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Four seasons in the “Kiryu and Ashikaga” District in the southwestern Ashio Mountains

Jurassic accretionary complex is widely distributed over the Ashio Mountains across Gunma and Tochigi
prefectures. The Jurassic accretionary complex in the “Kiryu and Ashikaga” District, located in the southwestern
Ashio Mountains, comprises the Kurohone—Kiryu, Omama, Kuzu and Gyodosan complexes.

Upper left: (Spring) A ridge composed of chert of the Kuzu Complex in the south of Mt. Ryogai, Honjo, Ashikaga
City, Tochigi Prefecture. The Kuzu Complex is characterized by a widely distributed laterally-continuous
chert, which is often exposed in crests and ridges of the mountains.

Upper right: (Summer) A stream in the northern Hachioji Hills, where pelitic mixed rock of the Gyodosan Complex
is distributed, Hirosawa-cho, Kiryu City, Gunma Prefecture. The Gyodosan Complex is mainly composed of
chert and pelitic mixed rock, and valleys and streams mostly develop in the softer pelitic mixed rock.

Lower left: (Autumn) The Takatsudo Gorge where pelitic mixed rock of the Omama Complex is distributed,
Omama-machi Takatsudo, Midori City, Gunma Prefecture. The pelitic mixed rock, which characterizes the
upper part of the Omama Complex, is well exposed in the gorge. The rock and blocks of basaltic rocks,
carbonate rocks, chert and sandstone in it are observed along the Takatsudo Walkway.

Lower right: (Winter) A ridge in the north of Chikasawa Pass, distribution area of mudstone of the Kurohone—Kiryu
Complex, Sakuhara-cho, Sano City, Tochigi Prefecture. As the mudstone is harder than the mudstone of the
other complexes, it is exposed in ridges like chert.

(Photograph and Caption by ITO Tsuyoshi)
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Fig. 1 Simplified geologic map of the Ashio Mountains and study areas of each article of the author (Ito, 2019, 2020a, b, 2021a, b; Ito and
Kusano, 2021; Ito and Nakamura, 2021; Ito et al., 2021a, b; Muto and Ito, 2021). Geographical names in brackets indicate 1:50,000
topographic maps published by Geospatial Information Authority of Japan. This is based on mainly Sudo et al. (1991), Yamamoto et

al. (2000), Yoshikawa et al. (2010) and Ito (2021a).
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Ozawa, 1955; Watanabe et al., 1957; Fujimoto, 1961; Aono, 1985; Hayashi et al., 1990; Kamata, 1996; Yoshikawa et al., 2010).
This figure omits the geological maps and subsurface geological maps (Fundamental Land Classification Survey) published by
Tochigi and Gunma prefectures. The geological maps in the Kuzu area (e.g. Yoshida, 1956; Hatori, 1965; Yanagimoto, 1973;
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Table A1 English-Japanese translations of terms (e.g. geologic body) dealt in this special volume. Administrative division and place name
in the Kiryu City are based on Shimada (2000); those of the Sano City is based on Sano City (2019); those of other cities refer to

each city’ s webpage. Readings of mountains are based on Ota Hiking Club (2010) and Kojima et al. (2015).

#<5k (English)
HEL X 47 (Geology)

H A5 (Japanese)

w4 (Japanese syllabary)

Adoyama Formation 7R bERELD

Aisawa/Aizawa Formation ESN/ ke HSDh/HNEDED

Aka Syncline AR mAd BNIILR

Arihara Complex TEfa T Ly A BVIFHZA ST

Ashikaga Body JEREE R BLOBD AT

Ashikaga granodiorite SEFIAE i Bk BLIPBNIOEAY IS A
Ashikaga Group SR DL

Ashio Formation SRR e bLEES

Ashio terrane/belt RRTV— bLBTh—A /T

Aso/Anso Group LRFIERE b A

Awano Group SR A A HDEI

Ayuta Complex/Unit =2 7Ly IR 2=y DIz A SN T Pl
Azusagawa Complex FENlar 7Ly A BT ENDLIA ST

Barakura granodiorite KA DI IEBOENIHTAN LD A
Chichibu belt FRACHr HHAEN

Chuzenji Acidic Igneous Rocks PR SR R e SR HHIFALBZSAHENDEOBADN
Chuzenji adamelite FESET A HHIFALDHIZD AN

Dayoshi Unit Bt a=vh Rl

Fukazawa granodiorite porphyry TRUAE A Bk B S SOE NI AV LT A
Fukuoka Group e e g A S<BNEI A
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Furuya Formation WEE 5509

Gyodosan Complex TE L 7Ly IR FIHEIEAZ A ST

Haiya Complex PREENIARS/S TN ZA ST

Hanetsuru Dolostone Member PGS IFRDLNNRASED
Hangetsuyama welded tuff e H VAR IEAT DRFELT OE LI
Hata Formation P 13725

Hidagawa Complex/Group B 12T Lo 2/ TE R OIERDZA ST,/ EHX A
Hieizan Complex EL= 7Ly A OZNWESAZAENSLT

Hikoma Anticline B A OZFiFvL=

Hikoma Group TR e i OZFEE<A

Hirataki quartz diorite—granodiorite S A1 5 Pk A —1E A D OBIERFEZNEAN LB A-DIIEAN I A
Hirayu Complex LA TV T A [ONV NV VBV Petern

Hirosawa Conglomerate TR R OAZDONENA

Hirose Formation TR OAHEES

Hiroto Formation ST OAELEH

Hisazawa Unit ARZ=wh DEEbpliodb

Hoso granite—granite porphyry HMEEAL RSB R B [Ba ST YAV /ANl = VWYV
Ibukiyama Complex CiNIIENS7a R/ NERERLEZAS LT

Imajo Complex/Unit/Formation
Irohazaka welded tuff

LEar Ty IR 2=yh T
WAL SRTA G

WELIIZASENALT /izol /25
WAIEENISTHOE LD

Iwade Formation e WhTEH
Izuriha Complex HKz 7Ly A WPDITZ A SN
Izuru Formation H e e WI5E5
Kamanowa Complex Bl =AY/ INEDDHI SN

Kamiaso Complex/Unit
Kamigongendoyama Group/Complex
Kanayama Complex/Unit

L 7Ly R =y
B R g R 2Ty IR
K= AV =R

MIRDEIT ST Pliod
NIZ T VEIRFEELIS I Sio<T
MIRREZASNALT DITok

Kanayama Welded Tuff & ILIVAREBEICE DIRREIHNTOE LIDVDA
Kando Subcomplex ESTar Ty MAES S A ST
Kanma Fault PRRS WrJe PAEREAZED

Kanoiri granodiorite AL e B ok MOV D
Karasawa Limestone Member JFE A PR PESOESNNRASLED

Karasuyama Complex/Unit
Kasama Complex/Unit

Bluay Aoy s A/ =k
A EN AR Y

PETREIASNALT Dl
NEFEZASENALT DIt

Kasugano Complex/Formation FRHFa Ty NTRDZA ST/ E
Kawamo Formation )11 g PbbE)

Kawauchidani Unit JIINA 2= h NOIBIZITPIZoL

Kubogahara granodiorite e JRAE e DO ZEPIEBNIITAD DA
Kumogahata Complex ErMar Ty A <HMFTZZA ST
Kunimiyama Complex/Unit EHEL=Z 7Ly IR/ 2=k IEBREIASENT /DIl
Kurohone Syncline EARAR AR <AIFRIIHILS
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#2375 (English)

H'E X 53 (Geology)
Kurohone—Kiryu Complex/Unit
Kuroi Formation

Kuromatagawa Complex
Kuze Complex/Unit

Kuzu Complex/Group

Kuzu Syncline

Maki Formation

Matsuki quartz diorite—granodiorite
Matsuki Type Granitic Rocks
Mikagura Formation

Mino terrane/belt

Misogawa Complex/Formation
Nabeyama Formation/Group/Limestone
Nabi Complex/Unit
Nakatsuma/Nakazuma Formation
Nakasemba Thrust

Natasho Complex

Niresawa Anticline
Ohirayama Formation

Oiwa Fault

Omama Complex

Osawa Formation
Oshimatadani Complex
Oshirakawa Complex

Otaki Complex

Ryoke belt

Sakamototoge Complex
Sambagawa belt

Samondake Complex

Sano Group

Sawando Complex/Unit
Senmi Complex

Shimashima Complex/Unit
Shirahone Complex/Unit
Shuzan Complex/Formation
Sori granodiorite

Sori Type Granitic Rocks
Suganami Complex

Sukai adamelite

Takakura Unit

Takatori Complex/Unit
Tamba terrane/belt

Tochigi Group

Tone Anticline

Tone Complex

Torinokosan Complex/Unit
Tsurugaoka Complex

Umeda Syncline

Wachi Complex/Formation
Watarase Anticline

Yabuhara Complex/Formation
Yabuzuka Formation

Yajiro Complex

Yamaga Complex

Yamanaka Formation
Yamasuge Limestone Member
Yamizosan Complex/Unit
Yuragawa Complex

&1 HiE.
Table A1 Continued.

