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Akiyoshi-dai in autumn

The Japanese geochemical map is the regional spatial distribution pattern of elemental
concentrations that was created using about 3000 stream sediment samples and published in 2004. For
a comprehensive survey of regional spatial distribution pattern of elemental concentrations both in
terrestrial and marine environment, marine geochemical map was further produced after five years.
The spatial distribution patterns of elemental concentrations of stream sediments reflect faithfully the
distribution of geology and mineral deposits. However, the exception is limestone bedrock. The
stream sediments derived from a large-scale limestone bedrock were significantly poorer in calcium
and strontium than other sediments. Stream sediments were sampled from Akiyoshi-dai in Yamaguchi
Prefecture, where is underlain by the largest-scale limestone bedrock region was selected to elucidate
the particle transfer process in limestone region. I took photograph in Akiyoshi-dai from the
Akiyoshi-dai karst observation platform after sampling. A Japanese silver grass swing by wind lets
you fell autumn of Akiyoshi-dai.

(Photograph and Caption by Atsuyuki Ohta)
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Article

Less impact of limestone bedrock on elemental concentrations
in stream sediments — Case study of Akiyoshi area —

Atsuyuki Ohta" * and Masayo Minami’

Atsuyuki Ohta, Masayo Minami (2013) Less impact of limestone bedrock on elemental concentrations
in stream sediments — Case study of Akiyoshi area — Bull. Geol. Surv. Japan, vol. 64 (5/6), p. 121-138,
8 figures, 4 tables, 1 appendix.

Abstract: Geological survey of Japan, National Institute of Advanced Industrial Science and Technology
has created the nationwide geochemical maps of 53 elements using fine stream sediments (< 180 um) in
Japan. The spatial distribution patterns of elemental concentrations of stream sediments reflect faithfully
the distribution of geology and mineral deposits. However, the exception is limestone bedrock, which
insignificantly influences on elemental concentrations of stream sediments. To clarify the reason, we col-
lected stream sediments from Akiyoshi-dai, where is underlain by the largest-scale limestone bedrock.
Fine stream sediments (< 180 um), whose drainage basins are occupied by limestones, have high CaO and
Sr concentrations and intensive peak of calcite obtained by X-ray diffractometry. Examining variation of
elemental concentrations against the particle size of sediments, the finer particle contains a higher propor-
tion of calcite and has higher CaO concentration. However, CaO concentration (10-20 wt. %) in stream
sediments is much lower than expected values (~50%); nevertheless limestone outcrops in more than 70
% in their watersheds. The contradictory finding is explained by less contribution of limestone clastics to
river system because limestone bedrocks are easily dissolved by water (chemical weathering) but not sus-
ceptible to physical weathering and erosion process. In other words, the supply quantity of clastic materi-
als from limestone bedrocks is much smaller than those of other rock types. In addition, Sr concentration
in some samples does not correlate with either CaO concentration or the peak intensity of calcite; never-
theless Sr is expected to have similar chemical properties to CaO. The fact suggests that calcite formed
from water oversaturated for calcium carbonate is supplied to river system; it has the different Sr concen-
trations from Akiyoshi Limestone.

Keywords: Akiyoshi-dai; limestone; stream sediment; geochemical map; calcium; strontium

1. Introduction scale. However, ultramafic rock and limestone associated
with accretionary complexes were exceptions. Ultramafic
rock elevates highly MgO, Cr, Co, and Ni concentrations
in stream sediments, even if it crops out only in a small area
(Ohta et al., 2004b, 2005). Meanwhile, the contribution
of limestone for elemental concentrations in stream
sediments was very small in Japan. The stream sediments
derived from accretionary complexes associated with a
large-scale limestone bedrock were significantly poor in
CaO and Sr than other sediments (Ohta et al., 2004a). In
European countries, extremely high CaO concentration
(10-55%) in stream sediments found in the area covered

The Geological Survey of Japan, National Institute of
Advanced Industrial Science and Technology prepared
nationwide geochemical maps of 53 elements in stream
sediments for environmental assessment (Imai et al.,
2004). Stream sediments are considered to be a composite
sample of the products of weathering and erosional of
soil and rocks in the catchment area upstream from the
sampling site (Howarth and Thornton, 1983). In other
words, the spatial distribution patterns of elemental
concentrations are controlled conclusively by parent ; ;
lithology and mineral deposits. Ohta et al. (2004a, 2004b, by calcareous sediments and limestone (e.g.,' De Vos'et
2005) revealed that this assumption is also reasonable al., 2006; Albanese et al., 2007_)- The .Samplmg dens1.ty
in Japan, where geology has particularly complicated of Japanese zgeochfemmal mapping project 1s.low: 1 s1t.e
distributions and many mineral deposits occur on a small per 100 km* (Imai et al., 2004). Japanese limestone is

'AIST, Geological Survey of Japan, Institute of Geology and Geoinformation
*Center for Chronological Research, Nagoya University, Chikusa, Nagoya 464-8602, Japan
*Corresponding author: A. OHTA, Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. E-mail a.ohta@aist.go.jp
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] Late Cretaceous felsic plutonic rocks
(Younger Ryoke Granite)
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Fig 1. a) Schematic map of the study area. b) Chugoku region with large-scale limestone bedrocks (Akiyoshi-dai, Taisyaku-dai
and Atetsu-dai). ¢) Geological map around the Akiyoshi-dai at a scale of 1:200,000 (Matsuura et al., 2007; Geological
Survey of Japan, AIST, 2012).
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Table 1. Relative ratio by weight of respective grain sizes to sediments less than 2 mm.

Akiyoshi

Grain size 1 2 3

4 5 6 7

<180 um 4.5% 3.6% 6.4%

1-2 mm 33% 43% 41%
500-1000 pm  28% 29% 27%
250-500 pm  25% 19% 19%

125-250 pm  9.2% 6.5% 8.1%
63-125pm  2.3% 1.2% 3.1%
32-63 pm 0.9% 0.6% 1.1%
<32 pum 0.6% 0.6% 0.4%

4.2% 6.1% 4.9% 22%

42% 31% 42% 12%
23% 34% 24% 15%
23% 24% 26% 21%
8.5% 8.5% 5.1% 22%
2.1% 1.9% 1.1% 19%
1.4% 0.7% 0.8% 8.2%
0.4% 0.3% 0.7% 3.2%

small in size and distributes sporadically. Therefore
small limestone-exposed area in watershed might be the
reason why the less influence of limestone on elemental
concentrations in stream sediments (Ohta ez al., 2004a).
To elucidate the particle transfer process in limestone
region, we focus on the Chugoku region where large-
scale limestone bedrocks (Akiyoshi-dai, Taisyaku-dai and
Atetsu-dai) are exposed (Fig. la and b).

2. Study area and samples

2.1 Geology

Figure lc depicts the geology at a 1:200,000 scale
(Matsuura et al. 2007; Geological Survey of Japan,
2012). The central part of the study area is covered by
Permian accretionary complexes consisting of trench
fills (sandstone and mélange matrix) and exotic blocks of
oceanic rocks, chert, limestone and metabasalt that range
in age mainly through the Carboniferous—Permian. The
Akiyoshi Limestone is originated from a Carboniferous-
Permian atoll complex upon a seamount (Sano and
Kanmera, 1991). They consist of heterogeneous aggregate
of the collapsed product during the subducting process
in the Middle Permian (Sano and Kanmera, 1991):
a complicated mixture of limestone and metabasalt
blocks. A surface part of them is covered thinly by the
Late Pleistocene to Holocene sediments. Cretaceous
non-marine sedimentary rocks (red shale, sandstone,
and conglomerate) and Cretaceous basaltic—andesitic
lava and tuff are distributed in the northern and southern
parts. Rhyolite-dacitic tuffacious rocks cropout in the
northeastern and southwestern part. Granitic rocks
intruded during Cretaceous time occur mainly in southern
part and sporadically in the northern part. High-pressure
typed metamorphic rocks distributing on the southeastern
side consist mainly of pelitic schist.

2.2 Samples

The Akiyoshi-dai is selected for the study area; stream
sediment samples were collected in the high density (Fig.
Ic). All samples were collected from the Kotou river

system flowing through the Akiyoshi Limestone bedrock.
Samples nos. 1, 3, 4, and 5 were collected from the
subsidiary stream; samples nos. 2, 6, and 7 were collected
from the main river (Fig. 1c). The river sediments at
the locations nos. 1 and 3 consisted dominantly of fine
sandy sediments. The riverbeds at the locations nos. 2,
4, 5, and 6 were covered by coarse sediment including
cobbles and gravels. Especially the riverbed at the location
no. 6 was covered dominantly by cobbles and gravels:
sandy sediments deposited among them were collected.
The location no. 7 is situated at the upper reach of the
dam lake. The very fine sandy and silty sediments were
deposited there. The star symbols indicate the samples
(nos. 21006 and 21017) collected for the nationwide
Japanese geochemical mapping (Imai et al., 2004).

The collected samples were dried in air and sieved with
a 180 um screen for comparison with the data of Japanese
geochemical maps. The duplicated sample was sieved
with 7 kinds of screens: 2 mm, 1 mm, 500 pm, 250 pm,
125 pm, 63 pm, and 32 pum screens. The coarser grains
over 2 mm were not used for the study. The sieved samples
were ground with an agate mortar and pestle. Table 1
summarized the relative ratio by weight of respective
grain sizes to samples sieved with 2 mm. The relative
ratio by weight of <180 um is about 4—6% for most cases,
but is extremely high for sample no. 7 (22%). Those
values do not correlate to a respective catchment area. The
80-90% of stream sediments less than 2 mm is composed
of medium to very coarse-grained sands (over 250 um).
However, the coarse sands of sample no. 7 account for
just 48% of total sediments sieved with a 2 mm screen.
The percentages of fine sands and silty grains (less than
250 um) of sample no. 7 are extremely higher than those
of the other samples.

3. Analytical methods

The degradation of samples follows the method used
in Japanese geochemical mapping project (Imai et al.,
2004). 0.2 g of each sample was digested using HF (5
ml), HNO, (3 ml) and HCIO, (2 ml) at 120°C for 3 hr.
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accretionary complex

[_] Carboniferous to Permian schist (Older Sangun
Metamorphic Rocks)

Fig 2. Catchment areas including geology at a scale of 1:200,000 (Matsuura et al., 2007; Geological Survey of Japan, AIST,
2012), and CaO and Sr concentrations of stream sediments sieved with a 180 pm screen.

—124 —



Less impact of limestone bedrock on elemental concentrations in stream sediments (Ohta and Minami)

The degraded product was evaporated to dryness under
180°C and the residue was dissolved with 5 ml of 7 mol/L
HNO,. The dissolved solution was diluted to be 100 mL
with deionized water. Concentrations of 51 elements were
determined using: ICP-AES (Na,O, MgO, ALO,, P,O,,
K,O, Ca0, TiO,, MnO, Total (T-) Fe,O,, V, Sr, and Ba) and
ICP-MS (Li, Be, Sc, Cr, Co, Ni, Cu, Zn, Ga, Rb, Y, Zr, Nb,
Mo, Cd, Sn, Sb, Cs, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy,
Ho, Er, Tm, Yb, Lu, Hf, Ta, TI, Pb, Bi, Th, and U). Table
2 summarizes analytical results for the stream sediments.

The samples were further characterized using x-ray
powder diffraction (XRD) with CuKa radiation (RIGAKU
RINT-2500). The x-ray tube was operated at 40 kV with
a 100 mA current. The scanning velocity was 2°(26)/min.
Sample was placed in a reflection free sample holder (15
mm X 20 mm x 0.2 mm) and pressed vertically using
a microscope slide glass to planarize the surface and
removed excess sample powders.

4. Results

4.1 Watershed analysis

To elucidate the dominant lithology distributing in
respective river system, the watershed stream network
was calculated from the digital elevation model (50 m
mesh data) provided by the Geographical Survey Institute,
Japan. The GIS software (ArcGIS 10.0; Environmental
Systems Research Institute) was used for the calculation.
Figure 2 portrays the catchment boundary obtained for
each sampling location. The area of estimated watershed
boundary is summarized in Table 3. The area of watershed
of samples nos. 1, 3, 4, and 5 are 10-30 km?. Those
sampling density is 3—10 times as high as those of
Japanese geochemical mapping project (1 sample/100
km?). The catchment areas for samples nos. 2, 6, and 7
include those for samples collected upper stream: these
determined areas range from 78 km? to 164 km?.

We assumed that eclemental concentrations of
stream sediments are determined by the representative
lithology, which is the specific rock type exposed in a
drainage basin most widely. The intended lithology
was Pleistocene-Holocene unconsolidated sediments,
Cretaceous sedimentary rocks, Permian accretionary
complexes, Cretaceous felsic and mafic volcanic
rocks, Cretaceous felsic and mafic plutonic rocks and
Carboniferous to Permian metamorphic rocks (mainly
pelitic schist). Permian accretionary complexes are further
grouped into four: sandstone-mélange matrix, limestone,
chert and metabasalt. Table 3 summarizes the relative
exposed areas of these lithologies in each drainage basin.
Limestone is the dominant lithology in the catchment
areas for samples nos. 1, 3, and 4. Pleistocene to Holocene
sediments, Cretaceous sedimentary rocks, sandstone and
mélange matrix of Permian accretionary complexes are
distributed in the watershed of samples nos. 2, 5, 6, and
7. The volcanic, plutonic and metamorphic rocks are
the minor lithologies in watershed area of all samples.
Table 3 suggests that all samples except for no. 5 contain

limestone bedrocks in their river basins. For comparison,
the watershed analysis result for samples nos. 21006 and
21017 were also shown in Table 3. The catchment area
of sample no. 21006 includes that of 21017. A quarter of
those watersheds is covered by limestone bedrocks.

4.2 Spatial distribution patterns of elemental
concentrations in stream sediments

Figure 2 portrays the catchment areas, geology within
respective watersheds, and CaO and Sr concentrations
of stream sediments sieved with 180 um in order to
visualize the relationships between geology and CaO
(or Sr) concentration. Five samples out of the newly
corrected seven samples have high CaO concentration
(5-12 wt. %). However, those values are much lower than
53-55 wt. % of CaO concentration in pure limestone.
Sample no. 5 has low CaO concentration (0.36 wt. %)
because little limestone distributes in its river basin, where
sandstone and mélange matrix of Permian accretionary
complexes, Cretaceous sedimentary rocks and Cretaceous
mafic volcanic rocks are exposed (Fig. 2a and Table 3).
Although sample no. 21017 locates just two km upstream
from sample no. 2, its CaO content is no more than 0.38
wt. %. Sample no. 6 has the highest CaO concentration
(12.0 wt. %) among 7 samples. Sandstone and chert of
Permian accretionary complexes distribute widely around
the location no. 6. The fact indicates that calcareous
sediment is indeed conveyed from upstream to location
no. 6. The samples nos. 7 and 21006 present in the lowest
reaches of the Kotou River. Both samples have the quite
low CaO concentration, nevertheless their drainage basin
contains limestone bedrock as in the case with sample no.
6. The Sr concentration of stream sediments collected in
river system underlain by limestone is high (73—132 mg/
kg) in analogy with CaO concentration. As exception, Sr
content in sample no. 3 is as low as those of samples nos.
5,21006,and 21017. The Sr concentration of the Akiyoshi
Limestone is 80-340 mg/kg (Nakano and Ishihara, 2003).
The Sr concentration of stream sediments is somewhat
lower than that of limestone bedrocks.

Next, we examined the features of concentrations of the
other elements (Table 2). Little variation is observed for
AL O, concentration among seven samples. The samples
nos. 1 and 3 have low concentrations of Na,O, K O,
Rb, Ba and high concentrations of P,O,, TiO,, T-Fe,O,,
V, Cr, Co, Ni, Cu, Zn, Y, and lanthanide (La—Lu). The
high concentrations of P,O, and 3d transition elements
in samples nos. 1 and 3 would be caused by metabasalt
associated with the Akiyoshi Limestone (Figs. lc and
2). The samples nos. 5 and 7 have high K O, Rb and
Ba concentrations; low MnO and rare earth element
concentrations.

