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Cover photograph
Mt. Oritsume-dake in the Ichinohe—-Kunohe area

Jurassic accretionary complexes consisting of basalt, limestone, chert, mudstone, sandstone, etc. are
widely exposed in the region called the North Kitakami Belt. In the Ichinohe—-Kunohe area (northeastern
lwate Prefecture), located in its northern part, they are stratigraphically divided into four formations: the
Takayashiki, Seki, Kassenba and Kuzumaki in ascending order. Mt. Oritsume-dake in the back of the
photo, whose ridge runs from north to south, consists of pelitic mixed rock facies including blocks of
basalt, limestone, chert and sandstone (Kuzumaki Formation). In contrast, the peneplain in the front with
flat-topped low mountains is underlain by coherent rock facies of chert, mudstone and sandstone (Seki
and Kassenba formations). Their geological age differs significantly as well as their lithological features:
the Kuzumaki Formation ranges from Toarcian age to Bathonian age (Early to Middle Jurassic), while
the Seki and Kassenba formations are assigned to Oxfordian—-Kimmeridgian age and Kimmeridgian age
(Late Jurassic), respectively.

(Photograph and Caption by Satoshi Nakae)
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Yutaka Kanai and Yoshio Inouchi (2016) Sedimentation rate and sedimentary environment during the past
100 years in Lake Biwa, Shiga Prefecture, central Japan. Bull. Geol. Surv. Japan, vol.67 (3), p.67-80, 12
figs, 5 tables.

Abstract: Two core samples were taken from the northern basin of Lake Biwa in 2001 and 2014, and their
sedimentation rates were determined using Pb-210 and Cs-137 methods. One of the sampling locations is
off Imazu, near the deepest bottom of the lake and the other is off Takashima, shallower bottom like top
of saddle. The average sedimentation rates were about 0.1 g/cm”/y (0.1—0.3 cm/y), which are within the
range of conventional reports, although that of the former was a little higher than that of the latter. As for
the core taken near the deepest bottom of the lake, much sediment with excess Pb-210 deposited before
1960s, suggesting that they were supplied by flood and turbidity current. They are assumed to be caused
by the seismic turbidites in 1981 and 1963 and the heavy rains and floods in1896, 1917, 1950s and 1960s.
On the other hand, surface sediment of the core taken at off Takashima showed the variation of water
content and Pb-210 concentration, which are ascribed to the disturbance and mixing by surface biota and/

or human activities.

Keywords: Lake Biwa, sedimentary environment, sedimentation rate, core, Pb-210, Cs-137
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EWILH oG BOREER IR WS, KoL o
WM 5y E NSO IEIETH FIBISHY 4 5 @R T,
ZNZ 200149 L2014 ICREHELZT-72. A6 h
723 7 % W T Pb-210 A K O Cs-137 3512 & % HERGH
R, HERGHEE OEERMEOHRIRE &2 #H /- 2
DFEER, TEHERGRE X REER IS 3 7 04 »
bEPIZRKENBOD, $0.1g/cm¥y, 0.1-0.3cm/yD
A5, PERIEEN CTHIE & N7 HERDE S O HiPH N
Tdh-7e.

IREREBISIE WS E#IR O T 7 T, 1960 AR LT O HEFE
N2 < O\FE Pob210 83 FR S TH 0, WAKHERY
PMEFIEEEOMENE Y — 44 PR EICEDZLD
R Ph-210 MG S h - L HEI S 7z, Zhig, 18914F,
19634 DM EME # — ¥ 4 4 kR 18964F, 19174F D k5%
R 1950 41X, 1960 41X D KBS 22 dhA IR+ 5 &
EZONIZHBMNAME SN 2720 Th Y, BHELD D
HERORE S K E o i & h 5.

—J5, WEBOIEIFTE LIS Y 5 E R CHRELL 72
a7 OEEEIZ, BAKERLPL-210RIE L EICEFNR S

, KETOBEREEMIC X 2 AP AT 2 RE 5 &5
AREMED —D & X Bz,

1. 3UBHIC

WA IR D %75 A & OHEREY S H G & ik
BLTW30DT, ZOEEZREHERMOBMEATRL
INENRERU LU TH 5 2 73RO EFE OB
WAL WA LI —F—LARETIENTES. £
DL - FEMREIFS LHEREMAT 57-0121F, HERE
a7 ORMBEED ITEHT, F4 53R %
DPb-210 ° N LHGHERAED Cs-137 R E 2 FIHL T, H
NS DI I J6 1 2 HERGEE OYE % 170, £ OHERESR
Biamal L CxzWlAE, &JF - JFM, 2004 5 &IFI1F
7, 1995, 1997, 1998a, 1998b, 2000, 2002 ; {4 ¥FIE A,
2000).

FEEWNL, WIRiRE670.25km®, R AKE103.8mE A
3 HAIZ I 1) % e KO W T (18 P Epe, 2015), wE R
DIFEDR1/6 % Hd T\ 5. FEEWHIRAE LM & B
2o 6h, EREIMIZ K E Adiicx L, mEdh &<
ERECAHEA TS, FBURUAHI R L Tz e g

PRI AT B EERA £ Y &4 — MWEERIFZEERM (AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation)

? BURRHH 22 ARIFRZ244iB¢ (Waseda University, Faculty of Human Sciences)
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ZZoN(MIEA, 2002), ZD7-%, FEEHIZBT S
I P fThh TE 7%,

FHH O IFEEH O O 5H#h & SIS T a 7 & R
THZENTES Zho0hig, migixdbiodess
WAL T 2 IR AR T, B IFALH oM ERICiiE L
WROMOMEL D IZXDO DB TH 5. 22T, &
WOREDEA B 2 i THRINE Nz 2 DOERE I T D
HEREGHE 2 JI7E U, K OHERBREE O HERGHE S D458 %
BET L7720, ZOMRIZOVTHRET 3.

2. B thEE

AR L 222 KDHERa 7D S B, —D (a7
A) 122001 4F-6 H 21 H i 5 #tb Gl s A - 5% 136 8 07 47
S7TRb, JLME35EE23457 418, AKEIZH m) THA-A
TRESXRER EAR - KT, 1979)% WO TERELL 7=
EDTHD (4 Vv F—F2—TDONE6 cm). WiFEDAT
JU, HEOM - REFNCPRE 2z i T, wmERiss
W TH B, 25 —D0a7 (2 7B)IE, EE(h
B HAR136/4035513.45F), L35 1457 42.33 1,
m%ﬁ%%@§%y¢7HmHKﬁWLtéﬂf%a
RO &S] 7 2 OPESICME L Tl D,
TERNIZACH O W% A — 0 M HRBOIRITTH ESIC &
725 (GFA, 1987). 2 7BIX, NI KOEE SRR
BEHOWTHRRLZ (A v F —F 2 — 7ONEIE11em).
I o OFPE A5 1 KSR T.

IT7AFEERNTIcomTH 528, TD S 5 Pb-210ED
WAL Bbh b Efi3sem % TEARFEOIRE L
7z, BRJERR A ML 22 BRICHIIZEI L 2272102, T &K
D1, 2emA AL AREMEIE S ETE RV, LA L,
R TIZ a 7 OERICEZE > 2Rud R e his - 7=,
—7%, AT7BIEFKROFTCENAORIEHAFHAL 72729
PEEPNI9cmL 2R o a7, I T7IEHEHEY
L NER L2 6 2 B8, RIS B 2 fibihg <0 g 13 B ¢
Ehihrorz. TH6IIFIL TWERWZY, I 7 EREUE
ORBOELIE RV DEEZEZ NS, ZhH6DaTIE,
a7 AFBMT, I 7BIXFEBRE Tos5emkEIZ AL,
Vi & R A L TR AR L .
RN B L, T VB2 2 ) 2 —F vy
T EE B IR AR sga AL 1 » A
BEHE U CRa-226, Rn-222, Pb-214 DOFEHEM T st
2 5 D &FH, Pb-210, Pb-214, Cs-137, K-40 D
TR A Ml L 72 (W Z0F, €FHES, 1995, 1997).
BAHERE X, &Ny 225 % v RO KIEIORTEC
B R OV 2 = 2 SRR Y B (GWL-140230-S
K U'GWL-120-16-LB-AWT-HJ-S) # i\ C, 2V ¥ 21—
A il f £ 72 SEIKO EG&GHEHZA XY | T A~ A 4 —
92X 7 B TNIZMCAT600 T 7 — 2 W A 17 > 72, il i
MizbbEZ1~30RTH 2. BHHEO S HARIE D

FRHEEUh S (MO @~ — 27 (V).
HBRBEHEIX] (http://maps.gsi.go.jp/?z=4&11=35.
99989,138.75#10/35.245619/136.054688) % F| i
L CTfEMI.

Figl  Map showing sampling location(" @™
in the figure). It is prepared by using
GSI Maps (http://maps.gsi.go.jp/?z=4&
11=35.99989,138.75#10/35.245619/136.054688)

BT UL, 46.5 keV (Pb-210), 352 keV (Pb-214), 661.6
keV (Cs-137), 1461 keV (K-40) D y # & L, Udia
(v F 7Ly R) oL - e itrt & o ikt
ERmAET -7 BHALZERE TCORERNOE I
o THRHESIENRENT Z2DT, ThZThOY— 25
VRS X K AL & 1T - 72 (8, 1993).

3. BREEE

3.1 T7AILBITIEXRERUKEREDREZI

200LAEICHRIN L 72 2 T AD Gk - HARILAE S 1 R K
2SR L7z, 22T L2EKRED, HHIL 7R
BOEERICNT 2 KpEEO#HIAERL, AL
BEREICNT 2 KGEROEAEZEDHE (%) TRLE
EDTHD. MHFXELLLMECEDERTA, HAHE
(a NI HNEAKE (B) D A % il T % 2580 &
3. k¥, AOEENUCLUTHKT 5L, mHEOMIC
d a=p8/1+B), B=all-a) DBRYEHZ. 52
XzR5E, GARRZERE,SZWMIZIKTL, HWE6.0
cm T—HIZE E 0, HIZ16.0 cmE TEWIZIKT L,
ZORBEYRHZLDDIEIT —EDHEZRL T3,
EISERE D & WAL > TIEBOMRTHRA LT
EIE—E L & BN D 5 H, RakkTlL6.0 cm=16.0
em i # T & A DR 73 OZE B R BRI AL & - 7=
R MEE S h B,

