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Cover photograph

Tuffaceous mudstone of the Takikubo Formation in the Izumi Group, Kan-onji City,
Kagawa Prefecture

The Izumi Group, consisting of the Upper Cretaceous marine sediments, is distributed along the
northern side of the Median Tectonic Line in southwestern Japan. The Izumi Group is divided into the
northern marginal facies of shallow marine sediments that unconformably overlie the Ryoke
metamorphic and plutonic rocks, and the main facies of deep marine sediments. Radiolarian fossils were
analyzed to estimate the depositional age of the Takikubo Formation of the main facies around Kan-onji
City, Kagawa Prefecture. The photograph shows an outcrop of tuffaceous mudstone of the Takikubo
Formation at the northern foot of Mt. Unpenji, Sanuki Mountains. The sample (ID60 : GSJ R109145)
was collected from this tuffaceous mudstone above a thin tuff bed showing normal grading with
erosional base. Cross sections of Inoceramus sp. are visible just below the tuff bed (above the scale of
5 cm in the photograph). The outcrop yields both macro- and micro-fossils. The depositional age of the
Takikubo Formation in the Kan-onji district indicated by radiolarian fossils from several samples is early
Late Campanian, Late Cretaceous.

(Photograph and Caption by Atsushi Noda)
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Yutaka Kanai, Yoshiko Tachibana, Masahiro Aoki, Chizuko Okazaki, Yasuyuki Oppata, Naoki Mita
and Hiroharu Matsueda (2016) Study on chemical composition of fluorescent opal specimens in the
Shikaribetsu area, central Hokkaido. Bull. Geol. Surv. Japan, vol.67 (4), p.101-110, 7 figs, 3 tables.

Abstract: Two specimens of fluorescent opal in the Shikaribetsu area, central Hokkaido, were studied
on their chemical compositions of fluorescent layers. Some characteristic properties for their chemical
compositions were elucidated, although clear relationship between chemical element and fluorescent color
was not found out. They contained as much as several hundred ppm of Li, Be, Ga, As, Rb, Cs and several
thousand ppm of Sb. Alkali elements (Na, K, Li, Rb, Cs) and alkali earth elements (Ca, Sr, Ba) showed
relatively small variations among the parts showing different color fluorescence in one sample. Further
study on organic materials is necessary for better understanding of the fluorescence phenomenon.

Keywords: Hokkaido, Shikaribetsu, Opal, Fluorescence, Chemical composition
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Cia FEARGURHR I A (R X 4> (2015) 2> & ) .
Fig. 1 Location map of samples (after Okazaki et al., 2015).
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IEFE 2>, 2014, 2015) THIT L 72 AR HTMNH-MI-72,
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FH O 72 BEAGORE O SREUH S 2 55 1 XNZIR U 72 (F A ik
PR O BUHEORHEREUI N T H D, F72, RED 7
WIZEI R $ 5 2 &2k, #@FTRLTWS).
IS OEAGRNE, UVPHE (Upland, CA 91786, U.S.
A) DEEIER T ¥ 77 (365 nm) & IV TR L 7280k
EFERADIC, HNGOMEICL->THEIL, fHohk
IS, (A—E), (A-F)OFF &M TlRES & L.
FNZTHORBH O 255 2 K& 3 KR,
EIU 223K, DO S ek T L Tb 2= bt
L 72 R 0.1gE T 7 a vy = —IZHLD, il
i 3 ml, MIERE 2 ml, 7 o LKZERE 5 mlZ A ThEL
HZE U 7o, HZE BRI o MR & AR (141) 12V 2 L T 100
mlERE L, HIEBRKE Lz ICPR Mk (LT
ICPHANIZ X D EHEDEALDERS TH 5 TiO,, ALO,,
Fe,0;, MnO, MgO, CaO, Na,0, K,0, P,0;, XU Ba,

F2X MI-72 % B U CE 2R O & F i (B EIE
Ml E 2> (2015) 25 5()(OR Z #5i%) . () HAX T D
UK (b) MO A S 2 50K & GURHA O B4 (I 15
1E2 (2015) 5 5(0) XN HNEE) .

Fig.2  Sampling parts and their marks in MI-72 (Photographs
by Okazaki et al. (2015) Fig.5(e)(f) are used).
(a) Photograph under natural light, (b) Photograph under
UV light and marks of sampling parts (Modified after
Okazaki et al. (2015) Fig. 5(f)).

Sr, VEEDK %, %72, ICPEEMEN(LLT 1CP-
MSHHT) T, BEK7H» 5238 % TOHLI, Be, Sc,
Cr, Co, Ni, Cu, Zn, Ga, As, 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, TIl, Pb, Bi, Th,
UZ & ORG &MIE L 7= (5HFE 4, 2004 5 Imai, 2010).
HETIE, MERERE Y 2 —RITO SR
JB-1 &IR-1 & BEHEIZFE L, NEBIEHEICInZ AV, HIE
DIFEHIZIB-1, IB3 B EHPATERL TS, HIEE
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3 MI-74 & 55 E| LT 7230 OERE & TS (), ()1
i 372 (2014) Fig.3 #458K). (2) BT OROK,
(b) #2720k, (o oG EE 2 25
5 FRELL 7250 DA