4.3 Variation of elemental concentrations in stream
sediments according to grain size
Figure 3 shows how CaO and Sr concentrations in
stream sediments change according to grain size. Samples
nos. 1, 2, 3, 4, and 6 whose CaO concentration is high,
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Table 2. Analytical results of fine stream sediments (<180 pum) collected from the Kotou River and those derived from
sedimentary rocks in accretionary complexes in Chugoku region.
Akiyoshi (this study) Imai et al. (2004)° Ohta et al. (2004)b

1 2 3 4 5 6 7 21006 21017 Med. (min. ~ max.)
Na,0O wt% 0.67 101 049 1.03 1.02 1.05 1.09 0.46 1.00 1.72 (0.46 — 3.00)
MgO wt.% 0.60 070 0.57 055 0.78 0.58 0.78 1.08 1.24 1.43 (0.63 —3.63)
ALO;  wt.% 853 952 9.05 9.78 886 9.13 799 10.70  10.37 8.11(5.57-12.1)
P,0s wt.% 0.14 011 0.19 0.12 0.10 0.12 0.099 0.085  0.079 0.097 (0.062 — 0.14)
K,O wt.% 1.18 1.53 1.18 143 1.67 130 2.05 2.18 1.78 2.22 (1.60 —2.81)
CaO wt.% 112 513 586 632 036 12.0 0.38 0.26 0.38 0.81 (0.26 —2.36)
TiO, wt.% 127 079 120 063 077 0.87 092 0.71 0.56 0.53(0.32-0.92)
MnO wt.% 026 022 0.18 0.19 0.073 021 0.070 0.081 0.11 0.12 (0.064 — 0.31)
T-Fe,0; wt. % 7.85 441 621 376 420 412 422 5.85 5.71 4.52 (2.36 — 6.46)
Li mg/kg 25 29 40 29 33 19 33 67 57 46 (19 -176)
Be mgkg 1.8 1.5 1.6 1.5 1.6 1.1 1.7 2.1 22 2.2(0.80-3.3)
Sc mg/kg 10 9.0 11 8.1 6.8 8.2 6.9 7.4 6.4 7.4 (4.2-19)
A% mg/kg 107 78 114 65 78 78 88 119 111 80 (43 -135)
Cr mg/kg 95 52 113 59 57 39 56 74 63 54 (24 - 138)
Co mg/kg 20 13 19 11 11 11 12 14 21 11(5.0-21)
Ni mg/kg 28 19 46 20 20 14 25 33 27 24 (12 -39)
Cu mg/kg 103 23 37 26 25 19 25 31 27 38 (18 —74)
Zn mg/kg 232 103 219 107 122 90 110 114 90 130 (90 — 198)
Ga mg/kg 12 14 15 13 15 11 16 22 19 17 (7.0 - 23)
Rb mg/kg 62 68 61 73 75 56 99 133 110 127 (67 — 156)
Sr mg/kg 81 84 56 73 60 132 53 34 34 75 (33 - 125)
Y mg/kg 26 19 30 19 11 17 10 13 13 15.1 (8.6 —43)
Zr mgkg 90 80 115 85 100 74 97 77 73 67 (37-227)
Nb mgkg 14 11 12 11 12 10 14 11 8.4 83(4.3-14)
Mo mg/kg 1.7 1.1 1.3 096 0.75 0.62 0.75 1.3 0.6 1.2(0.31-13)
Cd mg/kg 4.0 1.7 6.3 1.3 046 098 0.61 0.09 0.49 0.29 (0.090 — 0.70)
Sn mg/kg 19 5.8 7.6 3.1 4.4 2.3 44 34 2.8 3.8(2.5-9.7)
Sb mgkg 4.7 1.8 6.0 2.1 1.4 1.1 1.4 0.97 1.6 1.2(0.37-2.3)
Cs mg/kg 6.0 8.2 11 9.3 9.3 6.6 7.7 11 13 8.9(3.3-13)
Ba mgkg 213 366 192 283 349 295 370 450 388 401 (194 — 460)
La mgkg 22 19 24 21 14 17 13 22 18 19 (10 - 69)
Ce mg/kg 41 34 41 37 29 32 25 31 28 31 (17-170)
Pr mgkg 5.2 4.5 5.8 4.9 35 4.1 33 4.7 3.7 4422-21)
Nd mg/kg 19 16 22 17 12 15 12 18 14 17.2 (8.5 -80)
Sm mg/kg 3.9 33 4.6 33 2.4 2.8 2.5 33 2.7 33(1.7-17)
Eu mgkg 0.84 073 1.0 0.68 0.50 062 045 0.67 0.58 0.65(0.35-0.87)
Gd mg/kg 3.6 2.9 4.0 2.8 2.0 2.5 2.0 2.9 2.5 29(1.6-13)
Tb mgkg 053 047 0.62 042 031 038 0.31 0.49 0.41 0.49 (0.26 —2.0)
Dy mg/kg 3.2 2.9 3.7 2.7 1.9 2.4 1.8 2.3 2.0 2.4(1.4-9.3)
Ho mgkg 0.60 054 0.69 051 035 045 034 0.43 0.40 0.47 (0.27 - 1.6)
Er mg/kg 2.0 1.8 22 1.7 1.2 1.5 1.1 1.2 1.2 1.4 (0.81 -4.8)
Tm mg/kg 030 029 034 027 019 023 0.17 0.19 0.18 0.23 (0.12-0.81)
Yb mgkg 1.9 1.8 22 1.8 1.3 1.5 1.2 1.2 1.1 1.4 (0.83 —5.3)
Lu mg/kg 030 029 034 029 020 025 0.19 0.17 0.15 0.22 (0.12 - 0.86)
Hf mgkg 2.4 22 2.8 2.4 2.7 2.0 2.9 2.1 2.0 1.9(1.1-9.8)
Ta mg/kg 1.1 079 038 090 09 078 1.3 0.72 0.69 0.67 (0.39-1.7)
Tl mg/kg 049 066 070 0.60 064 040 0.77 0.96 0.88 0.82 (0.46 - 1.0)
Pb mg/kg 49 25 129 43 26 23 36 37 31 37 (24 - 90)
Bi mg/kg 5.8 033 0.67 038 043 029 0.72 0.28 0.28 0.45(0.19-1.4)
Th mg/kg 8.8 7.3 7.2 8.1 7.5 5.5 9.5 7.3 5.5 7.5(5.5-259)
U mg/kg 1.8 1.6 1.4 1.5 2.2 1.6 2.6 2.8 2.4 2.2(1.2-32)

* Two samples were also collected from Kotou River.

® Median (med.), minimum (min.), and maximum (max.) of elemental concentrations were calculated from the data of

stream sediments derived from the accretionary complexes in Chugoku region.
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Table 3. Area of watershed and estimated ratios of exposed area of lithologies® distributed in each watershed.

Sedimentary rock

Accretionary complex

Volcanic rock Plutonic rock

Watershed - Metamor-
area Sed. A Sed.B SS_, Lime- Chert Meta- Felsic ~ Mafic Felsic ~ Mafic phic rock
Meélange stone basalt
km’ % % % % % % % % % % %
Akiyoshi
No. 1 10 2.7 0 0 93 32 1.4 0 0 0 0 0
No. 2 78 14 28 12 30 7.6 0 0 7.5 0.9 0 0
No. 3 15 10 0 8.6 77 43 0 0 0 0 0 0
No. 4 16 13 24 0 52 0 0 0 10 0 0 0
No. 5 30 10 53 15 1.1 5.7 0 0 14 24 0 0
No. 6 131 13 17 19 35 11 0.1 0 4.5 0.5 0 0
No. 7 164 14 14 21 28 10 0.1 1.1 3.9 3.5 4.5 1.4
Imai et al. (2004)
21006 164 14 14 21 28 10 0.1 1.1 3.9 3.5 4.5 1.4
21017 71 14 31 13 25 8.3 0 0 8.3 1.0 0 0

Sed. A: Pleistocene to Holocene sediments; Sed. B: Cretaceous sedimentary rocks; Ss-Mélange: Sandstone and melange matrix

* Geological Survey of Japan, AIST (ed.). 2012. Seamless digital geological map of Japan 1: 200,000. Jul 3, 2012 version. Research Information
Database DB084, Geological Survey of Japan, National Institute of Advanced Industrial Science and Technology.

show the similar trends mutually. The CaO concentration
is rather constant in very coarse (1-2 mm), coarse
(500-1000 pm) and medium sands (250-500 pm): it
increases steeply from fine sand (125-250 um) to coarse
silt (32—63 um): becomes the highest in fine silt (<32
um). Two samples (nos. 5 and 7) having low CaO content
show the different feature: little systematic differences
across grain sizes. On the other hands, variation of Sr
concentration across the grain sizes is much smaller than
those of CaO concentration. The Sr concentration also
increases gradually with decreasing grain sizes. Adversely,
Sr concentration of sample no. 1 is high in coarser grains
except for very coarse sand (1-2 mm). Because Sr(II) has
similar ionic radii to Ca(II), both elements are expected to
have similar chemical properties mutually. However, this
is not true in the study area.

Figure 4 shows the variation of concentrations of
elements except for CaO and Sr against grain size of
sediments. AL,O, concentration of samples nos. 1, 3,
and 6 is constant for all grain sizes, but that of the other
samples gradually increases with decreasing grain size.
The Na,0, MgO, K,O, Rb, and Ba concentrations are
almost constant among sandy sediments, but become
low in silty sediments (below 63 um). The Sc, TiO,, V,
T-Fe,0,, and Co concentrations have the peak at fine sand
(125250 pum). For sample no. 3, the concentrations of
P,O,, T-Fe,0,, Cr, Co, Cu, and Zn gradually decrease
with decreasing the grain size. The concentrations of the
other elements increase with decreasing grain size: they
steeply increase below very fine sand (63—125 um) grains
(see Y in Fig. 4).

4.4 XRD patterns of stream sediments

Figure 5 shows the XRD patterns of stream sediments
under 180 pum. Quartz, plagioclase and clay minerals
(kaolinite and chlorite) are recognized in all samples.
The high x-ray intensities were observed at 29.4°, 48.5°,

39.4°, 43.2°, and 36.0° (20), which are attributed to
calcite. The intensities of alkali feldspar are smaller than
those of plagioclase. No calcite peak is found for samples
nos. 5 and 7. Accordingly, the high CaO concentration
in samples nos. 1, 2, 3, 4, and 6 is explained by calcite
supplied from limestone bedrocks.

Figures 6 and 7 show the XRD patterns of samples
nos. 1 and 7 among various grain sizes, respectively. In
sample no. 1, the peak intensities of quartz, plagioclase
and K-feldspar decrease with decreasing grain size. The
peak intensity of calcite increases steeply below 125 pm
of grain size, which corresponds to the steep increase of
CaO concentration below 125 pum of grain size (Fig. 3).
Accordingly, high CaO concentration in fine grains can
be explained by calcite presenting in stream sediment.
The peaks of plagioclase and alkali feldspar become less
prominent below the 125 pm of grain size. That change
found in XRD pattern corresponds to the decrease of Na,O
and K O concentrations below the 125 um of grain size
(Fig. 4). The very small peak appears at 35.5° (20) for
63—500 um grain size samples, which may be attributed to
magnetite or pyroxene. Sample no. 7 has no peak of calcite
but has intensive peaks attributed to plagioclase and alkali
feldspar. The peak intensity at 27.5° of alkali feldspar
becomes high in middle grain sizes (125-500um); that at
28.0° of plagioclase becomes high in finer grains (32—125
um). Especially, the intensive peak of alkali feldspar is
notable feature for sample no. 7.

4.5 Relationship between elemental concentrations
and XRD peak intensities

Yamamoto et al. (1998) reported that elemental
concentrations of stream sediments have a good
correlation to peak intensities of minerals obtained by
XRD. The correlation between elemental concentrations
and peak intensities of minerals were also estimated in
this study. We assumed that the intensities of 12.4°, 26.6°,
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Fig 3. CaO and Sr concentrations of stream sediments according to particle size classification.

27.4°, 28.0°, and 29.4° (20) indicate the abundance of
clay mineral, quartz, plagioclase, alkali feldspar and
calcite, respectively. The peak intensities of corresponding
minerals relate to their weight fractions in samples.
Sample was put on a sample holder in equal amount for
XRD measurement. Actually, a standard powder having
object minerals (known mixing ratios) is needed for
quantification of mineralogical composition (e.g., Nelson
and Cochrane, 1970). Therefore, relationship between
elemental concentrations and XRD peak intensities of
corresponding minerals is semiquantitative evaluation.

Table 4 shows the correlation coefficients between
concentrations of 12 elements and peak intensities of
minerals. The peak intensity of quartz correlates negatively
to P_O,, CaO, and MnO concentrations. The peak intensity
of alkali feldspar has positive correlation with K,O and
Rb concentrations; that of plagioclase correlates to Na,O,
MgO, and Ba concentrations. The peak intensity of calcite
correlates positively to CaO and Sr concentrations. The
MgO, K,O, and Rb concentrations also have positive
correlation to the peak intensity of clay minerals.

Figure 8 shows the relationships between concentrations
of Na,O, K,0, Ca0, and Sr and the peak intensities of
calcite, plagioclase, and alkali feldspar for all samples.
There is very strong positive correlation between CaO
concentration and peak intensity of calcite. On the
contrary, the correlation between Sr concentration and
the peak intensity of calcite is weak compared with the
case of CaO. Especially, samples nos. 1 and 3 are plotted
out of the positive correlation of Sr concentration and peak
intensity of calcite. The Na,O and K,O concentrations

increase gradually with increasing the peak intensities of
plagioclase and K-feldspar, respectively.

5. Discussion

5.1 Small supply of limestone clastics to river system
As we described above, the stream sediments collected
in the drainage basin including Akiyoshi Limestone
bedrock have high CaO concentration (5-12 wt. %). The
CaO concentration is much higher than the CaO data of
stream sediments derived from accretionary complexes
including limestone bedrocks, which has been reported
by Japanese geochemical mapping (Table 2). Thus, we
confirmed the influence of limestone bedrock to river
system in this study area. However, the impact on CaO
abundance in stream sediments is unexpectedly small.
Watershed analysis suggests that 93% of the catchment
area in the location no. 1 is occupied by limestone and that
the rest is covered by Pleistocene to Holocene sediments
and the chert and metabasalt of Permian accretionary
complexes (Table 3). The river is an underground river
for the most part, which flows through calcareous caves
in Akiyoshi-dai. The river on the ground is just a few
km long (around the location no. 1). Accordingly, most
detritus materials would be conveyed from calcareous
cave: they must consist dominantly of calcite. Because
limestone has 53-55 wt. % of CaO concentration, the
sample is expected to have no fewer than 50 wt. %.
Actually, CaO concentration of stream sediments under
180 pm is just 12 wt. % and that of silt particle (< 63 um)
is about 18 wt. % (see Table 2 and Fig. 3). In contrast,
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Fig 4. Elemental concentrations of stream sediments according to particle size classification.

AlLO, concentrations of sample no. 1 are constant to
be 7.0-8.6 wt. % irrespective to grain size (Fig. 4). In
addition, the concentrations of P,O, and 3d transition
elements of sample no. 1 show the highest class, although

these elements are not abundant in Akiyoshi Limestone
(e.g., Nakano and Ishihara, 2003) (Table 2). These results
suggest that particles derived from metabasalt existing
narrowly are particularly significant for stream sediments
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Table 4. Correlation coefficients between elemental concentrations and peak intensities of minerals.

Q Pl Kf Cc Cl Na,0O MgO ALO; P,Os K,0 CaO TiO, MnO T-Fe,O;Rb Sr
Pl 0.38
Kf 020 0.14
Cc -0.77  -0.46  -0.29
Cl 0.11 0.44  0.51 -0.39
Na,O 034  0.61 022 -039 028
MgO 0.14 066 025 -049 066 0.60
AlLO; -0.31  0.21 -0.09 0.00 037 024 047
P,05 -0.66 -044 -026 041 -0.14  -0.68 -0.18 0.17
K,0 038 049 067 -061 067 049 058 036 -0.39
CaO -0.77 -045 -031 099 -040 -043 -051 -0.04 042 -0.64
TiO, -041 -0.10 020 012 012 -035 0.2 000 056 -0.10 0.13
MnO -0.72  -042 -032 083 -038 -029 -031 021 050 -0.54 0.78  0.28
T-Fe,0; -028 -0.15 -0.02 0.05 -0.02 -044 0.02 -0.11 0.64 -023 0.08 078 0.23
Rb 0.17 040 0.51 -047 064 033 053 056 -023 091 -049 -0.08 -036 -0.21
Sr -044 0.10 -020 057 -0.14 039 0.08 021 -0.02  -023 055 -0.11 051 -0.17  -0.28
Ba 0.41 0.52  0.31 -048 047 076 062 049 -063 0.74 -054 -045 -036 -0.58 0.68 0.10

Q: quartz, Kf: alkali feldspar, P1: plagioclase, Cc: calcite, Cl: clay minerals

in Akiyoshi Limestone bedrocks (Fig. 1). The similar
results are found in sample no. 3.

Both samples nos. 6 and 7 were collected from the main
stream of Kotou River and contain wide distribution of
limestone in their catchment area. Sample no. 6 has high
CaO concentration but sample no. 7 has quite the low
concentration. Various lithologies (granite, granodiorite,
rhyorite-dacitic welded tuff, gabbro, and pelitic schist)
present near the location no. 7. Sample no. 7 consists
dominantly of fine sands and silt and is abundant in alkali
feldspar and clay minerals (Fig. 7). The source of supply
of alkali feldspar would be granite or granodiorite. The
abundant clay minerals such as chlorite would be caused
by weathering, which produces biotite, amphiborite, and
pyroxene that are hosted in granite, granodiorite, gabbro,
and politic schist. As a result, geochemistry of stream
sediment is more strongly influenced by nearby lithologies
in the study area. In contrast, the river basin around the
location no. 6 is covered widely by sandstone and chert
of Permian accretionary complexes, which are highly
resistant to physical weathering. The reason why sample
no. 6 has high CaO content is that the dilution effect of
particles derived from those lithologies on calcite particles
may be small in extent.

The Akiyoshi Limestone hardy contains any lithic
fragments, because it is originated from an isolated atoll.
The pure limestone is more likely to be dissolved by
chemical weathering process (Fujii, 2009): the physical
weathering process exercises less slight influence on
limestone than chemical weathering process. Fall rains
dissolve limestone bedrocks and seep into the bedrocks
to form underground riverine system. Accordingly, the
supply quantity of clastic materials from limestone
bedrocks is much smaller than those of other rock types.
In other words, most fine-sand-sized clastics of limestone
may be dissolved before arriving to river system. This

is the main reason why the impact of limestone on CaO
abundance in stream sediments is unexpectedly small.
Most limestone bedrocks in Japan are very pure because
of isolated atoll-origin as with the case of the Akiyoshi.
The less influence of limestone on geochemical maps
would be explained by the same reason. Incidentally, it is
unlikely that calcite clastics in stream sediments are totally
dissolved between locations nos. 6 and no. 7 because the
total stream length between two points is just 13 km. If
calcite clastics were dissolved in such short distances,
significant loss of CaO in stream sediments would be also
found between sampling locations nos. 6 and 1 (or nos.
2 and 3).

