2 & LTEED) —H,
Part 3: Collected Papers (Z DFNHZBARL T, HEEhrz
X EEDZED), BETNC
Part 4: List of papers (Z D#MF2TTHI 5 LUHNZ, A%
NTO R ERICBT 28X D42 A b EHEDT, H
L 7z) Bt 7=
FEEEORFBDOE L a8, HHEEL T,
BITESN TR, Zh5 2HRHIC, BARMICHRE
HEFTLTWEaEI- T

LA L, EidPart 1 ~ 475k 5 RFMEEHEZ, &
DEOWEXHEDLL DABBEIZLZNEEZT, N
KEH S5, DL ZANER, fERyPkc &k
7z. ZDORE, bbb OMEAFEIZL  OWMRHIZE -
T, BOWEALHREZNTHBEZ N gh -7z, ZORKRN
1F, S, "AEICEWT, BAER9ERE LT, i
FEAM L 2L THh - 72

L2L, Lok GRFOF— 2 2BEIZENTEZL
TWAIfTeE L ES T, KELERIZRL22H1E & > 72,
F=BH, A, G ESEME W R EHR %y
T, HRAEL LT, BRE(EAEWI A2 S, &K
DEOH - HAERORBRET 2ED THE—HT, T0
=T o R K&, F, BENTH -
7o BEHE, 19804F-2 HIZH8IT & M7= IaspE « 55158
GE16MEAR) [HARDOHE | TH B, L<IZZDHhDh
HAEROE L, EFEIZIEAREL, o Tn7Z0DI,
ZHIZHEDET, HLL, FEASHEEHNZ EHNT
Y, HOVWARKOF £, BITShTLEHZDTH 7=
A, 85 A, FILWHEHEEH S THWZDT, Z0O&
DR OIFE R & T 7= JUN KO BRI,
FRECRILOIIR D Z & %% —, BHIGEL Tz, Ll
Z D U Rl &5 5 » 12D 0T E TOHHE
LT, 77, TEENPS72OT, HhxL, 208,
Ho, BN EETLOEE, BRI NZDOTH 572,
Wb B HANESKIZDOWTORAEIL, Zou» 5,
LW O A TEE X Tk b h =il Bt
DB E T, Fk L% 6 & d - 7z (Ichikawa et al.,
1990). ZHAUZDWTIE, F72, WOBRIZ, BIOMEH
IZ&->ThHEENBETHAH05, 22T, #HET5.

BE AR, S, 88KICA S ZOXIABANICES
T, HBoZklkrBwWHLT, e, Zo8ED B
HICHBLTEHWZFIZEY, btllLaSunin, Y
12, Al 5> TE, BITRS, PHIE La»r 7228 T
b, ThEFIL, TADTFTLBELIERE» 7.
72, BRI, BEchRieEs—, &b 5. FEEICE,
“MRC - NOM in IIJE” OFEITZREE Al DhEAEI2E,
BMERIZE 572 FRZ, WSHEAR L2V, ZOEK
EEICEL X, »OTOREIEE TH - =1Lk
FOMMEE S EIC L. 85 AA, B BBE

By, HifgE LD, HEEL ARG, Hni A0 A
FEXAX, AORDDIZE T, EIEDPantanellium O
VT A %HR>TRTIFE 572, WHETE4HL, AR
B, —REICR o THFE L 200 E BB T A, 2<DHK
DYIFOREHEDHIZIE, BMEECA>T05. £
NEOBIN, BIMOICHEE LT, Loz e,
FZiEAZ S, 20O, L, BAeoEEIZEETAZL
B, Zho3RTEAUNZIL, 5%, KSR
D, fEREGT 5280 ThD. Thh, ROMEER
Tk RWHEZEFL, ZOBEEOHOEU LT 5.

X

Ichikawa, K., Mizutani, S., Hara, 1., Hada, S. and Yao, A. edits.
(1990) Pre-Cretaceous Terranes of Japan. IGCP 224,
publication, Osaka, 413pp.