H A5 (Japanese)

BB A T Ly A
BIEE

BTy s A

US! (=N a s Y AN
HEaLTLy IR TERkE
A

ko]

FAAAT 5 Bk A6 i PR
FAARAITE A

R

EmTL—r
U=V Ao e
#LEJERE A
S A e e
e

AL 1 L e
HHEaT Ly IA

i SN R

K (LJE

KA E

Kz a7y 7 A
KRJE

Y RaL Ty s A
INENIENSA 253
Kiggar 7Ly

e
WA= T Ly A
SR
EMEar 7Ly I A
15 g i
WiEay Ly IR/ 2=k
iR =Ty s 2

Brar Ty IR/ a=yhk
SRS YA
JEl=ay 7Ly 2 T
IRAE i Pk

IR Frd 55

(e A= AP/
BT H A

B =yh
()N SN
PTL—r

WA JEE

FIARAS R}
a7y 2
Brlay Ty rR/ 2=y
oy Ly A

i FH ek

P = A

1 RS A
WEa Ly IR fE
b

JANRV=ra FEVe/S S
a7 Ly sz

I

LB R
NI TV IR =k
EISIEN AT

#e 4 (Japanese syllabary)

<AIFR-ZEVYHIZ SN -<T
LABNED
SAEENRDIAENSLT
SHZASNKT /izok
SPFIZASNALT /A
<THIHL®

FEZ)

FOZHZANEAN LD A-NIOEAN DV

FOEXNIENIIN DN

TP BHED

FHOTH—A,/ T
BENDIASNALT/ED
TRRRELD IS oI A
BRORZASNALT /it
TN SEED

R AELIOCEHTEAED
RIELIHZASNH-LT

[ gh<yIETAIBES
BEOLREE)
BBWbIiEAZES
BEEEZASNSLT
Bl&bhZ)
BLEEZIZZASIHSLT
BBLLMDIASNASLT
BREEZALNSLT
DEINTFT=N
EMHEEINT A ST
SAERDIZN
SHATTZASBNALT
IDZE
IbAEZASNALT /Dliok
HAHBZASENSLT
LELFZASNALT Plod
LblFRIA ST/ Diiod
LIEAZASNSKT /5
FEININIHEAD LN A
FEININTZINTINB DN

TR HZ ST
FTINBIZDAH

T2 Bplzod

/N NIB-N s Rot e s T hatep
T=AETi—A T2
EHEE A

ly e VEUA B

LhZAsSo<Kd
LODZEAZ A ENALT /Dl
DHINBINT ST
IDTETILR
bbIASEN-LT /%D
bbbt
RRELZASENALT D
RLEBINED
LLAZASNHLT
RENZASNSLT
RFERNED

RETHF RSV BASED
RBLESNZ I ENALT S/ Pliok
DHNHI A ST

5734301} 02075 43 D10 X i ik (Distrisct of 1:50,000 and 1:200,000 topographic maps)

Ashio

Fukaya

Kanuma

Kiryu and Ashikaga
Koga

Maebashi

2R
R
B
12 B SR
Ll
A

— 197 —

bl

S

RRES
ZVPIRLVBHLD
il

FxEL



WEFHAMIZEHE 20214 BT72% H4a4s

1 ki,
Table A1 Continued.

(English) H A3 (Japanese) 7t 4 (Japanese syllabary)
574301 % 0207 43 O 1D X sk (Distrisct of 1:50,000 and 1:200,000 topographic maps)
Mibu T4 FEN
Nantaisan PRNIY RN E A
Nikko H % IZnZ9
Numata VHH MFE
Okkai HE Bomn
Oyama NI} BRE
Takasaki Ry femEx
Tochigi LZEN LhE
Utsunomiya FHRE IODIRRR
Yaita AR A
1TELX 5y & 044 (Administrative division and place name)

Aisawa-cho SIRMT bNIHbro
Asahara IR HIEH
Ashikaga City SR HLPBL
Ashio 2R HLIB
Awaya-cho SEATHT HhhHr9
Azami [CysES] HE I
Ban-yama Jii IFARE
Daimon NG ALY
Egawa-cho L)1 T ZDDHEI
Gunma Prefecture FERG UL SAEFA
Hikoma-cho BT [ =329}
Hiranite SHZF OBIZT
Hirosawa-cho JEIRHET OAEDHE)
Hishi-machi ZEH] OLED
Isesaki City PR DHEEEL
Jarubuchi Lig=4l] L2555
Kaizawa IR ALY o)
Kambara i MPAED
Kanuma City VR T EL
Kasakake-machi/-cho IR METEL,/HEH
Kawamo i b
Kawauchi-cho JIPHT NIBLHED
Keisoku e <
Kirihara Hl it Z0EH

Kiryu City il 4 EIiL
Koto INF ok
Kurohone-cho SRRARHT <AlFhRbr)
Kuromatagawa FIN SAHEEDRD
Matsuda-cho s FRET FOREHE9
Midori City HEit BEYL
Mino EiR D
Miyamoto-cho EAHT HRHEL LS
Motegi AR HTE
Nagusa E s
Nagusa-kamicho E sl JAS=V/REAN SN 3]
Nakagawa )l TRnib
Nikko City A [ZoZ90L
Odaira TN BEWS
Oiwa-cho KT BBWbbrd
Okuzure KHA BT
Omama-machi/-cho K & BT BBEEEL HrD
Omata-cho /IMEHT BELHED
Ota City KT BREL
Oyama City AN BOEL
Sakuhara-cho VEJEHT KEHHES
Sano City Pl DL
Shiozawa HIR LEEh
Takatsudo T j Nt
Takayama—Kiso mIL-AH e RE-&%
Tamba T V=S
Tochigi Prefecture A U LHE A
Tomuro FE LieA
Tozurori PR LS55
Tsukiya-cho A AHT DERH D
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Table A1 Continued.

H&5H (English)

A Z5& (Japanese)

1TEX 53 e 044 (Administrative division and place name)

w54, (Japanese syllabary)

Tsuruga—Nanjo BB DL L LD
Umeda-cho Hig F T Loy S 5]
Yagihara AR RENES

Yamizo I\ RHE

Yanahara MR AN EL)
Yamasuge-cho gl LETHFH LS
Yoshizawa-cho EIRHT JLEbbr)

17 (Geography)

Akagi Volcano FRIK L BOENS A
Anagire/Anagiri Pass JIRE BIRENELINT BIREVEIS
Ashio Mountains JE R L H bLIBEALH
Chuzenji Lake ARSI HYHITALZ
Fujisaka Pass RS SLEMNEINS
Hachioji Hills INET 1FHBILEPINLI
Hagidaira Mine AR FEEVBIHEA
Hata River sl 1X7=mnH

Hikoma River | OZENRD

Inoko Pass LRl WOZESTF
Kanayama Hills A1l R MR EEPIVED
Kanma River PN MAEDD

Keisoku Massif poyaipl FNZEES A
Kesamaru Volcano LY W] FEELNE L
Kinu-gawa West Bank Terraces SLA 1 V8 5 B T ERNDEOBATZALEPI A
Kogashi Mountains WS L INALSAH