5.2 Influence of calcite formed secondarily

Figures 3 and 5 reveal that calcite debris supplied from
host rocks to river system is abundant in finer particles.
However, itis expected that finer calcite particle is dissolved
in stream water faster than coarser calcite because fine
particle has a larger surface area than coarse grain. Finer
calcite particles may be supplied through limestone mine
activity. However, digging area of limestone is found only
in the watershed of sample no. 3. Accordingly we assumed
that calcite is formed secondarily in limestone cave or
in river system to which groundwater flowing through
limestone bedrock is supplied because calcium carbonate
is oversaturated by CO, degassing process (e.g., Kashima,
2010). Calcite aggregated may cover fine clastic materials
and clay minerals. Calcite formed secondarily can explain
the different behavior of Sr from CaO in sample no. 1
(also no. 3). The origin of ground water in Akiyoshi-
dai is meteoric water. The Sr concentration in ground
water possibly changes largely based on the rainfall
level. As a result, Sr concentration of calcite formed
secondarily changes largely from that in limestone. The
Sr concentration does not have good positive correlation

—130 —



Less impact of limestone bedrock on elemental concentrations in stream sediments (Ohta and Minami)

5000 L] L] L] L] L] L] L] 5000 L] L] L] L] T L] L]
4000 F AKiyoshi1 5 8640 cps) { 4000} AKIYOShiS g (412300 cps) -
3000 3000
(2] (2]
Q. [oX
© 2000 © 2000
1000 1000
O L] L] L] L] L] 0 L] L] L] L] T L] L]
10 15 20 25 30 35 40 4 50 10 15 20 25 30 35 4 45 50
26 (°) 26 (°)
5000 L] L] T L] T L] L] 5000 L] L] L] L] T L] L]
4000 | AKIYOSIZ 6 (41900 cps) 1 a000f AKYOshi6 Q8170 cps) ]
3000 F 3000
[%)] [2]
o [oX
© 2000} © 2000
1000 F Ka 1000
Ch
0 L] L] T L] T L] L] 0
10 15 20 25 30 35 40 45 50 10
26 (°)
5000 L] L] L] L] L] L] L] 5000 L] L] L] L] T L] L]
4000 b Akiyoshi 3 Q (10900 cps) i 4000k AKiyoshi 7 q (11300 cps) i
3000 F . 3000
(] [2]
Q. o
© 2000 © 2000
1000 1000
0 0
10 10
5000 L] L] L] L] L] L] L]
4000 AKiyoshi4 5 10500 cps) -
3000
[%)]
[oR
© 2000
1000
0 L] L] L]
10 30 35 40
20 (°)
Fig 5. XRD patterns of stream sediments sieved with a 180 pm screen. Abbreviation Q, P, K, Cc, Ka, and Ch indicate
quartz, plagioclase, alkali feldspar, calcite, kaolinite and chlorite, respectively.
to CaO concentration because stream sediments derived clastics except for limestone. The hypothesis proposed
from limestone bedrock area are composed of the mixture here will be validated in the following paper using Sr
of limestone clastics, calcite formed secondarily, and isotope ratio of stream sediments in this study area.
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6. Summary

We elucidated why the impact of limestone to nationwide
CaO and Sr maps in Japan is obscured. Seven stream
sediment samples were collected from the Akiyoshi-dai
that is underlain by the largest limestone bedrock in
Japan. The 51 elemental concentrations and mineralogical
compositions were determined for these samples. Stream
sediments derived from the Akiyoshi-dai area have the high
CaO concentration and the intensive peak of calcite in the
XRD pattern. However the contribution is restricted to a
small area. High concentrations of elements except for CaO

and Srsuch as Al O, (8.5-9.0 wt. %) and T-Fe, O, (6.2-7.9
wt. %) are found even in samples whose drainage basins
dominantly expose limestone. Eventually, it is concluded
that small amount of limestone clastics is supplied to
river system because pure limestone originated from an
isolated atoll is more likely to be subjected to chemical
weathering process more than physical weathering and
erosion processes. Geochemical maps have been created
on the assumption that stream sediment is a composite
sample of the materials distributing in the catchment area:
its geochemistry is controlled conclusively by parent
lithology. We have assumed that the influence of parent
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lithology on elemental abundance of stream sediments
correlates simply to its exposed area in each watershed of
samples. The rule is inapplicable to limestone.
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Less impact of limestone bedrock on elemental concentrations in stream sediments (Ohta and Minami)
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=& - Article

GSJ BT 2T 70OV IS HZIED 2012 FERBI &
IRIEEROBIRE

&F B HPF?- AR’

Yutaka Kanai, Tacko Doi and Kazuyoshi Masumoto (2013) Observation of radionuclides transported with
aerosols at the GSJ in 2012 and re-examination of meteorological factors. Bull. Geol. Surv. Japan, vol. 64
(5/6), p. 139-150, 9 figs, 3 tables.

Abstract: In order to obtain the geochemical knowledge of material cycle as a tracer and to contribute
the concern of inhabitant about safety after the accident of the Fukushima Dai-ichi Nuclear Power Plant
(FDNPP), the aerosol observation at the GSJ was continued and the new data in 2012 are reported in this
paper.

The Cs radioisotope concentrations in the air decreased from April 2012 when the southerly wind often
blew instead of northerly wind and rainy day increased. Several increases in the observed concentration
were ascribed to the re-suspension of deposited particles by strong wind. The meteorological effect on
variation of Cs-137 concentration in 2011 was re-examined in this study by the use of back trajectory
analysis, which clarified that the air mass which had passed over the FDNPP arrived at the GSJ when the
high concentration was observed. Measurement of the samples with known concentration showed that
there seemed to be no problem on measurement system in this study.

Keywords: Aerosol, Fukushima Dai-ichi Nuclear Power Plant, Cs-134, Cs-137, Pb-210, Be-7, Geological

Survey of Japan, 2012, Meteorological factor, Back trajectory

E B

WBEIRBRD b L — 4 — & L COMERBPENHIR 252
ERIRES, MR — T JI 8 A Sk o sl R D AR
RO BT 5720, WEHERA LY 4 -1
BT 7 v L O R ERRE O B A 2012 4 & ik
ft LTIt - 72w (RGE, 63, 107-118) IZH| Zfi &
20124F 1 A2 520124 12 H & TOBM T — & & W5 §
5. atEcsFfifAo = 7 o o ILRIEIR, 2012454 A &
DIRTLTHD, LD DA, SH I DEIZZEDH D
MOHMNEL o722 EERSMIBL T F72, %
D DOIRE I AR OFREU- L2 8D LHfEE S h
7o, B T 2011 O 7 1 L Cs-137 B 125t
T BRBOPEIAYE T D > 72728, KR TIEHTHR
PRBRIRNT 2 9 5 2 & T, IREEL AR RO
EZFTCNEZEE KBRS I ENTEZ. 7z,
TR RN D B0k & A2 3o CHRRANE L 72658, il
LoxkEHMERIIENEDEEZ L 5N

1. FUBHIC

2011453 H 11 H 1446 312 7645 U 72M 9.0 D B L H
FREFEMHEE L ZDRICE Z > 2 KEKIZ & - Tl
T W IMRAS B S —H T )13t (FDNPP)
OHFEKIZKD, REDPIZZ Y EZBIC-BDR LYY
£-137(Cs-137) 75 & DRFD N LR PERREA i X h
7= (Bl 20, NE'EBNEIARE, 2011a; fEFEEH,
2011). HUE#ERA LY 2 — (GS)) T, BREhOK
GHERFEO B % T 215D —BR & LT, &/, H
W D BEHMALETED T = & ) v & %58 U CTHbR (TR O ik
BHEBIE <12 2 A RIEE LT 5 720, FiRH%20
HEH L 723 HER2 6 KR 7 v v Lokt
B A G U, 2011 OB R 2 i U T & 722 (&,
2012a ; Kanai, 2012). 2011412 A 12 & ik & A5 35
B D 1/1300 FIZILE D (RBRIFHEEE, 2011), [Wwis
IDREIEE B & S 3(NEEFHFNEIAERE, 2011b),
FDNPP TIKR & U TRGHMERFED IR 23 iy Tuer e 7z
B, 20124 &Mk U B A 1T - 7=

U B ERATFZE SR (AIST, Geological Survey of Japan, Institute of Geology and Geoinformation)

2 [ BREERFZE T (National Institute for Environmental Studies)

ST ROL X — IR ITZEA RS (High Energy Accelerator Research Organization, KEK)
* Corresponding author: Y. KANALI, Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. E-mail: y.kanai@aist.go.jp
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Table 1 Aerosol sampling dates and radioactive nuclide concentrations in aerosols collected at the GSJ in 2012.

Start Stop Volume Activity (Bq/m?)
No.* Cs-134 Cs-137 Be-7 Pb-210
Y/M/D H:M Y/M/D H:M (m?®) s s e -
TTTTB05keV T TBB2 ke T 478keV T T465keV
66 2011/12/28 1427  2012/1/4 16:14 10187  53E-0 £ 3E-06 7.0E-05 + 4E-06  3.6E-03 * 6E-05 6.7E-04 =+ 5E-05
67  2012/1/4 16:16  2012/1/12 11:05 11209  55E-05 %+ 3E-06 7.1E-05 + 4E-06  2.9E-03  5E-05 4.2E-04 % 5E-05
68 2012/1/12 11:08 2012/1/19 11:50 10122 9.5E-05 + 4E-06 1.3E-04 = 5E-06 47E-03 = 7E-05 8.4E-04 + 6E-05
69  2012/1/19 1152  2012/1/26 1426 10234  4.4E-05 + 3E-06 4.8E-05 + 4E-06  2.7E-03 = 6E-05 7.4E-04 %+ 5E-05
70 2012/1/26 1427  2012/2/2 10:56 9869  8.6E-05 + 4E-06 1.1E-04 + 5E-06  3.5E-03 £ 6E-05 9.8E-04 + 6E-05
71 2012/2/2 1059  2012/2/10 1335 11676  56E-05 & 3E-06 7.7E-05 = 4E-06  3.2E-03 = 6E-05 57E-04 % 5E-05
72 2012/2/10 1359  2012/2/16 16:53 8814  12E-04 + 5E-06 15E-04 + 6E-06  5.0E-03 + 8E-05 6.1E-04 =+ 7E-05
73 2012/2/16 1655  2012/2/24 1505 11409  7.8E-05 - 3E-06 9.5E-05 + 4E-06  4.8E-03  6E-05 8.2E-04 % 5E-05
74 2012/2/24 1506  2012/3/2 937 9751  9.0E-05 + 4E-06 10E-04 + 4E-06  4.8E-03  7E-05 7.0E-04 % 6E-05
75 2012/3/2 940  2012/3/8 1442 8942  4.3E-05 + 3E-06 45E-05 + 4E-06  2.9E-03  5E-05 6.1E-04 = 6E-05
76 2012/3/8 1444  2012/3/13 15:07 7223  2.8E-05 % 3E-06 34E-05 + 56-06  1.7E-03  6E-05 4.6E-04 + 7E-05
77 2012/3/13 1509  2012/3/22 15:01 12952  8.9E-05  3E-06 12E-04 + 4E-06  53E-03 = 6E-05 8.8E-04 + 5E-05
78 2012/3/22 1503  2012/4/2 853 15469  6.4E-05 + 3E-06 82E-05 = 4E-06  4.9E-03 = 6E-05 9.6E-04 %+ 7E-05
79 2012/4/2 854 2012/4/13 742 15768  O.1E-05 % 3E-06 13E-04 =+ 3E-06  5.9E-03 =+ 6E-05 6.4E-04 + 4E-05
80  2012/4/13 745  2012/4/25 1747 17852  2.4E-05 + 2E-06 3.6E-05 * 2E-06  4.0E-03 = 5E-05 6.1E-04 = 4E-05
81 2012/4/25 1719 2012/5/7 11:44 16945  26E-05 + 2E-06 35E-05 + 2E-06  3.4E-03  5E-05 4.5E-04 %+ 4E-05
82 2012/5/7 11:45  2012/5/21 10:36 19674 1) 26E-05 = 2E-06 3.5E-05 + 2E-06  34E-03 = 5E-05 4.5E-04 =+ 4E-05
83 2012/5/21 1038  2012/6/6 1321 23203  24E-05 + 1E-06 34E-05 + 2E-06  54E-03  4E-05 7.4E-04 %+ 4E-05
84  2012/6/6 1323  2012/6/20 10:26 19983  2.1E-05 = 9E-07 3.0E-05 + 1E-06  3.0E-03 = 2E-05 3.0E-04 + 2E-05
85  2012/6/20 1029  2012/7/4 15:13 20444  25E-05 + 1E-06 35E-05 + 2E-06  1.8E-03 = 2E-05 2.1E-04 = 3E-05
86  2012/7/4 1518  2012/7/19 844 21206  2.3E-05 £ 2E-06 2.7E-05 + 2E-06  1.7E-03 = 3E-05 3.1E-04 = 4E-05
87  2012/7/19 846  2012/8/1 1440 19074  19E-05  1E-06 3.0E-05  2E-06  2.1E-03 = 2E-05 3.7E-04 = 2E-05
88 2012/8/1 1442  2012/8/15 1052 19930  3.0E-05 + 1E-06 4.6E-05 + 2E-06  2.4E-03 = 3E-05 3.2E-04 = 3E-05
89  2012/8/15 1054  2012/8/29 14:39 20385  19E-05  8E-07 3.1E-05 + 1E-06  29E-03 + 2E-05 2.8E-04 % 2E-05
90  2012/8/29 1442  2012/9/13 1437 21595  2.3E-05  8E-07 3.4E-05 + 1E-06  3.1E-03 = 2E-05 3.6E-04 + 1E-05
91 2012/9/13 1439  2012/9/28 10:35 21356  1.8E-05 + 1E-06 3.1E-05 = 2E-06  3.6E-03 % 4E-05 4.2E-04 + 3E-05
92 2012/9/28 1042 2012/10/11 1503 18981  44E-05  2E-06 7.5E-05 + 2E-06  3.0E-03  4E-05 4.0E-04 % 4E-05
93 2012/10/11 15:10 2012/10/25 11:21 18853 2) 1.1E-05 = 8E-07 2.3E-05 + 8E-07  50E-03 = 2E-05 85E-04 + 2E-05
94  2012/10/25 1123  2012/11/8 11:19 20156  1.3E-05 =+ 8E-07 2.4E-05 + 8E-07  4.6E-03 £ 2E-05 7.8E-04 + 2E-05
95  2012/11/8 1122 2012/11/28 947 28705  1.3E-05 + 8E-07 24E-05 + 9E-07  3.3E-03 £ 2E-05 59E-04 + 2E-05
96 2012/11/28 950 2012/12/12 1155 20285  16E-05  2E-06 2.7E-05 + 2E-06  2.9E-03  4E-05 55E-04 % 5E-05
97  2012/12/12 1157 2012/12/26 10:43 20086  20E-05  1E-06 3.7E-05  2E-06  3.5E-03 = 4E-05 6.1E-04 =+ 4E-05

* "No." continues from Table 1 in the previous report (Kanai, 2012a)
1) stopped on 20 May during electric power failure
2) stopped on 13 and 21 October during electric power failure

2 AW THNE U 7= E S BURATFEA T 2011 SRR 7= 2 7 a1 VLA,

Table 2 Aerosol samples collected at the National Institute for Environmental Studies in 2011.

Velocity  Volume Number of

No. Start Stop (1/m) (m®) ACF *

1 2011/3/15 14:39 ~ 2011/3/15 17:34 600 105 1

2 2011/3/1517:48 ~ 2011/3/16 8:48 600 540 1

6 2011/3/18 10:16 ~ 2011/3/20 9:55 600 1715 1

7 2011/3/20 10:00 ~ 2011/3/22 9:54 600 1724 2

10 2011/3/24 11:15 ~ 2011/3/25 10:43 600 845 2

14 2011/3/28 10:59 ~ 2011/3/30 10:10 600 1698 2

18  2011/4/511:18 ~ 2011/4/7 10:24 600 1691 2

* ACF : Activated Carbon Fiber filter (for collection of gaseous iodine)
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Abstract: The Nanjo Mountains located in the central region of Fukui Prefecture, Southwest Japan,
are chiefly underlain by the sedimentary complex of various rock-types such as basalt, limestone, chert,
mudstone and sandstone. Among these rocks within the mountains, twenty-seven chert outcrops (locali-
ties) were explored for their radiolarian content. Twenty-six rock samples from seventeen localities in the
studied Kanmuri Yama district yielded moderately- to poorly-preserved radiolarian remains as a result.
Most of the samples contain Triassic to Middle Jurassic species, with Spumellaria and Entactinaria domi-
nant among the Triassic faunas and with Nassellaria dominant among the Jurassic faunas. The description
and faunal analysis of these radiolarians revealed that the cherts in the Kanmuri Yama district span a wide
range of age from the Late Olenekian to Middle Bathonian stages.

Keywords: radiolaria, Triassic, Middle Jurassic, Nanjo Mountains, Mino belt, Kanmuri Yama district,

Fukui Prefecture, Southwest Japan

1. Introduction

The Nanjo Mountains, which extend over an area of ca.
40 km x 20 km in the central region of Fukui Prefecture,
are geotectonically divided into the Mino and Ultra-
Tamba belts of the Inner Zone of Southwest Japan. The
lithologic assemblages of each belt differ from one other;
the accretionary complex of the Mino belt is regarded as
one of the Jurassic accretionary complexes that formed
along the eastern margin of the paleo-Asian continent (e.g.,
Wakita, 1988), conversely the accretionary complex of the
Ultra-Tamba belt is dominated by pale or greenish gray
sandstone with subordinate chert and phyllitic mudstone
of Permian age (Umeda et al., 1996; Nakae, 2012). The
Mino belt consists of thrust-bounded units of basalt and
limestone of oceanic island/seamount origin, cherts of
pelagic origin and terrigenous clastic rocks (Wakita, 1988;
Nakae ef al., 2013). 1:50,000 scale maps of the “Imajo”
and “Kanmuri Yama” districts almost cover the entire area
of the Nanjo Mountains (Fig.1).

The age of the cherts in the Nanjo Mountains has so
far been determined to be Triassic to Jurassic (e.g., Hattori
and Yoshimura, 1982; Takamura and Hayami, 1985; Taga,
1997; Umeda and Taga, 2003). Through this present study,
additional extraction of radiolarians from the accretionary
complex of the Mino belt in the Nanjo Mountains was
therefore conducted for detailed age determination of its

component rocks. Consequently, this study presents a
systematic description of all radiolarian species extracted
from the cherts in the Kanmuri Yama district as the second
report. Those from the Imajo district have already been
described in the first report by Nakae (2013).

2. Materials and Method

Through the course of this study, 530 samples were
collected in the Nanjo Mountains (222 from the Imajo
district, and 308 from the Kanmuri Yama district). The
samples were undertaken using an usual technique for
radiolarian extraction; briefly, the rock samples were
individually soaked in dilute hydrofluoric acid (HF)
solution (5%) for 10 to 15 hours, before being washed
through a 62um mesh sieve (235#). As a result, age-
diagnostic radiolarians representative of Triassic to Middle
Jurassic ages recovered from forty chert samples (from
twenty-seven localities), twenty-six of which were from
the Kanmuri Yama district. The residues of each processed
sample were then examined under a stereomicroscope,
and radiolarian remains were selected for examination
by scanning electronic microscope (SEM). All figured
specimens were deposited and registered with the
Geological Museum, Geological Survey of Japan under
catalogue numbers (GSJ F).