Mizutani, S. (1966) Transformation of silica under hydrothermal
conditions. Jour. Earth Sci., Nagoya Univ., 14, 56-88.
ARAHIEER (1981) TREEG LD Y 2 Tz DN T, i

Witifb e AFEHE, No.8, 147-190.

Mizutani, S. (1984) Report of Co-operative Research on
radiolarian Biostratigraphy of Mesozoic and Paleozoic groups
in Japan. (Part 1A:published papers, 5pp.), (Part 1B: orally
presented papers 5pp.), (Part 2:n0.1-no.21.), (Part 3: twenty
papers), (Part 4A: alphabetical order of authors, 22pp.), (Part
4B: chronological order of published year of papers, 22pp.)

Mizutani, S., Hattori, 1., Adachi, M., Wakita, K., Okamura, M.,
Kido, S., Kawaguchi, I. and Kojima, S. (1981) Jurassic
formations in the Mino area, central Japan. Proc. Japan
Acad., 57, ser.B, n0.6, 194-199.

Mizutani, S. and Kido, S. (1983) Radiolarians in middle Jurassic
siliceous shale from Kamiaso, Gifu Prefecture, central Japan.
Trans. Proc. Paleoot. Soc. Japan, N.S., No.132, 253-262.

SRR ER (1982) FETINC & 72 > T, NOM%FHIS, No.s,
L

HHE SRR ER - KA AR - B 13 (1983) ik
AL AARSSORAN, B, §3, 177-183.

KIRBAC AW 7E 2 (1982) 55— [RIBECR I 78 4 2
1, KIRMICGTIRSRE 15915, Nos. 485pp.

TIRER - AN - kE 8- BIERSES - NI5E RS
(1986) maspesthy, B, H0a0, 287pp

Sakai, M. (1979) Geology of the northwestern part of
Kanayama-cho, Mashita-gun, Gifu Prefecture, B.Sci.,
Dess., Dept. Sci., Nagoya Univ., T267, 36pp.

Yang, Q. and Mizutani, S. (1991) Radiolaria from the
Nadanhata terrane, Northeast China. Jour. Earth Sci.,
Nagoya Univ., 38, 49-78.

(%2 fF:2017:5H15H 5 52 PR :20184F9 H 18 H )

— 265 —






WEGHANR IS, 70 &, 9 1/2 %5, p. 267-272, 2019

HAER - KRB RS EMAERARES

MHER""

Atsushi Takemura (2019) Historical review of NOM (News of Osaka Micropaleontologists), Japanese
Radiolarian Symposium and InterRad Meeting. Bull. Geol. Surv. Japan, vol. 70 (1/2), p. 267-272, 4

tables.

Abstract: More than ten volumes of Proceedings of the Japanese radiolarian symposiums had been
published for 25 years as Special Volumes of News of Osaka Micropaleontologists (NOM). The term,
NOM is an abbreviation of these publications and had also been used as a name of the meetings of
micropaleontologists around the Kansai area, including Osaka, Kyoto, Kobe and Nara. The histories of
NOM and both Japanese and international radiolarian symposiums are briefly reviewed in this paper.

Keywords: historical review, News of Osaka Micropaleontologists, NOM, Japanese radiolarian

symposium, InterRad meeting

2 F

NOMIZE K BR % 1t i WF 28 2 1% B HK (News of Osaka
Micropaleontologists) DEEFET & % 4, —& CKRIMILA
MRAZZOEODIFVOHELTEAVSATE R, HA
DOREBRIFEE I 2017F T2 1302 KA 52, Ik
HETRIZOEZANOMETENZZLeH5. Zhi
25 Il D TR U E 78 46 2 B SCHE SNOMAE Il 5 & L T HIlAT
SNTEZRMICE S, KinTld, KRBALATTIZESIC
DNT, ZOERLTITWIZOWTHHL, HARDMEK
HFZEsE 2 RnterRad  (BEIFFERITZEER) 12DV TR
RIS L 22,