Koshin Volcano BRI L IHLAMES
Kurosawa-higashikawa River BRI KAELUR LD
Kurosawa-nishikawa River AR <AEbIZLrDb
Kusaki Lake FAHA {E&xZ

Matsuda Lake FO72H FOEZ

Momiyama Pass WL BHARFELIS

Mt. Aakayuki FRE L B ERLE

Mt. Azuma aFEI bOERE

Mt. Gyodo AT L XRHEHEA

Mt. Jo-yama Ik CroRFE

Mt. Karasawa FER L PHSHRE

Mt. Kogashi WKL INLRE

Mt. Kojin AL HLARE

Mt. Kuryu AL <DISA

Mt. Mikamo =& TrIHROFE

Mt. Mitsumine =N BOBRAS

Mt. Monomi L7 HDOHRRE

Mt. Nakimushi Nk L RELLRE

Mt. Narukami B L [AAY/AFSSES

Mt. Ode tasil| BTOE

Mt. Ogata pN Al BBMWRE

Mt. Oiwa Koail BBWHRE

Mt. Ozaku EEEAIN| BILEA

Mt. Ryogai i 1L DIHIBNE A

Mt. Sekison EEL AT HTEEAEL

Mt. Senningatake A H AN DTS
Mt. Shinko G L LAZHS

Mt. Tako ZiEil ISk

Mt. Yokone TR L roneE

Odaira River I BlEWsRD
Odaira Stalactite Cave JINESE LR BEWLLINCPIED
Oikoshi/Oinokoji Pass B il BNILEIT / BOOIHLENS
Omama Fan PNLIES RN BEEFEALIHS
Omoi-gawa Lowland ST HE BHuwsb T
Oshiyama River A BLRERD
Shiroppa/Shirohata/Shirahata Pass EE SIS LASIEEINT /LAIFTIZENT /Lbided )
Sukai Volcano Bkl TS A
Takatsudo Gorge [EYEIallS T E&ErH
Torinoko Massif B st EODZE DN
Umeda Lake i FH I DT

Watarase River =Sl OIEHENRD
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Table A1 Continued.

#55% (English) A A5E (Japanese) At A4 (Japanese syllabary)
HiJ¥ (Geography)

Watarase-gawa Lowland 1 EL) | ECH blbERb b
Yamizo Massif/Mountains AN ANIE DQIE RBESIHS S
Zama Pass JE I SFEEHF

N L&) (Artificial structure)

Atago-jinja Shrine FEL HEICALR

Hanetaki Bridge [Eeavat-3 ] [Eeevet-{=40

Inoko Tunnel G-k v WDZEARDb
Kumano-jinja Shrine RESF A {EDLALS
Kurohone-Ohashi Bridge BLARKAR <AlFhFBBIEL
Mizunuma Station VISEE HPTREZE

Nagusa Itsukushima Shrine A Bk L IV LECALS
Oiwa Tunnel Pl i Bluwbeihsd
Omama Sinmei-gu Shrine K2 B e BBEELADNSH
Satsuki Bridge L H G IOXFFL

Takatsudo Bridge BT T=inoLiEL
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M - Article

REWLMBDY 1 FREAMEDOHE EXFE 1 5 540 1 EBERE [HEREF] kD%

FREE B

ITO Tsuyoshi (2021) Geology and correlation of Jurassic accretionary complex in the Ashio Mountains,
central Japan: Investigation on the Kiryu and Ashikaga District (Quadrangle series 1:50,000). Bulletin of the
Geological Survey of Japan, vol. 72 (4), p. 201-285, 22 figs, 6 tables, 26 plates, 1 appendix.

Abstract: Jurassic accretionary complex of the Ashio belt is exposed in the Ashio Mountains, central
Japan. Lithology, stratigraphy, fossil age and geologic structure are summarized in this article, on the basis
of the geological survey of the Kiryu and Ashikaga District (Quadrangle series 1:50,000) and previous
studies in adjacent districts. The Jurassic accretionary complex in the Ashio Mountains comprises four
tectonostratigraphic units, namely the Kurohone-Kiryu, Omama, Kuzu and Gyodosan (newly named)
complexes. The Kurohone—Kiryu Complex presents broken to coherent facies and is composed mainly of
mudstone and chert and moderate amounts of siliceous claystone, with small amounts of basaltic rocks,
carbonate rocks, siliceous mudstone, sandstone and pelitic mixed rock. This complex is characterized by
dominant of pelitic rock that cleavage develops. This complex is subdivided into the Upper and Lower
parts. The Omama Complex presents broken to mélange facies, and consists mainly of basaltic rocks,
chert and mudstone, with small amounts of carbonate rocks, siliceous mudstone, sandstone and pelitic
mixed rock. This complex is subdivided into the Upper and Lower parts, and the pelitic mixed rock are
dominant in the Upper part. The Kuzu Complex is subdivided into three units (Units 1, 2 and 3). Units 1
and 3 are characterized by coherent facies of chert—clastic sequence comprising chert, siliceous mudstone,
mudstone, alternations of sandstone and mudstone and sandstone, in ascending order. Unit 2 comprises
basaltic rocks and carbonate rocks with conglomerate, siliceous mudstone and mudstone. The Gyodosan
Complex presents mélange facies and is composed mainly of pelitic mixed rock and chert, with siliceous
mudstone, mudstone and sandstone. Three faults as complex boundaries were recognized: the Kiryugawa
Fault (between the Kurohone—Kiryu and Omama complexes), Kanma Fault (newly named: between the
Kurohone-Kiryu and Kuzu complexes) and Oiwa Fault (newly named: between the Kuzu and Gyodosan
complexes). Geologic structure of the Jurassic accretionary complex is characterized by several folds
(e.g. Umeda Syncline, Hikoma Anticline, Kuzu Syncline) having NE-SW axial trace. On the basis of
radiolarian fossils from pelitic rock of each complex, the accretionary age of the Omama and Gyodosan
is after the middle Middle Jurassic, and that of the Kurohone—Kiryu Complex and Unit 2 of the Kuzu
Complex is after the late Middle Jurassic. The accretionary age of units 1 and 3 of the Kuzu Complex is
after the early Late Jurassic. Based on the comparison with tectonostratigraphic units of the Mino belt,
the Kurohone—Kiryu Complex can be correlated to the Nabi and Shimashima complexes; the Omama
Complex is correlated to the Funafuseyama and Shirahone complexes; the Kuzu Complex is correlated to
the Kamiaso and Sawando complexes. The Gyodosan Complex resembles the Kuze Complex in including
Permian chert: however, the Kuze Complex includes basaltic rocks and carbonate rocks whereas the
Gyodosan Complex lacks these rocks.

Keywords: Jurassic accretionary complex, ocean plate stratigraphy, Kurohone—Kiryu Complex, Omama
Complex, Kuzu Complex, Gyodosan Complex, Ashio belt, Kiryu and Ashikaga District,
Gunma Prefecture, Tochigi Prefecture

' PEERANRR AT AR A £ v & — HEREEIFFEE™ (AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation)
* Corresponding author: Ito, T., Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. Email: ito-t @aist.go.jp
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E B

SR ERAICIE T 5 ¥ 2 TR IRS 543
2. 5Ty 1 MR XA 2E B 2 R ] oD 3 s SR B OV )R
ISR O SEATIIFEIC D &, BREW Y 2 T RMIARDS
iEIRN =I5 mEiﬁ ﬂ%ﬁL%%ﬁﬁé Eﬁmww
/17%Hm¢u Eﬁﬁ m$3/7v/92:kﬁ¢
:/7v/72A%$:/7v/92 Iy Fry
2 Z(FFR) D4DODA Y Ty s AIZXKyE NG, HiE
WMLy 7V 7 2B & R AR L, Y8
HeFy—bEIEREL, HENLAEED. £, X
B - RBBIEAH - HEJRS - S - WEIRES 2 1%
5. PEICERNEET S Z TR ehE. Ko
VIV oy ZF B E TEICX & hE. KA YT
Loy 7 ZI3HEWE A SIRAEEE R L, BREH - F v —
bedes A RS U, RERIESTH - FERYeS - 1 - U6
BRIESAES. Ka v 7Ly s 23 L e TEICX 4y