AIST, Geological Survey of Japan, Institute of Geology and Geoinformation
Author: S. NAKAE, Central 7, 1-1-1 Higashi, Tsukuba 305-8567, JAPAN. Email: nakae-satoshi@aist.go.jp
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Fig. 1 Index map of the Kanmuri Yama district in Nanjo Mountains.

(a): The Nanjo Mountains are situated in a central part of Fukui Prefecture. (b): A simplified geological map of the mountains,
most part of which geotectonically belongs to the Mino belt, Southwest Japan. The Kanmuri Yama district contains the eastern
part of the Nanjd Mountains. Detailed radiolarian localities with symbols are given in Fig. 2.

3. Radiolarian locality and fauna

Twenty-six chert samples comprising part of a suite of
308 samples that were collected from the Kanmuri Yama
district in the Nanjo Mountains yielded moderately- to
poorly-preserved radiolarian faunas. Radiolarian localities
(Ke-1 — Kcl7) are shown in Figs. 1 and 2, and the
identified species are listed in Table 1. Below is a detailed
description of each locality investigated and their faunal
contents.

(1) Locality Kc-1 (Fig. 2a)

Location: Tarumi-gawa, Minamiechizen Town.

(lat. 35°46°31.3” N, long. 136°16°57.4” E)

Sample number: KJ 0301.

Lithology: Thinly bedded light gray to pale gray chert.
Fauna: Cryptostephanidium? sp., Palaeosaturnalis sp.,
Haeckelicyrtium? spp. (Plate 1).

Age: Probably Carnian.

(2) Locality Kc-2 (Fig. 2a)

Location: Northeast of Masudani, Minamiechizen Town.
(lat. 35°45°23.8” N, long. 136°16°40.6” E)

Sample number: KJ 0402

Lithology: Thinly bedded light pale gray chert.

Fauna: Eptingium nakasekoi Kozur and Mostler,
Pseudostylosphaera japonica (Nakaseko and Nishinura),
Pseudostylosphaera? sp., Triassocampe deweveri
(Nakaseko and Nishimura), Triassocampe spp., Poulpidae
gen. et sp. indet., Spumellaria gen. et sp. indet. (Plate 1).

Age: Late Anisian.

Sample number: KJ 0403

Lithology: Thinly bedded light pale gray chert.

Fauna: Pseudostylosphaera? sp., Triassocampe sp. cf. T.
myterocorys Sugiyama, Multimonilis sp. (Plate 1).

Age: Probably Ladinian — Early Carnian.

Sample number: KJ 0404

Lithology: Thinly bedded light pale gray chert.

Fauna: Triassocampe deweveri (Nakaseko and
Nishimura), Triassocampe sp., Nassellaria gen. et sp.
indet. (Plate 1).

Age: Late Anisian — middle Late Ladinian.

(3) Locality Ke-3 (Fig. 2a)

Location: East of Masudani, Minamiechizen Town.

(lat. 35°44°58.4” N, long. 136°17°9.1” E)

Sample number: KJ 0410c.

Lithology: Thinly bedded reddish brown chert.

Fauna: Droltus sp. cf. D. hecatensis Pessagno and
Whalen, Entactinaria gen. et sp. indet., Nassellaria gen.
et sp. indet. (Plate 1).

Age: Probably Hettangian — Early Pliensbachian.

(4) Locality Kc-4 (Fig. 2a)

Location: Masudani, Minamiechizen Town.
(lat. 35°44°28.5” N, long. 136°15°38.5” E)
Sample number: KJ 0810e.

Lithology: Thinly bedded gray chert.
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[y

Kokuradani

Fig. 2 Localities of chert samples yielding Triassic to Middle Jurassic radiolarians.
Parts of topographic maps of “Furuki” is used for figures (a) and (d), “Kanmuri Yama” and “Mino Tokuyama” for figure (b) and
“Hirono” for figure (c). These maps are published from the Geospatial Information Authority of Japan.

Fauna: Archaeocenosphaera? sp., Pseudostylosphaera?
spp., Tirodella? sp., Celluronta sp., Spumellaria gen. et sp.
indet., Nassellaria gen. et sp. indet. (Plate 2).

Age: Early Anisian — Middle Anisian.

Sample number: KJ 0810f.

Lithology: Thinly bedded gray chert.

Fauna: Eptingium? sp., Pseudostylosphaera spp.,
Spumellaria gen. et sp. indet., Nassellaria gen. et sp. indet.
(Plate 2).

Age: Probably Early Anisian — Early Carnian.

Sample number: KJ 0810g.

Lithology: Thinly bedded gray chert.

Fauna: Cryptostephanidium? sp., Eptingium sp.,
Pseudostylosphaera compacta (Nakaseko and Nishimura),
Parasepsagon sp., Triassocampe spp., Spumellaria gen. et
sp. indet., Entactinaria gen. et sp. indet., Nassellaria gen.
et sp. indet. (Plate 2).

Age: Middle Anisian — Late Anisian.
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Table. 1 List of radiolarian species detected from the Kanmuri Yama district in the Nanjo Maountains.

Locality Number (Kc-) 1

N
w
S

2

o

=

—
==

12 13

—
'S

W

—
aN

=

Sample Number

KJ 0301
KJ 0402
KJ 0403
KJ 0404

KJ 0410c
KJ 0810e
KI 0810f
KJ 0810g
KJ 0904a
KJ 0904b || wn
KJ 0904c
KJ 0905b
KJ 0905¢

KJ 2206a

KJ2206h || e
KJ 22061
KJ2412
KJ 2413

KJ 2902¢
KJ 3701

KJ 3907
KJ4401a
KJ 4405

K1J 4406a
KJ 5904

SPUMELLARIA

Pantanellium? virgeum Sashida
Pantanellium spp.

Zartus sp.

Trillus elkhornensis Pessagno and Blome
Archaeocenosphaera? spp.

Udalia spp.

Protopsium spp.

Spongoxystris? sp.

Oertlispongus sp.

Palaeosaturnalis sp. +
Praemesosaturnalis spp.
Patulibracchiidae gen. et sp. indet.
Spumellaria gen. et sp. indet.

+| KJ 1904a

+

+

ENTACTINARIA

Spongostephanidium spp.

Cryptostephanidium? spp. +
Eptingium nakasekoi Kozur and Mostler

Eptingium spp.

Eptingium? spp.

Pentabelus sp. cf. P. furutanii Sugiyama

Pseudostylosphaera compacta (Nakaseko and Nishimura)
Pseudostylosphaera helicata (Nakaseko and Nishimura)
Pseudostylosphaera japonica (Nakaseko and Nishimura)

Pseudostylosphaera sp. aff. P. tenuis (Nakaseko and Nishimura)
Pseudostylosphaera spp.

Pseudostylosphaera? spp.

Parasepsagon sp.

Hindeosphaera spinulosa (Nakaseko and Nishimura)
Hindeosphaera sp.

Muelleritortis cochleata (Nakaseko and Nishimura)
Monostylosphaera? spp.

Entactinaria gen. et sp. indet.

NASSELLARIA

Tirodella? sp.

Bipedis sp.

Napora mitrata Pessagno, Whalen and Yeh

Napora sp.

Haeckelicyrtium? spp. +
Celluronta sp.

Paratriassocampe sp.

Triassocampe deweveri (Nakaseko and Nishimura)

Triassocampe sp. cf. T. myterocorys Sugiyama

Triassocampe sp. aff. T. diordinisi Bragin sensu Sugiyama (1992)
Triassocampe spp.

Eucyrtidiellum nagaiae Dumitrica, Gori¢an and Matsuoka
Droltus sp. cf. D. hecatensis Pessagno and Whalen
Parahsuum simplum Yao

Parahsuum ovale Hori and Yao

Parahsuum izeense (Pessagno and Whalen)
Parahsuum longiconicum Sashida

Parahsuum sp. cf. P. longiconicum Sashida
Parahsuum spp.

Parahsuum? sp. A

Hsuum sp. cf. H. mulleri Pessagno and Whalen
Hsuum sp. sensu Matsuoka (2004)

Hsuum? sp.

Conoptum sp. cf. C. anulatum Pessagno and Poisson
Conoptum sp. cf. C. rugosum Pessagno and Poisson

+ o+ ++ +

+

Multimonilis sp.

Praeparvicingula gigantocornis (Kishida and Hisada)
Praeparvicingula sp. cf. P. nanoconica (Hori and Otsuka)
Praeparvicingula spp.

Parvicingula sp.

Lantus obesus (Yeh)

Lantus intermedius Carter

Lantus? sp.

Dictyomitrella? sp. cf. D.? kamoensis Mizutani and Kido
Minocapsa globosa Matsuoka

Poulpidae gen. et sp. indet.

Favosyringiinae gen. et sp. indet.

Nassellaria gen. et sp. indet.

+ + + + + + +

+ + +

+ + + +
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Table. 2 List of radiolarian genera and their biostratigraphic

ranges.
Genus Range
Pantanellium upper Carnian — lower Aptian
Zartus lower Pliensbachian — upper Bajocian
Trillus lower Pliensbachian — lower Bathonian
Archaeocenosphaera middle Anisian — upper Campanian
Udalia lower Hettangian — lower Pliensbachian
Protopsium upper Hettangian — lower Toarcian
Spongoxystris middle Anisian — Ladinian
Oertlispongus upper Anisian — lower Carnian
Palaeosaturnalis lower Carnian — upper Pliensbachian
Praemesosaturnalis upper Norian — upper Rhaetian
Pentabelus upper Olenekian — lower Carnian
Monostylosphaera lower Carnian — upper Carnian
Spongostephanidium upper Olenekian — upper Carnian
Cryptostephanidium lower Anisian — upper Carnian
Eptingium lower Anisian — upper Rhaetian
Pseudostylosphaera upper Olenekian — lower Carnian
Parasepsagon middle Anisian — upper Anisian
Hindeosphaera middle Anisian — middle Norian
Muelleritortis Ladinian — lower Carnian
Hozmadia upper Olenekian — upper Carnian
Tirodella lower Carnian
Bipedis upper Norian — upper Pliensbachian
Napora upper Sinemurian — lower Turonian
Haecklicyrtium lower Carnian — upper Pliensbachian
Celluronta lower Anisian — middle Anisian
Paratriassocampe middle Anisian — upper Anisian
Triassocampe lower Anisian — lower Norian
Yeharaia middle Anisian — lower Carnian
Eucyrtidiellum lower Pliensbachian — upper Tithonian
Droltus lower Hettangian — lower Bajocian
Parahsuum lower Hettangian — upper Kimmeridgian
Hsuum lower Pliensbachian — lower Cenomanian
Canoptum Ladinian — upper Bajocian
Multimonilis Ladinian — middle Norian
Praeparvicingula middle Toarcian — upper Barremian
Parvicingula upper Bathonian — upper Hauterivian
Lantus lower Pliensbachian — lower Kimmeridgian
Minocapsa lower Pliensbachian — lower Toarcian

(5) Locality Kc-5 (Fig. 2a)

Location: Northeast of Masudani, Minamiechizen Town.
(lat. 35°45°4.9” N, long. 136°15°55.1” E)

Sample number: KJ 0904a.

Lithology: Thinly bedded pale gray chert.

Fauna: Archaeocenosphaera? spp., Triassocampe sp.,
Nassellaria gen. et sp. indet. (Plate 3).

Age: Probably Middle Anisian — Early Norian.

Sample number: KJ 0904b.

Lithology: Thinly bedded pale gray chert.

Fauna: Archaeocenosphaera? spp., Eptingium?
sp., Pseudostylosphaera compacta (Nakaseko and
Nishimura), Pseudostylosphaera helicata (Nakaseko
and Nishimura), Triassocampe deweveri (Nakaseko and

Nishimura), Triassocampe spp., Spumellaria gen. et sp.
indet., Nassellaria gen. et sp. indet. (Plate 3).
Age: Late Anisian — middle Late Ladinian.

Sample number: KJ 0904c.

Lithology: Thinly bedded pale gray chert.

Fauna: Pseudostylosphaera sp. aff. P. tenuis (Nakaseko
and Nishimura), Spumellaria gen. et sp. indet. (Plate 3).
Age: Probably Middle Anisian or younger.

(6) Locality Kc-6 (Fig. 2a)

Location: Northeast of Masudani, Minamiechizen Town.
(lat. 35°45°7.6” N, long. 136°16’5.5” E)

Sample number: KJ 0905b.

Lithology: Thinly bedded dark gray chert.

Fauna: Entactinaria gen. et sp. indet., Spumellaria gen.
et sp. indet. (Plate 3).

Age: Unknown.

Sample number: KJ 0905c.

Lithology: Thinly bedded dark gray chert.

Fauna: Trillus elkhornensis Pessagno and Blome, Hsuum
sp. cf. H. mulleri Pessagno and Whalen, Parahsuum spp.,
Lantus? sp., Favosyringiinae gen. et sp. indet., Nassellaria
gen. et sp. indet. (Plate 3).

Age: Early Pliensbachian — Middle Bajocian?

(7) Locality Ke-7 (Fig. 2¢)

Location: Southeast of Hirono, Minamiechizen Town.
(lat. 35°42°5.5” N, long. 136°15°45.6” E)

Sample number: KJ 1904a.

Lithology: Thinly bedded dark gray chert.

Fauna:  Pantanellium?  virgeum  Sashida,
Pseudostylosphaera? spp., Monostylosphaera? sp.,
Spumellaria gen. et sp. indet., Entactinaria gen. et sp.
indet. (Plate 4).

Age: Late Olenekian — Middle Anisian.

(8) Locality Kc-8 (Fig. 2a)

Location: Tarumi-gawa, Minamiechizen Town.

(lat. 35°46°42.5” N, long. 136°17°1.9” E)

Sample number: KJ 2206a.

Lithology: Thinly bedded gray chert.

Fauna: Udalia spp., Napora mitrata Pessagno, Whalen
and Yeh, Napora sp., Eucyrtidiellum nagaiae Dumitrica,
Gorican and Matsuoka, Parahsuum simplum Yao,
Parahsuum ovale Hori and Yao, Parahsuum izeense
(Pessagno and Whalen), Parahsuum longiconicum
Sashida, Parahsuum spp., Hsuum sp. sensu Matsuoka
2004, Canoptum sp. cf. C. rugosum Pessagno and
Poisson, Lantus obesus (Yeh), Lantus intermedius Carter,
Minocapsa globosa Matsuoka, Nassellaria gen. et sp.
indet. (Plate 4).

Age: Early Toarcian.

Sample number: KJ 2206h.
Lithology: Thinly bedded gray chert.
Fauna: Spongostephanidium sp., Cryptostephanidium?
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sp., Pseudostylosphaera compacta (Nakaseko and
Nishimura), Pseudostylosphaera spp., Hindeosphaera
spinulosa (Nakaseko and Nishimura), Triassocampe
deweveri (Nakaseko and Nishimura), Triassocampe spp.,
Paratriassocampe sp. (Plate 5).

Age: Late Anisian.

Sample number: KJ 2206i.

Lithology: Thinly bedded gray chert.

Fauna: Eptingium sp., Pseudostylosphaera? spp., Bipedis
sp., Spumellaria gen. et sp. indet., Entactinaria gen. et sp.
indet. (Plate 5).

Age: Probably Carnian — Late Norian.

(9) Locality Kc-9 (Fig. 2a)

Location: South of Kokuradani, Minamiechizen Town.
(lat. 35°46°12.1” N, long. 136°18°12” E)

Sample number: KJ 2412.

Lithology: Thinly bedded light gray chert.

Fauna: Cryptostephanidium? sp., Pseudostylosphaera
spp., Pseudostylosphaera? spp., Triassocampe sp. aff.
T. diordinis Bragin sensu Sugiyama 1992, Triassocampe
spp., Entactinaria gen. et sp. indet. (Plate 5).

Age: Middle Anisian.

(10) Locality Ke-10 (Fig. 2a)

Location: South of Kokuradani, Minamiechizen Town.
(lat. 35°46°4” N, long. 136°18’8.2” E)

Sample number: KJ 2413.

Lithology: Thinly bedded greenish gray chert.

Fauna: Spongoxystris? sp., Pseudostylosphaera japonica
(Nakaseko and Nishimura), Muelleritortis cochleata
(Nakaseko and Nishimura), Triassocampe sp. cf. T.
myterocorys Sugiyama, Triassocampe spp. (Plate 6).
Age: Late Ladinian — earliest Carnian.

(11) Locality Kc-11 (Fig. 2d)

Location: Fujikuradani, Minamiechizen Town.

(lat. 35°48°21.5” N, long. 136°20°23.2” E)

Sample number: KJ 2902c.

Lithology: Thinly bedded dark gray chert.

Fauna: Protopsium spp., Oertlispongus sp.,
Spongostephanidium spp., Eptingium? sp., Pentabelus
sp. cf. P. furutanii Sugiyama, Pseudostylosphaera sp.,
Poulpidae gen. et sp. indet., Spumellaria gen. et sp. indet.,
Entactinaria gen. et sp. indet. (Plate 6).

Age: Probably Late Anisian — Early Carnian.

(12) Locality Kc-12 (Fig. 2b)

Location: South of Kanmuri-tdge, Ibigawa Town.

(lat. 35°46°40.1” N, long. 136°23°13.4” E)

Sample number: KJ 3701.

Lithology: Thinly bedded light dark gray chert.

Fauna: Parahsuum spp., Hsuum? sp., Canoptum sp. cf.
C. anulatum Pessagno and Poisson, Favosyringiinae gen.
et sp. indet., Nassellaria gen. et sp. indet. (Plate 7).

Age: Probably Early Pliensbachian — early Late Toarcian.

(13) Locality Kc-13 (Fig. 2b)

Location: Northeast of Kanmuri-toge, Ikeda Town.

(lat. 35°47°37.2” N, long. 136°24°23.3” E)

Sample number: KJ 3907.

Lithology: Thinly bedded light pale gray chert.

Fauna: Eptingium nakasekoi Kozur and Mostler,
Eptingium sp., Pseudostylosphaera japonica (Nakaseko
and Nishimura), Hindeosphaera sp., Monostylosphaera?
sp. Triassocampe spp., Nassellaria gen. et sp. indet. (Plate
7).