1. UBHIC

KBRIACA AT ZE 2 131972 4512 B v b sk D T b A iF 2
FED &S TR I MRS TH 5. BIEIZRN
TS OB 20D, OO HARD KR4
2T, NOMOLB b Z EddH 5. HARDEKE
HAFFEHE R O SCHEIT 1982 - LIRE, KIRMIL A% S
FE(INOM) Rl 5 & LTHiiREhTE 2 ZTho D
HIZENDOATE L BNAOMREIZL L6 T3
728, NOMIZALK ZDHEFH OGNS KDk -7,

201743 H2 H A 5 5 HIZHF T, 45 13 Ml fikik A 2g
FENMINERFCB TR S Nz, 2hid 2016 FEM
AR - Rt v 4 — (MRC) (TR ES L DA FRIE
2T, MRC-NOM in Yamagata& WHIN T 5. LA LB
{ETIE, JC4 DORIRIMILAHIZEE PNOMIZ DWW THIS
A D L 5 >Twb. % Z T, MRC-NOM in Yamagata
DFEMETDH > 7KL R2 5, NOM& 1] 7 R,

TECR TR S L OBIRICOWTHH L TUEL WV E WD
KIEA 2T 7. KT, ZOLRHEESOETREL -
KIRBALATHFFE 2 & NOMDBEIG 2D W THII L 7200,

F 72, ENORECRATRES S 1981 F0F 101k D 13
mAEBAL, FEZOLCITECENRENTE R, &
5122017481214, EIBRIR A RATT P 45 2 (InterRad) A3 FAR
BIROTMICKD, #iE K= ChHM X7z, InterRadid
1978 4F-7> 5 84 4F- & TOEuroRad % 58, S MIT15MH %
MZTW5E, HRTIZ1994FOHE7MNIRNT2EHD
PAfE T, 19884 (ZInterRad723 F /2 L CAH 5 28 H % i fi
THDFIHADIWD T TH S, KinTldZh 5 Dfzesk
EORBIZONT ST B,

2. KERILBIAFTZZDREE LiEE

NOM & (3 R BR At A 0F 78 2 BB AR (& 72 13 H B R%)
(News of Osaka Micropaleontologists) DBEFRT, & 72 KR
WALAMEZDITFUHE L TEHWSENTZ 2. KM
LEMIRZIZ9NFICREE L T D, ZOEHOMKT %,
KR AL AT BEBIMES 1 5120 & 7=t (1974)
R (1974) KD Z LN TE B,

WiRg, MR ED AR B LoD s D, B
7Y CrtBieh, =R oK, [ 4 Eicib A
EANLEFEL Tz, F 2RISR ZER RIRAE K
%, WHEERY, BRERBERFE LR, Wthzsed
LREGE, EHERHEBOOH -2, T 5 DRI,
AL, BECR, HRE, WEETE, 166, RIKET ML
A EZEITDHD, TNENOFHOEMEROZNML
72RO EME AR T 7z (3, 1974)

P REEETE A
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Z 2T, WA CRBRT R 2 TGS,
175 BB IR (F 12 M KB T 7 ERRH A B, BIEO K
BTl Sr FH AR SR HMER) & Srhl & D, KRR E, &
ROMACAEZEE IO 2T T, 197249 HIZHEfi &2
Fetehiz. OB TIRRBEICATIR S | DORE» D 5
Nz, ThLENC KRR CHUEER#RE LS 20Th
NN TRERT L7225, BR300k
KEUTOZ &P 6z (fify, 1974).

- WIS RO SRR ARE RS Dk &, MT

LI AR S BBIZT 5.

< KBRS A SRR ARG, OKRTIR, KBRCK, K

PRECHE K, wEbk, REHEAHFATHRFLML, 25

ZRIDFB L T2 A 1 ERERNSE1TS.