Fig.3  Sampling parts and their marks in MI-74 (Photographs
by Okazaki et al.(2014) Fig.3 are used for (a) and (b)).
(a) Photograph under natural light, (b) Photograph under
UV light, (c) Sectional photograph of sample and marks
of sampling parts.
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Table 1 Chemical compositions of MI-72 and MI-74 by ICP analysis.
Sample - MI- MI- MI- MI- MI- MI- MI- MiI- M- MI-
72-A 72-B  72-C 72-D 72-E 74-A T74B T74-C 74D T4-E T4F
Composition
TiO, 0.02 0.00 0.00 0.00 0.00 0.02 <0.01 <0.01 <0.01 <0.01 <0.01
AlL,O3 1.09 0.10 0.05 0.34 0.03 027 0.03 0.09 0.04 002 0.03
Fe,03 0.36 0.09 0.02 0.01 0.01 0.13  0.01 0.11  <0.01 0.11 0.02
MnO 0.07 0.03 0.06 0.13 0.02 0.03 0.02 0.06 0.06 0.05 0.03
MgO (%) 0.07 0.01 0.01 0.01  <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01
Cao 0.18 0.16 0.16 0.19 0.06 013 009 0.5 017 0.13 0.10
Na,O 0.29 0.24 0.23 0.29 0.14 024 019 025 023 019 0.18
K20 0.23 0.16 0.15 0.20 0.08 0.17 013 017 015 012 0.2
P,0s5 0.018 0.001 0.007 0.006 0.004 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ba 19 15 13 15 8 25 12 12 8 7 6
Sr (ppm) 37 41 40 45 18 40 28 38 36 29 24
V 6 3 1 10 6 8 <1 5 6 11 7
" ALO, Fe,O4 = MnO u MgO g CaO m Na,0 g K,0 mBa @Sr
(%) (%) (%) (%) (ppm)
0.0 10 00 02 04 00 01 02 00 01 02 0
Mi- MIl- ———— MI- Mi- MI- MI-
T2-A i 72-A T2-A 72-A T2-A 72-A
T2-B I 72-B 72-B 72-B | 2B 72B |
72-C 72-C 12-C 72-C 72-C 72-C
72-D . 72D 72-D 72D 72-D 72-D
T2-E T2-E T2-E T2-E T2-E T2-E
" AlLO, Fe,O4 ® MnO u MgO g CaO m Na,0 m K,0 mBa @Sr
00 (:A]& e 00 (1%) 00 (;:A) 02 00 0(;/") 04 (ppm)
MI- , mi. 0092 04y T — M- ———— Ml ———— M
74A E 74.A 74A 74A 74A 74A
74-B 74B 74B 74B | 74B 74B |
74C || 74C 74-C 74C | 74C 74-C |
74D 74D 74-D 74D 74D 74-D i
T4-E 74-E T4-E T4E T4E 74-E
TAF 74F TAF 74F TAF 74F
4 ICPAITIZ & B MI-72 3R B O'MI-74 3UBHZ 55 1 3 2 LB LK.
Fig.4  Chemical compositions of MI-72 and MI-74 by ICP analysis.
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F2Fk  ICP-MSHHNT X ZMI-72 80k e O MI-74 30RHZ 35 1 2t oL 2pfik. &INCoR
L7=JCRE, MHXERZEH30% & A TIRIREDILE T, &l ERT.

Table 2 Concentration of minor elements in MI-72 and MI-74 by ICP-MS analysis. Element shown in
parenthesis is the one of low concentration and with relative analytical error of over 30 %.

Content

MI-72- MI-74-
(ppm)
Element A B C D E A B C D E F
Li 196 164 169 225 107 196 164 183 214 173 133
Be 132 2 24 392 13 2 3 22 5 2 5
Sc 6 <1 <1 <1 <1 1 <1 <1 <1 <1 <1
(Cr) 63 33 15 12 10 70 8 32 14 55 15
Co 10 2 1 <1 <1 2 1 <1 <1 1 <1
Ni 94 21 9 11 26 70 11 17 22 16 15
Cu 192 27 32 94 12 31 28 21 23 42 14
Zn 144 56 48 101 32 54 30 34 25 61 19
Ga 328 3 39 785 12 2 <1 55 10 <1 <1
As 29 10 9 9 16 518 58 12 3 11 192
Rb 302 237 214 293 115 235 197 251 228 182 191
Y 16 3 1 <1 1 3 1 <1 <1 <1 <1
Zr 15 2 1 1 1 8 1 1 <1 1 <1
(Nb) 1 3 7 4 1 8 10 24 7 6 3
(Mo) 2 1 <1 <1 <1 2 <1 1 1 1 <1
Cd 2 1 1 <1 <1 1 <1 <1 1 <1 <1
Sn 3 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Sb 2340 2480 2240 1530 1210 2870 3350 3640 6920 3200 3180
Cs 458 425 384 571 222 446 385 460 407 331 352
La 14 2 1 4E1 3EA1 3 5E1 4E1 4E-1 2E-1 3E-1
Ce 31 4 1 1 5E-1 7 1 5E1 2E1 2EA1 1
Pr 3 1 2E1 6E-2 6E-2 1 9E-2 6E-2 3E2 3E2 6E-2
Nd 14 2 1 3E-1 2EA1 3 3E1 2E1 7E-2 9E-2 3E-1
Sm 3 4E1 1E1 4E-2 9E-2 1 9E-2 5E-2 2E-2 1E-2 9E-2
Eu 1 1E1 6E-2 4E1 3E-2 1E1 2E2 3E2 1E-2 2E-2 3E-3
Gd 3 4E1 1E1 1E1 2E-2 5E-1 9E-2 1E-2 3E-2 3E-2 9E-2
Tb 1 1E1 3E-2 1E-3 5E-3 8E-2 3E2 1E-2 8E-3 6E-3 3E-2
Dy 3 4E1 9E-2 6E-2 1E-1 5E-1 1E1 5E-2 3E-2 5E-2 1E-1
Ho 4E1 1E1 2E-2 1E-2 2E-2 9E-2 3E-2 7E-3 9E-3 1E-2 2E-2
Er 1 3E1 1E1 3E-2 6E-2 4E-1 8E-2 5E-2 6E-2 4E-2 1EA1
Tm 2E1 3E-2 7E-3 5E-3 1E-2 4E-2 2E-2 <1E-3 2E-3 <1E-3 1E-2
Yb 1 2E1 6E-2 8E-2 6E-3 3E-1 7E-2 4E-2 3E-2 8E-2 1E-1
Lu 2E-1 3E-2 1E-2 1E-2 2E-2 5E2 2E-2 6E-3 1E-3 1E3 1E-2
Hf <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
(Ta) 1 1 2 1 1 <1 1 1 1 1 <1
Tl 8 7 7 10 4 9 8 7 7 17 443
Pb 52 13 8 11 4 11 3 7 4 5 8
Bi <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Th 6 1 <1 <1 <1 1 <1 1 <1 <1 <1
U 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
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( Unit: ppm )

MI-
72-A
72-B
72-C
72-D
72-E

MI-
74-A
74-B
74-C
74-D
74-E
74-F

MiI-
72-A

72-B
72-C
72-D
72-E

MI-
74-A
74-B
74-C
74-D
74-E
74-F

MiI-
72-A

72-B
72-C
72-D
72-E

MI-
74-A
74-B
74-C
74-D
74-E
74-F

5K ICP-MSHHIZ & ZMI-72 30k O"MI-74 30BHZ 35 F 5 S B (L E Uk GEAL 1 Zppm) . #E5LC
NL7ZICEE, HXREN30% @A TREBEDOILR T, B2EMERT.