—7J7, Pb-210, Pb-214, Cs-137, K-407c & O s
BOERMEEF 2RI L. 77, Pb-210, Pb-214,
K (K-407%* 5 G15L), K U'Pb-210 & Pb-214 7> 55151 L 72
] Pb-210 ([#F Pb-210] = [Pb-210] - [Pb-214]) DIFEEZE
LA IRNIRL 72, 53K (2 OB OHEE X R <
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Table I Water contents of core A taken from Lake Biwa in 2001.
Depth Water content Depth Water content Depth Water content Depth Water content
No. No. No. No
(cm) a B (cm) a B (cm) a B (cm) a B
1 00-05 068 215 41 200 - 205 058 139 81 400 - 405 056 127 121 600 - 605 057 134
2 05-10 067 1.99 42 205 -210 059 141 82 405 - 410 057 134 122 605 - 61.0 058 141
3 10-15 066 1.93 43 210 - 215 058 140 83 410 - 415 058 137 123 610 - 615 059 143
4 15-20 0.64 1.80 44 215 -220 057 135 84 415 - 420 057 134 124 615 - 620 059 144
5 20-25 063 171 45 220 -225 058 138 85 420 - 425 057 133 125 620 - 625 060 149
6 25-30 062 162 46 225 -230 058 139 86 425 -430 058 136 126 625 - 630 060 149
7 30-35 061 159 47 230 - 235 059 143 87 430 - 435 056 1.30 127 630 - 635 060 152
8 35-40 061 155 48 235 - 240 059 144 88 435 - 440 057 132 128 635 - 640 059 145
9 40 - 45 0.60 149 49 240 - 245 058 139 89 440 - 445 057 135 129 640 - 645 058 137
10 45 -50 0.60 148 50 245 -250 059 145 90 445 -450 057 131 130 645 - 650 058 136
11 50 -55 059 144 51 250 - 255 058 1.40 91 450 - 455 057 132 131 650 - 655 058 138
12 55 - 6.0 059 144 52 255 -260 057 133 92 455 - 460 056 129 132 655 - 660 058 137
13 60 - 65 059 146 53 260 - 265 056 1.26 93 460 - 465 058 138 133 660 - 665 059 142
14 65 -70 0.60 148 54 265 -270 055 122 94 465 - 470 057 135 134 665 - 670 059 145
15 70-75 0.60 149 55 27.0 - 275 057 132 95 470 - 475 057 132 135 670 - 675 059 142
16 75 - 80 061 155 56 275 -280 058 1.36 96 475 - 480 056 1.30 136 675 - 680 059 145
17 80 -85 060 152 57 280 - 285 058 1.36 97 480 - 485 057 132 137 680 - 685 059 145
18 85 - 9.0 0.60 151 58 285 -290 057 134 98 485 - 490 057 132 138 685 - 690 060 147
19 90 -95 0.60 153 59 290 - 295 057 134 99 490 - 495 058 136 139 690 - 695 061 154
20 95-100 060 147 60 295 -300 058 137 100 495 - 500 059 143 140 695 - 700 060 153
21 100 - 105 058 140 61 300 - 305 056 1.26 101 500 - 505 058 1.37 141 700 - 705 060 147
22 105 - 110 058 141 62 305 -310 057 134 102 505 - 51.0 058 1.36 142 705 - 71.0 061 153
23 110 - 115 058 136 63 310 - 315 058 1.38 103 510 - 515 057 1.32 143 710 - 715 060 153
24 115 -120 058 136 64 315 -320 058 1.38 104 515 - 520 057 131 144 715 - 720 059 147
25 120 - 125 057 132 65 320 - 325 059 143 105 520 - 525 057 1.32 145 720 - 725 060 148
26 125 - 130 058 135 66 325 -330 059 144 106 525 - 530 057 1.32 146 725 - 730 058 139
27 130 - 135 057 135 67 330 - 335 058 1.40 107 530 - 535 057 1.30 147 730 - 735 057 135
28 135 - 140 056 127 68 335 -340 059 144 108 535 - 540 056 1.28 148 735 - 740 057 135
29 140 - 145 055 122 69 340 - 345 058 137 109 540 - 545 057 131 149 740 - 745 056 128
30 145 -150 054 118 70 345 -350 058 1.37 110 545 - 550 057 1.31 150 745 - 750 057 1.30
31 150 - 155 054 118 71 350 - 355 057 1.33 111 550 - 555 056 1.27 151 750 - 755 056 127
32 155 -160 053 112 72 355 -360 057 131 112 555 - 560 056 128 152 755 - 760 055 125
33 160 - 165 055 121 73 360 - 365 056 1.26 113 560 - 565 055 124 153 760 - 765 054 119
34 165 - 170 056 129 74 365 -370 055 124 114 565 - 570 056 125 154 765 - 770 052 108
35 170 - 175 057 131 75 370 - 375 056 1.28 115 570 - 575 056 125
3 175 - 180 057 131 76 375 -380 057 1.33 116 575 - 580 056 1.28
37 180 - 185 057 130 77 380 - 385 057 130 117 580 - 585 057 131
38 185 - 190 057 132 78 385 -390 057 134 118 585 - 590 058 1.36
39 190 - 195 057 132 79 390 - 395 057 1.35 119 590 - 595 058 1.39
40 195 -200 057 134 80 395 -400 057 1.34 120 595 - 600 057 1.31
Core Ataken in 2001
0.70 250
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200 X
N—r
—~ 0.50 @
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~ -
— - c
S 0.40 150 g
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1= o
3 0.30 °
N - 100 o
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= (]
= 0.20 =
o ——Water content a (& k&) S0 o
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——Water content B (&K tt)
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10

20

30 40 50 60
Depth (cm)

70 80

21X 2001 FEICEEBEWI SEIL 23 TAICB T 2 G KE (), EA(R) DEL.

Fig.2 Variation of water contents of core A taken from Lake Biwa in 2001.
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Table 2 Activities of Pb-210, Pb-214, Cs-137 and K-40 in core A taken from Lake Biwa in 2001.

2001 4RI EEEEW A SEFELL 722 7 AlZ 35 1F BPb-210, Pb-214, Cs-137, K-40 7% E O SRGHEREE.

Depth Pb-210 + o Pb-214 + o Cs-137 z 0 K-40 + 0o
(cm) (Ba/g ) (Ba/g ) (Ba/g) (Ba/g)
0.0 - 0.5 1.03 + 0.02 0.067 + 0.003 0.041 + 0.002 0.61 £ 0.02
1.0-15 0.59 + 0.02 0.059 + 0.002 0.084 + 0.002 0.63 £ 0.02
2.0-25 0.48 + 0.02 0.054 + 0.003 0.093 + 0.002 0.61 £ 0.02
3.0 - 35 0.45 + 0.02 0.055 + 0.003 0.139 + 0.002 0.65 + 0.02
3.5-40 0.35 = 0.02 0.063 + 0.003 0.160 + 0.003 0.66 + 0.02
40-45 0.34 = 0.02 0.056 + 0.003 0.175 + 0.003 0.67 £ 0.02
45 -50 0.34 £ 0.01 0.060 + 0.002 0.174 + 0.002 0.72 £ 0.01
50-55 0.27 £ 0.02 0.059 + 0.003 0.152 + 0.002 0.67 £ 0.02
6.0 - 6.5 0.33 £ 0.02 0.056 + 0.002 0.105 + 0.002 0.71 £ 0.01
7.5 -8.0 0.27 £ 0.02 0.054 + 0.002 0.032 + 0.001 0.70 £ 0.02
8.5-9.0 0.23 + 0.02 0.052 + 0.003 0.011 + 0.001 0.68 £+ 0.02
10.0 - 10.5 0.21 + 0.01 0.050 + 0.001 0.005 + 0.001 0.73 £ 0.01
11.0 - 11.5 0.18 + 0.01 0.051 + 0.002 < 0.003 0.70 £ 0.01
12.0 - 12.5 0.15 + 0.01 0.051 + 0.001 0.002 + 0.001 0.74 £ 0.01
13.0 - 13.5 0.10 £ 0.01 0.049 + 0.002 < 0.002 0.76 £ 0.01
14.0 - 14.5 0.11 £ 0.01 0.051 + 0.002 < 0.003 0.77 £ 0.01
15.0 - 15.5 0.09 £ 0.01 0.056 + 0.002 < 0.003 0.81 £ 0.01
16.0 - 16.5 0.09 £ 0.01 0.055 + 0.002 < 0.002 0.80 £ 0.01
17.0 - 17.5 0.09 + 0.01 0.052 + 0.002 < 0.003 0.75 £ 0.01
18.0 - 18.5 0.09 + 0.01 0.054 + 0.002 < 0.003 0.77 £ 0.01
19.0 - 19.5 0.09 + 0.01 0.054 + 0.002 < 0.002 0.77 £ 0.01
20.0 - 20.5 0.07 + 0.01 0.053 + 0.002 < 0.002 0.74 £ 0.01
25.0 - 25.5 0.06 = 0.01 0.057 + 0.001 < 0.002 0.68 + 0.01
30.0 - 30.5 0.07 £ 0.01 0.053 + 0.001 < 0.002 0.71 £ 0.01
34.0 - 34.5 0.07 £ 0.01 0.060 + 0.001 < 0.002 0.74 £ 0.01

( a ) ( b ) Depth (cm)
0 5 10 15 20 25 30
10 1 : ! ! ! I
f: s RO O YOOV X x X ° ' .
(=) B— Y
g 1 ko) | € 01— LN
S ° ePB-210| o e Savee
Q i % OPb-214| & Y S T
g a2 * ¢
§ 0.1 11y 1 1 I g0.0l
DCJT T I.I>.|<
=t Tt ‘
;}} i
ool b 0001 Lo v e v e b
0 10 20 30 40 0 5 10 15 20
Depth (cm) Mass depth (g/cm?)

53X 2001 FIZEEEWI» SERELL 723 7AIZH T B(a) Pb-210, Pb-214, KLU (b)i#

) Pb-210 DEEE AL, ARHRE, HWE Pb-210 D 30 M HERA 2R

Fig. 3 Variations of (a) Pb-210, Pb-214 and K, and (b) excess Pb-210 in core A taken from

Lake Biwa in 2001. Red line shows the 3¢ detection limit of excess Pb-210.
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Fig.4  Variation of Cs-137 in core A taken from Lake Biwa in
2001. Red line shows the detection limit of Cs-137.

fi(em) Td 24, 31X (b)D 7 ISR G B R (Mass
depth) T, ZOHMidg/em’ TH 5. WEH &ML R
HEANOMENL, HERMIDOEE % 2.65 L RE L TEAE
M oAT o7z, £72, @H Pb-210 TIFFHE X -5t
ZO3MGEMBRA L U CHAFIZEZR L7 3o & £&AL).
HERh OURPRaZ £ 2 528§ 2 Pb-214 R HERIIHH DK
DOFEZEATKE RZWA RN L6, [ RITEPIL 72
(LR D HER S FEBE W D % e S G X otz
ZERHEEE NS, —TF, Pb-210#E Pb-2101F, %
YOEEHTH B EDOOHE IR L TH D, WE
Pb-210 DX B DE & 5 & P HERTHE N X h 5 (&
JE, 2000). HERGHIEICBIL CTIE, SizZ A THET 3
Cs-137 DIRIEZEAL # F 4NN L 72, HWIE4.0-5.0 cm
TIAMZ/RL, 10.0-12.5 cm”? 6 AlEE £ 5 7' 0
T7ANERL, RETERME SN Tn5. Cs-137%
T, WEITB T B ATENEIERNIC & > TR iz
Cs-137TIRED T 7 7 4 LA 19634 IS A L kB T &
AR LT, HEREHIh D Cs-137 IR D KB4 75 1963
FEOREFEE BT Z L ICHEDV WA, THEIZBITS K
KA ANDCs-137 DFRHNZ, 1986 4D F =)L/ T4 ) FF
TR 2011 FE DS E — I T I B B A RS L 1F
AN, KIFZERRE S 2 5 Th B & 5 ISHIEHER
Y TR IR R IR FE IR LI & A 72 ISt & h
T 5, WFITRK P S WiRlEd 2 i1y
HiA & ORkSEN 2 kG, WIRHERYI R Ofie 212k D,
WHETBE 22 L AL OYRE THIRHERINIZC B R L T 5 &
Ziobhs.

3.2 OA7BILBI I EAXFERUKEREDREZIL

20144 1CHRELL 222 7B D EAKEK - AL A IR KL
VHSEIZR L7z, 20 a7 Tid£EE0.0-2.0cm) T
— I 2 BRI B A R S I E AT, BT  IHE
WA U7z, ESS em® 12.5 em T O —BFIY 2o ik A i )
DIFEHE R oN7zh, HHMINEHZEDTH S, §2
BUIR L2z 7AL T 2 &, BERICHEAE - GAK
BEV. BRBIEEOREEZT 50, HARMIZITHE
R ORI RE A B G- L, MR O HER F & 22 B8
A< BARENEMER A D B (Meade, 1966 5 G HFIE A,
2000 ; FERNIE A, 2013). 2 7 QLA & EEfEE T
ORI TAL I T7BTHEN S B2, @R TITD
BB ENEONETHE, I7BERITALD LHTKIO
RS LW EHE IS, K15 emlEICKIT 237
A, IT7BOEHFKILIZ130-140%, 150% fiitk TIEIE—7E
LTk, EBEMEZT TEHNDEL ES5THE Y
DEEZENS.