2R, SBREEETELIFELT, LB TEE

DS,

ZD & BHIZIE1987H T A £ THISEMIZHZD
25 ~ 6T T bz, BB 1972411 A 18
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HTH T2 ZDH, KRR, KR AT, REH
HKRF, KRBEEKRY, HHRFEOSHE2BIDFH LT
MR E N T o 72 72, B0 THIZIZL
LI INOME I A2, KB LA S =NOM &
WIHREADBEEL TN S72K)TH 5.

FELYIDOBME ORI E L TRV, NE 1
TN SN T2 IE BPI D4 FHEIT1E20 AL A
REEhTwa. £LU7T, %ikd 219744 1ChITI Eh
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LT H 5721979 FE» 5 Th 5. HHFS £ 24125
BIFE IFIESLHEX N TED, FICBMIh505H
LT, KBRERSIEMEEOT S - w75, KB
VL RZEOMIEL - B W, KBKZEO =K
B - /N - NPT, KIRBCE RO ET#H =, W
BRFORHEEN, RREEEARFOEEKE S 44T
MEBEX UV IN=TdH 7.

BIVG U O b AT B O - BRARHmE WS H
D728, REDONEE LTIZE L 2 EiEoifEEC
K BWRME R, BRFOY¥A - BitEIC L IR
BRI HHL &> Tz, T 6 S X EMLDNES
EWRETREL, RFORAEHTRbE - 24 &
TEZZ LT RNCHERIZZ DAL & -5 7.

M 5 DHIEOREE LTE, WEETICHEEYD
ENFLTH B0, FHIMLAIZRS 9540, WE
FEICBT kA LEEA R SN T2 Z AR S
ha. Bz, MRS TR ERERDY B > 72 DI KB
e 2 b & IS OISR OZE T, BE e E
Ze O M A e £, BIPY USROS FTHE 1B % R &
LX< frbh7z. 7, RELGLHEEOMEHIIRS T
BAPELISL DT 2 ISRt A B35 2 & K< H D,
ZLDJ A LZMT DI EMTE.

%72, KIRMAL GRS DR L TDO T EE 5 - T,
YHHEZ DM B L L REN L LD TH 72, THRE
B, RREELHZTCEDLOLATE ST, HITHEDH
L) THIEERE, %Rk 2 RSB RS %
RITTD2EDThH-72. RkTH 225, 19814125101
FRECRI TR 2B < h, 824122 Ofm U Il &
NTEERIINOMAELIZE > TH 5, KIRWMALABF
HRIZAZLZZVDTFRMEEHATUILY, LW F
MACKETBIRE R EBLZZ &0 dH 5 7.
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KO AL A2 2 HRIAUS, M2 DOREDE L7 1
LB D1974F-4 HIZE 1 S RF W7z, 2 EkiEk
R a2 £ OFERIS (NOM Special Volume) &
3E D, LA DOWIRESORBEMT, 1986 F D 145
FCHAT &7z (GE13R). BIfE, Z OMEPIMKIL Terrapub
DY xTH A4 MIARINATED, RS L 200440
B3 FETAEIN TS

BRI OREBIRI LA 1B 2 R O MBS DN
ThE L, BRSO ENEOMRE, KK - 7
BTG - BamOM T 2 L I h T 5 (BB
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FE)TRHAANBLLSBMLEBEFA Y, F—LTDOS
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K¥), WBRE (FKHK), #HEGHGRIEKR), Ko
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1R KRIRMALA L SHEBIAK (News of Osaka Micropaleontologists: NOM) 4255 D £ & N,
Terrapub® 7 = 7H 4 F TA XN T3, (http://www.terrapub.co.jp/onlineproceedings/

nom/index.html 201942 H 5 HZHR)

Table 1 Main contents of all the numbers of News of Osaka Micropaleontologists (NOM). All numbers are

made public at the website of Terrapub.