Fig.5  Concentrations of minor elements in MI-72 and MI-74 by ICP-MS analysis (unit: ppm). Element shown in
parenthesis is the one of low concentration and with relative analytical error of over 30 %.
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La Ce Pr Nd

0 20 0 50 0 5 0 20 0
MiI-

( Unit: ppm )
Eu Gd Tb Dy
5 0 1 0 5 0 1 0 5

72-A Emmm | Emm
72-B N
72-C

72-D
72-E

o

Mi

74-A B [l =] = 5]

74-B
74-C
74-D
74-E
74-F

willim

milimiim

0.2

72-A
72-B
72-C
72-D
72-E

MI-
74-A
74-B
74-C
74-D
74-E
74-F

EERIR
Fig. 5

MTOFR=ALES>TWBERETIEOIE, dDHIE
EOWREAA L, »OUA T L OIEZELAH 5 IR
HREVER D B EEZL BT T ZYMERDH B, FEIFITH
Feth & M A OENE R L7z, LAL, ZOED
SIHLF IR EHN G L ORRE —FWIZHR 2 Z &3
HTHBH, FREAOFENIZURLCuA, HREIXCr, Fe, Mn
BEN, HOIFEuAHG T2 LM hzs, wih
&R TR DAL & e RFHCHHFE B R S huis
Motz FmLFTLEOFHFOALE T OERIC K BHEN
Wtk X h7zh, FeRNIR X Nz & 5 T @O YL
HEDGEIRETH -7z SRR OLRME, HTHE &
D LA LZRALENEETHAS L, WHOKO>T
FAFE—LNIRGET B, %72, A TOF/ -1
TEAGRHE B, A H A FEL T B K S IZR A 508,
K8 = L ORI & > TIEEEIN ¢, K IROEAKRD

(i)
(Continued)

EOCHHERT DN EAHET 5. AR TEIER L 7
2, & OB AR IR E 2 E BB G- L T
SHEEMEHDDT, £9 Lzl Lid5HOMAE - Haf
METH 5.

4. £EY

AE 8 SR B S PE D 2 D A 7 — L EAGRHZ DWW T,
HOE Z L5 U T2 O ERIR A S 2z L, d0E
L OBRAE MG L7z, ALK TIESIO N EIRTH 5
72, AfimE LCLi, Be, Ga, As, Rb, Cs’ EAE100
ppm, SbiZ¥1,000 ppmDIRE TIHAEL Tz, /2, —
DOMBIHORL 2 GE BT AN E b o
Na, K, Li, Rb, CsD 7L # V) ILHERCa, Sr, BaD T L
A FFLHRE, HFDRELRWREFRERNS Lh o7k
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Table 3 Relationship between fluorescence color and chemical composition.
Sample Observed color* Relative content**
P® Under VIS Under UV Al Fe Mn Mg Be Ga As TI
MI-72-A Brown-Yellow  Violet-Yellow © © O © O O
MI-72-B Brown Brown O
MI-72-C Cream-Yellow  Yellow O
MI-72-D Dark brown Black @) © © 0O
MI-72-E White Blue
MI-74-A Light gray Aguamarine O O O ©
MI-74-B Light gray Greenyellow
MI-74-C White Black-Orange O O
MI-74-D Light gray Blue O
MI-74-E Light yellow Orange O O
MI-74-F Light yellow Greenyellow O ©

*: VIS and UV mean "visible light" and "ultraviolet light", respectively
**: © and O mean "very high" and "high", respectively
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s - Article

BXBEARILE SO RICE 2L ERIETEREE D 5 DR OKRET

WEEE" - AEEA - BAE—'

Yuki Tsunazawa, Sadahisa Sudo and Tetsuichi Takagi (2016) Iron removal from clayey weathered granite
using magnetic separation and classification. Bull. Geol. Surv. Japan, vol.67 (4), p.111-117, 6 figs, 3
tables.

Abstract: Weathered granite has been expected to be an alternative material for potteries. Weathered
granite, known as “Ao-saba” , contains kaolin clay at around 10 % and this kaolin clay can be recovered
by elutriation. However, elutriation residue contains colored minerals like biotite containing iron, which
is not appropriate for raw materials for potteries. To use elutriation residue as raw materials, colored
minerals have to be removed. This study applied classification and magnetic separation to removal of
colored minerals from clayey weathered granite. Classification tests revealed that colored minerals
like biotite were only contained in a smaller grain group of elutriation residue. This result meant that
classification was effective for recovery of a bigger grain group of elutriation residue where colored
minerals did not exist. Then, magnetic separation tests were conducted to remove biotite from a smaller
grain group of elutriation residue. In magnetic separation tests, colored minerals were completely removed
from any size of elutriation residue. Therefore, it was demonstrated that classification and magnetic
separation were an effective method for iron removal from clayey weathered granite.

Keywords: Weathered granite, Law-grade argillite, Classification, Magnetic separation
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Fig. 1 Schematic diagram of rare earth roll separator. 0 A R .
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Table 1 Mass fraction of each element by XRF analysis (mass %).