I 7BIZ¥ 1) APb-210, Pb-214, Cs-137, K407 ED
A RIRE D ERAERE B4 RITR L. 72, Pb-
210, Pb-214, K (K-402 5 G15H), @EF Pb-210 DHFEZE
Lz 6 XIS, Cs-137DWELEEHTRNIRL 72, &
X EERRIZ, Po214RHERIIH O K DVEEZALIZ KX
BEBNENZ &5, 20144F F THIZITHEP L 24
B P EEEMOGE A, S g S h Tz e fibE sh 5.
—7J, Pb-210 R @BF Pb-2101%, D 0.0-2.0 cmiZ{K
TLTHD, ZThUFEILLOEEHIH 2L DDOHEE L
WA U7, BAREFETEERED0.0-2.0 cmid £z R
BB (s XME2H), a7 EREOEIE L » - 72
EHEE I NTNB DT, FEOERRFGOHEREERIZE G
HozZlERBL TS, Cs-137DRIEENTa T 7
4 iE, VEEER.0-10.5 cmlZ b 72 ) JLIRHY SR T, B
20 cm”A» S5 M ATHE & 7 5 72, Pb-210 TR & 7= K 8
0.0-2.0 cmOHERMZEHL, Cs-137 TIIPHEFITIZRAD 6
h&b)ﬁf:.

£ 77, 20144 1C4FELL 722 7B T, 201143 AIC R
AU 2RSSR I RBEAT RIS K 5Cs-137 & Cs-134
DWBERRENBAREME N H 5. LA L, ARz
TCs-1341FMM &, Cs-137TIREOPHE AR AL R
kol FPSIFENBLTHY, F-WH
L3RR 5 < HENT WS 728, JFEIEH» 5 DAL -
WIRANOYRE R E, ZOMENYEr-72FELZLN
3. FIRIAT DN SCRR A E OMZERIZ K 54—~
4TI, SRR T (Cs-134 + Cs-137) #2113 10k Bg/
m* LT (2012 4F-4 F 25 HIf ) & 78 > T ) CLBRIEE
2012), MEDKBIE TH 722 L ERL TS

3.3 BHlM=ICH T BHEBEE (CICET V)
Pb-2107412 & % HERGHE O FLHRIZIE, s Sz
HEREPIh O Po-210 L2 —E TdH % LIRE L TEt
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2014 FF- 12 FEE

870 5 PRI L 72 3 7BOEKHE(a), EAKL(R).
Table 3 Water contents of core B taken from Lake Biwa in 2014.

Depth Water content Depth Water content Depth Water content Depth Water content
No. No. No. No.
(cm) a B (cm) a B (cm) a B (cm) a B
1 0.0 - 05 075 297 11 50 - 55 070 2.37 21 100 - 105 065 1.87 31 150 - 156 060 1.48
2 05 - 1.0 0.73 273 12 55 - 6.0 0.70 238 22 105 - 110 064 1.81 32 156 - 16.1 0.60 1.47
3 1.0 - 15 0.74 2380 13 6.0 - 65 0.70 235 23 11.0 - 115 064 1.76 33 16.1 - 169 0.60 1.48
4 15 - 2.0 0.75 2.96 14 65 - 7.0 0.69 218 24 115 - 120 064 1.76 34 169 - 175 0.60 1.49
5 20 - 25 075 294 15 70 -75 068 211 25 12.0 - 125 064 175 35 175 - 184 060 147
6 25 - 3.0 0.74 285 16 75 - 80 0.67 2.05 26 125 - 130 064 1.78 36 184 - 19.1 0.60 1.48
7 3.0 - 35 0.73 277 17 8.0 - 85 0.66 1.97 27 13.0 - 135 0.63 1.69 37 191 - 19.7 059 1.44
8 35 - 40 0.72 257 18 85 - 90 0.66 1.97 28 135 - 140 062 1.64
9 40 - 45 0.72 252 19 9.0 - 95 0.66 1.90 29 140 - 145 061 1.56
10 45 - 50 071 244 20 9.5 - 100 065 1.88 30 145 - 15.0 0.60 1.49
Core B taken in 2014
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Fig. 5 Variation of water contents of core B taken
0 10 20 30 40 50 60 70 80 g ..
from Lake Biwa in 2014.
Depth (cm)

B4k 20144RIZFEEW 2 SERINL 723 7 AIZ 1) 5Pb-210, Pb-214, Cs-137, K-40 7 & O JRGHHRRE.
Table 4 Activities of Pb-210, Pb-214, Cs-137 and K-40 in core A taken from Lake Biwa in 2014.

Depth Pb-210+ o Pb-214 + o Cs-137 + o K-40 + o
(cm) (Ba/g) (Bg/g) (Bg/g) (Bg/g)
0.0 - 0.5 0.56 + 0.01 0.051 + 0.001 0.010 + 0.001 0.60 + 0.01
05 - 1.0 0.57 + 0.01 0.051 + 0.001 0.010 + 0.001 0.62 + 0.01
1.0- 15 0.63 + 0.01 0.053 + 0.001 0.013 + 0.001 0.59 + 0.01
15-2.0 0.72 + 0.01 0.038 + 0.001 0.016 + 0.001 0.60 + 0.01
20-25 0.75 + 0.01 0.055 + 0.002 0.015 + 0.001 0.64 + 0.02
3.0-35 0.69 + 0.01 0.056 + 0.002 0.019 + 0.001 0.63 + 0.02
4.0 - 45 0.55 + 0.01 0.059 + 0.002 0.022 + 0.001 0.65 + 0.02
50-55 0.47 + 0.01 0.058 + 0.001 0.026 + 0.001 0.65 + 0.01
6.0 - 6.5 0.38 + 0.01 0.057 + 0.002 0.035 + 0.001 0.66 + 0.02
70-75 0.30 + 0.01 0.057 + 0.002 0.047 + 0.001 0.69 + 0.02
75-8.0 0.28 + 0.01 0.042 + 0.002 0.052 + 0.001 0.68 + 0.02
8.0 -85 0.23 + 0.01 0.055 + 0.002 0.060 + 0.001 0.72 + 0.02
8.5 - 9.0 0.23 + 0.01 0.054 + 0.001 0.060 + 0.001 0.72 + 0.01
9.0-95 0.21 + 0.01 0.054 + 0.001 0.062 + 0.001 0.69 + 0.01
9.5 - 10.0 0.20 + 0.01 0.050 + 0.001 0.059 + 0.001 0.68 + 0.01
10.0 - 10.5 0.19 + 0.01 0.051 + 0.001 0.059 + 0.001 0.72 + 0.01
105 - 11.0 0.18 + 0.01 0.041 + 0.002 0.052 + 0.001 0.71 + 0.02
11.0 - 11.5 0.18 + 0.01 0.053 + 0.002 0.035 + 0.001 0.71 + 0.02
12.0 - 12.5 0.16 + 0.01 0.051 + 0.002 0.025 + 0.001 0.72 + 0.02
13.0 - 13.5 0.14 + 0.01 0.052 + 0.002 0.017 + 0.001 0.69 + 0.02
14.0 - 145 0.11 + 0.01 0.050 + 0.002 0.008 + 0.001 0.73 + 0.02
15.0 - 15.5 0.09 + 0.01 0.053 + 0.002 0.006 + 0.001 0.77 + 0.02
15.5 - 16.1 0.09 + 0.01 0.045 + 0.001 0.004 + 0.001 0.76 + 0.01
16.1 - 16.9 0.10 + 0.01 0.053 + 0.002 0.003 + 0.001 0.73 + 0.02
16.9 - 17.5 0.08 + 0.01 0.045 + 0.001 0.002 + 0.001 0.77 + 0.01
17.5 - 18.4 0.09 + 0.01 0.059 + 0.002 0.003 + 0.001 0.79 + 0.02
18.4 - 19.1 0.07 + 0.01 0.055 + 0.001 < 0.001 0.75 + 0.01
19.1 - 19.7 0.07 + 0.01 0.059 + 0.001 0.001 + 0.001 0.76 + 0.01
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#-9 5CICE 7 )L (Constant Initial Concentration, CA-E
7 )L (Constant Activity) & $ 119 ) &, BIFEOMIGE (7

Ty I A)N—ETHSENEL CEHRTSCRSET L
(Constant Rate of Supply) % d % (&3, 2000). Z DHiT
FCICET & AW 23 A 5. Pb-2103LTIE, 2B
3X(b)7% &5 VN6 X (b6 1) B U ERROEE 2 6,
ZNThOITIZE T 5 FHERGEE R 6h b,
EEINZATOEET — 47638 L 72 Y HEfE S S
R, HERMZRHIZKY) > CHELAERE L %, B
5FIZ/AT. T TATIEPL-2107E12 & D $50.10-0.13 g/
cm?y (0.17-0.22 em/y) OHERGEEE G 6 h 7z, HEEX
)5 TEAERL U COF A HERGEE 2513 5 &, 6cm

T A $58120.06-0.07 g/cm?y (0.14 cm/y), 0.08—0.11 g/

BT 2014 FICEEE WA SR L 223 7BIZ I 5Cs-
137 DTEES . A, Cs-137 DRIERA 2R
Fig. 7  Variation of Cs-137 in core B taken from Lake Biwa in

2014. Red line shows the detection limit of Cs-137.

cm?/y(0.12-0.19 cm/y) & FEBDOH b I K & WHE
R & 572, —JF, Cs-1373T120.05-0.06 g/cm’y
(0.10-0.13 cm/y) & W I FERMBE S, Pb-210EL D B
BEWHERSEE TH D, —BILAah»->7%. L2L, Cs-
B7ETITIRE E — 7 O & HHEIC K E» 5 DHER %
WELTHED, K27 TIHBEE40-5.0cm T Kl &
BoTWBZ NS, KENSS5.0cmFE TON-EHERH
JEAERLTWA, Pb-2107ETEEEL 5 5.5cm F TOF-
VIHERHE130.06 g/cm¥y TH VD, Wi THEHR W
FAERL TS 7280, K5emDFPHCIASTEME 2
ReEBZO5N 2.

a2 7BTIE, Pb-210 A& W % & %90.06-0.07g/cm’/
y(0.11-0.16 cm/y), Cs-1371: T 130.05-0.08 g/cm”y
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Table 5 Estimated sedimentation rates and inventories in cores A and B taken from Lake Biwa in 2001 and 2014.

Sample Range of Sedimentation rate Inventory
(Sampling calculation glcm?ly cmly Pb-210 Cs-137
year) (em ) Pb210 R Cs-137 Pb-210 R Cs-137 Bg/cm® Bg/cm?
0.0 —345 013 -0.933 0.05-0.06 022 -0.935 0.10-0.13 2.17 = 0.05 0.305 = 0.002
0.0 —255 010 -0.983 0.17 -0.984 (2.18 + 0.05 )**
1.0 —255 0.10 -0.984 0.18 -0.983
CoreA 0.0 —205 010 -0.979 0.18 -0.980
1.0 —20.5 0.10 -0.980 0.18 -0.979
(2001) 00 — 55 0.06 -0.962 0.12 -0.969
1.0 — 55 0.07 -0.973 0.14 -0.990
6.0 —12.5 0.11 -0.998 0.19 -0.999
6.0 —15.5 0.08 -0.974 0.14 -0.995
0.0 —19.7* 0.07 -0.988 0.05-0.08 0.16 -0.979 0.16-0.21 1.74 = 0.01 0.194 =+ 0.001
2.0 —19.7* 0.07 -0.989 0.11 -0.989 (1.78 £ 001 )**
CoreB 20 —155 0.06 -0.988 0.15 -0.989
20 — 75 0.05 -0.994 0.15 -0.990
(2014) 8o —115 0.14 -0.972 0.32 -0.971
12.0 — 145 0.05 -0.993 0.11 -0.991
16.1 —19.1* 0.04 -0.991 0.08 -0.991

R : Correlation coefficient between Ln(excess Pb-210) and depth

* : Estimated depth

* * . Estimated inventory (0 to -oo depth)

(0.16-0.21 cm/y) WS FERBE S, WHE IFT—
B 7z VREE 2 XY THAE LU TP R 4 5
¥ 5L, 8.0-11.5cmDHPT0.14 g/cm™y (0.32 cm/y)
ERZ VAU 0.04-0.05 g/ecmy (0.08—0.15 cm/y) FLE
Lo,