No. EHANER HiTE
1 ARMICEMERORER, HEME i/ — &, FEALLYGE 1974
2 WEIBETIVIMCEMBEY S VRY YL, B30T TV b rRERE 1974
3 BE I WEEDF L EERNETEME, BIRX, FRERBN, MERSAE 1975
4 FEBROMEEMFROMIINEE, ERKERS, MBRSLY 1975
5 BRERX3M, FEBN, B EE B/ — b, BRSERSAY 1976
6 BRERX2ME BERSEHRE, B/ — b, FREH8N, XmPiEh s 1977
7 FRERX3ME HIemE 1979
8 REWX AR, it/ — b, PlamRE 1980
9 RERXAM, B/ — b, ERE BRRERS RS 1982
10 FEERX3ME ER1ME Bt/ — b, flaRs 1983
11 BEHRYIM EBIRE 1983
12 RE®BXAR AW 1E Bt/ — b, BYEEN, flams 1984
13 RERX3ME, PlamRs 1985
14 RERXSME,, B/ — b, fla®msE 1986

FrEP (LRI R) , FEGR . (R BE KRS 6O F %
ALH A B X T B (BRI, TR IE )
FSENLRBLZHEICISHREOHE L LD, HE
DOFRFmM XLV NS K12k 5. ZhoidFIcB%
2R D925 12 & BHE4 DR, BRFDOKRFPE
A, B S OB LW, FERLEETHD. F1k
TEbh»5 LK1, YYNIBEIC KT 2L a%EHO
s RE e WM TH - 7208, R4 ICFHER
FDONFIZZLL Tho 72,

Z O IEH o H B HKINOM) D IF A, 55 (NOM

Special Volume) & 197447 6 iR E T\ 5 (5525%).

1990 E- LA 12 Z D5 D A TIT T, NOMDA
HWDOEIITH>TVDEH, YUK T —~ICB TS E/
7' WM ES Ik E Tz, 2 0%I3IF
EAENIRERMIRESDORXEELE LD, NOME WL
WWRERE B b Mz & d 55, FEETITBOECRNIZE
HLS DT 42 ENOMIZBIR L T 5. 201740120, FF
BS54 17 5 TTRBRCEBF O b TS — s 7 — 2 12
HOL MG LS %oME] (TR - FIE, 2017) 2 Tl4T
I T3,

4. BROBBEBRARESR ERXE

1970 KA & DR IFZEE OBMNZ e, difitdy
SEWIRSEAEDOIFO D T T19814E10 H 14, 15H 255110
TRECRATFEE 2 AR CHIfE X 7z, BINE I HAZE

725 IECR R BE A B OIS & HbE TI1204I12 L,
Bub AR AT b N FOBREE LT, 4053, 485
N— U OF 1 BHCRAF R 2RSS, KR
RERFENOMFF A S 5555 & LT 19824 12 i & hu 7=
(e, 1982). ZHLIBE, HoHORBIZeSE S a3 b fE &
N5 =CIIEIEmO, GRCEANOME S & U TR
ENTE(HE2E).

Z D%, HRECRAFEESIZ2 ~ SEOR TR X R
TEZ(EEIR). YUNTRRTORENZ <, FIZH2
[\ & 55 5 [N KB A IS I 1T B A A2 o
SRESDY VYR T LA L LRI 19970
6 M2 (Hria k%) tkid H AR S CIEIE 34— g hH
EEh, EE2017F3ADILEESZT TR E2 KA
TW3, ZHIF3IFEZ LISl X 41 5 InterRad (JFBEREL
HIFREDS) ICHbYE, ZOMEDHEH» S 1EFIZH
KOMEEREFNTOE 25 TH 5. BRIOBNMHIZ
FEIE50 AL LT, R RS EiiiRe £
Wwelllbhs.