, WWEIRMESE L TEHBT 2., HEarIr ey
ZE2=y bl-2=y b2 2=y b3IZXSEH, 2
Zy M EOC2I=y 3 F v — b - HUEPRRS - S
WAaRAHRE - WAEPIEICRAEST S F v — F—WEE
V= v AOERMEERET S, 2=y F2ik, KK
BRSNS 50, BES - IR - s A
5. Tz Yy Ly ZZRMAEMHER L, TREIRMAL
FUOF v — b aFRE LT, HBEES S BEatES.
VT Ly ABERE LT35OWRE 28072 M)
W g (B PR AR - m¢3/7v/928kﬁ¢3/7v/
2 A DR - %%Mﬁwm‘%%ﬁ i S I S
O ALEET YTV o ADER) - KEWE R 5
RavFrvyraefrEhary Iy y 2 205ER).
MR & UTid, AL - IO B Wl A R o O
farh (MR - ARSI RE - B4R &) 12 & - TR
D ohd. Jea OBREERFERICEDSI S ThEhoa v
FL w2 ZORERIZ OV, K4 vy TL vy
ZRITEILT Y TV 9 7 ZRHREY 2 T 50O R HILIRE,
BRE-WEa Yy Tv o 2 ZARCBAET Y TV 7 A0
2=y F23HY 2 SREOBILIRE, WEaY Ly
J2DL=y P ROZ=y FINHMY 2 THROFTH
DTh 5. %ﬁm/;7ﬁHmW@wH¢am&¢é
&, Eﬁﬁ m$3/7v/72u%m:/7v/7x
%%b:/7u/7x‘ﬂmﬁaféé kﬁb:/7
V/ﬁ]k%%i/7b/7xi %h%hﬁﬁm:/
AR F A Eﬂ:/7v/72&iﬁ$:/7v/7
Z-RET YTV oy s 2T E S, [T Y T Ly
7xzonfﬁ NILRF vy — M EEGOHAEETIE
ATy TL s ALK B, L LAKT Y Ly
7 ANLRRAE TR IR B A GO/ L, frEh=
VL 23T ERL.

1. 3UBHIC

HARSNE 3 s A & B & TIRIAOFER ORI
KA TIT 5. BEER O E S 5 2RIz
RREHOY 2 IR IMARIAFIZE L Th b GE1IX),
FREH R FEWET O ¥ 2 T RHINARO R IER A 55405 5
ERASNTYS (FlZIE, T, 2000b).

FRILHD Y 2 FRAIIRIE, YPNRBIES E 5
FRENEERT ) HMbh i EIsfS < FRGR & it
FIRERICEED N T, VbW AR & L CGERk S h
72, D% 196010 6 1970 F-RIC B W T EITF v —
P RRBBIEAE» S T Y NBRREH, - BRI
(1981) RMIZ A (1990) 12 & O K F 2 ITFERERAME S I
EHBREX AR E N £ LT, Kamata (1996) 12 &
D BEHUC DS EFAB B I 5 & & 612, [Hinfki
BB D S HRERIFIX i Tbh, ERILo
Voo FRHINMAR R -HEa vy 7Y v o 2 - K4
ATV s A -wEaVy TV s 2K E R L
» L 7% A b Kamata (1996) DFZELIE, 2RI 18
DA LR 2> & B EM AT 0 TOHSRIZ 51
3V 2 FRARMEOIEGIIIR 65 h T3,

XA KR Ml oD 5 525 00 1 B IR AR 12
v, SRR3R P8 M O E A BRI 04§ 5 B
Vo TRAINMAEOWEFE LT > T b, KTk, Z
DOFEMER E BRI &, 2RI EE
WY a2 7 A IR OB CA A - Y - (LR A
WEREE) IZ2OWTEEHD. ZOLET, a7 Ly
7 ZDWET LV — bER (0PS) DETTE I Y T L w o R
MO S REBEROBE 2 5 CIZEIRH O Y 2 /M
REDOXIETS.

ARFLTR LI — b~y 7 - FRIRIX - §89A - EF O
MEENK RS, 72, ARTsHo 11X O
WARTHAIE, SRR o Ol X TR A &2 A ]
RIWiA] 2 & &£,

2. BITHARICHITZERUMY 1 FHAINEFED
FREBFES

RO Y o R 25t R & L 72017813 & < 2
BiTbhT& . 22T, 1) miMosAERIEaoH
BB 1960 ETOT XY F A e LEFEREE
MRl 2D < BHBIFX A, 2) 1960 ~ 1980 £ D
I/ PV bRBEERE EOWILAIZ LB EROREL &
ZNEWE 2 EHEETEIX S, 3) 1990 451X LR o £+
W%%%mﬁﬁaﬁﬁ<%LF$Eﬁ@3o %ffﬁ
N3, &h SRR O L T - %?
Lk - %EM%#B&D oz & Y 2 7Rk
DI BT 5. JGEILEOM IR OV T, LW
Y 2 FHRAIMADEER & 5\ I3 &R X h T b
=% (213, Masuda et al., 1980 ; Aono, 1985), AT
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Jurassic accretionary complexes

of the Tamba, Mino and Ashio beltsJ
Japan Sea

Pacific Ocean

" 130°E, “Oy 136°E

BB FRH - S - REH Y 2 7 2
RO 53 A PERRITWE AR S £ v 4 —,
201812865<).

Distribution of Jurassic accretionary complexes
of the Tamba, Mino and Ashio belts (based on
= Geological Survey of Japan, AIST, 2018).

Fig. 1

FUBILHOIIZRIZ DWW T E3bR%. IMAT, Zh6D
fifeh 2 & 2 72 ECARFRICH T 2 RERFEHICOD
Porie Elzon itk T 5.
2.1 HERMEAOER EHERBICESICAHEFR
2 (FE 1 1960 FEALLAT)

W - KE(1955) oitibic oS &, 2RI TR
SERSILOFFEDS 1610412 E 0, 191 e IzIEZ
AU PRV R R L3 0 B 2 T 28 28 Bl g & 7z (il 2
X, JEH, 1886 A, 1896 ; K, 1898a, b). JFH
(1886) 12, FEMILFEAD1I H4THO1IHERE & 3
12, ZTOME EHRIZOWTERL 2. ZOMEX T
d, BREW Y 2 IR RO RHRE ISTER A 2 E A LT
WA AR EN TS, $iK (1898a, b) i3, JEfEdHIL
JFAOHBEIZDWT, KA E UTHAER - 8 =%
J& - AR &, KORETEE LCIERS - OB - R
R - RIS - ORIEEEESL 5. B
DR Y 2 7 fAA MR ISHEY § 2 HAERE IOV T,
A (Clayslate) - filifib 7 (Graywacke sandstone) * fi45
(Hornstone) * 7 F / — Wi e (Adinole slate) s E 7 5 75
AL TS, F7z, $iAK (18982, b) I Z D (B
HEDF ¥ — MIHY) 2 5 Eek 2R T 3.

1900 FE B IR IBIE A A S EEIN T 2baIc kD, &2
Y 2 gRiimkiEEERTH 2 & hi (il 23,
WK, 1896 5 KB, 1899 ;the,k1323). 77K (1896) K
ORER (1899) 1F, WA WA P17 =512 3 A 9 5k B 4
RSy TFLy s 202y F2IZBTB) 05
TAVFERRE L KRE0899) 1F, FEDT XY F
122\ C, Fusulina japonica GimbellZ [f] & (B 7E T &
Parafusulina japonicaL [l &N 5) L7z, ThLIFEEH
KOWZIZ LD, FICHEL LK ERT T XY F DR

H 2 R BRIES T2 & S Sz (B 20X, BEAR, 19385
Morikawa and Horiguchi, 1956 ; Morikawa and Takaoka,
1961). F7zYabe (1903) 1%, RREH Y 2 7 LAHMIAD
YA BB D 7 ) F L L ICREETH B
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TR ISR O B B D EAHREIF X 3 AR Eh
Twa. Bz, FHF(1964) idmH (1950) DAFFE %51 H
U, 2RISR o BT 12 D TR e R i & TR
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1k RO RN Y 2 7R IOk

ot (1950 4748~ 1970 4F4X) .