ZhZ T, BEEHOHMEEIZDONWTIZERD2OD
WMER R IhTHD, Bl BAOQ75)IEHATO
JEIRI 25 $R-210 HE R AU B R ORI VW T, BE
WMOIH S THIEE1T > T\ B, 19734 ITHA L 724
Re LT, Loz Sl 57 s OKEET70 m)
T 087 em/y (A7) £0.10 em/y ( F6L), JEAR-4T7E
= R R S (K 90m) T0.13 em/y, B OVRE W 0O Ao
(KHES5 m) T0.08 em/y & #Hi5 LT\ 5. Kamiyama et al.
(1982) &, 19794F DI 51T 5 HERE MUY % Cs-137 D
JREANOHEAGEH» &M L, O W k30 m
PLi%) T0.13 g/em?y (0.26 cm/y) BA_ L, %8 (K 70-90
m) T0.019-0.039 g/cm?y (0.12-0.16 cm/y), B (KE
4 m) T0.24 cm/y& #E L Cwy%. Taishi et al. (1986) i3,
A6 O B 08 T 1982 -1983 4F- 12 FREX X 4172 1,400 m
O EHEREAIREOR O I _EEBRL 1 kg (2 X 240250 m)
AWT, » X% (bulk density) DB ZE(LIZHDE
BARRRE O JAE D % fission-trackFF-f I E i (Nishimura
and Yokoyama, 1973)% FIFH L CTir\y, HERGH#E & L C
0.033 g/cm?y & 372, BT - BLH(1989) %, 1984
o 5 1987 4RI 0 I TERENL L 2 AL B0 # 12 & % KEF)I

25 PEREOAHEINZHT CeMsi & th3 i DF9 4 il
DHERGHE A2 MFT L, W08 T/ & < (0.041-0.062 g/
cm®/y 5 0.13-0.19 em/y), #YFI (KZE31-35 m) TK &
< 7% (0.093-0.22 g/em¥y 3 0.25-0.48 cm/y) {If173 & %
Z &, FHIMIC L mOHERM MG X B U 23
MENhsZ &, Zh 51318964 DB KSR & 81959
FEOFEBHBUIER T 2 RN E N &, & E &
E2IIL TS, F 7z, HERGRE IS UGERINIZIZ IR
K& MBI A B % 28 OFN, 1987, 1990), K¥E40 m LA
HWOMOIR T LEFRAREh s OREE H 5
(KT - B, 1989).

FRSIE A2 (1986) 1, 1984 I FRHL L 7= L il v i & 2
JU T & 3055910 kmoD H £ (A 70 m) T o H R ekt
J& % 0.033 = 0.002 g/cm’y (0.152 £ 0.008 cm/y) & RAk
& o7z I - KBS (2004) 1, 2004 4F- 109 M,
W21 B O 1L H S B0 B HEREAE X A Pb-2107% T E
U, BRI ARl o bl T (kE£69.2 m) TS 5 4172 0.107
g/cm’y ($90.6 cm/y) &\ HERGHE X, ZhF Thagt
U 7= HERSGH I FEPH (0.024—0.140 g/ecm™y) TldE <, Il
2oDOMEOMEEZITI TR D EHE Lz 115613,
HEREHRIE DRI 2 B L T, RO T HERHE
JEE0.04g/cm’/ yEHEE L T B, F 72, BEM - (LA
(1999)i%, 19944 & 19954 icdbi o mdL 2 M pli, K O*
B LSO GE 3 S OHERDIE 2 MlE L, dtifo
6T 0.027g/cm®y, T T0.070g/cm¥y &S %5
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7203, MEIELBRHEETH > 22 MmO s, b
BAIZHWIZ DWW, BT KRR 44 m (KK
104m) 1% U, SE¥KESS m (e KRS 8 m) Tl A
RGN E L, MAAREIE - VO I E L EDANEN LY
W RSN X B IREEEOREL L EXN D B
(BSH - 14, 1999)7= 8, 19984E (24T H 7= K43 m
DOHE T ([FIEA, 2002) TiE, REOELILD7-0
4-10cm T D Pb-210 5 M OF Cs-137 ¥EIZ & 2 F-YaHEfe
Z, #9303 cm/y EHEHIL 72DATH 5.

2O K, B MERHOENE » 52, ThE
TOFEMZE TIE B I & Z0.02-0.2 g/cm?y DHEREHEE
OWENL L, FHBFEBTIHELIBENE I TH S, K
W22 o VTR S M 7 P HERGE S 3 IR GEBIS WS
B 7T OHFBHENITKENLDD, 0.04-0.14 g/cm?/
T, WEhE IhE TlowE S h v B HERHEE O
HANTH 5. HNA987) 125 M OHEIE HBEIEIER U
St.114z hufm%iz%Mm®:7%%WL %9 6,300
ﬁagm;ﬁ?@?ja-r%}\uf (K-Ah) %8 E L T0.02 g/
em’y & WS HEREHRIE &, &7, 198841 SR DR
AL O 3R T 72 3 7 O P HERDEUE £ 0.09-0.12
glem®y & S CENIE A, 1993) U 72 4%, AWF7E ol
FEREIRD EPNOWNMETH B CRAT 7 F Y KIKD
ERITZ D% 73000 & SN TWADT, §HEIND
HEFROHIE 1L & HI/NE < 5 B). AIFFEOMEH 1% 100 -5
5O O T IHERGERE Tdh 5 DIkt L, N (1987)
RIFNIEA (1993) TIZR M B AW L 3R Aa D, &
3% 6,300 41 (7,300 4 1)) A & #2J& & T DY HE gk )i

ThDH7280, TOMIIHALEZEN - BERD 12720k
xS,

3.4 CRSEFIICLBHBEEDHTE

ZOfiTIE, WEDME Pb-210 DGR (7 5 o Z)
N—ETH 5 EARET S CRSTE T % W THERIEE O
M ERA S, ZOEFILTIE, BE Pb-210 RE AR
2D U 7208 TR OISR AS B 2 TR A7 IR
L7z Sh (HERGERE DEER), WHISIRESR AL T1 5
TR CIRILEE 2R LT 3 (HEREHUE DK ) & i
ENTWD., La-T, FHIZHES > THEE Pb-210
TRENHHFIK T 9 R A RO TS, Thidn
O OHERNC & 2 BOKHER R WEE 2 -4 (b
D& BIRMEHERE A EFISIRA Lz & UTRIRT
50DT, ZTOLD ERRXNAD SN BLEEITITEMN LT
FILTHD. CRSEFIMZK > TEHELIL BEEZ L DHE
R & HERUEA A, SB8Xl, BT L. &Ko
(b) TIX, Cs-1370D Y — 2 fir i (19634 & K ) % FIH L
AR BKRLTdH 5.

a7AESXBH) Tk, GARIETOZELR SR
7-RE6.0 cmR16.0 cmIZiEH ¢ 5 &, HE 16 cmiii

T0.19 g/em’/ yFEEIZE & - 72 HERDEE 2SR T2 D,

$90.10 g/cm¥y TIEIEZRE U 72 IRRE CHERE A3 ik fse L 7=
2, 6.0 cmp» 65O LH L0.13-0.15 gem¥y & & - 72 8%
124.0-1.5cmi3H0.10 g/em¥ yIZFR D, 2 F&#C0.07-0.08
g/lemYyIZE P Lz L3I (s (@) 2). Zh
IZHES &, Cs-137THTO Y — 7 & s 5 1963 D i iE i
HE-EROBBRN L TRESEREE->THD, 7
T I ANEIZI—EERNET SY Y TILECRSET LT
MRS, ZhUZ DT ,&F?%%?é

—J, 2 7B (EIXSH) TIEMEF Pb-210 3= & DIk
DRI LD R th%f)(*fgii 5 ecm=°15.5 cm Bl % Tl
DEPITRMA R SN 7223, 0.06-0.07 g/em?’/ yDHE T
HERE e %, KGR (0.0-2.0 cm) DR T 5% 0.10
em/cm’y & BWHERDHE LRI R Sz, BRI LA R
EN7-KREE, RESS cmX 125 em & & & OBR T
EREEBD A DB R 672 H X (b) T/ L 72Cs-137
HTODL963F- DY — 7 (Ed, HRE & CRSIEICZ K D HE
FAERE OBIRX LA L, BIFSfRE 557,
CRSE T M &k B HERGHE 2 S 3 2 BRI, BMED#F
FE( Ry MY =) PR Eh 5 (&H, 2000). 25
RITIEENE/AR L2228, @R Pb-21012BH L T L O
PRSI ADY 2.2 Bq/em® TAREED BB TE B3
DM BA 1.7 Bg/em® & & 1), MU AD AR Z W, Cs-
137 % 2N 21031 Bq/em* £ 0.19 Bq/cm* Td 0, Hisd
ADJIMKRE W, I 7ADMIZ 2014 4B THILT 5 &,
134E DR RGHE 12 & D Cs-137139%ZFE L T 0.31 Bg/em’ &
023 Bq/em’ & &0, ZIUZI3EMO KA 5 O T
B NDZIZTTH DA, 20144 LICIRE LT 2
TADTHKREW., U EDZEn»s, HEEMORERIC
WD (M A) & O TE 1 (i) To 4 v R
VMY —EIET 2 L, KEDENHIERD T AKED K
WERBTE B &k 0  HERERIZRA TH 2 L iSin S b.

3.5 HBEREOEE
AREEDFTNEGESTH LIS TERIL 72 2 7B T, Pb-210
AT & B HERTAEAC & Cs-137381C & % HERG AR 28 Lk iy
Bu—F&2Re72GEoX(b)2K). LirL, BEHOD
RISV TR L 722 7ATIEEVEW A R
(8l (b) 2, HEKScmE TTHHIIE, Pb-2101k
TOHEREAEAR & Cs-137 HE TOHERAAR & ¢ I Vil
L7 (BsREB).

2T, 3 7ATIX0.0-50cm, 5.0 cmBLVEIZ ST,
Cs-137EI K 2 HEMENAHESOemE CTHAL, £
NZNCRSETHET L 2. 4% Pb-2104 XV b
) —%14-1.6g/cm” & L CCRSETILTHIET 5 &,
0.0—5.0 cm DOHIPHTIE Cs-137 12 K A EREITIT L
72DT, 5.0 cmE TOFETIZT 7 DEMEE Pb-2101 ~
NY M) =% 1.5g/em® EE L7z, FEEED 0.0-5.0 em [
DAVRY MY =i, 1.1 g/em*THD, 7z, ITBIC
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BT 500cmA» 5Cs-137HE — 2 & 7 58.0-10.5cm[#
TOAYNY MY —13128-145g/em® THBHDT, I
TAIZBIL TS50 cmE TOHEREE L TIITITH Y K
EEZO6NS. 5.0 cmPIFETOHOCRSEE, 5.0 cmA i
ELTCEE L, ZOESIZLTEBIEL 27 L OfER
EHIOKNIRLEZ. Zhizkd &, FHROGEVEEBTIX
0.15-0.20 g/cm’/yD K E WHERGHRIE T b - 72 & D A1 1960
R T0.10 g/em’y TEHMIZHER A X, 1960 1R
75 BUEE T0.05 g/cm? yFE I THERG S ke L 72 & 315
Sh, MEFEHRBBEIIRE Lo EEIND. &
B, F10X(b)IZIECICETF L A HWHES KROKXMZ
& DO TYHERGEE (22 h, Line1:0.0-55cm; 0.06
g/cm?y, Line 2:6.0-12.5 cm; 0.11 g/cm®y, Line 3:
6.0-15.5 cm 5 0.08 g/cm?¥y) (= & B A & I & ORI
g /R L7z, Line 1 &Line 21%, fBIE L 72CRSET L % H
WAEREBEDOBRE L KL TWBZ L nbhsb.