Si02 TiOz A1203 F6203 MnO MgO CaO NazO KzO P205 LOI*

All grain size 80.87 0.14 992 1.15 0.02 0.17 0.12 038 527 0.01 1.23

*LOI: Loss on ignition (7R &)
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Hadk  SRBFISES 5 XRFHTHGR.

Table 2 Results of XRF analysis for each grain sample (mass %).

SiO, TiO, ALO; Fe;O3 MnO MgO CaO Na,O K,O P,Os LOI*

4 mm - 81.64 0.01 10.27 0.00 0.00 0.04 0.08 055 794 0.01 0.24

2 mm - 4 mm 86.89 0.01 7.32 0.00 0.00 0.04 0.06 037 580 0.01 o0.16

1 mm - 2 mm 87.04 004 6.76 0.17 0.00 0.06 0.06 030 499 0.01 0.25

500 pm - Imm 84.87 0.13 766 092 001 0.14 0.08 025 455 0.01 0.87

250 um - 500 ym | 76.09 0.32 12.60 276 0.04 037 0.15 030 4.66 0.01 2.67

- 250 pm 67.07 0.39 18.05 3.70 0.05 045 038 0.66 3.81 0.02 4.83
*LOI: Loss on ignition (F#ZAJ &)

4 mm - 7 00

I mm - 2 mm

60

500 pm - 1 mm 40

N [ Quartz
Orthoclase
20 ™ M Biotite

Undersize cumulative (%)

250 pm - 500 pm

2250 [] Kaolinite
pm ) .
0 20 40 60 80 100 $4 BRI O S = L.
Ratio of minerals (%) Fig.4  Mineral amount ratio of each grain sample.

All grain size

I mm - 2 mm

500 pm - 1 mm
B Magnetic product

IStpm-500mmf 0

0 o s oo BSR ROTREEO TR,
Mass fraction (%) Fig.5  Mass fraction of magnetic separation product.
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3L WIBHEEM OXRFINTAER.

Table 3 Results of XRF analysis for magnetic separation products (mass %).

SiOz TiOz A1203 F6203 MnO MgO CaO Na20 KzO P205 LOI*

All grain size
Non-magnetic 85.16 0.01 7.86 0.00 0.00 0.03 0.09 0.50 593 0.01 023
Magnetic 48.00 1.15 2647 9.83 0.15 123 030 0.18 3.03 0.02 945

1 mm - 2 mm

Non-magnetic 8224 001 847 0.00 0.00 0.02 0.07 043 6.58 0.01 0.18

Magnetic 4238 1.73 26.18 1327 022 170 028 0.00 3.45 0.01 9.87
500 pm - Imm

Non-magnetic 87.55 0.01 6.69 0.00 000 0.03 0.06 029 521 001 0.17

Magnetic 43.19 1.54 2748 1242 020 1.57 027 0.00 3.18 0.02 10.13

250 pm - 500 pm
Non-magnetic 88.02 0.01 6.61 0.00 0.00 0.03 0.12 038 4.80 0.01 0.29
Magnetic 4435 129 27.80 11.05 0.17 138 026 0.02 289 0.02 10.57

*LOI: Loss on ignition (382 )

7
Non-mag Non-mag //
%
Mag Mag
All grain size -
8 500 um - 1 mm & Quartz
0 20 40 60 80 100 0 20 40 60 80 100
Orthoclase
Ratio of minerals (%) Ratio of minerals (%)
M Biotite
[ Kaolinite

_

&\

Mag Mag
I mm - 2 mm 250 pm - 500 um
0 20 40 60 80 100 0 20 40 60 80 100
Ratio of minerals (%) Ratio of minerals (%)

H6 T ESLFEMI O SR D L. Feed: 7 4 — F ik}, Non-mag: Non-magnetic product (JE##41) , Mag: Magnetic product (f%;
E=¢7))

Fig. 6 Mineral amount ratio of magnetic separation product. Feed : Feed product, Non-mag : Non-magnetic product, Mag : Magnetic product.
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Atsushi Noda and Toshiyuki Kurihara (2016) Late Cretaceous radiolarian assemblages obtained from the
Izumi Group in the Kan-onji district, eastern Shikoku, Japan. Bull. Geol. Surv. Japan, vol.67 (4), p.119—

131, 1 figure, 2 tables, 3 plates.

Abstract: Radiolarian fossil analyses were conducted to determine the depositional age of the Izumi
Group, eastern Shikoku. Fourteen of total 19 samples yielded radiolarian fossils. Most samples contain
Dictyomitra koslovae and Amphipyndax tylotus, and do not include Clathrocyclas tintinnaeformis,
Mpyllocercion acineton, or Clathrocyclas gravis. Those assemblages can be correlated with the
Amphipyndax tylotus assemblage zone of Yamasaki (1987), the Amphipyndax tylotus interval zone of
Hollis and Kimura (2001), and the Archaeodictyomitra lamellicostata zone of Hashimoto et al. (2015).
Therefore, the depositional age of the [zumi Group in this district is estimated to be early Late Campanian,

Late Cretaceous.

Keywords: radiolaria, biostratigraphy, marine, mudstone, Cretaceous, Campanian, Takikubo Formation,

[zumi Group, Shikoku

® F

PO 5.0 B 5 1= 538 % IR RE A & BRI L
7eE IS DT AR T 2 17 - 72, A 19508 2 AL
LS55, 1450600 5t th 257 £ < Ok
M Dictyomitra koslovae R° Amphipyndax tylotus % & 5 & [dl
I#1Z, Clathrocyclas tintinnaeformis, Myllocercion acineton,
Clathrocyclas gravis%x & kW2 &2 6, (L#(1987) D
Amphipyndax tylotus T35 (ATHE#47), Hollis and Kimura
(2001) D Amphipyndax tylotus Wb (At BbgEAE) KO
Hashimoto et al. (2015) D Archaeodictyomitra lamellicostata
WA ICHIBT 5. 2OZenb, KittgiZEi) %
FURRERF O HERAEUI BRI S O %I 3= 7 ]
DHIHEHEE SN 5.