PRI AEA %#/R9. Fm. : Formation.

Table 1 Stratigraphic correlation of the Jurassic accretionary complex of the Ashio belt in the Ashio Mountains (1950s-1970s). Wavy lines

indicate unconformity. Fm.: Formation.
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F2k BRI LN Y 2 7 AR O T (1980 -~ 2000 4FL) .

Table 2 Tectonostratigraphic correlation of the Jurassic accretionary complex of the Ashio belt in the Ashio Mountains (1980s-2000s).
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[Fukaya]

o R EE O, E PO R 1T 9 2 HIEEEEEIX (https:/maps.gsi.go.jp/) & MIT. L CIER. HIEOZFR

1ZEFIE A (2000) 1275 <.

Fig. 2 Shaded-relief map of the Ashio Mountains, modified from shaded-relief map published by Geospatial Information Authority of
Japan (https://maps.gsi.go.jp/). Topographic names are based on Kaizuka et al. (2000).
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F3X R EL OB RS X, SR O3 3 E LI BB REAT O 5 55 | B O 4R AR . TIZEBEE A (1991),
LTEIE A (2000) B OV 1EA (2010) 12D <. [THAE KO R I HIISAZ DWW TEAGRORE R (4 X)) 2 KL T 5.
Fig. 3 Simplified geologic map of the Ashio Mountains. Geographical names in brackets indicate 1:50,000 topographic maps published

by Geospatial Information Authority of Japan. The geological map is mainly based on Sudo et al. (1991), Yamamoto et al. (2000)
and Yoshikawa et al. (2010); that of the “Kiryu and Ashikaga” District is based on this study presented in Fig. 4.
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m Basaltic rocks

| Kurohone—Kiryu Complex
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blocks of chert and sandstone)
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Strike and dip of bedding (tops are unknown)
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~ Bedding plane (shown in geologic profile)

* Scaly cleavage (shown in geologic profile)

_~~ Fault _~~" Fault (location approximate)
_~~ Boundary of geologic unit
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7 Axial plane (shown in geologic profile)
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Fig. 4  Geologic map and section of the Kiryu and Ashikaga District.
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Fig. 5 Columnar sections of the Kurohone—Kiryu Complex in northwestern wing of the Hikoma Anticline.
Locations of the columnar sections are shown in Fig. Al. C.: Complex.

— 214 —



AFEIND Y 2 FRRORE &5t (1)

NE €«<—  ______ —> SW
™ /7 Ki-15 \
- — \
c )/ \
x = ’ \
o . \
o \
\
g — \‘ Ku_7
Lo d
S \ i’
N ISSSSSNNY \ . NN
3 \ Ki-16
X T K4 — L mm =
S S Fe 51 — | — Ki-17 —
Ltlg [T [Kamata, s, to, 2021]  V —
1996] L (IT18082506) 1 MM —
© WL L e —
Q (I Y
(T
W L —
x p— — ANy
o S —
3 == K8 A
s ) — T
(&) J—
=) Jeree——
E. ~N [ s —]
E ; Pelitic mixed rock (including blocks of chert) ﬂ]]]]]]]]]]]]]]]]]]]]]
| % Sandstone e
Q 5 Alternations of sandstone and mudstone j—
g Mudstone _—
N - Siliceous mudstone
e Siliceous claystone
= Chert £
! Carbonate rocks §
u Jurassic radiolaria Triassic conodont and radiolaria
FoIX TRETE R R BEEBO BR ML 2 v T Ly 2 ZOFRIRIK. HREOFERL — ISR
Fig. 6 Columnar sections of the Kurohone—Kiryu Complex in southeastern wing of the Hikoma Anticline.
Locations of the columnar sections are shown in Fig. Al.
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Fig. 7 Traverse map of the Kurohone—Kiryu Complex around the Hikoma Anticline in Hikoma-cho Ban-yama, Sano City.
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F15K BAEAFIEHELEOBE T Y T L v 7 2Z0HKK, FEIRKOfERL — MERR 1R
CCS: F v — M-Sy —7r v A, C.: Complex.
Fig. 15  Columnar sections of the Kuzu Complex in northwestern wing of the Kuzu Syncline. Locations of the
columnar sections are shown in Fig. Al. CCS: chert—clastic sequence. C.: Complex.
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Fig. 16

Columnar sections of the Kuzu and Gyodosan complexes in southeastern wing of the Kuzu Syncline, and the Gyodosan Complex

in northeastern wing of the syncline. Locations of the columnar sections are shown in Fig. A1. CCS: chert—clastic sequence.
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Fig. 17  Traverse map around the boundary between the Kurohone—Kiryu and Kuzu complexes in the Kanma River and tributaries

of the Hata River, Kanma-cho, Sano City.
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Fig. 18  Traverse map around the boundary between

the Kuzu and Gyodosan complexes in the Oiwa—Tsukiya

Road of Oiwa-cho and Tsukiya-cho, Ashikaga City. CCS: chert—clastic sequence.
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$8H, 2004 ; Tto, 2020b, 2021 ; Tto et al., 2021a ; FHEE - h
i, 2021).

5.1.2 ~NIVARHERREGI/ K2k

[l 4 B2 Al s N ¢, XL AR F v — b O
FIREMNTH 5. HiIE2 (1990) 3B AKALE Eh b
I/ KV &, Neogondolella cf. clarki (Koike) % [Omama
Town, Atago-jinjiya] 72> 6 & L T\ 5. Z O[Omama
Town, Atago-jinjiyalidx & O i 55 KR ] /2 3% 0D % 45 fif
tHTdh B EHE S ND. HIEA(1990) 28R L T 5
I F VOB, SMuto and Tto (2021) VRS % 47
W\, Mesogondolella sp. cf. M. gujioensis (Igo) 1= F}EIE L
72. Mesogondolella gujioensisiE ~NIL LR Ty 2 )
TUMT =T 4 Y AFT VLR~ v =) 7 VR T
W oY 5, EEMtOEHINIZIZF v — b BT
LTHD, WEHERE» SRR -MEa 7Ly
ZDNAKIC Y 725 LHEE SN S, —JF, VAR g &
O FE IS & 7= 2 Al Bl SR ORARIT B T g, ki
7 (1990) 12 & 0 BRI A 6 ~0L 2483 7 F v b 3G
EN T % (Muto and Ito, 2021). L7245 T, BT
BRIV TV 97 2IZBT 5 ARART ¥ — b DFEER
FRESE A RIS I,

5.1.3 Jai7itKE®R

Vo TAROWBEMED & B s LT, (KLAEHE G
RERTNENE DD, Kamata (1996) 28F ¥ — b 1308
6 Acanthocircus sp. % W L Ty %. O’Dogherty et al.
(2009) 12 & % &, [FEIEHHY 2 743 b =7 Y BICB
na. BRE-WEaY TV v s Z2DF v — b O LIRS
PERY 2 7 RIS STTREME A B 5.

HEJe » 61%, Matsuoka and Ito (2019) @D JR4
(Striatojaponocapsa plicarumy : Y 2 5 %/ ¥ 3 &
7 YV~ TN b =7 Y BE) BOIRS (Striatojaponocapsa
conexany : WELY 2 7 R LEN P =7 VE~Au T
V) O RECE A X LT v B (Kamata, 1996 5 Tto et
al., 2021a). Y2 51%, JRADRECR A EL L T2
(Kamata, 1996 ; Ito ez al., 2021a).

5.2 A#a>7Lvys R

5.2.1 BIE

K&y 7Ly 2 ZAn 613, RBEESHEEF ¥ — b
P53/ Py FAREICREIN TS, £/, KIBIE
HHEPSIEF T FEEFICDE L THA RILO A ER L
T3, MAT, HEMIE»6Ea 7 Py 28, HE

T KOs A 5 3 BECR ARG S hTn 5.