Age: Middle Anisian — Late Anisian.

(14) Locality Kc-14 (Fig. 2b)

Location: Ichindani, Ibigawa Town.

(lat. 35°44°36.4” N, long. 136°23°20.2” E)

Sample number: KJ 4401a.

Lithology: Thinly bedded pale gray chert.

Fauna: Palaeosaturnalis sp., Praemesosaturnalis spp.,
Nassellaria gen. et sp. indet. (Plate 7).

Age: Late Norian — Late Rhaetian.

(15) Locality Kc-15 (Fig. 2b)

Location: Ichindani, Ibigawa Town.

(lat. 35°44°23.3” N, long. 136°23°21” E)

Sample number: KJ 4405

Lithology: Thinly bedded gray chert.

Fauna: Pantanellium spp., Parahsuum sp. cf. P.
longiconicum Sashida, Praeparvicingula spp. (Plate 8).
Age: Probably Early Pliensbachian — Early Aalenian.

(16) Locality Kc-16 (Fig. 2b)

Location: Ichindani, Ibigawa Town.

(lat. 35°44°21.2” N, long. 136°23°21.3” E)

Sample number: KJ 4406a.

Lithology: Thinly bedded gray chert.

Fauna: Zartus sp., Praeparvicingula gigantocornis
(Kishida and Hisada), Praeparvicingula sp. cf. P.
nanoconica (Hori and Otsuka), Praeparvicingula spp.,
Parvicingula sp., Dictyomitrella? sp. cf. D.? kamoensis
Mizutani and Kido, Patulibracchiidae gen. et sp. indet.,
Entactinaria gen. et sp. indet. (Plate 8).

Age: Late Toarcian — Bajocian.

(17) Locality Kc-17 (Fig. 2b)

Location: Southwest of Kanmuri-tdge, Ibigawa Town.
(lat. 35°46°44.2” N, long. 136°22°50” E)

Sample number: KJ 5904.

Lithology: Thinly bedded light gray chert.

Fauna: Pantanellium spp., Parahsuum spp., Parahsuum?
sp. A, Lantus intermedius Carter (Plate 8).

Age: Latest Sinemurian — Early Toarcian.

4. Age determination

In order to determine the geological age of the radiolarian
faunas detected from the chert samples of this report,
the zonation schemes proposed by Sugiyama (1997) for
Triassic (TRO — TR8D), by Hori (1990) and Carter et
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Fig. 3 Geologic age of each chert sample based on the detected radiolarians.
Radiolarian zonation schemes proposed by after-mentioned literatures are primarily adapted in this figure. These zones are
arranged in ascending order: TRO — TRS8 for Triassic (Sugiyama, 1997); Pl, Kk, Ec, Te, Mh and Pg for Hettangian — lower
Aalenian (Hori, 1990); Cm, Pa, Pb, Ct, Ps, CW, Js for Hettangian — Sinemurian (Carter et al., 1998); UA2 — UA33 for uppermost
Sinemurian — Toarcian (Carter et al., 2010); JR3 — JR8 for Middle Jurassic (Matsuoka, 1995); UAZ1 — UAZS for Middle
Jurassic (Baumgartner et al., 1995b). Abbreviations are as follows. Pl: Parahsuum aff. longiconicum, Kk: Katroma kurusuensis,
Ec: Eucyrtidiellum? sp. C, Te: Trillus elkhornensis, Mh: Mesosaturnalis hexagonus, Pg: Parahsuum? grande, Cm: Canoptum
merum, Pa: Protokatroma aquila, Pb: Pantanellium browni, Ct: Crucella hettangica, Ps: Parahsuum simplum, CW: Canutus
rockfishensis and Wrangellium thurstonense, Js: Jacus? sandspitensis, UAZ: Unitary Association Zone. Geologic time scale

with ages (in Ma) is based on Gradstein et al. (2012).

al. (1998, 2010) for Lower Jurassic (UA1 — UA41), and
by Baumgartner et al. (1995b) and Matsuoka (1995) for
Middle Jurassic (UAZ1 — UAZS), are primarily used.
Biostratigraphic ranges of radiolarian genera fully and
most-recently analyzed by O’Dogherty ef al. (2009,
2010) are adapted to those of the radiolarian genera
listed in Table 2. Furthermore, biostratigraphic ranges of
the radiolarian species discussed below are partly based

on Pessagno and Blome (1980), Pessagno and Whalen
(1982), Sugiyama (1992), Sashida et al. (1993), Nishizono
(1996), Yao (1997) and Matsuoka (2004), in addition to
the above literatures.

4.1. Early — Middle Triassic
Ten samples (KJ0402, KJ0404, KJ0810e, KJO810g,
KJ0904b, KJ1904a, KJ2206h, KJ2412, KJ2413, and
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KJ3907) taken from eight localities yielded Late
Olenekian to Early Carnian (Early to Middle Triassic)
radiolarian faunas; also five samples (KJ0403, KJO810f,
KJ0904a, KJ0904c and KJ2902c¢) contain faunas that have
a much wider span ranging from the Anisian to Carnian
or Norian ages.

Age-diagnostic species are rarely included in KJ0810e
and KJ1904a, their ages however can be determined
as follows; KJ1904a is assigned to TR1 — lower part
of TR2B, ranging from the late Spathian (= late Late
Olenekian) to Middle Anisian (Sugiyama, 1997), based
on the presence of Pantanellium? virgeum Sashida, and
KJ0810e is restricted in age to be the Early to Middle
Anisian based on the occurrence of Celluronta sp.

Although the fauna is poorly preserved, the presence of
Triassocampe sp. aff. T. diordinis Bragin sensu Sugiyama
suggests that KJ2412 is assigned to the Tc assemblage of
Sugiyama (1992), indicating the Middle Anisian age. The
presence of Pseudostylosphaera compacta (Nakaseko and
Nishimura) and Pseudostylosphaera japonica (Nakaseko
and Nishimura) suggests that KJ0810g and KJ3907 are
not older than the Middle Anisian (Sugiyama, 1992).

Moreover, the co-occurrence of Parasepsagon sp. in
KJ0810g and Eptingium nakasekoi Kozur in KJ3907
supposed to be restricted to TR2A or TR2B — TR3A (Early
or Middle Anisian — Late Anisian), were respectively
found. Therefore, these samples are indicative of the
Middle — Late Anisian age.

KJ0402 and KJ2206h are assigned to TR2C — lower
part of TR3A (Late Anisian) based on the co-occurrence
of following species: Eptingium nakasekoi Kozur and
Mostler, Pseudostylosphaera japonica (Nakaseko and
Nishinura) and Triassocampe deweveri (Nakaseko and
Nishimura) in KJ0402; Pseudostylosphaera compacta
(Nakaseko and Nishimura), Triassocampe deweveri
(Nakaseko and Nishimura) and Hindeosphaera spinulosa
(Nakaseko and Nishimura) in KJ2206h.

The fauna found in KJ0904b consists of
Pseudostylosphaera compacta (Nakaseko and Nishimura),
Pseudostylosphaera helicata (Nakaseko and Nishimura)
and Triassocampe deweveri (Nakaseko and Nishimura). It
is known that Pseudostylosphaera helicata (Nakaseko and
Nishimura) had existed from T3 to lower part of T5 (Early
Ladinian — Early Norian; Nishizono, 1996) or from Early
Anisian to Late Ladinian (Sashida ef al., 1993), therefore
KJ0904b is estimated to be a Late Anisian — middle Late
Ladinian interval. Triassocampe deweveri (Nakaseko and
Nishimura) is only an age-diagnostic species included in
KJ0404, indicating a Late Anisian — middle Late Ladinian
interval.

The fauna detected from KJ2413 is characterized by
the presence of Muelleritortis cochleata (Nakaseko and
Nishimura) and Pseudostylosphaera japonica (Nakaseko
and Nishimura), together with Triassocampe sp. cf. T.
myterocorys Sugiyama. The former two co-existed during
TR4A — TR4B (Late Ladinian and early Early Carnian),
consequently suggesting that this sample is assigned to a
Late Ladinian — earliest Carnian interval.

4.2. Late Triassic

Scarce and poorly preserved faunas were detected
from Samples KJ0301, KJ2206i and K4401a. Ages of
the former two samples are impossible to be determined
precisely, due to the absence of age-diagnostic species.
Remaining KJ4401a contains Praemesosaturnalis sp. and
Palaeosaturnalis sp., therefore its age is estimated to be a
Late Norian — Late Rhaetian interval.

4.3. Early — Middle Jurassic

Early to Middle Jurassic radiolarian faunas were found
in seven samples (KJ0410c, KJ0905¢, KJ2206a, KJ3701,
KJ4405, KJ4406a and KJ5904).

A specimen comparable to Droltus hecatensis Pessagno
and Whalen, ranging in age from Hettangian to Early
Pliensbachian (Pessagno and Whalen, 1982), is an
age-diagnostic species in KJ0410¢. Thus, the inferred
age-range probably is a Hettangian — Early Pliensbachian
interval. KJ5904 can be assigned to a latest Sinemurian —
Early Toarcian interval (UA2 — UA26), based on the range
of Lantus intermedius Carter.

Ages of KJ3701 and KJ4405 cannot be precisely
determined because of their poorly preserved faunas.
However, Early Pliensbachian — early Late Toarcian (UA6
—UA28) and Early Pliensbachian — Early Aalenian (UA10
—UA35) intervals are probably proposed respectively for
the each age of KJ3701 and KJ4405, on the basis of the
presence of Canoptum sp. cf. C. anulatum Pessagno and
Poisson in KJ3701, and Parahsuum sp. cf. P. longiconicum
Sashida in KJ4405.

KJ0905¢ contains Trillus elkhornensis Pessagno and
Blome, which ranges from an Early or Late Pliensbachian
to Middle Bajocian interval (Pessagno and Blome, 1980;
Carter et al., 2010). A specimen comparable to Hsuum
mulleri Pessagno and Whalen is also included; its range
is restricted in an interval of middle Early Pliensbachian —
early Late Pliensbachian (UA10- UA20). For this sample,
middle Early — early Late Pliensbachian age is indicated
by the co-occurrence of the two species, although the
maximum age may be extended up to the Middle Bajocian.

The fauna detected from KJ2206a is moderately
preserved and relatively diverse. The co-occurrence of
Eucyrtidiellum nagaiae Dumitrica, Gori¢an and Matsuoka
and Lantus intermedius Carter suggests that this fauna
compatible with an interval of Late Pliensbachian
— Early Toarcian (UA19 — UA26). The presence of
Minocapsa globosa Matsuoka, whose age-range is
from Late Pliensbachian? — Early Toarcian (Yao, 1997,
Matsuoka, 2004), is concordant with the age of the above
co-occurrence. However, the range of Napora mitrata
Pessagno, Whalen and Yeh is supposed to be restricted to
the Early Toarcian age (Pessagno et al., 1986), therefore
the age of KJ2206a is within the Early Toarcian.

KJ4406a yielded poorly preserved fauna. On the
basis of the presence of Praeparvicingula gigantocornis
(Kishida and Hisada), together with Praeparvicingula sp.
cf. P. nanoconica (Hori and Otsuka) and Dictyomitrella?
sp. cf. D.? kamoensis Mizutani and Kido, an interval
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between Late Toarcian and Middle Bajocian is inferred
as the age of this sample.

5. Conclusion

The geological age inferred for all the twenty-six chert
samples investigated in the Kanmuri Yama district, the
Nanjo Mountains, spans a wide range from the Late
Olenekian (Early Triassic) to Middle Bajocian (Middle
Jurassic); age of one sample is still remain unknown (Fig.
3). This evidence strongly suggests that the cherts in this
district records up to 80 m.y. of deposition.

6. Systematic Paleontology

Order SPUMELLARIA Ehrenberg 1875, emend. De
Wever, Dumitrica, Caulet, Nigrini and Caridroit 2001
Family Pantanelliidae Pessagno 1977b

Genus Pantanellium Pessagno 1977a
Type species Pantanellium riedeli Pessagno 1977a

Pantanellium? virgeum Sashida 1991
(Plate 4, fig. 1)
1991 Pantanellium? virgeum n. sp.— Sashida, p.691-
692, figs. 7.9-7.14.
1995 Pantanellium? virgeum Sashida — Kamata, figs.
6.6-6.7.
2010 Pantanellium? virgeum Sashida — Kuwahara,
Sano, Ezaki and Yao, fig. 11.12.
Remarks: The illustrated specimen is characterized by a
spherical shell and bipolar rod-like spines. The cortical
shell, moderately-preserved, consists of large hexagonal
pore frames that have rather high nodes at bars between
pore frame vertices. The polar spines, longer and shorter
ones, are circular in the axial section, but the proximal
portion of the shorter spine is three-bladed. These
diagnostic characters of this specimen are identical with
those of Pantanellium? virgeum Sashida.
Range: Upper Olenekian —Middle Anisian (Sashida,1991;
Sugiyama, 1997).

Pantanellium spp.

(Plate 8, figs. 1-2, 17-19)

Remarks: Poorly- to moderately-preserved specimens
were obtained. They consist of a spherical or ellipsoidal
cortical shell with bipolar spines. Massive polygonal pore
frames of the shell have small nodes at the vertices in the
moderately-preserved specimens.

Genus Zartus Pessagno and Blome 1980
Type species Zartus jonesi Pessagno and Blome 1980

Zartus sp.

(Plate 8, fig. 9)

Remarks: A poorly-preserved specimen was obtained. It
is similar to genus Zartus in having a spherical cortical
shell with triradiate bipolar spines, and having secondary

spines extended from raised median band.

Genus Trillus Pessagno and Blome 1980
Type species Trillus seidersi Pessagno and Blome 1980

Trillus elkhornensis Pessagno and Blome 1980
(Plate 3, fig. 26)
1980 Trillus elkhornensis n. sp. — Pessagno and Blome,
p.249, pl.6, figs. 11-12, 16, 20, 25; pl.9, fig. 11.
1987 Trillus elkhornensis Pessagno and Blome — Yeh,
p-37, pl.5, fig. 5.
1989 Trillus elkhornensis Pessagno and Blome — Hori
and Otsuka, pl.4, fig. 15.
1990 Trillus elkhornensis Pessagno and Blome — Hori,
fig. 8.30.
1992 Trillus elkhornensis Pessagno and Blome —
Sashida, pl.2, figs. 21-22.
1996 Trillus elkhornensis Pessagno and Blome — Yeh
and Cheng, p.98, pl.8, fig. 2.
1997 Trillus elkhornensis Pessagno and Blome — Yao,
pl.3, fig. 147.
2004 Trillus elkhornensis Pessagno and Blome —
Matsuoka, fig. 16.
Remarks: The examined specimen is moderately
preserved, but is identical with Trillus elkhornensis
Pessagno and Blome in having polygonal pore frames
on the subspherical cortical shell and having triradiate
bipolar spines.
Range: Lower Pliensbachian — Middle Bajocian (Pessagno
and Blome, 1980; Carter et al., 2010).

Family Xiphostylidae Haeckel 1881, sensu Pessagno and
Yang in Pessagno, Six and Yang 1989, emend. De Wever,
Dumitrica, Caulet, Nigrini and Caridroit 2001

Genus Archaeocenosphaera Pessagno and Yang in
Pessagno, Six and Yang 1989

Type species Archaeocenosphaera ruesti Pessagno and
Yang in Pessagno, Six and Yang 1989

Archaeocenosphaera? spp.

(Plate 2, fig. 1; Plate 3, figs. 1-2, 5-6)

Remarks: The illustrated specimens are similar to genus
Archaeocenosphaera in having a spherical shell and
lacking spines. The outer lattice layer may be comprised
of symmetrical polygonal pore frames, but it is not clear
that two latticed layers are fused.

Family Emiluviidae Dumitrica 1995

Genus Udalia Whalen and Carter 1998
Type species Udalia dennisoni Whalen and Carter 1998

Udalia spp.

(Plate 4, figs. 13-14)

Remarks: Overall form of the examined specimens is
similar to those of genus Udalia in having a square spongy
shell with four prominent spines, one of which is broken,
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at each corner.
Family Archaeospongoprunidae Pessagno 1973

Genus Protopsium Pessagno and Poisson 1981
Type species Protopsium ehrenbergi Pessagno and
Poisson 1981

Protopsium spp.

(Plate 6, figs. 15-16)

Remarks: Overall form of the examined specimens
is similar to those of genus Profopsium in having a
subellipsoidal spongy shell and two rod-like polar spines.

Family Spongotortilispinidae Kozur and Mostler in
Moix, Kozur, Stampfli and Mostler 2007

Genus Spongoxystris Sugiyama 1997
Type species Spongoxystris hadra Sugiyama 1997

Spongoxystris? sp.

(Plate 6, fig. 2)

Remarks: The obtained specimen is similar to genus
Spongoxystris in having two stout spines that are aligned
in the major axis of the shell. However, it differs from the
latter by the fact that a shorter spine dome-shaped.

Family Oertlispongidae Kozur and Mostler in Dumitrica,
Kozur and Mostler 1980

Genus Oertlispongus Dumitrica, Kozur and Mostler 1980
Type species Oertlispongus inaequispinosus Dumitrica,
Kozur and Mostler 1980

Oertlispongus sp.

(Plate 6, fig. 21)

Remarks: The examined specimen is similar to genus
Oertlispongus in general form and in having a subspherical
shell with two long spines.

Family Saturnalidae Deflandre 1953, emend. Kozur and
Mostler 1972

Genus Palaeosaturnalis Donofrio and Mostler 1978
Type species Spongosaturnalis triassicus Kozur and
Mostler 1972

Palaeosaturnalis spp.

(Plate 1, fig. 4; Plate 7, fig. 25)

Remarks: Two broken specimens were obtained. Their
forms are characterized by a narrow and simple ring with
radial spines of outside. Some of polar and radial spines
lack due to poor preservation. However, they resemble
genus Palaeosaturnalis in general form.

Genus Praemesosaturnalis Kozur and Mostler 1981
Type species Spongosaturnalis bifidus Kozur and Mostler
1972

Praemesosaturnalis spp.

(Plate 7, figs. 23-24)

Remarks: These specimens are broken and composed of a
wide ring and radial spines, which are short and massive,
and therefore they belong to genus Praemesosaturnalis.