I T7AIZE T B HEFE Pb-210 DFEEEDEA VRV b Y —
922 g/em® DD B, 0.0-5.0cmE TOFERA 11 g/cm’
kB0, ThUBETHIlgm®bdBb I &k
5. —J, AT7BTIEEERIHILT g¢/em® Th 5 DIZK
L, £@7»51963F-£THDA VRV M) =514 g/
em’ (1.28-1.45 g/em®) TH 5 728, ZTh & D HOEBD
HATOA YRV P Y =304 g/em® AT TH S, HE
RS H 575 B 72 OICHM A ILEIE T & 20D, WiED
19634F- % TR Pb-210 DE R R (MR E) # bk L 72
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Abstract: The North Kitakami Belt in Northeast Japan, occupying a northeastern region of Iwate
Prefecture, is chiefly underlain by a sedimentary complex consisting of various rock-types such as
basalt, limestone, chert, mudstone and sandstone. These rocks in the studied Ichinohe—Kunohe area in
the North Kitakami Belt were explored for their radiolarian content and seven mudstone samples yielded
poorly-preserved radiolarian faunas with a dominance of Nassellaria over Spumellaria, as a result. The
description and faunal analysis of these radiolarians revealed that the mudstone in this area indicates a
long range in age from the Toarcian to the Kimmeridgian.

Keywords: radiolaria, Jurassic, North Kitakami Belt, Ichinohe, Kunohe, Karumai, Iwate Prefecture,

Japan

1. Introduction

The North Kitakami Belt in Northeast Japan, subdivided
into the Akka—Tanohata and the Kuzumaki—Kamaishi
subbelts, is widely underlain by a sedimentary complex.
In general, this complex consists of a matrix of middle
to late Jurassic terrigenous clastic rock, and fragments
of Carboniferous to Permian basalt and limestone of
seamount origin and Carboniferous to middle Jurassic
pelagic chert (Okami and Ehiro, 1988; Minoura, 1990;
Ehiro et al., 2008). Due to a spate of reports on Aalenian
to Tithonian radiolarian fossils from mudstone (Matsuoka,
1987; Matsuoka and Oji, 1990; Yoshihara et al., 2002;
Nakae and Kamada, 2003), it has been thought that the
complex in the North Kitakami Belt formed along the
subduction zone during the middle to late Jurassic Period.
These reported fossil localities are distributed widely in
this belt, but sparsely. For this reason, more fossil evidence
is required to constrain detailed ages of the complex in this
belt.

2. Geological setting

The studied Ichinohe—Kunohe area is located at a
northeastern region of Iwate Prefecture and includes the
boundary fault (Iwaizumi Tectonic Line or Seki—Odaita
fault) between the two subbelts (Akka—Tanohata and
Kuzumaki—Kamaishi) of the NNW-SSE trending
North Kitakami Belt (Fig. 1a). According to previous
works (Okami and Murata, 1974; Sugimoto, 1974), the

sedimentary complex around this area has stratigraphically
been divided into the Sawayamagawa, Akka, Takayashiki,
Seki, Kassenba, Otori and Kuzumaki formations, arranging
in ascending order. And it is also intruded by Cretaceous
granitic rocks and unconformably overlain by Neogene
volcano-sedimentary sequences and Quaternary terrace
deposits (Kamada et al., 1991). Most recently, Takahashi
et al. (2016) re-examined and revised the Sugimoto’s
division on the basis of the genesis relations of lithology
such as a basalt-limestone complex of seamount origin
(Akka unit), a mélange complex (Takayashiki unit), and
oceanic plate stratigraphic successions (Seki and Otori
units). In this report, nevertheless, the classic stratigraphic
division of the sedimentary complex by Sugimoto (1974) is
adopted (Fig. 1b), and three formations of this complex are
focused on in terms of the radiolarian age determination.

The Seki and overlying Kassenba formations demonstrate
a unique sequence commonly called “Oceanic Plate
Stratigraphy” (Isozaki et al., 1990), which generally
consists of basalt of seamount origin, pelagic chert and
clastic sedimentary rock such as mudstone and sandstone
with minor amounts of siliceous mudstone and felsic
tuff. The major difference between the two formations
is a quantity of coarse-grained clastic rock; sandstone is
rich in the Kassenba Formation whereas lack in the Seki
Formation. On the other hand, the Kuzumaki Formation is
characterized by the mixed nature of various lithologies;
blocks of basalt, limestone, chert, siliceous mudstone
and sandstone are enveloped within foliated or sheared
mudstone matrix.
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Fig. 1 Geological map of the Ichinohe—Kunohe area in the North Kitakami Belt.
(a) The North Kitakami Belt is located along the Pacific Ocean side of Northeast Japan, and is divided into the Akka—Tanohata
and Kuzumaki—Kamaishi subbelts. The Ichinohe—Kunohe area (Iwate Prefecture) is situated in a northern part of the North
Kitakami Belt. (b) A simplified geological map of the Ichinohe—Kunohe area. Loc. N is the radiolarian locality reported by Nakae
and Kamada (2003). Detailed radiolarian localities with symbols are given in Fig. 2.
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3. Materials and method

This study is concerned with an analysis of several
radiolarian faunal recovered from rock samples including
five siliceous mudstones and two mudstones within the
Ichinohe—Kunohe area in the North Kitakami Belt. 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 62 pm mesh sieve (235#). As a result,
age-diagnostic, but poorly-preserved, radiolarians
representative of middle to late Jurassic Period were
recovered. The residues of each processed sample were
then examined under a stereomicroscope, and radiolarian
remains were selected for examination by scanning
electronic microscope (SEM).

4. Locality description and samples

Radiolarian localities (Locs. 1-7) are shown in Figs.
1b and 2. Massive and bedded siliceous mudstones of
the Seki Formation are respectively exposed at Locs. 1
and 2 (Fig. 2a; Fig. 3a, b), and slightly better preserved
radiolarian remains are visible in thin sections (Fig. 4a, b).
Locs. 3,4, 5 and 6 are included in the Kassenba Formation
(Fig. 2b, ¢, d). Bedded siliceous mudstones are exposed at
Loc. 3 (Fig. 3c), Loc. 5 (Fig. 3e) and Loc. 6, whereas slaty
mudstone is distributed at Loc. 4 (Fig. 3d), and radiolarian
remains are also recognized in thin sections (Fig. 4¢, d, e).
The outcrop at Loc. 7 (Fig. 2¢) belonging to the Kuzumaki
Formation is composed of mudstone which is partially
foliated and intercalated with sandy broken beds (Fig. 3f).
Radiolarian remains in this rock sample (Fig. 4f) are not
so dominant in comparison with the others.

5. Radiolarian fauna

Identified species detected from the rock samples are
listed in Table 1 and given on Plates 1, 2 and 3. Below is
a description of a radiolarian fauna of each locality.

(1) Locality 1 (Fig. 2a)

Location: Southeast of Koyukiya, Kunohe Village.

(lat. 40°12°39.0” N; long. 141°29°19.6” E)

Sample number: ICH 07-02.

Horizon: Seki Formation.

Lithology: Pale to dark gray, massive, siliceous mudstone.
Fauna: Striatojaponocapsa plicarum (Yao), Striato-
Jjaponocapsa sp. cf. S. plicarum (Yao), Striatojaponocapsa
sp. cf. S. synconexa O’ Dogherty, Goricin and Dumitric,
Theocapsomella sp. cf. T. costata (Chiari, Marcucci and
Prela), Natoba (?) sp., Eucyrtidiellum sp. cf. E. pustulatum
Baumgartner, Eucyrtidiellum sp. cf. E. unumaense (Yao),
Guexella (?) spp., Transhsuum sp. cf. T. maxwelli gr.
(Pessagno), Archaeodictyomitra sp., Spongocapsula

krahsteinensis Suzuki and Gawlick, Parvicingula cappa
Cortese, Tethysetta spp., Lantus sp. (Plate 1).
Age: Early—middle Bathonian.

(2) Locality 2 (Fig. 2a)

Location: Southeast of Koyukiya, Kunohe Village.

(lat. 40°12'36.3” N; long. 141°29'33.3" E)

Sample number: ICH 07-03.

Horizon: Seki Formation.

Lithology: Pale gray, weakly bedded, siliceous mudstone.
Fauna: Williriedellum sp., Zhamoidellum spp.,
Hiscocapsa spp., Theocapsomella (?) sp., Eucyrtidiellum
sp. cf. E. pustulatum Baumgartner, Eucyrtidiellum
ptyctum (Riedel and Sanfilippo), Eucyrtidiellum
nodosum Wakita, Eucyrtidiellum spp., Stichomitra (?) sp.,
Transhsuum brevicostatum gr. (Ozvoldovd), Transhsuum
sp. cf. T. brevicostatum gr. (Ozvoldova), Transhsuum
maxwelli gr. (Pessagno), Archaeodictyomitra prisca
Kozur and Mostler, Archaeodictyomitra whalenae Kozur
and Mostler, Archaeodictyomitra sp. cf. A. apiarium
(Riist), Archaeodictyomitra spp., Cinguloturris () spp.,
Tethysetta sp. cf. T. mashitaensis (Mizutani), Triversus
(?) sp. (Plate 2).

Age: Middle Bathonian—late Kimmeridgian, probably
early Kimmeridgian.

(3) Locality 3 (Fig. 2b)

Location: Shimo-sawanai, Kunohe Village.

(lat. 40°10'32.0” N; long. 141°26"19.3" E)

Sample number: ICH 01-05.

Horizon: Kassenba Formation.

Lithology: Light gray, bedded, siliceous mudstone.
Fauna: Guexella (?) sp., Nassellaria gen. et sp. indet.
(Plate 3)

Age: Probably late Bajocian—early Oxfordian.

(4) Locality 4 (Fig. 2¢)

Location: East of Araida, Karumai Town.

(lat. 40°17'35.9” N; long. 141°25'13.7" E)

Sample number: ICH 21-03.

Horizon: Kassenba Formation.

Lithology: Gray, slaty mudstone.

Fauna: Williriedellum (?) sp., Zhamoidellum (?) sp.,
Eucyrtidiellum spp., Transhsuum (?) sp., Nassellaria gen.
et sp. indet. (Plate 3).

Age: Probably late Aalenian—late Kimmeridgian.

(5) Locality 5 (Fig. 2d)

Location: Hayato, Karumai Town.

(lat. 40°19'35.4" N; long. 141°24'50.0" E)

Sample number: ICH 23-03.

Horizon: Kassenba Formation.

Lithology: Light gray, bedded, siliceous mudstone.
Fauna: Nassellaria gen. et sp. indet. (Plate 3).
Age: Unknown.
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Fig. 2 Localities of mudstone samples yielding Jurassic radiolarians.
Topographic maps are downloaded from the website of Geospatial Information Authority of Japan. URL of each map is as
follows; (a) http://maps.gsi.go.jp/#16/40.209835/141.494669/& base=std&ls=std&disp=1&vs=c1j010u0f0, (b) http://maps.gsi.
20.jp/#16/40.175414/141.438514/&base=std&ls=std&disp=1&vs=c1j010u010, (c) http://maps.gsi.go.jp/#16/40.293578/141.41
8236/&base=std&ls=std&disp=1&vs=c1j010u0f0, (d) http://maps.gsi.go.jp/#16/40.325952/ 141.413087/&base=std&ls=std&d
isp=1&vs=c1j010u0f0, and (e) http://maps.gsi.go.jp/#16/40.207500/141.297623/&base=std&1s=std&disp=1&vs=c1j010u0f0

(6) Locality 6 (Fig. 2d)

Location: Hayato, Karumai Town.

(lat. 40°19°31.3” N; long. 141°24'50.6” E)

Sample number: ICH 23-04.

Horizon: Kassenba Formation.

Lithology: Light gray, bedded, siliceous mudstone.
Fauna: Angulobracchiidae gen. et sp. indet. (Plate 3).
Age: Unknown.

(7) Locality 7 (Fig. 2¢)

Location: Suwano, Ichinohe Town.

(lat. 40°12"18.5” N; long. 141°17°51.1” E)

Sample number: ICH 56-01.

Horizon: Kuzumaki Formation.

Lithology: Dark gray, mudstone.