1. FUCBHIC

VU 2 &R R B IS 200 T 5 iR o FLR
JEREIIETRS & R & T 2 PRI~ TR R T b
D, 7VEFAL MRA VT L2 EEDRILAIZL S
THIFEHOVHMERE R T L SN T3 (Fl2E, H
B, 1973 B - KB, 1984). L2 L, KEULAGDE
SRR R O AL O 3 Ak IS > Tk b, i

DR %18 B FEMITIED 0 (BOR - 1A, 1984).
Y] ] 558 0D R I 1 1R V8 o S B 8 S b b R
HOBMIEARE N T D, HERMEREREDT 5K
BYE A2 ER L T Wk Th 5 Z &2 5, FEiH
b mirid R RO EICEI A FBRE LS. TUE
HEB ORISR JE R I F B g b 53 i L (1987)
K> Hashimoto et al. (2015) 12 & > TREIZHE ST 528,
BRI 5 1 B 0 B3 2 < . Ao
Hig, #E sk o R 5 BEH U - e b A
EWET A E L I, BEAOBERICAEEER & iU,
WRTEROWEIZET ST — 22k T562LTh 5.
(L (1987) 13 U [E] Ko OF R 55 W 0 0 J6 U 2 TSR
DO BB AEEE 2 MG L, T 17 & D Dictyomitra
koslovae (DK) FEEE «+ Amphipyndax tylotus (AT) FEHHT -
Pseudotheocampe abschnitta (PA) #E &4 2 IE2MH L /2. AT
WESENT X, Amphipyndax pseudoconulus (LL1IF, 1987 Tid
Amphipyndax enesseffi) O A. tylotus DHIRE H EHET R
MEIE XN, D. koslovae DA% PEH G UET FIR S HLE &
NTWB. FFZA plotus DYIFEH EHEL, EEAH 3=
7 Y FEO RN T & U CEBSSIc A Ak gie L 2T
5 (Foreman, 1977, 1978 ; Sanfilipo and Riedel, 1985 ;
(L, 1987 5 774y, 19955 /NIE A, 2011). PARFH
1%, P abschnitta/?d % ¢ L, D. koslovae 4= < BEH ¥4,

' PEEHATR AT B AR S €Y 4 — HEREHIIZEEM (AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation)
P WHEREERERE EARRENIZERT (Graduate School of Science and Technology, Niigata University)
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Dictyomitra duodecimcostata® 1T & A EFEH L S
5.

Hollis and Kimura (2001) {3 HA® L5 iR ot
Fiir 2B U, A wlotus DYIPE W FEHEIZ T TR A, D.
koslovae DIcF%PE H B UE T FIRAVE TR & N B Amphipyndax
tylotus [EIBgr (At[BIFEAY) 2 $20E L 72, % & 13 AR & B
HVR=T VRIS L Th B,

% T, Hashimoto et al. (2015) 13 DY [E P4 K 2> & F {72
B2 T OFR G HE O B LA B 2 ARG L,
(LIl (1987) O ATHEEA % N7 & Archaeodictyomitra
lamellicostata i + Clathrocyclas tintinnaeformis i + Stichomitra
cechena Il 5y U7z, 2D 5 5B, Archaeodictyomitra
lamellicostatar (A1) 1%, Z D FR % Amphipyndax
pseudoconulus, Amphipyndax tylotus, P. abschnitta ®
HBlEHE L U, LRR % Clathrocyclas tintinnaeformis &
Cryptamphorella conara O Bl L L=, 7 v €+
A MEAOEREREE OX 2 6, Zh b Oftfimrid
ThR& %My vos=7 Yoyl - %Blh =7
VOB - A v =T Y HloBE TS
(Hashimoto et al., 2015). % 7=, F BR % Myllocercion
acineton, Theocampe daseia & X Lithomelissa. heros D 1]
PE NS TR T8 & LB Myllocercion acinetoniy (Maiir © 1
"l Vo= 7 VH) AFGEL, (L (1987) DPAREHEF
D TFIZED T T 5.

AR Mtk D 1SR R AL 0 5 T H R (11 A AE 5 4
EAEAITHE D A KON O _ N OE BRI E VEE)
B OFEHMOMAGRNE (ales AEEe Fhe L, HER
BEIKS & &10) 2 5 MR &5 (Yamasaki, 1986 5 FA
(E2°, 2002).

2. AMrE

Ak 12 53413 B AL O 5 1 HH kg B OS5 AH 0 i AR
Jig (B A2, 2002) 20 5 229 B &2 4RILL, 2D B
19 BHZ DWW T 247 5 72, 43#F L 2250 0 BREUN.
BEBLEEHEZEIRKES RIRT. RECREA oML
L, HAEEARKICEOES L%, K- —IC
BUA 5 %D 7 o (L KRMBIENL % W57z L 1020 IR FERE
BLE B2 KELELSHOMEGBumD AT VL
2 T, RERR A IS A EEA 3D L
To7z. RERE S 2 —H—I12BL, =4/ -
WZTCHRE L2z, 20k, 20 —=v o Rty - B
¥ 2%) D 72 0 IZIRA R (NaCl:HNO,:H,0 = 1:1:1) % = Il
Z, 10-3057MIZ B Lz, ML 7280 I3k ik sk, ik
S, FERPAMET T TR bA ORI AR L 72, X
B AL, v v MCHEE CSEMBISE & BIE R
TV, AlEEZA & O b AfEZ FE L7z DL ROk
LR O & EEIENPOEAY A 70D 2 7 b FTER
fio7z. &k, BRERMEGOEZERLZ1450HZD 0T

X, WEHERS ¥ v o2 — B A R 6 (GS)
R109138-R109151) 47> T\ 5.

3. ¥R

A19RB A TFEL 725 5, 148 6 ok b G %
BEZENTEREE2£). LT, {bABER L= 143
BHZ DWW 5.