DI OFECRIFZEE S, KIRMALGZE S & 3Bl o
HETHS. LrL, ZIFEENOMEH S & L T
AR S, BTSN O REN A -2 &,
KERBAL AT S AR OB AR IEREE 5722 &
KBEMS, A TIES M O[NOM in Yamagata|D & 5 12,
TRECRATZEH 2 12 ENOMD LA b T\ b Z &4
bHb.
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Wok  KBRALAIFE 2G5S (NOM Special Volume) =5 D FE AN, BUE, H155 55135 £ TTerrapub® 7 = 74 4
FTAB TR TS, (http://www.terrapub.co.jp/onlineproceedings/nom/index.html 201942 H 5 H Z:H#)

Table 2 Main contents of all the numbers of News of Osaka Micropaleontologists (NOM), Special Volume. Numbers 1 to 13 are made
public at the website of Terrapub.

No. 555k =E EHF LR E T4
1 Dinoflagellata & Acritarcha Dt FHZE— - WEEFE 1974
2 DmEA+HORHEBECEOHE (BERMERZFOELT) it EERER - AT - BEFH = 1979
3 Atlas of Pacific Nannoplanktons A sEER 1979
4 AHOBMRAONEHBEFET —4R—2X INEZ - SEHA - AH—— 1980
5 JRS 81 Osaka % 1 EIMERRIARERHIE it =R (1R) 1982
6 Radiolarians from the Nankai Trough in the Northwest Pacific FEREAF - LA 1984
7 WEARB LUERERHEHRORADES MIEE—BE (iR) 1986

HAEENFRE 134 B4 [MEERER] ¥R T LGRNE
8 EIMEMEEMRERRE EHSZER - BESE (R 1992
9  FARMEMEMRERBXE NE B (R 1993

10 5 RIS RMRERRXE NE B () 1997
11 FE 6 MR RERBXE Wi & (R 1998
12 F7EHMRARERBXE MNER - &8 #® (R 2001
13 F 8 RARERBXE HHEHES (R 2004
14 FE9IERBEHRIGES wAIRE (R 2009
15 % 11 EREAMIRES - PHEHEERMBEEEBIRERFIS AR INER (R 2015
16 % 12 EREaRERHmNE wE B 0w 2016
17 KRFHFOH TEE—YEEET —RICEDC 2R ESHROBE MHEZ - FEEA 2017

3k HATITbIRERIIRE S 05

Table 3 List of the Japanese Radiolarian Symposiums.

FIES  HAT FhEE HRGFEE

2B 1l 1981  KBR i E SR ER

F2E 1985  KRWIAFE M) IE—8B HAGEYFS
(BAHEYERE 134 AFR MERBESR] © R Y T L)

F3E 1990 FHEHEAFE BHEZRE - HHEEMR

F4E 1992 KRWILAFE NE ™

B5E 1996  KERWILKF NE B HASEYF R
(BAEEYZRERY YRI VL DBEFREEY /700 b 75—+ 0OEE)

F6ME 1997 FRKFE WE 8

B 7[R 2000 EBERIALBAROEYE MHRER- &R @

F8ME 2003 HFURKFE EHES

F9[E 2006  HILKEFE FARRCER BLAMER

%10\ 2009 LhOKE HRERAHZ

B 11[E 2011 EEKRP B OFIR

B 12[E 2014 EESRIEYE (RSN

£ 13E 2017  LEkRFE F: NI MRC

#1140 2020 (FF)

MRC: Micropaleontological Reference Center (i EWEA - Bl v & —)
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#42 EuroRad (3 — 0 v /SUERHRATZE4E ), InterRad (E FEBECRIFRER) O —E. 7 2V 7 HEEO
Radiolarian Workshop % 2. HARAZIMER TORNE & 5 DIFFEZEOLEIZ K 2 720, MEFETIE AN,

Table 4 List of EuroRad and InterRad Meeting including Radiolarian Workshop of USA in 1983. Some numbers of Japanese

participants may be doubtful.