Fauna: Eucyrtidiellum (?) sp., Unuma (?) sp., Nassellaria
gen. et sp. indet. (Plate 3).



Jurassic radiolarians from the Ichinohe—Kunohe area in the North Kitakami Belt. (Nakae)

Fig. 3 Mudstone outcrops at radiolarian localities.
(a)—(b) Siliceous mudstone of the Seki Formation, southeast of Koyukiya (a: Locality 1, b: Locality 2). (c) Siliceous mudstone of
the Kassenba Formation, at Shimo-sawanai (Locality 3). (d) Mudstone of the Kassenba Formation, east of Araida (Locality 4).
(e) Siliceous mudstone of the Kassenba Formation at Hayato (Locality 5). (f) Mudstone of the Kuzumaki Formation at Suwano
(Locality 7).
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Fig. 4 Microphotographs of the thin sections.
(a)—(b) Siliceous mudstone of the Seki Formation (a: Locality 1, b: Locality 2). (c) Mudstone of the Kassenba Formation (c:
Locality 4). (d)—(e) Siliceous mudstone of the Kassenba Formation (d: Locality 5, e: Locality 6). (f) Mudstone of the Kuzumaki
Formation (Locality 7). Under the microscope, all these mudstones are dotted with radiolarian remains which are white in color
and oval or triangular in shape.



Jurassic radiolarians from the Ichinohe—Kunohe area in the North Kitakami Belt. (Nakae)

Table 1 List of radiolarian species detected from the Ichinohe—Kunohe area in the North Kitakami Belt.

Locality Number (Loc.) 1 2 3 4 5 6 7
$3$%333 3
Sample Number S8 38388 &
<=« ===« = Ji e =i« = Jie =
SC 8888 ¢
Horizon (Formation) Seki Kassenba Kz
Williriedellum sp. +
Williriedellum (?) sp. +
Zhamoidellum spp. +
Zhamoidellum (?) sp. +
Hiscocapsa spp. +
Striatojaponocapsa plicarum (Yao) +
Striatojaponocapsa sp. cf. S. plicarum (Yao) +
Striatojaponocapsa sp. cf. S. synconexa O’Dogherty, Gori¢an and Dumitrica +
Theocapsomella sp. cf. T. costata (Chiari, Marcucci and Prela) +
Theocapsomella (?) sp. +
Natoba (?) sp. +
Eucyrtidiellum sp. cf. E. pustulatum Baumgartner + +
Eucyrtidiellum sp. cf. E. unumaense (Yao) +
Eucyrtidiellum ptyctum (Riedel and Sanfilippo) +
Eucyrtidiellum nodosum Wakita +
Eucyrtidiellum spp. + +
Eucyrtidiellum (?) sp. +
Guexella (?7) spp. + +
Stichomitra (?) sp. +
Transhsuum brevicostatum gr. (Ozvoldova) +
Transhsuum sp. cf. T. brevicostatum gr. (Ozvoldova) +
Transhsuum maxwelli gr. (Pessagno) +
Transhsuum sp. cf. T. maxwelli gr. (Pessagno) +
Transhsuum (?) sp. +
Archaeodictyomitra prisca Kozur and Mostler +
Archaeodictyomitra whalenae Kozur and Mostler +
Archaeodictyomitra sp. cf. A. apiarium (Riist) +
Archaeodictyomitra spp. + +
Unuma (?) sp. +
Spongocapsula krahsteinensis Suzuki and Gawlick +
Cinguloturris (?) spp. +
Parvicingula cappa Cortese +
Tethysetta sp. cf. T. mashitaensis (Mizutani) +
Tethysetta spp. +
Triversus (?) sp. +
Lantus sp. +
Angulobracchiidae gen. et sp. indet. +
Nassellaria gen. et sp. indet. + + + +
Kz: Kuzumaki



Bulletin of the Geological Survey of Japan, vol. 67 (3), 2016

Age: Probably carly Toarcian—late Bathonian.

6. Age assignment discussion

In order to determine the age of the radiolarian
faunas extracted from the mudstone samples in the
Ichinohe—Kunohe area, the zonation schemes proposed
by Baumgartner et al. (1995) and Matsuoka (1995a)
for the middle to late Jurassic Period are primarily
applicable; Unitary Association Zone (UAZone)
assignments of Baumgartner et al. (1995) are adopted for
the biostratigraphic ranges of the extracted radiolarian
species, and further the ranges of radiolarian genera that
were recently extensively analyzed by O’ Dogherty et al.
(2009) are used in this study (Table 2).

The above two zonations can be compared to each other
(e.g., the base of UAZone 4 of Baumgartner et al. (1995)
and JR4 (Striatojaponocapsa plicarum Zone) of Matsuoka
(1995a) are defined by the first appearance biohorizone
of the same species), but it is well known that a certain
amount of difference in age has emerged between these
zones. Therefore in this report, the ages of UAZones
are recalculated on the basis of the dataset of Matsuoka
(1995a).

(1) ICH07-02 (Loc. 1)

This siliceous mudstone sample of the Seki Formation
yielded a radiolarian fauna (Plate 1), whose preservation
is slightly better than the others. Among Nassellaria,
Striatojaponocapsa and Eucyrtidiellum are the most
abundant genera, and minor amounts of Transhsuum,
Archaeodictyomitra, Spongocapsula, Tethysetta and
others are also included. Most of these genera have a wide
biostratigraphic range from Pliensbachian to Tithonian or
to much younger stage (Table 2; O’ Dogherty et al., 2009).

According to Baumgartner et al. (1995), the occurrence
of Striatojaponocapsa plicarum in this sample allows
its assignment to UAZones 4-5, which corresponds
to JR4-JR5 (Striatojaponocapsa plicarum Zone and
Striatojaponocapsa conexa Zone: lower Bajocian to
lower Callovian) of Matsuoka (1995a). On the other
hand, Matsuoka and Yao (1986) defined the base of JR4
(Tricolocapsa plicarum Zone) of Matsuoka (1983) by the
first appearance biohorizon (FAB) of Striatojaponocapsa
plicarum. Later Matsuoka (1995b) also mentioned that
this FAB should be set between UAZone 3 and UAZone
4, being correlated to the Aalenian/Bajocian boundary.

Several specimens being quite similar to
Striatojaponocapsa synconexa were detected from this
sample. O’ Dogherty et al. (2005) discussed on the range of
Striatojaponocapsa synconexa based on the recalculation
by Savary and Guex (1999), and summarized that its
FAB is situated just above the last appearance biohorizon
(LAB) of Striatojaponocapsa plicarum and slightly below
the FAB of Striatojaponocapsa conexa. This biohorizon
(FAB of Striatojaponocapsa synconexa) therefore is
settled within lower Bathonian. Furthermore, Hatakeda

et al. (2007) revealed that the morphological change
from Striatojaponocapsa plicarum to Striatojaponocapsa
conexa through Striatojaponocapsa synconexa was
continueously and gradually occurred during a relatively
short range (lower-middle Bathonian) across the
boundary between the Striatojaponocapsa plicarum and
Striatojaponocapsa conexa Zones. On the basis of the
co-existence of these two species, it is reasonable that this
samples is assigned to lower to middle Bathonian.

Eucyrtidiellum sp. cf. E. pustulatum, Eucyrtidiellum sp.
cf. E. unumaense and Transhsuum sp. cf. T. maxwelli gr.
were also found in this sample. Although these species
existed in a long range from UAZone 3 to UAZone 10, their
co-occurrence can be restricted to UAZones 5-8 (middle
Bathonian to lower Kimmeridgian). This age assignment
is concordant to those determined by the co-occurrence
of Striatojaponocapsa plicarum and Striatojaponocapsa
sp. cf. S. synconexa.

(2) ICH07-03 (Loc. 2)

This sample of siliceous mudstone collected from the
Seki Formation contains a relatively poorly-preserved
radiolarian fauna whose diversity is slightly higher than
the others (Plate 2). Within the fauna, Eucyrtidiellum,
Transhsuum and Archaeodictyomitra are the most
abundant genera, and minor amounts of Williriedellum,
Zhamoidellum, Hiscocapsa and Tethysetta are also
recognized. According to O’ Dogherty et al. (2009),
these genera existed together within a range from upper
Bathonian to upper Kimmeridgian whereas each genus
has a much wider range from Pliensbachian to middle
Cretaceous (Table 2).

Among the obtained specimens, Eucyrtidiellum ptyctum,
Eucyrtidiellum nodosum, Transhsuum brevicostatum gr.,
Transhsuum maxwelli gr., Archaeodictyomitra prisca, and
Archaeodictyomitra whalenae are identified at a species
level, and some of them are stated to display following
biostratigraphic ranges (Baumgartner et al., 1995);
Eucyrtidiellum ptyctum (UAZones 5-11), Eucyrtidiellum
nodosum (UAZones 3-10), Transhsuum brevicostatum
gr. (UAZones 3-11), and Transhsuum maxwelli gr.
(UAZones 3-10), respectively. Based on this, the range of
their co-occurrence is assigned to UAZones 5-10 (middle
Bathonian—upper Kimmeridgian).

In addition to the above, Eucyrtidiellum pustulatum
(UAZones 5-8), Archaeodictyomitra apiarium (UAZones
8-22) and Tethysetta mashitaensis (UAZones 8—15) were
found in this sample, although there remains slightly
doubtful whether these species can be definitely identified.
This evidence provides a possible biostratigraphic range
(UAZone 8: lower Kimmeridgian) to the co-occurrence
of these species.

Consequently, a reasonable range of this fauna is
probably restricted to lower Kimmeridgian, or at least
middle Bathonian—upper Kimmeridgian.



Table 2 List of radiolarian genera and their biostratigraphic

ranges from O’Dogherty et al. (2009).

Genus Range
Williriedellum upper Aalenian — lower Aptian
Zhamoidellum lower Pliensbachian — upper Barremian
Hischocapsa upper Bathonian — middle Albian
Striatojaponocapsa lower Bajocian — upper Callovian
Theocapsomella lower Bathonian — lower Berriasian
Natoba lower Pliensbachian — lower Toarcian
Eucyrtidiellum lower Pliensbachian — upper Tithonian
Guexella upper Bajocian — lower Oxfordian
Transhsuum lower Pliensbachian — upper Kimmeridgian

Archaeodictyomitra

lower Pliensbachian — upper Campanian

Unuma lower Toarcian — upper Bathonian
Spongocapsula upper Bajocian — lower Campanian
Cinguloturris upper Bathonian — lower Valanginian

Parvicingula upper Bathonian — upper Hauterivian
Tethysetta lower Bajocian — lower Aptian
Triversus upper Pliensbachian — upper Bathonian
Lantus lower Pliensbachian — lower Kimmeridgian

(3) ICHO01-05 (Loc. 3)

Only two radiolarian remains, which are poorly-
preserved, were found in the sample of siliceous mudstone
from the Kassenba Formation; one is Guexella (?) sp.
and the other is an unidentified species of Nassellaria
(Plate 3). Because of the rare radiolarian occurrence, it
is quite difficult to determine the age of this fauna. The
range of genus Guexella is stated as upper Bajocian—lower
Oxfordian (Table 2); therefore this fauna is probably
assigned to the similar age.

(4) ICH21-03 (Loc. 4)

Poorly-preserved radiolarians such as Williriedellum
(D) sp., Zhamoidellum (?) sp., Eucyrtidiellum spp. and
Transhsuum (?) sp. were yielded from slaty mudstone
of the Kassenba Formation (Plate 3). It is quite difficult
to constrain the age of this poorly-preserved fauna, but
the fauna probably ranges from upper Aalenian to upper
Kimmeridgian (Table 2).

(5) ICH23-03 (Loc. 5) and ICH23-04 (Loc. 6)

No age-diagnostic species has been found in two
siliceous mudstone samples of the Kassenba Formation
(Plate 3). Hence, the age of each sample is unknown.