IRBRIEASEHD 512, 7 X0 F bk - BAJIL 1981 5 kK
[ % W 5EMR & A, 1996; HEIE 2>, 2021b) - M2 JH bk -
£, 1981 5 KR4 W56 X A%, 1996 ; Tazawa and
Takakuwa, 2009 ; Tazawa et al., 2012) - ¥ > I (Fujimoto,
1960 ; KMHE 4 W] 3 X A%, 1996 5 Igo et al., 2000) - =
Bl UNRIEA, 1988 5 K 4 W55 < AZE, 1996) - #k
5 18 (Yabe, 1903 5 Reif and Goto, 1979 ; Goto, 1994 ;
e - RER, 2011 5 e, 2021) & & DRk 4 &L AR
OALFPE S S h T b, HEDK A2 5 i =
‘RO 7 F ¥ b A (Kamata and Kajiwara, 1996), F v —
PRI LR - CBIEDT ) R Y PRSI A
fC- 2B - Vo TR ORRECR AN LT 5 (Kamata,
1996 ; Tto et al., 2021a 5 FFIEEIZA, 202167 &).

5.2.2 NIVARHERETI/ Kb

K% 2V TV w7 ZA5AE0 51%, 7R Ve
WD RFBIEATER F v — N DIAES IR X T X 2= il
%13, Fujimoto (1960) 1%, {LADHHEAEE/RL Ty
PEKAEEDARKY Y TOREREHRELTHD, Z
TS TURER S A RROGFEN LI R TV B (il 2
i, Igo, 1978). FKIZA (1990) & F v — F RAIIKED 6
LT FY FOFEHEEZERL, 2156 % A55MLD
ST H B ERE L KM 4 W RER & A% (1996)
WEMRIEA (1990) TRE N7z RV b ERICEHEEZR
L, W20/ FY OFEMRIZONTRETR UL ?
LINL7Z. 2D B, 2/ FY MZOWTIE, Muto and
Ito Q02D 12Xk D HRETBITOIh TS, Thickb L,
£< D3/ PV %M - BRROMICHREE S h, %D
2IEAL LHOFEICHT 2 LW FRE B 572 L
NoT, P LBIRFLTE, K4 a7 Ly sz
DF v — b RRBIAT» 5 DL RALRL TRV ido 2
J RV FOERERTHERSRIENEEZL OGNS,
% ¥5, Fujimoto (1960) A/R L 724 ¥ TIZDWVWTF I &
vy 7 v E Y — 7 v O E 8§ “Kawamo
Formatiﬁ(?r;’;ﬁ’ GPREL e THD, BAEDKA
1 % BT )1y 0D Vet Mol )30 3 o b = I X hu % &
WA AM A T Y T Ly 2 2 FIEROTRBEIRLE S D6
WiZh720 (F14K), Zo¥ryILhz &0 EIKEIT
PWEIRMEATOEIE Bbh . BT CIEGEHTIEAM
ThdN, KAy Ty o 2 BT R RIR IR

MAMNIAET B REME E & 5.

N LRF v — bOP TR E dOREE S L LT,
Kamata (1996) A3 kM4 2V 7L v 7 ZDIEEHHED &
RAHDOW I 55 U 7z Parafollicucullinoides lomentarius
(Ishiga) TH 5. [FIZNL LR NEY 2250 7 Vi
¥ o~ — ) 7 VB DParafollicucullinoides lomentarius
(Ishiga, 1990) DHEFETH 5. 72, Muto and Ito (2021)
WEAKIE A (1990) DR L7723 2 F Y FEEA BB L,
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Neogondolella cf. clarki (Koike) & NI~ LRY 2D 5
VT U ERT T4 v AFT VB~ v =0T
VEED B EEH B Mesogondolella gujioensis\Z PR E L 7-.

5.2.3 ¥ aZighER

Va2 FROKHEEE LT, PHiEIEA (2021b) 13 F ¥ — b
71 & Archaeodictyomitra sp. cf. A. exiguum Blome=<° Protunuma sp.
cf. P, fusiformis Ichikawa and YaoZs & %5 L 72, Protunuma
SusiformisiZ, JRA(HHY 25 RNy ¥ 3 v 7 VEE~TE
IN b =7 VRS ORI T & 5 Striatojaponocapsa plicarum
(Yao) & ¥ PE 5. % 7=, Archaeodictyomitra exiguumiZ,
Y 2 7R a 7 VD S DOFEHI ARG S Tn 3.
ZOF v — b OFRIL, ZOMBOFERIEHIY 2 74
Ny D av T /i~ hue7 Y HOEIhTHEEEL
5N 5.

RS 2 513, Eucyrtidiellum sp. aff. E. omanojaponicum
Dumitrica, Gori¢an and Hori® FE i L T\ 5 (i 1F 20,
2021b). Eucyrtidiellum omanojaponicum\ Ty 2 527
VY 2Ny F T VEE SRS % 728 (Hori, 1990, 1997),
ZOHEREOFERIETT ) ¥ 23y 7 VA R$ AR
Ve 5. &7, HEJEEH» 5 I3IRY 2 FeD O 5 IEL
AW &N T 3 (Kamata, 1996). e 6 & RIkkIC
JR4 2 5 PEY 2 2G5 0Ty (Ito et al., 2021a) .

5.3 B£a 7Ly IR
BEavTL o 2, BREWY 2 7R MKOH
TR L LADENPREEIN TS, 2=y M1
KL=y P3N HITEEAKEECT S PV REHL,
ZOWRGEE BIFEFINZ . 20728, FRIZOVTE
FECH S McE 5T B, 72, 2=y F2ORBIE
HBHEABIET PV R T X)) F 5L OB LG
PG I TS,

5.3.1 1=v M1

(1) B e

HER A2 53 = Eidoa 2 Py b KO
AL TS (B, 1995b ; Kamata, 1999). F v —
P 5IE, EEREKRUY 2 FROBKEERDSER L T S
(Kamata, 1996 ; sic)ll, 1997 ; $itH, 1997a). Ito (2020b)
A NIATF v — 25 ZEBER AR L Tw 5.

(2) ¥ 1 F#HEE

REHFVF ¥ — P LTE, JRA(FEY 27 Ry y
Cav T VB~TENN =T V) ORBETH B
Striatojaponocapsa plicarumis E R F v — b P OME N
T\ % (Kamata, 1996 ; §lfHH, 1997a).

HYEIeS 7 513, IR4 DR T & 5 Striatojaponocapsa
plicarum LIRS (HifY 2 5 R LN b =7 VB~ 7
a7 V) ORI EFE T 5 Striatojaponocapsa conexa

(Matsuoka) 7 & 23 5 1L T % (Kamata, 1996 ; 5icJll,
1997 5 §itH, 1997a). &5 513, LA DIR4 K UIRS
DOFFEFRIZMIZ, Matsuoka and Tto (2019) DIR6 (Kilinora
spiralisiy - WY 2 2 2 a7 VR FE~ Ry 2
FTRA YT AT+ —T 4 7 V) ORI T dH B Kilinora
spiralis (Matsuoka) 7% & 2% 5 LTy 5 (Kamata, 1996 ;
s, 1997 5 ik, 1997a).

5.3.2 1=y k2

(1) B=E

2=y 2O RS2 51F, 2 $H (Hayasaka
1926 5 54X, 1944 ; Tazawa et al., 2016) - A FLH (%
B, 1899 ; J#E A, 1938, 1961 ; Hanzawa, 1942 75 M,
1956, 1957 ; Morikawa and Horiguchi, 1956 ; Morikawa
and Takaoka, 1961 5 Igo, 1964 ; 1E, 1965 ; A7 - NI
1971;3 7 N v FRARWIZE S L — 7, 1972, 19745 56981 A,
1976 ; Igo and Igo, 1977 ; /Mk, 1979 ; Kobayashi, 2006a, b,
2013 ; Muto etal.,2021) - 2/ F>¥ b (bk, 19715 3/ F ¥
N RSS2 L — 7, 1972, 1974 5 /NIE A, 1974 5 54
HREH, 1976 ; Muto et al., 2021) - =3EH (A, 1961 5 7/
WRIEA, 1979) - ¥ T (Yamagiwa and Tsuda, 1980) - HHE
B (1%07%, 1975, 1984 ; Reif and Goto, 1979 ; Goto, 1994)
BE, BEIOLRELONERL TS,

@NILRI XY FREAS Kb

Kobayashi (2006a, b) i&, L= v b2D XK (H
V) ICHRET 2 IRBRIGE T R 5 I Z XA HD
AL RE T S REEEHE@LE) B s 7 XY
FHEAEMET U, A& D Parafusulina nakamigawaiy -
Parafusulina yabeirir + Parafusulina tochigiensisiy 2> 6 7% %
RlEE AR L 72 B o N~ T3 Parafusulina
nakamigawaitw (2, HHRmE O & B2 S @MilEO T
B8 13 Parafusulina yabeitg 12, $1Lfg O vp i~ FEIE
Parafusulina tochigiensisaii \Z %}t €415, Zhang and Wang
(2018) 12 & M Parafusulina yabeis i3RI LRy A 5
VT U v =) T VEOHR T AR E NS,

HIREBEE» 1%, N7 XY F %6 TIT~NL
ARBKOC=ZEHLEDOT ) F Y FAEHL TH S (B 213,
Morikawa and Takaoka, 1961; 2/ K ¥ b F{k#FZE 7L —
7, 1974 ; Igo and Igo, 1977).