Order ENTACTINARIA Kozur and Mostler 1982
Family Eptingiidae Dumitricd 1978

Genus Spongostephanidium Dumitrica 1978
Type species Spongostephanidium spongiosum Dumitrica
1978

Spongostephanidium spp.

(Plate 5, fig. 7, Plate 6, figs. 22-24)

Remarks: Moderately- to poorly-preserved specimens were
examined. They resemble genus Spongostephanidium in
general form, although one of the three rod-like horns is
broken.

Genus Cryptostephanidium Dumitrica 1978
Type species Cryptostephanidium cornigerum Dumitrica
1978

Cryptostephanidium? spp.

(Plate 1, fig. 5; Plate 2, figs. 24; Plate 5, figs. 8, 28)
Remarks: Moderately-preserved specimens were
examined. They consist of a small subspherical shell and
three spines. Thus, they are probably similar to genus
Cryptostephanidium in general form.

Genus Eptingium Dumitrica 1978
Type species Eptingium manfredi Dumitricd 1978

Eptingium nakasekoi Kozur and Mostler 1994
(Plate 1, fig. 11; Plate 7, figs. 15-16)
1979 Tripocyclia sp. cf. T acythus De Wever — Nakaseko
and Nishimura, p.72-73, pl.4, fig. 2.
1994 Eptingium nakasekoi n. sp. — Kozur and Mostler,
p-43, pl.1, fig. 5.
Remarks: Several moderately preserved specimens were
examined. They consist of a cortical shell with three
main spines. The shell is rounded subtriangular in lateral
view, and its surface structure is characterized by large
and irregular pore frames. The spines are stout and three-
bladed in axial section. These features are quite similar
to those of Eptingium nakasekoi Kozur and Mostler,
although length of the spines are slightly shorter.
Range: Lower — Upper Anisian (Sugiyama, 1997).

Eptingium spp.

(Plate 2, fig. 25; Plate 5, fig.20; Plate 7, fig. 17)
Remarks: Several poorly-preserved specimens were
obtained. They are characterized by a rounded subtriangular
cortical shell and three main spines that are three-bladed
in axial section.
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Eptingium? spp.

(Plate 2, fig. 18; Plate 3, fig. 9; Plate 6, fig. 25)

Remarks: The illustrated specimens are broken due to poor
preservation, but they are similar to Eptingium in having
a rounded subtriangular shell and spines.

Family Kungalariidae Dumitrica and Carter 1999

Genus Pentabelus Sugiyama 1992

Type species Pentabelus furutanii Sugiyama 1992
Remarks: Sugiyama (1992) mentioned that the family
assignment of genus Pentabelus is uncertain, and
O’Dogherty et al. (2009) suggested that this genus belongs
in Kungalariidae. In this report, Pentabelus is tentatively
settled in Kungalariidae.

Pentabelus sp. cf. P. furutanii Sugiyama 1992

(Plate 6, fig. 17)

Remarks: Shell, primitive and spherical, is composed
of coarse lattice work, with apical, primary lateral and
secondary lateral spines. Thus, it is similar to Pentabelus
furutanii Sugiyama.

Family Hindeosphaeridae Kozur and Mostler 1981

Genus Pseudostylosphaera Kozur and Mostler 1981
Type species Pseudostylosphaera gracilis Kozur and
Mock in Kozur and Mostler 1981

Pseudostylosphaera compacta (Nakaseko and Nishimura)
1979
(Plate 2, fig. 22; Plate 3, fig. 8; Plate 5, fig. 1)

1979 Archaeospongoprunum compactum n. sp. —
Nakaseko and Nishimura, p.68, pl.1, figs. 3, 7.

1981 Pseudostylosphaera compacta (Nakaseko and
Nishimura) — Kozur and Mostler, p.30-31.

1990 Pseudostylosphaera compacta (Nakaseko and
Nishimura) — Yeh, p.15, pl.4, figs. 3-4, 20.

1996 Pseudostylosphaera compacta (Nakaseko and
Nishimura) — Nishizono, pl.3, fig. 6.

1996 Pseudostylosphaera compacta (Nakaseko and
Nishimura) — Kozur, Krainer and Mostler, p.212,
pl.6, fig. 17.

2001 Pseudostylosphaera compacta (Nakaseko and
Nishimura) — Feng, Zhang and Ye, p.188-189, pl.5,
figs. 7-12.

2011 Pseudostylosphaera compacta (Nakaseko and
Nishimura) — Thassanapak, Feng, Grant-Mackie,
Chonglakmani and Thanee, p.194, figs. 60, 6Q.

Remarks: The illustrated specimens are not well preserved,
but differ from Pseudostylosphaera japonica (Nakaseko
and Nishinura) by having longer and slender polar spines.
Then, they are identified with Pseudostylosphaera
compacta (Nakaseko and Nishimura).

Range: Middle Anisian — Ladinian (Tumanda, 1991;
Sugiyama,1992).

Pseudostylosphaera helicata (Nakaseko and Nishimura)

1979
(Plate 3. fig. 7)

1979 Archaeospongoprunum helicatum n. sp. —
Nakaseko and Nishimura, p.68, pl.2, figs. 1-2; pl.12,
fig. 3.

1981 Pseudostylosphaera helicata (Nakaseko and
Nishimura) — Kozur and Mostler, p.30-31.

1992 Pseudostylosphaera helicata (Nakaseko and
Nishimura) — Otsuka, Kajima and Hori, p.32, pl.3,
figs. 3-4.

1992 Pseudostylosphaera helicata (Nakaseko and
Nishimura) — Yeh, p.61, pl.7, fig. 1.

1993 Pseudostylosphaera helicata (Nakaseko and
Nishimura) — Sashida, Nishimura, Igo, Kazama and
Kamata, p.90, fig. 7.11.

1996 Pseudostylosphaera helicata (Nakaseko and
Nishimura) — Nishizono, p.90, pl.3, fig. 7.

Remarks: The illustrated specimen possesses a subspherical
shell and two opposite polar spines. The spines are slightly
shorter than those of the type species, but are twisted in
their distal part.

Range: Ladinian — Carnian or earliest Norian (Nishizono,
1996).

Pseudostylosphaera japonica (Nakaseko and Nishinura)
1979
(Plate 1, figs. 8-9; Plate 6, fig. 1; Plate 7, figs. 8-12)

1979 Archaeospongoprunum japonicum n. sp. —
Nakaseko and Nishimura, p.67-68, pl.1, figs. 2, 4, 9.

1981 Pseudostylosphaera japonica (Nakaseko and
Nishimura) — Kozur and Mostler, p.30-31.

1990 Pseudostylosphaera japonica (Nakaseko and
Nishimura) — Yeh, p.15, pl.4, figs. 5-7.

1993 Pseudostylosphaera japonica (Nakaseko and
Nishimura) — Sashida, Nishimura, Igo, Kazama and
Kamata, p.89-90, figs. 7.9, 7.15

1996 Pseudostylosphaera compacta (Nakaseko and
Nishimura) — Nishizono, pl.3, fig. 9.

1996 Pseudostylosphaera japonica (Nakaseko and
Nishimura) — Kozur, Krainer and Mostler, p.212,
pl.6, fig. 15.

1997 Pseudostylosphaera japonica (Nakaseko and
Nishimura) — Sugiyama, p.186, fig. 48.15.

2001 Pseudostylosphaera japonica (Nakaseko and
Nishimura) — Feng, Zhang and Ye, p.188, pl.5, figs.
1-6.

2011 Pseudostylosphaera japonica (Nakaseko and
Nishimura) — Thassanapak, Feng, Grant-Mackie,
Chonglakmani and Thanee, p.195, figs. 6P, 6S.

Remarks: The illustrated specimens are characterized
by a globular shell with two polar spines. The spines
are moderately long, massive and three-bladed in axial
section. Their width slightly increase toward a distal
direction and decrease near the terminus. Surface of the
shell is rough and its spongy meshwork is indistinct due
to poor preservation.

Range: Middle Anisian— Lower Carnian (Sugiyama,1997).
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Pseudostylosphaera sp. aff. P. tenuis (Nakaseko and
Nishimura) 1979

(Plate 3, fig. 19)

Remarks: The examined specimen is similar to
Pseudostylosphaera tenuis (Nakaseko and Nishimura)
in having a spherical shell and two polar spines that are
unequal in length. However, length of the longer spine
of the examined specimen is shorter than that of the type
species (Nakaseko and Nishimura, 1979).

Pseudostylosphaera spp.

(Plate 2, figs. 11-17; Plate 5, figs. 2-3, 23-24; Plate 6,
fig. 14)

Remarks: The examined specimens seem to belong to
genus Pseudostylosphaera on the basis of a subspherical
shell with spongy meshwork and two polar spines although
some of the specimens lack polar spines.

Pseudostylosphaera? spp.

(Plate 1, figs. 10, 19; Plate 2, figs. 3-4; Plate 4, figs. 7, 12;
Plate 5, figs. 17-18, 25-27)

Remarks: One of two polar spines of the examined
specimens is lack or broken due to poor preservation.
Therefore, it is questionable that they belong to genus
Pseudostylosphaera.

Genus Parasepsagon Dumitrica, Kozur and Mostler 1980
Type species Parasepsagon tetracanthus Dumitrica,
Kozur and Mostler 1980

Parasepsagon sp.

(Plate 2, fig. 26)

Remarks: The examined specimen is not well preserved.
It has a subspherical shell and four spines, one of which
is broken. Outer shell consists of triangular meshes with
small nodes at vertices. The spines are three-bladed and
slightly twisted in distal part. This appearance is identical
with genus Parasepsagon.

Genus Hindeosphaera Kozur and Mostler 1979
Type species Hindeosphaera foremanae Kozur and
Mostler 1979

Hindeosphaera spinulosa (Nakaseko and Nishimura)
1979
(Plate 5, figs. 4-6)

1979 Archaeospongoprunum spinulosum n. sp. —
Nakaseko and Nishimura, p.69, pl.2, figs. 3-4, 6.

1989 Pseudostylosphaera sp. cf. P. spinulosa (Nakaseko
and Nishimura) — Cheng, p.143, pl.6, fig. 2; pl.7, figs.
8-9.

1989 Hindeosphaera spinulosa (Nakaseko and
Nishimura) — Martini, De Wever, Zaninetti, Denelian
and Kito, p.150, pl.3, fig. 8.

1990 Pseudostylosphaera spinulosa (Nakaseko and
Nishimura) — Yeh, p.15, pl.4, fig. 14.

1993 Pseudostylosphaera spinulosa (Nakaseko and
Nishimura) — Sashida, Nishimura, Igo, Kazama and

Kamata, p.92, figs. 7.16-7.17.

1995 Hindeosphaera? spinulosa (Nakaseko and
Nishimura) — Ramovs and Gori¢an, p.185, pl.3, figs.
6-8.

1996 Pseudostylosphaera spinulosa (Nakaseko and
Nishimura) — Nishizono, pl.3, figs. 10-12.

1996 Hindeosphaera spinulosa (Nakaseko and
Nishimura) — Kozur, Krainer and Mostler, p.210,
pl.4, figs. 4, 8.

2001 Hindeosphaera spinulosa (Nakaseko and
Nishimura) — Feng, Zhang and Ye, p.190, pl.5, figs.
15,21.

2011 Hindeosphaera spinulosa (Nakaseko and
Nishimura) — Thassanapak, Feng, Grant-Mackie,
Chonglakmani and Thanee, p.194, fig. 6K.

Remarks: The illustrated specimens possess an ellipsoidal
shell and two polar spines. One spine is broad and three-
bladed, and is considerably larger than the opposite spine.
Range: Lower — Upper Anisian (Sugiyama, 1997).

Hindeosphaera sp.

(Plate 7, fig. 14)

Remarks: This specimen consists of a spherical shell with
spongy meshwork and spikes. One massive and stout
spike, which is not spirally rotated as in other species
of genus Hindeosphaera, is quite longer than the others.

Family Muelleritortiidae Kozur 1988

Genus Muelleritortis Kozur 1988
Type species Emiluvia? cochleata Nakaseko and
Nishimura 1979

Muelleritortis cochleata (Nakaseko and Nishimura) 1979
(Plate 6, figs. 3-10)

1979 Emiluvia? cochleata n. sp. — Nakaseko and
Nishimura, p.70, pl.3, figs. 2-4, 6.

1979 Staurocontium minoense n. sp. — Nakaseko and
Nishimura, p.71, pl.2, figs. 7, 9-10; pl.12, fig. 4.

1988 Muelleritortis cochleata cochleata (Nakaseko and
Nishimura) — Kozur, p.53, pl.l, figs. 1-8; pl.2, figs.
1-2; pl.3, fig. 1.

1993 Emiluvia? cochleata Nakaseko and Nishimura —
Sashida, Nishimura, Igo, Kazama and Kamata, p.93,
figs. 8.5-8.6, 8.8, 8.15-8.16.

1996 Plafkerium cochleatum (Nakaseko and Nishimura)
— Nishizono, pl.3, figs. 20-21.

Remarks: The examined specimens are grouped into two
types; one has four main spines, and the other has two
spines. Based on Kozur and Mostler (1996), the latter type
is included into genus Ditortis, but it is not clear whether
two of four spines were lacked or not. These examined
specimens consist of a spherical to subellipsoidal shell
and four or two main spines. The outer shell structures
are indistinct due to poor preservation, but polygonal pore
frames are observed in the case of moderately-preserved
specimen. One of the main spines straightly extends,
whereas the remaining three or one spines are strongly
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twisted. These characters are identical with those of
Muelleritortis cochleata (Nakaseko and Nishimura).
Range: Upper Ladinian — lowest Carnian (Sugiyama,
1997).

ENTACTINARIA Incertae sedis

Genus Monostylosphaera Xu 1992
Type species Monostylosphaera sinensis Xu 1992

Monostylosphaera? spp.

(Plate 4, figs. 11; Plate 7, fig. 13)

Remarks: The illustrated specimens are similar to genus
Monostylosphaera in having a spherical shell with one
polar spine, but it is unclear that the spine is three-bladed
in the axial section, due to poor preservation.

Order NASSELLARIA Ehrenberg 1875
Family Ultranaporidae Pessagno 1977b

Genus Tirodella Kozur and Mostler 1981
Type species Tirodella goestlingensis Kozur and Mostler
1981

Tirodella? sp.

(Plate 2, fig. 7)

Remarks: This poorly-preserved specimen lacks its apical
horn, but resembles genus 7irodella in having thin thoracic
feet that connect to strong ribs on the wall of the very
large thorax. However, other diagnostic features of this
specimen are unclear, due to poor preservation.

Genus Bipedis De Wever 1982
Type species Bipedis calvabovis De Wever 1982

Bipedis sp.

(Plate 5, fig. 21)

Remarks: The examined specimen is similar to genus
Bipedis in having a two-segmented small test with strong
apical horn and two feet, one of which is lost.

Genus Napora Pessagno 1977a, emend. Pessagno, Whalen
and Yeh 1986
Type species Napora bukryi Pessagno 1977a

Napora mitrata Pessagno, Whalen and Yeh 1986
(Plate 4, fig. 16)
1986 Napora mitrata n. sp. — Pessagno, Whalen and
Yeh, p.42-43, pl.5, figs. 8, 15; pl.11, figs. 11-12.
1987 Napora mitrata Pessagno, Whalen and Yeh — Yeh,
pl.13, figs. 6, 11.
Remarks: The figured specimen consists of a two-
segmented test, cephalis and thorax, with an apical
horn and three feet, two of which are lost. Cephalis is
small and imperforate. The apical horn is bladed in axial
section with three ridges alternating with three grooves. It
terminates with moderately long subsidiary spines. Thorax

is hemispherical in outline and is composed of pentagonal
and hexagonal pore frames. The remaining foot occurs at
the base of thorax and is triradiate in axial section with
alternating three ridges and grooves.

Range: Lower Toarcian (Pessagno, Whalen and Yeh 1986)

Napora sp.

(Plate 4, fig. 17)

Remarks: A strongly broken specimen was obtained and
is composed of cephalis and thorax with a three-bladed
apical horn. It seems to belong to genus Napora on the
basis of the above morphologic features.

Family Deflandrecyrtiidae Kozur and Mostler 1979

Genus Haeckelicyrtium Kozur and Mostler 1979, emend.
Carter 1993

Type species Haeckelicyrtium austriacum Kozur and
Mostler 1979

Haeckelicyrtium? spp.

(Plate 1, figs. 1-3)

Remarks: Genus Haeckelicyrtium consists of hot-shaped
shell with three segments and skirt (Kozur and Mostler,
1979). Preservation of the detected specimens is extremely
poor; they are a fragment of the skirt which has subcircular
or subhexagonal pores. Therefore, it is doubtful that these
specimens belong to genus Haeckelicyrtium.

Family Acropyramididae Haeckel 1881

Genus Celluronta Sugiyama 1997
Type species Celluronta donax Sugiyama 1997

Celluronta sp.

(Plate 2, fig. 8)

Remarks: The illustrated specimen possesses a long
test probably consisting of more than seven segments.
Pores on the lower part of the test are large in size and
subcircular in shape. These characters are identical with
those of genus Celluronta.

Family Ruesticyrtiidae Kozur and Mostler 1979

Genus Paratriassocampe Kozur and Mostler 1994

Type species Paratriassocampe gaetanii Kozur and
Mostler 1994

Paratriassocampe sp.

(Plate 5, fig. 15)

Remarks: Genus Paratriassocampe is similar to genus
Triassocampe in general shape of their test, but the former
differs from the latter by having two rings of pores on
the well-developed circumferential ridges. The illustrated
specimen is characterized by the above two rings of pores.