(6) ICH56-01 (Loc. 7)

It is the only sample which was derived from
mudstone of the Kuzumaki Formation and yielded highly
damaged radiolarian remains. Among them, it seems
that Eucyrtidiellum (?) sp. and Unuma (?) sp. may be
identifiable at a genus level (Plate 3). If this identification
is reasonable, the sample can probably be correlated to
lower Toarcian to upper Bathonian. As the above, this age
assignment is controversial.

Jurassic radiolarians from the Ichinohe—Kunohe area in the North Kitakami Belt. (Nakae)

7. Conclusion

The main conclusions of this study concern the age
assignment of seven rock samples in the Ichinohe-
Kunohe area, the North Kitakami Belt. Two siliceous
mudstone samples of the Seki Formation are relatively
accurately assigned as early-middle Bathonian and early
Kimmeridgian in age, respectively. On the Kassenba
Formation, three siliceous mudstone and one slaty
mudstone samples were collected, but their ages can not
be restricted precisely; providing late Bajocian—early
Oxfordian to the siliceous mudstone and late Aalenian—
late Kimmeridgian to the slaty mudstone. On the other
hand, the Kuzumaki Formation is probably assigned to
early Toarcian—late Bathonian in age.

8. Systematic Paleontology

Descriptions of the radiolarian species examined in this
study mainly employed the taxonomic classification of De
Wever et al. (2001) and O’ Dogherty et al. (2009).

Subclass RADIOLARIA Miiller 1858
Order NASSELLARIA Ehrenberg 1875

Family WILLIRIEDELLIDAE Dumitrica 1970
Genus Williriedellum Dumitrica 1970

Williriedellum sp.

(Plate 2, fig. 1)

Remarks: This specimen is identical with genus
Williriedellum based on the outline of its shell and
having three segments; cephalis is small, thorax is
slightly depressed into abdomen, and abdomen is large
and globose. An apertural tube, which is not clearly found,
is recognized at the end of the abdomen. But, cylindrical
pores on the abdominal surface are obscure.

Williriedellum (?) sp.
(Plate 3, fig. 3)

Genus Zhamoidellum Dumitricd 1970

Zhamoidellum spp.

(Plate 2, figs. 2-3)

Remarks: The obtained specimens are composed of three
segments. Cephalis is small. Thorax is partly encased in
large and globose abdomen. Hexagonal pore frames are
visible on the abdominal surface.

Zhamoidellum (?) sp.
(Plate 3, fig. 4)

Genus Hiscocapsa O’ Dogherty 1994

Hiscocapsa spp.
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(Plate 2, figs. 4-5)

Remarks: Test of the obtained specimens is composed of
four segments. Small cephalis, thorax and abdomen form
together a narrow conical portion. Fourth segment is large
and inflated in shape, possessing a constricted aperture.
Ornamentation (pores or spines) on the test surface is not
clearly recognized due to poorly-preservation.

Genus Striatojaponocapsa Kozur 1984

O’ Dogherty et al. (2005) restricted the generic name
Striatojaponocapsa to the phylogenetic lineage S.
tegiminis (Matsuoka) — S. plicarum (Yao) — S. synconexa
O’ Dogherty et al. — S. conexa (Matsuoka) — S. lacrimalis
(Matsuoka). Some species belonging to this lineage are
differentiated by ornamentation on surface of their tests;
S. synconexa O’ Dogherty et al. differs from S. plicarum
(Yao) by the presence of a porous depression, and from S.
conexa (Matsuoka) by lack of transversal ridges between
plicae.

Striatojaponocapsa plicarum (Yao) 1979
(Plate 1, fig. 1)
1979 Tricolocapsa plicarum n. sp. —Yao, p. 32-33, plate
4, figs. 1-11.
1982 Tricolocapsa plicarum Yao — Sashida et al., plate
2, fig. 1.
1982 Tricolocapsa plicarum Yao — Kido et al., plate
5, fig. 1.
1983 TricolocapsaplicarumYao—Matsuoka, p.20,plate 3,
fig. 1.
1984 Tricolocapsa plicarum Yao — Baumgartner, p. 790,
plate 10, fig. 6.
1984 Striatojaponocapsa plicarum (Yao) — Kozur, plate
7, fig. 3.
1995 Tricolocapsa plicarum plicarum Yao —
Baumgartner et al., p. 598-599, plate 4053, figs.
1-3.
1997 Striatojaponocapsa plicarum plicarum (Yao) —
Hull, p. 168. plate 37, figs. 6, 9.
Remarks: Although this specimen is not well-preserved,
it is identical with Striatojaponocapsa plicarum (Yao) by
possessing a dish-like basal appendage and longitudinal
plicae on its surface.
Range: UAZones 4-5 (Baumgartner et al., 1995; Savary
and Guex, 1999), corresponding to lower Bajocian—lower
Callovian (Matsuoka, 1995b).

Striatojaponocapsa sp. cf. S. plicarum (Yao) 1979
(Plate 1, fig. 2)

Remarks: This specimen is incomplete and questionably
assigned to Striatojaponocapsa plicarum (Yao), because
its longitudinal plicae on the surface are faintly recognized.

Striatojaponocapsa sp. cf. S. synconexa O’ Dogherty,
Gori¢an and Dumitricd in O’ Dogherty, Markus, Gorican,
Dumitrica and Masson 2005

(Plate 1, figs. 3-7)

Remarks: Striatojaponocapsa synconexa O’ Dogherty
et al. is synonymous with Tricolocapsa plicarum ssp. A
which has been defined by Baumgartner et al. (1995).
This species is quite similar to Striatojaponocapsa conexa
(Matsuoka) by presence of longitudinal plicae and a
circular depression at its basal part, but slightly different
from Striatojaponocapsa conexa (Matsuoka) by lacking
transversal ridges between plicae. Poorly-preserved
specimens were found in the present material and are
characterized by a circular depression. However, presence
of the transversal ridges between plicae is obscure.

Family DIACANTHOCAPSIDAE O’ Dogherty 1994

Genus Theocapsomella O’Dogherty,
Gori¢an and Dumitricd in O’Dogherty,
Markus, Gori¢an, Dumitrica and Masson 2005

According to the original definition by O’ Dogherty et
al. (2005), the test of Theocapsomella is composed of
three segments; cephalis small, thorax much larger and
inflated, abdomen subglobular and usually somewhat
larger than thorax, and lumbar stricture between thorax
and abdomen is well pronounced.

Theocapsomella sp. cf. T. costata (Chiari, Marcucci and
Prela) 2002

(Plate 1, fig. 8)

Remarks: The obtained specimen is composed of three
segments. Cephalis is small and hemispherical. Much
larger thorax and abdomen, which are separated by a
lumbar stricture, possess wide raised longitudinal ridges
on their surface. Based on these characteristic features, this
specimen resembles to Theocapsomella costata (Chiari,
Marcucci and Prela), although rounded pores on the test
surface are invisible due to poor-preservation.

Theocapsomella (?) sp.
(Plate 2, fig. 6)

Family EUCYRTIDIELLIDAE Takemura 1986
Genus Natoba Pessagno and Poisson 1981

Natoba (?) sp.
(Plate 1, fig. 9)

Genus Eucyrtidiellum Baumgartner 1984

Eucyrtidiellum sp. cf. E. pustulatum Baumgartner 1984
(Plate 1, fig. 11; Plate 2, fig. 7)

Remarks: The obtained specimens are poorly-preserved
and composed of four segments. Large pores are recognized
at the joint between the abdomen and fourth segment. It
is similar to Eucyrtidiellum pustulatum Baumgartner or
Eucyrtidiellum dentatum Baumgartner in outer shape.
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However, Eucyrtidiellum pustulatum is more suitable for
the obtained specimens than the latter by possessing an
irregularly nodose abdomen. Each specimen lacks in a flat
terrace and a sharp edge at the top of abdomen, which is a
characteristic feature of Eucyrtidiellum dentatum.

Eucyrtidiellum sp. cf. E. unumaense (Yao) 1979

(Plate 1, figs. 12-14)

Remarks: Eucyrtidiellum unumaense (Yao) is composed
of four segments. Its large and inflated hemispherical
abdomen has smooth surface without pores. On the
obtained specimens, any pronounced ornamentation
(pores, plicae or pore frames) is invisible on the abdominal
surface.

Eucyrtidiellum ptyctum (Riedel and Sanfilippo) 1974
(Plate 2, fig. 8)
1974 Eucyrtidium ptyctum n. sp.— Riedel and Sanfilippo,
p. 778, plate 5, fig. 7; plate 12, fig. 14.
1977 Eucyrtidium (?) ptyctum Riedel and Sanfilippo —
Pessagno, p. 94, plate 12, fig. 7.
1984 Eucyrtidiellum ptyctum (Riedel and Sanfilippo) —
Baumgartner, p. 764, plate 4, figs. 1-3.
1986 Eucyrtidiellum ptyctum (Riedel and Sanfilippo) —
Matsuoka, plate 2, fig. 10.
1987 Eucyrtidiellum ptyctum (Riedel and Sanfilippo) —
Aita, p. 65, plate 4, figs. 12a-b; plate 10, fig. 14;
plate 14, fig. 3.
1990 Eucyrtidiellum ptyctum (Riedel and Sanfilippo)
— Nagai and Mizutani, p. 595, plate 3, figs. Sa—b.
Remarks: Plicac are faintly visible and arranged
longitudinally on the inflated abdomen. These characters
are recognized in Eucyrtidiellum ptyctum (Riedel and
Sanfilippo) and Eucyrtidiellum pyramis (Aita), but number
of the plicae is different; 9 to 11 plicae in lateral view of
Eucyrtidiellum ptyctum (Riedel and Sanfilippo) and 5 to 6
plicae in lateral view of Eucyrtidiellum pyramis (Aita). 11
plicae are recognized in the examined specimen.
Range: UAZones 5-11 (Baumgartner et al., 1995),
corresponding to middle Bathonian—late Tithonian
(Matsuoka, 1995b).

Eucyrtidiellum nodosum Wakita 1988
(Plate 2, fig. 9)
1985 Eucyrtidium sp. — Baumgartner, fig. 38.m.
1986 Eucyrtidium sp. aff. E. unumaense (Yao) —
Matsuoka, plate 2, fig. 9; plate 3, fig. 10.
1988 Eucyrtidiellum nodosum n. sp. — Wakita, p. 408,
plate 4, fig. 29; plate 5, fig. 16.
1988 Eucyrtidiellum nodosum Wakita — Nagai, plate 1,
fig. 5; plate 2, fig. 6.
Remarks: This examined specimen is poorly-preserved,
but ornamentation consisting of small noses is remained
on abdominal surface.
Range: UAZones 3-10 (Baumgartner et al., 1995),
corresponding to late Aalenian—late Kimmeridgian
(Matsuoka, 1995b).

Eucyrtidiellum spp.
(Plate 2, figs. 10-11; Plate 3, figs. 5-6)

Eucyrtidiellum (?) sp.
(Plate 3, fig. 20)

Family EUCYRTIDIIDAE Ehrenberg 1847
Genus Guexella Baumgartner 1984

Guexella (?) spp.
(Plate 1, figs. 15-17; Plate 3, fig. 2)

Genus Stichomitra Cayeux 1897

Stichomitra (?) sp.
(Plate 2, fig. 27)

Family HSUIDAE Pessagno and Whalen 1982
Genus Transhsuum Takemura 1986

Transhsuum brevicostatum gr. (Ozvoldova) 1975
(Plate 2, figs. 12-13)
1975 Lithostrobus brevicostatus — Ozvoldova, p. 617,
fig. 12j.
1981 Hsuum brevicostatum (Ozvoldova) — Kocher, p.
73, plate 14, fig. 3.
1984 Hsuum brevicostatum (Ozvoldova) — Baumgartner,
p. 769, plate 5, figs. 1-2.
1993 Hsuum brevicostatum (Ozvoldova) — Pessagno et
al., p. 136, plate 6, figs. 3, 4, 21, 23.
Remarks: Tests of the obtained specimens are composed
of 11 segments, regularly broadening distally. Each
segment after fourth one is characterized by discontinuous
longitudinal costae. Two rows of pore are faintly
recognized between adjacent costae.
Range: UAZones 3—11 (Baumgartner et al., 1995),
corresponding to late Aalenian—late Tithonian (Matsuoka,
1995b).