Meeting Year City Country Organizer Numbers of
Japanese participants

EuroRad | 1978 Lille France De Wever, Patrick 0
EuroRad I 1980 Basel Switzerland Baumgartner, Peter O. 3
EuroRad Il 1982 Bergen Norway Bjerklund, Kjell R. 4

Rad Workshop 1983 Dallas USA Pessagno, Emile A. Jr. 4
EuroRad 1V 1984 Leningrad USSR Petrushevskaya, Maria G. 2
InterRad V 1988 Marburg Germany Schmidt—Effing, Reinhard 4
InterRad VI 1991 Firenze Italy Marcucci, Marta Approx.15
InterRad VII 1994 Osaka Japan Yao, Akira 52
InterRad  VIII 1997 Paris France Caulet, Jean—Pierre Approx.20
InterRad IX 2000 Reno USA Noble, Paula J. Approx.20
InterRad X 2003 Lausanne Switzerland Baumgartner, Peter O. Approx.20
InterRad  XI 2006 Wellington New Zealand Hollis, Christopher J. Approx.30
InterRad  XII 2009 Nanjing China Luo, Hui Approx.30
InterRad  XIII 2012 Cadiz Spain O’Dogherty, Luis Approx.30
InterRad  XIV 2015 Antalya Turkey Tekin, U. Kagan Approx.20
InterRad XV 2017 Niigata Japan Matsuoka, Atsushi 78
InterRad  XVI 2020 Ljubljana Slovenia Gorican, Spela ?

5. EEMEIRARES (InterRad)

% ZInterRadiZ DWW C & i HLC il T <. EEER
s ECRIFZE S DMk E LTid, I —a v/ soifEER
#Hod 5 TEA %V 72EuroRad2 ¥ T, 1978412 —
N7 7 v A)TH 1 BIIIRES B2 T 5 (BEuroRad
D). ZhLFE, 19844 DFuroRad IV(L =V 7 F — F)
F T2 T LI S 7z (554 K). 282/l EuroRad II
(N—=HIL, 1980 4F) IZid itttk R - PERSEHT- - JUR
BoKERASMEh, DBROZSRIZEAAABETHI
LT3,

EuroRadDEEHD WL D2id, 4511 nlikE R s
— itk R B R RIS (R - T AR, 2015)
S h w3, Zho 2R/ TEbr s L5112, HY)
DEuroRadDHEZDRNNE 1L 20 ALIT T, KFD7 X b
N ZREIEAL, £ 2 TMIRESETT> T\,
FH2YD THEN L 72 1982 FE D Eurorad 11 (NL 7 V) TH,
SN 72U Y KO RS X, EdE
BN 2RO THIKL, FEEITE A LHBHIRZ L
THo7=.

7272 L 1984 4-DEurorad IVIZ L =V 75 — F (B, ¥
VO MRTUATLT)TOREENSIZLEHH-T, B
VT ANOBMEREL, ThETLLE-S72ARNTS
AN D2 FE 57 AR 63 BM EBRERBNEIL
7o, WREHR O Y v P A ORI RE IR T
Hotz. ZOM, 19834F1IE 7 A ) H TO BRIz H
BN —EETE T AT TS (F4K). ZoE
S22, MR EIG, HESEREK, BE BREAH
KroBIML, 7X)HDEL ONREHELIRTE -,

B X, 3R IC—EifRESVPHE A T
%1InterRadi¥, Z DEuroRad2 AL LTHRELZEZD
Th 5. MRESDOMEIIEuroRad? & fiitt T A 51,
1988412 K 4 Y D~ — )L 7L 2 THlE X =55 1 [N,
InterRad VEFEZN T3 (554%). InterRadlZdiifil X h
T HIFEESANDOZME L 50 ~ 100 AFEEICH A, H
AN ZEEMT 5 L5240, 1EIFEN, EANOZM
FZRTEHARAL —FLEEHD TS