Genus Triassocampe Dumitrica, Kozur and Mostler 1980
Type species Triassocampe scalaris Dumitricd, Kozur and
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Mostler 1980

Triassocampe deweveri (Nakaseko and Nishimura) 1979
(Plate 1, figs. 14, 22; Plate 3, fig. 12; Plate 5, figs. 9-12)
1979 Dictyomitrella deweveri n. sp. — Nakaseko and
Nishimura, p.77, pl.10, figs. 8-9.
1982 Triassocampe deweveri (Nakaseko and Nishimura)
—Yao, pl.1, figs. 1-3.
1989 Triassocampe deweveri (Nakaseko and Nishimura)
— Cheng, p.148, pl.o, figs. 13-14; pl.7, figs. 10-11.
1990 Triassocampe deweveri (Nakaseko and Nishimura)
— Yeh, p.28-29, pl.7, figs. 7, 18, 20; pl.11, figs. 2-3,
7-8, 13-14.
1993 Triassocampe deweveri (Nakaseko and Nishimura)
— Sashida, Nishimura, Igo, Kazama and Kamata, p.86,
figs. 5.3-5.7.
2001 Triassocampe deweveri (Nakaseko and Nishimura)
— Feng, Zhang and Ye, p.182, pl.3, figs. 1-6.
2011 Triassocampe deweveri (Nakaseko and Nishimura)
— Thassanapak, Feng, Grant-Mackie, Chonglakmani
and Thanee, p.198, figs. 81, 8J, 8L.
Remarks: The examined specimens are characterized
by dome-shaped cephalis without an apical horn and by
well-developed circumferential ridges. One row of small
knobs and two or three rows of circular pores are arranged
respectively on and below each circumferential ridge.
These specimens are identical with the type specimen
reported by Nakaseko and Nishimura (1979).
Range: Upper Anisian — middle Upper Ladinian
(Sugiyama, 1997).

Triassocampe sp. cf. T. myterocorys Sugiyama 1992
(Plate 1, fig. 20; Plate 6, fig. 11)

Remarks: The main character of the examined specimens
is two rows of large pores that are aligned below a strong
circumferential ridge on each post-abdominal segment.
However, it differs from Triassocampe myterocorys
Sugiyama by having a conical test.

Triassocampe sp. aff. T. diordinis Bragin 1991 sensu
Sugiyama 1992
(Plate 5, fig. 37)

1992 Triassocampe sp. aff. T diordinis Bragin 1991 —

Sugiyama, p.1199, figs. 11.7-11.8.

Remarks: The examined specimen is quite poorly-
preserved. But it is similar to Triassocampe sp. aff. T.
diordinis Bragin described by Sugiyama (1992) in having
a single row of pores, which are indistinct, just beneath
the poorly developed circumferential ridges.
Range: Middle Anisian (Sugiyama, 1992).

Triassocampe spp.

(Plate 1, figs. 15-18, 23; Plate 2, figs. 28-30; Plate 3, figs.
3, 13-16; Plate 5, figs. 13-14, 16, 31-36; Plate 6, figs.
12-13; Plate 7, figs. 18-20)

Remarks: Preservation of most specimens obtained is
so poor that diagnostic features characterizing genus
Triassocampe are not identified. However, they consist of a

long and slightly conical to subcyrindrical multisegmented
shell without an apical horn. This appearance is similar to
that of Triassocampe.

Family Eucyrtidiellidae Takemura 1986

Genus Eucyrtidiellum Baumgartner 1984
Type species Eucyrtidium? unumaensis Yao 1979

Eucyrtidiellum nagaiae Dumitrica, Gori¢an and Matsuoka
in Goric¢an, Carter, Dumitricd, Whalen, Hori, De Wever,
O’Dogherty, Matsuoka and Guex 2006

(Plate 4, figs. 18-19)

1986 Eucyrtidiellum sp. C group — Nagai, p.12, pl.2,
figs. 11-12.

1987 Eucyrtidiellum sp. C, — Hattori, pl.12, fig. 12.

1990 Eucyrtidiellum sp. C, — Nagai, pl.4, figs. 1a-1c.

1995 Eucyrtidiellum sp. C,—Nagai, p.12, pl.4, figs. 7-8.

2004 Eucyrtidiellum — Matsuoka, fig. 2-8.179.

2006 Eucyrtidiellum nagaiae Dumitrica, Gorian
and Matsuoka n. sp. — Gori¢an, Carter, Dumitrica,
Whalen, Hori, De Wever, O’Dogherty, Matsuoka and
Guex, p.158, pLLEUCO06.

Remarks: The figured specimens are composed of three
segments and characterized by a stout apical horn and
strong longitudinal costae on their abdominal surfaces.
Cephalis is imperforate and is incorporated into the apical
horn. Thorax is perforated with polygonal pore frames.
Abdomen is inflated and porous, and is ornamented with
the continuous vertical costae.

Range: Upper Pliensbachian — Upper Toarcian (Carter et
al., 2010).

Family Bagotidae Pessagno and Whalen 1982

Genus Droltus Pessagno and Whalen 1982
Type species Droltus lyellensis Pessagno and Whalen
1982

Droltus sp. cf. D. hecatensis Pessagno and Whalen 1982
(Plate 1, fig. 30)

Remarks: The examined specimen is poorly-preserved,
but is similar to Droltus hecatensis Pessagno and Whalen
in having a conical test and in the state of pore frames.
Pore frames of the upper portion of the test including
abdomen and first several post-abdominal segments are
irregular in size and shape; tetragonal pore frames of the
lower portion are more uniform in size and aligned in
longitudinal rows.

Family Hsuidae Pessagno and Whalen 1982

Genus Parahsuum Yao 1982
Type species Parahsuum simplum Yao 1982

Parahsuum simplum Yao 1982
(Plate 4, figs. 24-26)
1982 Parahsuum simplum n. sp. — Yao, p.61, pl.4, figs.
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1-8.
1990 Parahsuum simplum Yao — Kozur and Mostler,
p.222, pl.17, fig. 2.
1991 Parahsuum simplum Yao — Tumanda, pl.7, fig.
20; pl.8, fig. 5.
1994 Parahsuum simplum Yao — Gorican, p.79, pl.17,
figs. 9-10, 12.
1998 Parahsuum simplum Yao — Whalen and Carter,
p.67, pl.16, fig. 6.
1998 Parahsuum simplum Yao — Yeh and Cheng, p.26,
pl4, fig. 14.
2002 Parahsuum simplum Yao — Whalen and Carter,
p-126, pl.12, figs. 3-4, 12-13; pl.17, figs. 14-15.
2002 Parahsuum simplum Yao — Tekin, p.189, pl.4, fig.
3.
2004 Parahsuum simplum Yao — Ishida, Shimakawa,
Kozai, and Yao, pl.5, figs. 1-2.
Remarks: Considerable variation in overall form and size
has been recognized in Parahsuum simplum Yao (Hori and
Yao, 1988). The illustrated specimens, lacking an apical
horn, are short in length rather than the type species, but
resemble Parahsuum simplum Yao in having an elongate
conical shell with six or more segments, and also having
continuous costae.
Range: Hettangian — Lower Aalenian (Hori, 1990; Carter
etal.,2010).

Parahsuum ovale Hori and Yao 1988
(Plate 4, figs. 27-28)
1982 Parahsuum sp. C — Yao, pl.4, figs. 9-11.
1988 Parahsuum ovale n. sp. — Hori and Yao, p.51,
pl.1, figs. 3a-3e.
1988 Parahsuum takarazawaensen. sp. — Sashida, p.19,
pl.1, figs. 6-13, 18-19.
1990 Parahsuum ovale Hori and Yao — Hori, fig. 8.16.
1994 Parahsuum ovale Hori and Yao — Gori¢an, p.79,
pl.17, fig. 13.
2010 Parahsuum ovale Hori and Yao — Uchino and
Hori, figs. 5.3-5.4.
Remarks: The examined specimens are characterized by
an oval-shaped shell. Cephalis is slightly flattened conical
in shape without an apical horn. Based on these characters,
they are identical with Parahsuum ovale Hori and Yao.
Range: Sinemurian — Upper Toarcian (Hori 1990).

Parahsuum izeense (Pessagno and Whalen) 1982
(Plate 4, fig. 30)

1982 Canutus izeensis n.sp. — Pessagno and Whalen,
p.129, pl.o, figs. 8, 10, 15.

1982 Canutus giganteus n.sp. — Pessagno and Whalen,
p-127, pl.4, figs. 5, 13.

1995a Parahsuum izeense (Pessagno and Whalen) —
Baumgartner et al., p.378, pl.2012, figs. 1-2.

2003 Parahsuum izeense (Pessagno and Whalen) —
Gori¢an, Smuc and Baumgartner, p.296, pl.5, figs.
18-19.

Remarks: Shell of each specimen obtained is short and
inflated conical in shape. The last two segments slightly

decrease in width. Based on these characters, it is identical
with Parahsuum izeense (Pessagno and Whalen).
Range: Lower Pliensbachian — Bajocian (Carter ef al.,
2010).

Parahsuum longiconicum Sashida 1988
(Plate 4, fig. 31-33)
1988 Parahsuum longiconicum n. sp. — Sashida, p.20,
pl.2, figs. 1-4, 16-17.
1996 Parahsuum longiconicum Sashida — Tumanda,
Sashida and Igo, p.178, fig. 4.2.
2003 Parahsuum longiconicum Sashida — Gorican,
Smuc, and Baumgartner, p.296, pl.V, fig. 16.
2004 Parahsuum longiconicum Sashida — Ishida,
Shimakawa, Kozai and Yao, figs. 5.3-5.4.
Remarks: The illustrated specimens are characterized by a
conical test that consists of eight to ten segments, and by a
massive conical horn on the cephalis with wide and deep
grooves at the base of the horn. Longitudinal continuous
edged costae and weak circumferential ridges are visible
on the outer layer of these specimens. Based on the above,
they are identical with Parahsuum longiconicum Sashida.
Range: Lower Pliensbachian — Lower Aalenian (Carter
etal., 2010).

Parahsuum sp. cf. P. longiconicum Sashida 1988

(Plate 8, fig. 3)

Remarks: The examined specimen is similar to Parahsuum
longiconicum Sashida in general shell shape. However,
the apical horn is broken and the grooves at the base of
the horn are not visible.

Parahsuum spp.

(Plate 3, fig. 29-31; Plate 4, figs. 29, 34; Plate 7, figs. 2-4;
Plate 8, figs. 20-27)

Remarks: As originally described by Yao (1982), conical
to spindle-shaped multisegmented Nassellaria lacking
well-developed strictures and having continuous edged
costae is included into species of genus Parahsuum. A
wide range in variation of the examined specimens is
recognized.

Parahsuum? sp. A
(Plate 8, fig. 28)

1997 Parahsuum sp. A — Yao, pl.14, fig. 658.

2004 Archaeodictyomitra? sp. — Hori, pl.1, fig. 55.
Description: Test is elongate and conical with probably
six post-abdominal segments, lacking well-developed
strictures. Pore frames of post-abdominal segments are
square in shape with circular pores. Cephalis, without
a horn, is dome-shaped and remaining segments are
trapezoidal in outline, increasing moderately in width
and more rapidly in length as added. Thin circumferential
ridges present at joints between post-abdominal segments.
Pore frames on post-abdominal segments are aligned in
a transverse and vertical directions; three or four rows of
pore frames are transversally arranged between the ridges,
and single row of pore frames is longitudinally arranged
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between the costae. Costae are not continuous, due to
development of the ridges.

Remarks: Parahsuum? sp. A is questionably assigned to
genus Parahsuum, because it is different from the latter by
having thin circumferential ridges although it has single
row of pore frames that is arranged between costae. This
species resembles Parahsuum sp. A of Yao (1997) and
Archaeodictyomitra? sp. of Hori (2004) in having the
same diagnostic features.

Genus Hsuum Pessagno 1977a, emend. Takemura 1986
Type species Hsuum cuestaense Pessagno 1977a

Hsuum sp. cf. H. mulleri Pessagno and Whalen 1982
(Plate 3, fig. 32)

Remarks: The illustrated specimen has an elongate
conical test with discontinuous costae. The costae which
indicate few branches laterally and are developed over the
abdomen and post-abdominal segments. This appearance
is similar to that of Hsuum mulleri Pessagno and Whalen,
but an apical horn is not developed in this specimen.

Hsuum sp. sensu Matsuoka 2004
(Plate 4, fig. 23)

2004 Hsuum sp. — Matsuoka, p.77, fig. 2-9.224.
Remarks: Test of the examined specimen is elongated
conical in shape and much wider than other species of
genus Hsuum. Relatively thin costae developed over the
test are continuous, and are inserted between rows of pore
frames.

Range: Toarcian (Matsuoka, 2004).

Hsuum? sp.

(Plate 7, fig. 6)

Remarks: Test of the examined specimen is an inflated
conical in shape with probably five segments. These
segments are separated by strictures and rapidly increase
in width. Cephalis is dome-shaped without an apical
horn. The test is composed of polygonal pore frames
with circular pores and with continuous costae. The
costae extend throughout the test. Two rows of pores are
arranged between two adjacent costae. This specimen is
questionably assigned to genus Hsuum, due to strictures
between segments.

Family Canoptidae Pessagno in Pessagno, Finch and
Abbott 1979, emend. Yeh 1987

Genus Canoptum Pessagno in Pessagno, Finch and
Abbott 1979

Type species Canoptum poissoni Pessagno in Pessagno,
Finch and Abbott 1979

Canoptum sp. cf. C. anulatum Pessagno and Poisson
1981

(Plate 7, fig. 7)

Remarks: As originally described by Pessagno and
Poisson (1981), Canoptum anulatum has a slender and

more elongate test with closely spaced post-abdominal
segments; post-abdominal segments are eleven to fifteen
in number with short and discontinuous costae. These
costae are visible on each circumferential ridge. The
obtained specimen is poorly-preserved, but it is similar
to Canoptum anulatum Pessagno and Poisson in slender
and elongate outer form. Discontinuous costae are slightly
recognized.

Canoptum sp. cf. C. rugosum Pessagno and Poisson 1981
(Plate 4, fig. 35)

Remarks: Canoptum rugosum Pessagno and Poisson
is characterized by having a short and broad test that
is ornamented by circumferential ridges between post-
abdominal segments, and also having post-abdominal
segments with a rugose surface. Nevertheless, the rugose
surface is indistinct in the examined specimen, because
of its poor preservation.

Genus Multimonilis Yeh 1989
Type species Multimonilis pulcher Yeh 1989

Multimonilis sp.

(Plate 1, fig. 21)

Remarks: The examined specimen is similar to genus
Multimonilis in overall form that consists of a conical
and multicyrtid test. Especially, this specimen possesses
narrow elevated circumferential ridges that modified by
well-developed nodes. According to Yeh (1989), this is a
characteristic feature of genus Multimonilis.

Family Parvicingulidae Pessagno 1977a, emend.
Pessagno and Whalen 1982

Genus Praeparvicingula Pessagno, Blome and Hull in
Pessagno, Blome, Hull and Six 1993

Type species Parvicingula profunda Pessagno and Whalen
1982

Praeparvicingula gigantocornis (Kishida and Hisada)
1985
(Plate 8, fig. 13)
1982 Parvicingula sp. A — Kishida and Sugano, pl.7,
fig. 8.
1985 Parvicingula gigantocornis n. sp. — Kishida and
Hisada, p.118, pl.4, figs. 1-5.
1988 Parvicingula gigantocornis Kishida and Hisada
— Sashida, p.22, pl.2, figs. 5, 10-12, 20-21; pl.3, figs.
4-5.
2001 Praeparvicingula gigantocornis (Kishida and
Hisada) — Kashiwagi, fig. 6.6.
2004 Parvicingula gigantocornis Kishida and Hisada
— Ishida, Shimakawa, Kozai and Yao, pl.5, fig. 14.
Remarks: The illustrated specimen is characterized by a
slightly slender conical test with a long massive apical
horn. Moreover, Each circumferential ridge is widely
spaced and separated by three rows of small pores; center
row of pores is poorly developed. Based on these features,
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it is identical with Praeparvicingula gigantocornis
(Kishida and Hisada).
Range: Upper Toarcian — Bajocian (Carter et al., 2010).

Praeparvicingula sp. cf. P. nanoconica (Hori and Otsuka)
1989

(Plate 8, fig. 12)

Remarks: The illustrated specimen is similar to
Praeparvicingula nanoconica (Hori and Otsuka) in
general shape and especially having a long apical horn.
However, it is not clear that this specimen is identical with
Praeparvicingula nanoconica (Hori and Otsuka), because
of its poorly preservation.

Praeparvicingula spp.

(Plate 8, figs. 4-7, 14-15)

Remarks: The illustrated specimens are moderately- to
poorly-preserved. They are characterized by a conical- to
subcylindrical-shaped test. Their final post-abdominal
segments lack narrow terminal tube.

Genus Parvicingula Pessagno 1977a, emend. Pessagno,
Blome, Hull and Six 1993

Type species Parvicingula santabarbarensisa Pessagno
1977a

Parvicingula sp.

(Plate 8, fig. 16)

Remarks: The poorly-preserved specimen was obtained.
It is characterized by a spindle-shaped test and final post-
abdominal segment terminates in a narrow tube.

NASSELLARIA Incertae sedis

Genus Lantus Yeh 1987
Type species Lantus sixi Yeh 1987

Lantus obesus (Yeh) 1987
(Plate 4, fig. 21)

1987 Pseudoristola obesa n. sp. — Yeh, p.96-97, pl. 14,
figs. 11-12.

1997 Pseudoristola obesa Yeh — Yao, pl. 15, fig. 724.

2001 Stichocapsa obesa (Yeh) — Gawlick, Suzuki and
Missoni, fig. 5.6.

2006 Lantus obesus (Yeh) — Gorican, Carter, Dumitrica,
Whalen, Hori, De Wever, O’Dogherty, Matsuoka and
Guex, p.234, pl. LANOI, figs. 1-10.

2010 Lantus obesus (Yeh) — Uchino and Hori, figs.
5.16-5.17.

Remarks: Moderately preserved specimen was obtained.
Its test is conical with a large bulbous expansion, and
without circumferential ridges. It is not clear that cephalis
is perforate, but thorax, abdomen and post-abdominal
segments are perforate; post-abdominal segments consist
of pentagonal or hexagonal pore frames.

Range: Uppermost Simenurian — Upper Toarcian (Carter
etal., 2010).

Lantus intermedius Carter in Gorican, Carter, Dumitrica,
Whalen, Hori, De Wever, O’Dogherty, Matsuoka and
Guex 2006

(Plate 4, fig. 22; Plate 8, fig. 29)

1988 Hemicryptocephalis denggensis n. sp. —Li, p.327,
p-330, pl. 1, figs. 5-6.

1997 Parahsuum sp. NB — Yao, pl. 13, fig. 642.

2006 Lantus intermedius n. sp. — Gorican, Carter,
Dumitrica, Whalen, Hori, De Wever, O’Dogherty,
Matsuoka and Guex, p.232, pl. LANOS, figs. 1-7.