Transhsuum sp. cf. T. brevicostatum gr. (Ozvoldova)
1975

(Plate 2, fig. 14)

Remarks: General shape of the obtained specimen is
similar to Transhsuum brevicostatum, but its detailed
ornamentation is not clear.

Transhsuum maxwelli gr. (Pessagno) 1977
(Plate 2, fig. 15)
1977 Hsuum maxwelli — Pessagno, p. 81, plate 7, figs.
14-16.
1981 Hsuum maxwelli Pessagno — Kocher, p. 73, plate
14, fig. 14.
1984 Hsuum maxwelli Pessagno — Pessagno et al., p.
25, plate 1, fig. 6.
1984 Hsuum maxwelli Pessagno gr. — Baumgartner, p.
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769, plate 5, figs. 3—4.
1988 Hsuum maxwelli Pessagno gr.—Ozvoldova, plate
3, fig. 3 ; plate 6, fig. 10.
Remarks: The obtained specimen is composed of more
than 10 segments, with distally diverging discontinuous
costae. Two rows of pore frames are recognized between
costae on at least upper segments.
Range: UAZones 3-10 (Baumgartner et al., 1995),
corresponding to late Aalenian—late Kimmeridgian
(Matsuoka, 1995b).

Transhsuum sp. cf. T. maxwelli gr. (Pessagno) 1977
(Plate 1, fig. 18)

Remarks: The obtained specimen is a broken form of
Transhsuum, and probably composed of more than 10
segments. This specimen is similar to Transhsuum
maxwelli gr. in having the same feature of discontinuous
costae.

Transhsuum (?) sp.
(Plate 3, fig. 10)

Family ARCHAEODICTYOMITRIDAE Pessagno 1976
Genus Archaeodictyomitra Pessagno 1976

Archaeodictyomitra prisca Kozur and Mostler in Grill
and Kozur 1986
(Plate 2, fig. 18)
1982 Archaeodictyomitra sp. A — Sashida et al., plate
2, fig. 9.
1986 Archaeodictyomitra prisca n. sp. — Kozur and
Mostler in Grill and Kozur, p. 258-259, plate 8,
figs. 3-6.
1998 Archaeodictyomitra whalenae Kozur and Mostler
— Ozvoldova, plate 1V, fig. 11.
2005 Archaeodictyomitra prisca Kozur and Mostler —
O’ Dogherty et al., p. 430, plate 1, figs. 4-5.
Remarks: The obtained specimen is identical with
Archaeodictyomitra prisca Kozur and Mostler, which is
characterized by slender test with indistinct stricture and
by closely spaced longitudinal costae.

Archaeodictyomitra whalenae Kozur and Mostler in Grill
and Kozur 1986
(Plate 2, fig. 19)
1982 Archaeodictyomitra sp. A—Pessagno and Whalen,
p. 117, plate 8, fig. 10.
1982 Archaeodictyomitra sp. J — Kishida and Sugano,
plate 12, fig. 11.
1986 Archaeodictyomitra whalenae n. sp. — Kozur and
Mostler in Grill and Kozur, p. 260, plate 9, figs.
2-5.
1998 Archaeodictyomitra whalenae Kozur and Mostler
— Ozvoldova, plate IV, fig. 10.
2005 Archaeodictyomitra whalenae Kozur and Mostler
—O’Dogherty et al., p. 430-431, plate 1, figs. 8-9.

Remarks: The test is conical and the width of segments
increases rapidly at upper portion, but slightly decreases
lower portion. Strictures are shallow and weakly
developed. Small pores in some strictures are visible, but
always closed in the case of the obtained specimen, due
to poorly-preservation.

Archaeodictyomitra sp. cf. A. apiarium (Riist) 1885
(Plate 2, figs. 16-17)

Remarks: These specimens are similar to Archaeodictyomitra
apiarium (Riist) in having low circumferential ridges and
continuous longitudinal costae, but slightly different from
the latter in their long and slender form.

Archaeodictyomitra spp.

(Plate 1, fig. 19; Plate 2, figs. 20-22)

Remarks: The obtained specimens are multi-segmented
and elongated conical in outer shape, and are covered by
linearly arranged continuous costae.

Family UNUMIDAE Pessagno
in Pessagno, Finch and Abbott 1979

Genus Unuma Ichikawa and Yao 1976

Unuma (?) sp.
(Plate 3, fig. 25)

Family SPONGOCAPSULIDAE Pessagno 1977
Genus Spongocapsula Pessagno 1977

Spongocapsula krahsteinensis Suzuki and Gawlick in
Gawlick, Schlagintwei, Ebli and Suzuki 2004
(Plate 1, figs. 20-21)

1982 Canoptum sp. — Kido et al., plate 2, fig. 6.

1985 Canoptum sp. — Yamamoto et al., p. 34, plate 3,
fig. 10.

1992 Spongocapsula palmerae Pessagno — Ozvoldova,
plate 4, fig. 9.

1996 Spongocapsula (?) sp. — Nishizono, plate 27, fig.
11.

1998 Canoptum sp. A sensu Yao — Arakawa, plate 9,
fig. 399.

2001 Spongocapsula palmerae Pessagno — Hori, plate
4, fig. 14.

2004 Spongocapsula krahsteinensis n. sp. — Suzuki
and Gawlick in Gawlick, Schlagintwei, Ebli and
Suzuki, pl. 313-315, plate 4, fig. 7-10.

Remarks: Entire shell of Spongocapsula krahsteinensis is
composed of a spongy meshwork, which is covered with
a thin layer of fine-grained gravel. Cephalis is conical
without apical horn. Post-cephalic segments are truncated
cone-shaped, and their width gradually increases in the
distal direction. Circumferential ridges are striking
between the post-abdominal chambers. The examined
specimens are longer than the holotype described by
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Suzuki and Gawlick.
Range: Late Bajocian—Callovian (Gawlick et al., 2004).

Genus Cinguloturris Dumitrica
in Dumitrica and Mello 1982

Cinguloturris (?) spp.
(Plate 2, figs. 23-24)

Family PARVICINGULIDAE Pessagno 1977
Genus Parvicingula Pessagno 1977

Parvicingula cappa Cortese 1993
(Plate 1, fig. 10)
1985 Parvicingula (?) sp. — Yamamoto et al., p. 37,
plate 6, figs. 4-5.
1993 Parvicingula cappan. sp. — Cortese, pl. 176, plate
4, figs. 1-4.
1994 Parvicingula cappa Cortese — Matsuoka et al.,
plate 11, fig. 15.
1998 Parvicingula (?) sp. J0 — Arakawa, plate 10, fig.
462.
1998 Parvicingula (?) sp. J1 — Arakawa, plate 10, fig.
463.
2002 Parvicingula (?) sp. — Nakae, fig. 5, h—i.
2003 Parvicingula cappa Cortese — Suzuki and Gawlick,
pl. 187188, fig. 6, 83-84.
Remarks: The obtained specimen is multi-segmented and
conical in outer shape. Hexagonally arranged pores are
faintly found on the test surface but no circumferential
ridges are developed.
Range: latest Bathonian—early Callovian (Suzuki and
Gawlick, 2003).

Genus Tethysetta Dumitrica in Dumitrica et al. 1997

Tethysetta sp. cf. T. mashitaensis (Mizutani) 1981

(Plate 2, fig. 25)

Remarks: The obtained specimen is multi-segmented
and spindle-shaped. Distal part seems to be closed with
a narrow tube. One row of pore is found on the edge of
circumferential ridges, although three rows of pore are
arranged in well-preserved specimens.

Tethysetta spp.

(Plate 1, figs. 22-23)

Remarks: Test of each specimen detected is multi-
segmented and spindle-shaped, and its distal part (last
few segments) become narrower. A narrow tube is lacking
due to poor preservation. Circumferential ridges at joints
between segments are somewhat nodose.

Genus Triversus Takemura 1986

Triversus (?) sp.
(Plate 2, fig. 26)

NASSELLARIA Incertae sedis
Genus Lantus Yeh 1987

Lantus sp.

(Plate 1, fig. 24)

Remarks: The examined specimen belongs to genus
Lantus by similar overall form and by having a final post-
abdominal segment which is closed with an ellipsoidal
cap.
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Jurassic radiolarians from the Ichinohe—Kunohe area in the North Kitakami Belt. (Nakae)

1-16, 18, 21-24 17, 19-20

Scale bar = 0.1 mm

Plate 1 SEM images of Jurassic radiolarians from the Seki Formation in the Ichinohe—Kunohe area.
ICHO07-02 (Locality 1: Seki Formation), 1: Striatojaponocapsa plicarum (Yao), 2: Striatojaponocapsa sp. cf. S. plicarum
(Yao), 3—-7: Striatojaponocapsa sp. cf. S. synconexa O’Dogherty, Gori¢an and Dumitrica, 8: Theocapsomella sp. cf. T. costata
(Chiari, Marcucci and Prela), 9: Natoba (?) sp., 10: Parvicingula cappa Cortese, 11: Eucyrtidiellum sp. cf. E. pustulatum
Baumgartner, 12—14: Eucyrtidiellum sp. cf. E. unumaense (Yao), 15-17: Guexella (?) spp., 18: Transhsuum sp. cf. T. maxwelli
gr. (Pessagno), 19: Archaeodictyomitra sp., 20-21: Spongocapsula krahsteinensis Suzuki and Gawlick, 22-23: Tethysetta spp.,
24: Lantus sp. All scale bars are equal to 0.1 mm.
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Plate 2 SEM images of Jurassic radiolarians from the Seki Formation in the Ichinohe—Kunohe area.

ICHO07-03 (Locality 2: Seki Formation), 1: Williriedellum sp., 2-3: Zhamoidellum spp., 4-5: Hiscocapsa spp., 6: Theocapsomella
(?) sp., 7z Eucyrtidiellum sp. cf. E. pustulatum Baumgartner, 8: Eucyrtidiellum ptyctum (Riedel and Sanfilippo), 9: Eucyrtidiellum
nodosum Wakita, 10-11: Eucyrtidiellum spp., 12—13: Transhsuum brevicostatum gr. (Ozvoldova), 14: Transhsuum sp. cf.
T. brevicostatum gr. (Ozvoldova), 15: Transhsuum maxwelli gr. (Pessagno), 16—17: Archaeodictyomitra sp. cf. A. apiarium
(Riist), 18: Archaeodictyomitra prisca Kozur and Mostler, 19: Archaeodictyomitra whalenae Kozur and Mostler, 20-22:
Archaeodictyomitra spp., 23-24: Cinguloturris (?) spp., 25: Tethysetta sp. cf. T. mashitaensis (Mizutani), 26: Triversus (?)
sp., 27: Stichomitra (?) sp. All scale bars are equal to 0.1 mm.
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ICH01-05 ICH21-03 Plate 3

ICH23-03
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Scale bar =0.1 mm 4,9,11-16,20-26 310 =—— 17-19

SEM images of Jurassic radiolarians from the Kassenba and Kuzumaki formations in the Ichinohe—Kunohe area.

ICHO01-05 (Locality 3: Kassenba Formation). 1: Nassellaria gen. et sp. indet., 2: Guexella (?) sp. ICH21-03 (Locality 4:
Kassenba Formation), 3: Williriedellum (?) sp., 4: Zhamoidellum (?) sp., 5—6: Eucyrtidiellum spp., 7-9, 11-14: Nassellaria
gen. et sp. indet. 10: Transhsuum (?) sp. ICH23-03 (Locality 5: Kassenba Formation), 15-16: Nassellaria gen. et sp. indet.
ICH23-04 (Locality 6: Kassenba Formation), 17-19: Angulobracchiidae gen. et sp. indet. ICH56-01 (Locality 7: Kuzumaki
Formation), 20: Eucyrtidiellum (?) sp., 21-24: Nassellaria gen. et sp. indet., 25: Unuma (?) sp., 26: Spherical radiolaria. All

Plate 3

scale bars are equal to 0.1 mm.
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