ID 26 [GSJ R109144]

A2 5 1%, D. koslovae, Dictyomitra multicostata,
Dictyomitra urakawensis, Amphipyndax tylotus, Amphipyndax
sp., Amphipternis stocki (1L, 1987, Hollis and Kumura,
2001 & O° Hashimoto et al., 2015 Amphipyndax stocki.
O’Dogherty et al., 200912 & > TR BE T S h7z),
Stichomitra spp., Pseudoaulophacus cf. floresensis }x UF
Archaeospongoprunum hueyi Group 28 15 & #1 7z (K W 1).
IO TY, FFIZD. koslovae & A. tylotus D
PE I HE D r L, 1l (1987) O AT #E 4 4%, Hollis and
Kimura (2001) @ At [ B4, Hashimoto er al. (2015) D Al
WY 5.

ID 60 [GSJ R109145]

K2 & 153 5 Nz s, B D0 0o,
Archaeodictyomitra sp., Amphipternis stocki, Stichomitra
sp. & U drchaeospongoprunum hueyi Gr.73al7E & 117z (KR
1.

A TN BRE T & 2 MU HERE T X Ao o 7243,
Hollis and Kimura (2001) % Dk [ b i £ (Dk2 = 77 >3
=7 V) O TFRROEFIZH TV B A hueyi Gr. HSPEH
LTWn3.

ID 178 [GSJ R109140]

AKilBt A 513, D. koslovae, D. multicostata, Dictyomitra
sp., Archaeodictyomitra sp., Amphipyndax pseudoconulus,
Amphipyndax tylotus, Amphipyndax spp., Amphipternis
stocki, Stichomitra spp., Afens liriodes }xU° L. heros h*43 5
iz (K1)

AR ORI, D. koslovae, A. pseudoconulus, A.
tlotus G EN5B Z &h 6, [ (1987) D AT #f 47,
Hollis and Kimura (2001) O At[#Fg4#, Hashimoto et al.
(2015) DAHIZHN § 5.

ID 193 [GSJ R109141]

Ak A 513, Dictyomitra formosa, D. aff. koslovae,
D. multicostata, Archaeodictyomitra sp., Amphipyndax cf.
tylotus, Amphipyndax sp., Amphipternis stocki, Stichomitra
asymbatos, Stichomitra spp., P. floresensis, Alievium

gallowayi L OF Archaeospongoprunum hueyi Gr. 3 5 5 .7z
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%1 FAOBHERHO s O AT X, AR 2 EE I U 7 i & BT, EE L 0 o 72 iRl &
XEITR L7z, ORI, E O 51358 1 £ & 2. JAu3 L (1987) & Hashimoto
et al. (2015) DFBHRHB R & Z OB F T 289, BIERTHAZE 255501
(S IR O, FUREEE AR D A 20 F3D 1Y — 2L 2 HE X (PRI A
WA E AR A £ v 4 —, 2015 12K B HMEMEZRL Th 5. HirOEERIZHPE
B & A v (GHEEEIX) & DL U TR

Figure 1 Locality map of samples. Solid circles and crossed (X) marks indicate samples yielded
radiolarian fossils or not, respectively. Numbers of sampling localies are shown in Table 1.
Open circles with numbers show localities reported by Yamasaki (1987) and Hashimoto et al.
(2015). Area of the Kan-onji district is bounded by thick lines. Geology of the Izumi Group is
based on the Seamless digital geological map of Japan, 1:200,000 (Gelogical Survey of Japan,

AIST, 2015). Background topograpy is modifed from the colored relief map of GSI (Geospatial
Information Authority of Japan) Tile data.
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B1E A AT 5 72RO RS SATE, HUE - R I RR.

Table I Numbers and localities of samples analyzed in this study. Longitude and latitude are based on WGS84.

ID Sample no. Longitude Latitude Lithology GSJ Reg. No. Plate No.

13 20091208-07a 133.7199697  34.0931413 Mudstone

26 20091209-02a 133.7083663  34.0509607 Sandy mudstone GSJ R109144 1

53 20091209-13a  133.7096902  34.0451025 Sandy mudstone

60 20091209-15a  133.7100548  34.0440089 Tuffaceous mudstone  GSJ R109145 1
178 20091212-15a 133.6134364  34.0371008 Mudstone GSJR109140 1
193 20091213-02a 133.6414023  34.0468902 Mudstone GSJR109141 1
251 20091214-06a 133.6821404  34.0393343 Mudstone GSJ R109143 2
285 20091214-25a 133.6274947  34.0389693 Mudstone GSJR109142 2
421 20091218-06a 133.7043948  34.0820416 Siliceous mudstone

754 20100225-03a  133.7492313  34.0753198 Mudstone GSJR109138 2
1085 20100302-11a 133.7071327  34.0534093 Siliceous mudstone
3039 20110302-08a 133.7423808  34.0568061 Mudstone GSJR109149 2
3077 20110302-23a 133.7481318  34.0676377 Mudstone GSJ R109139 2
3105 20110303-13a 133.7311787  34.0515153 Mudstone GSJ R109146 3
3286 20110306-10a 133.6737184  34.0118643 Mudstone GSJR109147 3
3313 20110308-06a 133.7179413  34.0236969 Mudstone GSJR109150 3
3342 20110309-03a 133.6926146  34.0216597 Mudstone GSJR109148 3
3385 20110310-02a 133.7514833  34.0499859 Mudstone GSJR109151 3
3436 20110310-28a 133.7470511  34.0370314 Mudstone

(XA 1). WE L, TOEREZMH A, SRS =7 VL LT

AREED 513 D. aff. koslovae & A. cf. tylotus 7 1 A<
DIFENTWB D, RIFNHEN DI 2 RN PR E
252 L3 L.

ID 251 [GSJ R109143]
AR 513, D. koslovae, D. multicostata, Amphipyndax

tylotus, Amphipternis stocki, S. asymbatos, Stichomitra spp.,
Pseudoaulophacus lenticulatus . U8 Archaeospongoprunum
hueyi Gr. 235 6 17z (KR 2) .

IN6EDH B, FIID. koslovae & A. tylotus HEEHT 5
Z&h o, (i (1987) O AT #f#:417, Hollis and Kimura
(2001) @ At B4, Hashimoto ef al. (2015) O Al #i# (=
49 5.