ZODEIBHRIZE T 2 RECRMTROBERSE b - T,
1994 #1213 InterRad VII, Osaka (55 7 [l [E B ik ik R 72 4
2) RSNz, TR RO NE BEA
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#REEL, EN» L0045 EELA[LDOBNNEEHE
O THFET O K2 I F— o 2 (Bl, #ET
Y IF =Y X) THEEEIT - 72 U8 - TR, 2015; p.vi,
BH11). $#1X Z OlnterRad VIIDHFIHE TH - 7275,
MEHIEROLFOX I F = 22280 EHEL, W
% ERA D5 B F Tilam - iAE L Tz % &<
A TS,

201740024, MR IR A& & L TinterRad XV,
Niigata} B & 172, 1988 4F- DInterRad ™\ D HH LLIE T,
2EHDOMRESEFME L 2D HASID T TH 5.
InterRad XVIZFEKFED LJa@F v V73 2 LOBREE F v
VSZ TR S, MIRESNZES 26 D468 % G
1242 M L 7=, F 725l DInterRad Tid—A%IA T DA
NV P WL ORfTbh, 2MEOREIZI86HTH -
72 (FPIINE A, 2018). &ENE 2020412 2 0 N =7 TH
HEOTETH 3.

BE . ZOKRRMLAIIZESICBET 52/, 2017453
HoO2016FEMEEMEY 7 7L Y 21 v & — 72tk
2 B 13 RHHCR TR E S A LR Z (BEFK © MRC -
NOM in W) IZBWTHEL 2L DTHS. ZOREK
VHEDOKS A 52 TR W EESOREZ TH
AU DRICHELSEHT 5. VB B3R
FiEfm L k&, KIRMILOIES DA 2
DRI EIZONT, FELDOTHR - ZHE %0
TeZ2 Wiz, RERBORALIC & Rin X DF R IZH
LI EEnz 207z, BT A RS mER R O

BRA S CICNFRZRICEB AR LIZOVWTELL DT
AV FEWEEWE 72, YHOMERESTIE, HE
KEZEOMMN BRIZTHE 202 &, BEKKURC
GEARfREOML #HEK DM TRELEIT-72. UL
DI RIZHES BEHT 2RETH 5.

X

Wi RIS - ATAHE R (2015) 55 11 kR A A 2 —
it sE R SE A B AR 2 (R L) Rl . KRBT L
abtgeans, FlE, no. 15, 232p.

WAEAE (1974) =2 —2FFO bV ED. KRMILA
I SHEBEME, no. 1, 1.

AT (1974) KERMAL AR ZORE L ZD1FED
om, KIRILARTZE SR, no. 1, 1-3.
HIZEI - E AR A - GHEE W (2018) 2515 Rl IR Ak Ak
HFFEHE 2 —InterRad XV in Niigata 2017 — S5,

HAHE 22 News, 21, 5-6.

R SE YRR (1982) JRS 81 Osaka, 55 1 [alficik s fiff 42
ERE . KIRMALAIZE25E, R, no. 5,
485p.

IR - PHEEREA (2017) KBRF-B9 00 1 T A it — P B
A7 — 218D 2R L St OE. KBMIL
FWFEEES, REl, no. 17, 74p.

(%2 fF:20184E3 H1SH s 2 Fl:20194E2H5H )
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Middle to late Miocene radiolarians from ODP Site 1021 in the eastern North Pacific

Shin-ichi Kamikuri «-ceeeeeeeerermeeennenns

Late Miocene polycystine radiolarians of the Japan Sea (IODP Exp. 346 Site U1425)

Kenji M. Matsuzaki and Takuya Itaki

Resin-embedding procedure for marine sediment core samples for semi-permanent archives and the

use of outreach

Yoshimi Kubota and Rie Tajiri -+

A report of Permian, Triassic, and Jurassic radiolarian occurrences from the Ashio terrane in the
Hachioji Hills, eastern Gunma Prefecture, central Japan

Tsuyoshi JEO -ervereesensinsinareaneencnsincnvannes

Development of Paleozoic - Mesozoic radiolarian research in the latter half of the 20th century in Japan
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Personal history of my study on radiolarian biostratigraphy
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and InterRad Meeting
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