Remarks: The obtained specimens are identical with
Lantus intermedius Carter on the basis of general shape
of their conical tests. Post-abdominal segments increase
in width as added, and the final segment is closed with
an ellipsoidal cap. These specimens possess weakly
circumferential ridges, which are recognized between
segments.

Range: Uppermost Simenurian — Lower Toarcian (Carter
etal., 2010).

Lantus? sp.

(Plate 3, fig. 33)

Remarks: Because of extremely poor preservation, the
examined specimen questionably belongs to genus Lantus.

Genus Dictyomitrella Haeckel 1887
Type species Eucyrtidium articulatum Ehrenberg 1873

Dictyomitrella? sp. cf. D.? kamoensis Mizutani and Kido
1983

(Plate 8, fig. 11)

Remarks: Poorly-preserved specimen was obtained.
It consists of a test that is conical at the upper portion
and subcylindrical at the lower portion. Post-abdominal
segments are separated by nodose circumferential ridges;
each one row of pores are faintly observed below and above
the ridges, but tetragonally-arranged two rows of circular
pits are indistinct on the abdomen and post-abdominal
segments. This specimen is similar to Dictyomitrella?
kamoensis Mizutani and Kido in possessing each one
row of pores below and above the nodose circumferential
ridges, but is different by the absence of two rows of
circular pits.

Genus Minocapsa Matsuoka 1991
Type species Minocapsa cylindrica Matsuoka 1991

Minocapsa globosa Matsuoka 1991
(Plate 4, fig. 20)

1991 Minocapsa globosa n. sp. — Matsuoka, p.736, figs.

11.1a-11.4b.

1997 Minocapsa globosa Matsuoka — Yao, pl.10, fig.

451.

2004 Minocapsa globosa Matsuoka — Matsuoka, fig. 90.
Remarks: The obtained specimen has a pyriform test
consisting of four segments; proximal part including
cephalis, thorax and abdomen is conical, and distal part
composed of fourth segment is large and subspherical
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without aperture. Circular pores are set in pentagonal to
hexagonal pore frames and arranged irregularly rather than
longitudinally. This specimen is slightly slender; change
in contour from the conical proximal part to subspherical
distal part is not rapid than the type species of Minocapsa
globosa Matsuoka.

Range: Upper Pliensbachian? — Lower Toarcian (Yao,
1997; Matsuoka, 2004).
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Plate 1 SEM images of Triassic to Middle Jurassic radiolarians from the Kanmuri Yama district.

KJ0301 (Locality Kc-1: Tarumi-gawa)

1-3: Haeckelicyrtium? sp. (1: GSJ F18132-002, 2: -003, 3: -001)
4: Palaeosaturnalis sp. (GSJ F18132-005)

5: Cryptostephanidium? sp. (GSJ F18132-004)

KJ0402 (Locality Kc-2: Northeast of Masudani)

6-7: Spumellaria gen. et sp. indet. (6: GSJ F18136-013, 7: -014)

8-9: Pseudostylosphaera japonica (Nakaseko and Nishinura) (8: GSJF18136-011,9:-010)
10: Pseudostylosphaera? sp. (GSJ F18136-012)

11: Eptingium nakasekoi Kozur and Mostler (GSJ F18136-009)

12-13: Poulpidae gen. et sp. indet. (12: GSJ F18136-006, 13: -008)

14: Triassocampe deweveri (Nakaseko and Nishimura) (GSJ F18136-003)

15-18: Triassocampe sp. (15: GSJ F18136-002, 16: -001, 17: -004, 18: -005)

KJ0403 (Locality Kc-2: Northeast of Masudani)

19: Pseudostylosphaera? sp. (GSJ F18137-003)

20: Triassocampe sp. cf. T. myterocorys Sugiyama (GSJ F18137-002)
21: Multimonilis sp. (GST F18137-01)

KJ0404 (Locality Kc-2: Northeast of Masudani)

22: Triassocampe deweveri (Nakaseko and Nishimura) (GSJ F18138-008)

23: Triassocampe sp. (GSJ F18138-001)

24-28: Nassellaria gen. et sp. indet. (24: F18138-002, 25: -003, 26: -004, 27: -005, 28: -007)

KJ0410c¢ (Locality Kc-3: East of Masudani)

29: Entactinaria gen. et sp. indet. (GSJ F18139-003)

30: Droltus sp. cf. D. hecatensis Pessagno and Whalen (GSJ F18139-001)
31: Nassellaria gen. et sp. indet. (GSJ F18139-002)

All scale bars equal to 0.1 mm.
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Plate 2 SEM images of Triassic to Middle Jurassic radiolarians from the Kanmuri Yama district.

KJ0810e (Locality Kc-4: Masudani)

1: Archaeocenosphaera? sp. (GSJ F18141-008)

2: Spumellaria gen. et sp. indet. (GSJ F18141-009)

3-4: Pseudostylosphaera? sp. (3: GSJ F18141-006, 4: -005)
5-6: Spumellaria gen. et sp. indet. (GSJ F18141-003, 6: -004)
7: Tirodella? sp. (GSJ F18141-007)

8: Celluronta sp. (GSJ F18141-001)

9: Nassellaria gen. et sp. indet. (GSJ F18141-002)

KJ0810f (Locality Kc-4: Masudani)

10: Spumellaria gen. et sp. indet. (GSJ F18142-013)

11-17: Pseudostylosphaera sp. (11: GSJF18142-008, 12: -011, 13: -005, 14: -010, 15:-009, 16: -007, 17: -012)
18: Eptingium? sp. (GSJ F18142-006)

19-20: Spumellaria gen. et sp. indet. (19: GSJ F18142-004, 20: -003)

21: Nassellaria gen. et sp. indet. (GSJ F18142-002)

KJ0810g (Locality Kc-4: Masudani)

22: Pseudostylosphaera compacta (Nakaseko and Nishimura) (GSJ F18143-010)
23: Spumellaria gen. et sp. indet. (GSJ F18143-005)

24: Cryptostephanidium? sp. (GSJ F18143-008)

25: Eptingium sp. (GSJ F18143-007)

26: Parasepsagon sp. (GSJ F18143-009)

27: Entactinaria gen. et sp. indet. (GSJ F18143-006)

28-30: Triassocampe sp. (28: GSJ F18143-003, 29: -002, 30: -001)

31: Nassellaria gen. et sp. indet. (GSJ F18143-004)

All scale bars equal to 0.1 mm.
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Plate 3 SEM images of Triassic to Middle Jurassic radiolarians from the Kanmuri Yama district.

KJ0904a (Locality Kc-5: Northeast of Masudani)

1-2: Archaeocenosphaera? sp. (1: GSJ F18144-004, 2: -005)
3: Triassocampe sp. (GSJ F18144-001)

4: Nassellaria gen. et sp. indet. (GSJ F18144-002)

KJ0904b (Locality Kc-5: Northeast of Masudani)

5-6: Archaeocenosphaera? sp. (5: GSJ F18145-013, 6: -012)

7: Pseudostylosphaera helicata (Nakaseko and Nishimura) (GSJ F18145-008)
8: Pseudostylosphaera compacta (Nakaseko and Nishimura) (GSJ F18145-011)
9: Eptinguium? sp. (GSJ F18145-010)

10: Spumellaria gen. et sp. indet. (GSJ F18145-009)

11: Nassellaria gen. et sp. indet. (GSJ F18145-007)

12: Triassocampe deweveri (Nakaseko and Nishimura) (GSJ F18145-003)
13-16: Triassocampe sp. (13: GSJ F18145-004, 14: -002, 15: -001, 16: -005)

KJ0904c (Locality Kc-5: Northeast of Masudani)

17-18: Spumellaria gen. et sp. indet. (17: GSJ F18146-009, 18: -003)

19: Pseudostylosphaera sp. aff. P. tenuis (Nakaseko and Nishimura) (GSJ F18146-004)
20-23: Spumellaria gen. et sp. indet. (20: GSJ F18146-001,21:-007, 22: -002, 23: -008)

KJ0905b (Locality Kc-6: Northeast of Masudani)
24: Entactinaria gen. et sp. indet. (GSJ F18147-001)
25: Spumellaria gen. et sp. indet. (GSJ F18147-002)

KJ0905¢ (Locality Kc-6: Northeast of Masudani)

26: Trillus elkhornensis Pessagno and Blome (GSJ F18148-008)

27: Favosyringiinae gen. et sp. indet. (GSJ F18148-006)

28: Nassellaria gen. et sp. indet. (GSJ F18148-007)

29-31: Parahsuum sp. (29: GSJ F18148-003, 30: -005, 31: -001)

32: Hsuum sp. cf. H. mulleri Pessagno and Whalen (GSJ F18148-004)
33: Lantus? sp. (GSJ F18148-002)

All scale bars equal to 0.1 mm.
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Plate 4 SEM images of Triassic to Middle Jurassic radiolarians from the Kanmuri Yama district.

KJ1904a (Locality Kc-7: Southeast of Hirono)

1: Pantanellium? virgeum Sashida (GSJ F18157-014)

2-6: Spumellaria gen. et sp. indet. (2: GSJ F18157-009, 3: -017, 4: -004, 5: -003, 6: -012)
7: Pseudostylosphaera? sp. (GSJ F18157-007)

8-10: Entactinaria gen. et sp. indet. (8: GSJ F18157-008, 9: -005, 10: -013)

11: Monostylosphaera? sp. (GSJ F18157-002)

12: Pseudostylosphaera? sp. (GSJ F18157-001)

KJ2206a (Locality Kc-8: Tarumi-gawa)

13-14: Udalia sp. (13: GSJ F18159-038, 14: -039)

15: Nassellaria gen. et sp. indet. (GSJ F18159-028)

16: Napora mitrata Pessagno, Whalen and Yeh (GSJ F18159-037)

17: Napora sp. (GSJ F18159-034)

18-19: Eucyrtidiellum nagaiae Dumitrica, Gori¢an and Matsuoka (18: GSJ F18159-030, 19: -031)
20: Minocapsa globosa Matsuoka (GSJ F18159-025)

21: Lantus obesus (Yeh) (GSJ F18159-026)

22: Lantus intermedius Carter (GSJ F18159-015)

23: Hsuum sp. sensu Matsuoka 2004 (GSJ F18159-012)

24-26: Parahsuum simplum Yao (24: GSJ F18159-006, 25: -018, 26: -013)

27-28: Parahsuum ovale Hori and Yao (27: GSJ F18159-009, 28: -023)

29: Parahsuum sp. (GSJ F18159-021)

30: Parahsuum izeense (Pessagno and Whalen) (GSJ F18159-011)

31-33: Parahsuum longiconicum Sashida (31: GSJ F18159-002, 32: -007, 33: -020)
34: Parahsuum sp. (GSJ F18159-001)

35: Canoptum sp. cf. C. rugosum Pessagno and Poisson (GSJ F18159-019)

All scale bars equal to 0.1 mm.
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Plate 5 SEM images of Triassic to Middle Jurassic radiolarians from the Kanmuri Yama district.

KJ2206h (Locality Kc-8: Tarumi-gawa)

1: Pseudostylosphaera compacta (Nakaseko and Nishimura) (GSJ F18160-011)

2-3: Pseudostylosphaera sp. (2: GSJ F18160-010, 3: -015)

4-6: Hindeosphaera spinulosa (Nakaseko and Nishimura) (4: GSJ F18160-014, 5: -017, 6: -016)

7: Spongostephanidium sp. (GSJ F18160-018)

8: Cryptostephanidium? sp. (GSJ F18160-021)

9-12: Triassocampe deweveri (Nakaseko and Nishimura) (9: GSJ F18160-004, 10: -005, 11: -003, 12: -008)
13-14: Triassocampe sp. (13: GSJ F18160-007, 14: -001)

15: Paratriassocampe sp. (GSJ F18160-006)

16: Triassocampe sp. (GSJ F18160-002)

KJ2206i (Locality Kc-8: Tarumi-gawa)

17-18: Pseudostylosphaera? sp. (17: GSJ F18161-006, 18: -005)
19: Entactinaria gen. et sp. indet. (GSJ F18161-007)

20: Eptingium sp. (GSJ F18161-001)

21: Bipedis sp. (GSJ F18161-004)

22: Spumellaria gen. et sp. indet. (GSJ F18161-002)

KJ2412 (Locality Kc-9: South of Kokuradani)

23-24: Pseudostylosphaera sp. (23: GSJ F18167-009, 24: -014)

25-27: Pseudostylosphaera? sp. (25: GSJ F18167-013, 26: -010, 27: -008)

28: Cryptostephanidium? sp. (GSJ F18167-018)

29-30: Entactinaria gen. et sp. indet. (29: GSJ F18167-017, 30: -016)

31-36: Triassocampe sp. (31: GSJ F18167-001, 32: -002, 33: -003, 34: -004, 35: -005, 36: -007)
37: Triassocampe sp. aff. T. diordinis Bragin sensu Sugiyama 1992 (GSJ F18167-006)

All scale bars equal to 0.1 mm.
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Plate 6 SEM images of Triassic to Middle Jurassic radiolarians from the Kanmuri Yama district.

KJ2413 (Locality Kc-10: South of Kokuradani)

1: Pseudostylosphaera japonica (Nakaseko and Nishimura) (GSJ F18168-005)

2: Spongoxystris? sp. (GSJ F18168-009)

3-10: Muelleritortis cochleata (Nakaseko and Nishimura) (3: GSJ F18168-014, 4: -012, 5:-016, 6: -013,
7:-012, 8:-008, 9: -006, 10: -011)

11: Triassocampe sp. cf. T. myterocorys Sugiyama (GSJ F18168-003)

12-13: Triassocampe sp. (12: GSJ F18168-004, 13: -001)

KJ2902c¢ (Locality Kc-11: Fujikuradani)

14: Pseudostylosphaera sp. (GSJ F18173-034)

15-16: Protopsium sp. (15: GSJ F18173-012, 16: -040)

17: Pentabelus sp. cf. P. furutanii Sugiyama (GSJ F18173-011)
18: Spumellaria gen. et sp. indet. (GSJ F18173-007)

19: Entactinaria gen. et sp. indet. (GSJ F18173-008)

20: Spumellaria gen. et sp. indet. (GSJ F18173-039)

21: Oertlispongus sp. (GSJ F18173-031)

22-24: Spongostephanidium sp. (22: GSJ F18173-003, 23: -001, 24: -023)
25: Eptingium? sp. (GSJ F18173-005)

26: Entactinaria gen. et sp. indet. (GSJ F18173-029)

27: Poulpidae gen. et sp. indet. (GSJ F18173-044)

28: Entactinaria gen. et sp. indet. (GSJ F18173-013)

All scale bars equal to 0.1 mm.
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Plate 7 SEM images of Triassic to Middle Jurassic radiolarians from the Kanmuri Yama district.

KJ3701 (Locality Kc-12: South of Kanmuri-tdge)

1: Favosyringiinae gen. et sp. indet. (GSJ F18177-011)

2-4: Parahsuum sp. (2: GSJ F18177-004, 3: -001, 4: -006)

5: Nassellaria gen. et sp. indet. (GSJ F18177-005)

6: Hsuum? sp. (GSJ F18177-009)

7: Canoptum sp. cf. C. anulatum Pessagno and Poisson (GSJ F18177-002)

KJ3907 (Locality Kc-13: Northeast of Kanmuri-toge)

8-12: Pseudostylosphaera japonica (Nakaseko and Nishimura) (8: GSJ F18178-007, 9: -008, 10: -009,
11:-010, 12: -011)

13: Monostylosphaera? sp. (GSJ F18178-012)

14: Hindeosphaera sp. (GSJ F18178-014)

15-16: Eptingium nakasekoi Kozur and Mostler (15: GSJ F18178-013, 16: -017)

17: Eptingium sp. (GSJ F18178-015)

18-20: Triassocampe sp. (18: GSI F18178-004, 19: -005, 20: -006)

21-22: Nassellaria gen. et sp. indet. (21: GSJ F18178-001, 22: -003)

KJ4401a (Locality Kc-14: Ichindani)

23-24: Praemesosaturnalis sp. (GSJ F18194-005, 24: -004)

25: Palaeosaturnalis sp. (GSJ F18194-006)

26-28: Nassellaria gen. et sp. indet. (26: GSJ F18194-001, 27: -002, 28: -003)

All scale bars equal to 0.1 mm.
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Plate 8 SEM images of Triassic to Middle Jurassic radiolarians from the Kanmuri Yama district.

KJ4405 (Locality Kc-15: Ichindani)

1-2: Pantanellium sp. (1: GSJ F18195-013, 2: -009)

3: Parahsuum sp. cf. P. longiconicum Sashida (GSJ F18195-007)

4-7: Praeparvicingula sp. (4: GSJ F18195-004, 5: -006, 6: -005, 7: 001)

KJ4406a (Locality Kc-16: Ichindani)

8: Entactinaria gen. et sp. indet. (GSJ F18196-015)

9: Zartus sp. (GSJ F18196-012)

10: Patulibracchiidae gen. et sp. indet. (GSJ F18196-013)

11: Dictyomitrella? sp. cf. D.? kamoensis Mizutani and Kido (GSJ F18196-007)
12: Praeparvicingula sp. cf. P. nanoconica (Hori and Otsuka) (GSJ F18196-004)
13: Praeparvicingula gigantocornis (Kishida and Hisada) (GSJ F18196-006)
14-15: Praeparvicingula sp. (14: GSJ F18196-002, 15: -001)

16: Parvicingula sp. (GSJ F18196-008)

KJ5904 (Locality Kc-17: Southwest of of Kanmuri-toge)

17-19: Pantanellium sp. (17: GSJ F18215-015, 18: -019, 19: -016)

20-27: Parahsuum sp. (20: GSJ F18215-009, 21: -005, 22: -008, 23: -007, 24:-002, 25: -003, 26: -006,
27:-004)

28: Parahsuum? sp. A (GSJ F18215-011)

29: Lantus intermedius Carter (GSJ F18215-012)

All scale bars equal to 0.1 mm.
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