B 277 EF M1 M RUKER

LA EEhIREOTE» S, Y 25
b TLY T VHOTVEFA FBRR IR TS (i
A, 2001 ; SfH - 7355, 2001 ; Kamata et al., 2003).
Kamata ef al. (2003)12, ZDO7 VEFA | 2GS
O L& FROHEERER? 6, R4 (HEY 2 5%y
VavT7 VB~ N =T V) Ok E RO T
W5, JRADFEMRIEPHIY 2 T8/ Yy ¥ 3 v 7 v~
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HinNb=7vHTHD, 7 VEFA MEZThED &
FHOVERTH 5. [AERIZIRA DR ROk, B
‘B (Kamata, 1996 5 $itH, 1997a) K ONHE YA 12 Hk
Fhp b~y /7 Va—-nsfHon T3 G
JII, 1998). VeE» 6 &6 U < JR4 DFR Z R4 ko

PEH AR X MUTCV B (Sashida et al., 1982b 5 TL-HJINEA,

1998).

5.3.3 1=v b3

(1) Bz

T (1957) RBEA (1961) i3 2= 3D AR IZH S
NATIKEN BRI LT ) F &L -

HERM A2 o 3mil —Eidoa , Py Mgt sh
T3 (Muto et al., 2018) .

F v — P25 =B~ Y 2 T O R o g

HR 8L < Wit T b (G - Vakt, 1984 ; Kamata,

1996 ; #iiHH, 1997a 5 FLAJINEA, 1998 5 KiEiEAH, 1998 ;

5 WIE A, 2001 5 Suzuki ef al., 2002 ; Tto, 2020a, 2021).

%7z, lijima et al. (1989) 137 v — MIHE N B EELALZ W
s

(2) ¥ 2 Z#CHAER

HERE? LI, JRA(PEY 27739V a v 7 UV
~TEN =7 V) - IRS (BERY 2 7R EF N =7

VHi~Aae 7 VR - IR6 (FRERY A TR AT VI
R ESH~EEY 259 R%A4 v 2 275 —F 4 7 V) OFF
BREAPEY Ly % (Kamata, 1996 5 $ifH, 1997a). Ve
25 IAMRIZ, JR4 - JRS - JR6 DR D pE H 2N e X

N T3 (Kamata, 1996 5 $ifH, 1997a ; =MIlE A, 2001).

5.4 fTEILIaCTLYI R

(1) Bz

8y 7Ly .y 2 27TiE, Frv— F ROHERA &
ENSRBEEAHF N TWE, BER-fEa Y7L
I ARKE AT Y T Ly s ZAITHNB &, LT LED
REFEIRIFTH 5.

Fy— b5 LK - B Y o TRk

AEEH LT3 (B, 1989 5 FKIEA, 1990 5 EHINE A,

2001 ; ¥§H, 2008 ; Ito, 2019, 2020a, 2021).

(2) NIV LAEHER

AL AAE TR OB & U T, Haplodiacanthus
sakmarensis (Kozur) 7% & # GO HELI RPN TW 3
(Ito, 2019, 2020a). Ito (2020a) DAFAALE fHHIZHED <
&, ZOBRBERBEOEMRIIRH AL LY 25 ) 7
o= TV HTHEEELONS.

(3) ¥ 2 FHCHER

REHWF v — b & LTI, B9 (1989) 3IR4 (Hh i

VaTd RNy D a v T VE~TEN =T VR ORER
WM EARE LTS, HERE2 S &, JRADNKER
BB RO 5 5T b (5, 2008 ;5 Ito, 2019). & 7=,
BAH (1989) 3Je i M IcBIE T 2~ v A v VYV a— kb
R ARG LTl D, ZOES EROF v — 25
ROMN5ZRAE AN DHELTART 2 L LT 5.
INBIcESL &, FEILa Y SL Yy ZATIE, Fr—
b BBV - TEEA L BITIRAICH YT B Y 2 5
Ny Vg o7 VHI~FTEN b =7 VAR

6. EEE

6.1 A>T L v I AEOEFRKE
6.1.1 HEJIKE (BRR-WEI>TL v I REX
Bea>7 Ly XEDERKE)

HEE-tary vy s 2 kficary vy oz
Wi TS 5. WAENINCH > THO ANE-SWERID
ZOWRIZOWT, KR4 W] 56 X A% (1996) 131
kg EFFRL T 5. Bl AR R ERIm Eh Tk
mﬁ,ﬁﬁ?ﬁ:@%ﬁ%ﬁwé

K% a2y FL w7 ZOFEEEIZIZE LG A A
Bh,ﬂﬁmﬁwﬂ%fﬁé.xﬁf ¥, ZOXRAEM
DILEIE & > TNk & €9 5. [HilE Ko Fl
wﬁfi WEMMFiWMM#6§%IM%mRM
wmmmmm@t%wf PRI & B L O 4 5 5.
RO B X B Z OWRE O ETIEIN30 ~ 60°
ETd 5. Wi, S 2 o i3 e il < h 5 GF
8X 7 L),

HEIGE 20 355 LI R 4 e C % B SRR & e B 4%, IRl
PHER T 23 R T & B (KI25A1). 22T, #L
WIS % B - 72085 & BRIRO LRVER S 2385 L Tu

3. WiZIZEMRE-HEa Yy FL v o 2, BEIZKMA
ﬂyfV/ﬁxﬁéé PR Zc Wik 4 7 2 138D 6k

. Wk o EFHEFHINTC® E78° NTH 5. WiEiit-
tﬁﬁki@éﬁ%L#&Bhé.mﬁ%wﬁt@%%
25, ENASEE AN L 2 iR T d B &I
Eha (Xh25A2).

A - B (2000) 1%, K42 > 7L v 2 2 & BER
—Hika Ly 20454 MEERE AL TW3.
Fhckd e, B -Ea Y TL 92 20454 b
G 120.19-0.28 (n =55, mean=02, lo=0.27) ZE DI
WL, K42y 7Ly s 2B Re 2 DD
0.22-0.38 (n=35, mean=0.27, 16=0.58) TH 3. 4154
EEENPSAB L, KAV y 2 ZIZHRTER
WMty 7v o2 2015 HEREIXENE WL B,

6.1.2 HREWE ERR-BEE£I>ITLy I/ XEBED
CTL I AEDEREE)

B -4y T Ly s AEEET YT Ly 2 AD

i Wiks 2 PRNS RS & @ a3 5. R4 KOE R sk ¢ id
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PR W R i PR I B A & (B8 171X1) 2 & R e D i %2
AN AT, IMENIZE S, EAHO 2 6 HEH & h
5 Z OWiIEOEIIIN20 ~ 50° ETH 5. dlE AT
LIS TR AR = G b s P g g

PR 7 o oD 52 SRS E BF 1li PRLSS BT D PRI 1| B C#Es ¢
&5 (E17H). ZZTORSKETIE, SR -4
VL oy 2 AOPWEREELEET Y TL 9 2 ZDREIR
F v — F2MET B (XR25B1). WrkEiZidie kT 15 emiZ
EOREOHAY VRO NS, T Z TOWkgoEmE
#HINT0° E 56° NTh 5. Wikd #7— ¥ WITIZBIE k&
AALH, RIFERPHOMGR & LA ALAL i A
LR 2WiWiETH S LW &b (XIk25B2). EAio
BRIV s 2N, FTROREE-MEa v 7
Loy 7 2N RS TE 23 36 LT 3.