ID 285 [GSJ R109142]

AR 513, D. koslovae, D. multicostata, Dictyomitra
densicostata, Archaeodictyomitra squinaboli, Amphipternis
stocki, Amphipyndax spp., Stichomitra spp., Theocampe
altamontensis L U° L. heros 735 6 17z (X 2) .

Ih o OfE, il (1987) 12k > TDK RIS
XagEhzilB» s 2HE SN TS, 5
Amphipyndax JFDTRNEE 2GS U 72H, A. pseudoconulus
R A. tylotus \IHERE S N > 72, BPHIE A (2010) TIXHT
JeE et 358 0D I SR RG> © ARGURE & [RIRR D RFEE %

W3,

ID 754 [GSJ R109138]

KB 612, D. koslovae, D. multicostata, Archaeodictyomitra
sp., Amphipyndax pseudoconulus, Amphipyndax tylotus,
Amphipyndax sp., Amphipternis stocki, S. asymbatos,
Stichomitra spp., L. heros, Alievium gallowayi & T
Archaeospongoprunum hueyi Gr. 735 6 1.7z (X 2) .

KRB DO FEHENZ 1L D. koslovae, A. pseudoconulus, A.
tlotus N EEN 3 Z & h 6, (LI (1987) D AT B,
Hollis and Kimura (2001) ® At &P+, Hashimoto et
al. (2015) D Al IZHY§ 5.

ID 3039 [GSJ R109149]

AR 51X, D. multicostata, Archaeodictyomitra sp.,
Amphipyndax tylotus, Amphipyndax sp., Amphipternis
stocki, Stichomitra spp., Rhopalosyringium sp., L. heros,
Lithomelissa amazon, Cornutella sp. 7315 & 1.7z (KIFR2).

AR DOFEENL, A tvlotus & & AP abschnitta % & %
BT & (fid) 2 5, 1l (1987) O AT #f 44, Hollis
and Kimura (2001) @ At [# b %7, Hashimoto et al. (2015)
DAICHYT 2 EEA 5N 5. L heros IZD W T,
ARFFIZAmR D CIRE L L. amazon SRTH A v oS =7 v HIZ
FEHLTWAZ 5, ZOHAHN 29 B IZMETD
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Table 2 Radiolarian occurrences in this study. Sample numbers correspond to those in Figure 1 and Table 1.

Formation Hiketa

Takikubo

ID 754 3077 178 193

T

285 251 26 60" 3105 3286 3342 3039 3313 3385

Specific name

Alievium gallowayi (White)

Amphipyndax pseudoconulus (Pessagno)
Amphipyndax tylotus Foreman

Amphipyndax cf. tylotus Foreman
Amphipyndax aff. tylotus Foreman
Amphipyndax spp.

Amphipternis stocki (Campbell and Clark)
Amphipternis cf. stocki (Campbell and Clark)
Archaeodictyomitra squinaboli Pessagno
Archaeodictyomitra spp.
Archaeospongoprunum hueyi Pessagno Group
Dictyomitra koslovae Foreman

Dictyomitra aff. koslovae Foreman
Dictyomitra multicostata Zittel

Dictyomitra formosa Squinabol

Dictyomitra densicostata Pessagno
Dictyomitra urakawensis Taketani
Dictyomitra spp.

Lithomelissa heros Campbell and Clark
Lithomelissa amazon Foreman

Stichomitra asymbatos Foreman

Stichomitra spp.

Afens liriodes Riedel and Sanfilippo
Pseudoaulophacus floresensis Pessagno
Pseudoaulophacus cf. floresensis Pessagno
Pseudoaulophacus lenticulatus (White)
Pseudotheocampe abschnitta Empson-Morin
Theocampe altamontensis (Campbell and Clark)
Rhopalosyringium spp.

Cornutella sp.

f Samples yielded small numbers of radiolarian fossils

KW DB, FEHE S, L heros DYIFEN & Bl y v
ST VLT A5 O R A SR T EE ISR S X
FLDEHEATVWS., KoT, METIE, AMEOEN %
& - T Hashimoto et al. (2015) D Ma w2 xttb4 % Z &1
b,

ID 3077 [GSJ R109139]
Ak A 513,
Archaeodictyomitra sp., Amphipyndax aff. tylotus,

D. aff. koslovae, D. multicostata,

Amphipternis stocki, S. asymbatos JZ U Stichomitra sp.
Foh7e (Khk2).

AR DOBEEIZIZ D. koslovae R A. tlotus | ZAW 7= FEA &
EFNTWD 2, BEEXTORM %GR 2 2 L I3 L.

ID 3105 [GSJ R109146]

KGRI 51X, D. multicostata, Archaeodictyomitra sp.,
Amphipyndax tylotus, Amphipternis stocki, Stichomitra
spp., P. abschnitta, Rhopalosyringium sp., L. heros, Afens
liriodes, Alievium gallowayi ¢ OF Archaeospongoprunum
hueyi Gr. 2343 5 172 (X1 3) .

AARBHZ B W THERPR T ITH R T IX A tylotus & P
abschnitta T®» 5. 7275 L, P abschnittad b3 »—fk
WHERE NZ=DARTH % 728, 1L (1987) O PA B

OFFEIZIZ Y TIEE 5 50, HEORE 2 513, (Ll
(1987) D ATEEEEMF, Hollis and Kimura (2001) @ At [ 5
¥, Hashimoto et al. (2015) D Al IS T B & E X 5
nab.

ID 3286 [GSJ R109147]

AEB 2 51X, D. multicostata, Archaeodictyomitra spp.,
Amphipyndax tylotus, Amphipternis stocki, S. asymbatos,
Stichomitra spp., T. altamontensis, Rhopalosyringium sp., L.
heros LU Cornutella sp. 735 & 417z (IXIFR 3) .

ATl A lotus S ENT WS D, P abschnitta 13
MERTE R o7 XoT, 1§ (1987) D AT #E 44,
Hollis and Kimura (2001) ® At [#k@4, Hashimoto ef al.
(2015) D AlFIZHN T2 L EZO5N 5.

ID 3313 [GSJ R109150]

AEREE2 61X, D. multicostata, Dictyomitra sp.,
Archaeodictyomitra sp., Amphipyndax tylotus, Amphipternis
stocki, Stichomitra sp. U Archaeospongoprunum hueyi
Gr. 2835 7= (XK 3).

AFABHT 4. tylotus 3FERY U, P abschnitta B A pEH T
H %78, 1L (1987) O AT 44, Hollis and Kimura
(2001) D At [k 47, Hashimoto er al. (2015) DAl HFIZHH
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HTHLELLND.

1D3342 [GSJ R109148]

AE 2 5153 6 Nz i, kR Bs S u <, B
Honr & RIS BRE T & 2 MU HERR T & b o 72 D.
multicostata, Dictyomitra sp. XU Stichomitra sp. 73 [A]7E &
T3 (Xh3).

1D 3385 [GSJ R109151]

KR & 15 6 N7z AU, D, multicostata, A. cf.
stocki, L. herosT®» 5 (XIfR3). 15567z lhErnd i<,
HEET 2 RPN PRE © % ATRISEE T E ah o 72,

4. £&O

DEDZ &5, ARHIRIZH T 5 IR RO R EL
dAb B E, L (1987) @ AT BF 4 4 (T R 13 4.
pseudoconulus & A. tylotus D BEHE FRRIZ D. koslovae
D F&pE A FEUE) | Hollis and Kimura (2001) D At [8 b4
(NRRIZ A. tylotus D BLEUE ERRIE D. koslovae D ieh%
7% i & ME) % U Hashimoto et al. (2015) O Al## (FBRIZ 4.
pseudoconulus, A. tylotus, P. abschnitta D\ Bifg4E,  FR
I& Clathrocyclas tintinnaeformis & Cryptamphorella conara
O W BLREHE) 12X 57 E b, Hashimoto et al. (2015) 1 &
g, Al ORISR A ORI 7 v 3 =7 Y D
i E S b,
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Plate 1 =~ SEM images of Campanian radiolarians from the Izumi Group in the Kan-onji district.

ID 26

1: Dictyomitra koslovae Foreman

2: Dictyomitra multicostata Zittel

3: Dictyomitra urakawensis Taketani

4, 5: Amphipyndax tylotus Foreman

6: Amphipternis stocki (Campbell and Clark)
7: Stichomitra sp.

8: Pseudoaulophacus cf. floresensis Pessagno

9: Archaeospongoprunum hueyi Pessagno Group

ID 60

10: Archaeodictyomitra sp.

11: Amphipternis stocki (Campbell and Clark)
12: Stichomitra sp.

13: Archaeospongoprunum hueyi Pessagno Group

ID 178

14: Dictyomitra koslovae Foreman

15: Dictyomitra multicostata Zittel

16: Amphipyndax pseudoconulus (Pessagno)
17: Amphipyndax tylotus Foreman

18: Amphipternis stocki (Campbell and Clark)
19: Stichomitra sp.

ID 193

20: Dictyomitra formosa Squinabol
21: Dictyomitra aff. koslovae Foreman
22: Dictyomitra multicostata Zittel

23: Archaeodictyomitra sp.

24: Amphipyndax cf. tylotus Foreman

25: Stichomitra asymbatos Foreman
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Plate2 ~ SEM images of Campanian radiolarians from the Izumi Group in the Kan-onji district.

ID 251

1: Dictyomitra koslovae Foreman

2: Dictyomitra multicostata Zittel

3: Amphipyndax tylotus Foreman

4: Amphipternis stocki (Campbell and Clark)

5: Stichomitra sp.

6: Pseudoaulophacus lenticulatus (White)

7: Archaeospongoprunum hueyi Pessagno Group

ID 285

8: Dictyomitra koslovae Foreman

9: Dictyomitra multicostata Zittel

10: Dictyomitra densicostata Pessagno

11: Archaeodictyomitra squinaboli Pessagno

12: Theocampe altamontensis (Campbell and Clark)

ID 754

13: Dictyomitra koslovae Foreman

14: Dictyomitra multicostata Zittel

15: Amphipyndax pseudoconulus (Pessagno)
16: Amphipyndax tylotus Foreman

ID 3039

17: Dictyomitra multicostata Zittel

18: Archaeodictyomitra sp.

19, 20: Amphipyndax tylotus Foreman

21: Rhopalosyringium sp.

22: Lithomelissa heros Campbell and Clark

23: Lithomelissa amazon Foreman

ID 3077

24: Dictyomitra aff. koslovae Foreman
25: Dictyomitra multicostata Zittel

26: Amphipyndax aff. tylotus Foreman
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Plate3 ~ SEM images of Campanian radiolarians from the Izumi Group in the Kan-onji district.

ID 3105

1: Dictyomitra multicostata Zittel

2, 3: Amphipyndax tylotus Foreman

4: Stichomitra sp.

5: Pseudotheocampe abschnitta Empson-Morin
6: Afens liriodes Riedel and Sanfilippo

7: Lithomelissa heros Campbell and Clark

8: Alievium gallowayi (White)

ID 3286

9, 10: Dictyomitra multicostata Zittel

11: Archaeodictyomitra sp.

12: Archaeodictyomitra sp.

13: Amphipyndax tylotus Foreman

14: Stichomitra sp.

15: Theocampe altamontensis (Campbell and Clark)
16: Lithomelissa heros Campbell and Clark

17: Rhopalosyringium sp.

18: Cornutella sp.

ID 3313

19: Dictyomitra multicostata Zittel
20, 21: Amphipyndax tylotus Foreman
22: Stichomitra sp.

ID 3342
23: Dictyomitra multicostata Zittel
24: Stichomitra sp.

ID 3385

25: Dictyomitra multicostata Zittel

26: Amphipternis cf. stocki (Campbell and Clark)
27: Lithomelissa heros Campbell and Clark
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