Mt - §EH (2000) 12 kAL, BEa T oo 204
A4 b EEEE120.22-0.44 (n=18, mean=0.30, 16=0.5)
Thd. BRER-MEa Ty 20454 MESE
(0.19-0.28 5 [ - iEMH, 2000) & 1B % A <
Wathnmboh, WETY Ty 2 21T AN THERR -
WETY TV 92 2DIES HPEREIFENENL D, i
- B (2001) 1&, PSSWTREIZ DWW, B2 T 2 b
(Out-of-sequence-thrust) IZFH% 94 % & LT\ 5.

6.1.3 KAWE (B&£a> 7Ly XETELICTS
Ly REDERWE)

BV SL g 2 2T Y Ly 2 2 ORI
fa & RAEWREE a4 5. BRTERSEN KO HA DK
HHBBOBEREBAUE (F18[X) TId, KAWRE &5 L
T, HE&ES MR (M) Ci3BEEay Ly 2 208K
MHERTHEBRAERLREL AT 2DICx L, M -
f CEREHD 1S BT Y TV 2 2 DRIEH 2788
BRIEED A NS, JRIEOEMAZBNTY, KA
WD FOEETY TV v 7 2 TR HE S 5
DIZHL, EfiofFdEila Yy 7Ly 2 2 TCIRIEEHEDE
g5, IS E DS S HEROBER» 5 8, frEla v
Ty I ZATERLLRF v — I BEENLDIIKLT
BEaVTVL 9o 213 EENRT, FRIEOFNE R
5.

BRI ONL — = v 7 (F18X) RLIAHIPH O 5 HH
A BIE, BERWTRE OB, A HEOm 3 Y 7Ly
2 A OGP O L FMP T, Mgk <FRL A
weitE e h s, gadoELaghcsmL sy, [

DALV HAN TR RIS, AR TIAC AN R 5.

R A h A B 2 L HEE SN D,

6.2 RS

RO B Y 2 7 ek, @ﬁ@ﬁﬂa*
RhASER 0 B RS & 25, TS O R 1
BT, P S, HEALTRE - UE R A - ﬁmm

B - FREEE R - SR e X B (A, M E@m
1%yé%®ﬁﬁ@%%ﬁM%ﬁuu,ée MRﬁﬂ
ERANAFISFIET 5 (b, 1986 5 BF 5 HL 1 X 1R 1K Z
2, 1999) a?ﬁﬁﬂ DWTIE, Kl 4 W REM & A
iuwwiﬂﬁﬁﬂkﬁﬁbfné WhorEihin g,
AEH - R O A S, (KATHEEICT 7 v VT
5. AT, [HZE KRR b & A ] Hisk oo figH i)
B B BAERFHI DWW TREL RS, a3y
TV o AL TO OFHHREE O HE 2 5 19 XIZRT.
ks, VERMESR - BOURMAE - IR R - ARimrihc
DN, RS TH D, FMEFINZ LN &
25 AR TIRHL) b o,

6.2.1 HBHEH

MEH FIREHIAGA L & BRSO BLET A7 4 2 ARA L&
A6 GEEEE A, 1991), SIS, b K
BN Ik D s X sz, ShhE R A R e ) ) sk
TR ATy TV 2 205 MmEEED, LB 2
FE | Mk TR -l 2 v TV 2 20554k &
3. FHHOEER A H & M AFOFEL HEE < h b
1E2, KIFINCKEREHD FAICF v — P MLE S % (G
10, 11[X) Z & & MHRRIOIAL % 55 5.

[ A B2 R B3N T OMET T, i 32T oD b g g
HDOMEFHIZ E B1270 ~90° DIEATH 5. =T
FAERN 2 LD RS 2 HBE L (BE201XA), #uhfh
JEZ F5 0T & Fa il oD ik B e b & AR A B
WAENRALNENEETR). ZhEDRENS, T
OO FEAIZEIX0° DEFEFHEHITH 5. £/2 2D
HHIB 3 R A MR % 720, mmﬁﬂi%ﬂ%@&@
ThdLnzd, THREREMEEXIZT Y b LR
ﬁ@&%ti&m47o7A®r@kMibﬁﬁéh
3 MHEER OEHENZ, LY PS50 WTT T v Y
34°Th B (EE20KC0). Bl REESEFHIIERS &
TIVVREATHB.

6.2.2 MEAERHR b s

m%“ﬂiﬁ*ﬁaﬁ%ﬁwﬁﬁtmﬁﬁé%&ma
m%M®W#(ﬁ%ﬁm1%U,mﬁﬁﬁ%ﬁﬁﬁ$
DEFUMEABY GBTIX), MAETERTICES. b
EAINAS) 2k g Xz dillyhid SRR — M4
ATV T ADRAEEM S, O ZER
IR RO G HEE S B 1EH, [ IR TA
bNBF v — b—WEEY =y 20 ET A 23
Komuro et al., 2006 ; %57, 8[XI) & REITFRIOAFLE %+
5.

[HZE KR R T Hs N © i, misfil & & 1260 ~ 90° D&
HOZKBOIE N HBT 5. BB MAIZ70° LT TH P
U7-fiITd 5. F4ROWrmsgo A ciE, JbrEsEl
DRFMAEDO S HAbTPICEATH D, Z ORI TIIFEr
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,Umeda Syncline ,Hikoma Anticline ,Kuzu Syncline

Kiryu and Ashikaga i
oL 5o

KU KL

[ Ashikaga Body (A)
Il Gyodosan Complex (G)

Kuzu Complex
Unit 3 (Ku3)

[ unit 2 (ku2)

Unit 1 (Ku1)

_______
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[ upper (ov)
- Lower (OL)

- Upper (KU)
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19X ERINHE MO R Y 2 7 AR IO E GG & 7 OWERIR 28 U 72BN, 5T - B4
YTV o ADG IR BN (1981) B OZEREE 2 (1991) O/ L 7z EIXNUZHE DS W THERE L 72, LA L 8.1.4
Hicim ks, BEUR-MET Y TV v 2 205 IZ DN TIEIMRET ORI H %

Fig. 19  Simplified scheme showing geologic structure of the Jurassic accretionary complex of the Ashio belt in the southern
Ashio Mountains its structural relations. Note: Distribution of the Kurohone—Kiryu Complex is speculated based on the
geologic maps shown by Hayashi and Hasegawa (1981) and Sudo e? al. (1991); however, it is necessary to further study

as discussed in section 8.1.4.

BIE DTSR HICERIT 5. 72, TRERERMY
Kic7ay b LEBEOLREN L0 44T 55 L0
e A &0 HEE X s EithihiE, Ss45° wo kL v F
THD26°TT 7 V¥ 5 (EE20XB).

6. 2 3 gﬂir{ﬂ$4 HOBRNE A

wARFHE, PiAREO =L P 5 ¥ i o Hh I
WO CHBEIZ2, 1991), AETEBIZES. HEA(1961)
BEAEFFOLFRATNNTE D, KT Ihefifd
3. Wk A KRR kT EEa Y Ly s 2k
frlia Y vy 2 2055 AW, [FEE] kT
R -4y vy 2 200 MEAERS. HEmR
DOIFAENE, SHOZRER 2 b e S h 51E0, #4E
ATV I ATALGNSF v — F—EEY -7 v X
O FFIA @2, #fH, 1997a 5 Kamata, 2005 5 5517,
BN REET Y Ly o ZDORBEAFHN TR I N
727 XV FAEREFIZE S LR AL, Kobayashi,
2006a) & B VMNIITHEINT VT L v I ZADNNLRF v —
N AT R AR & % BT 51 (Tto, 2020a, 2021) 12
KoTEHEh5.

[ B 2 A sk < i, AEPE 3R o0 g BRIfi 13 40 ~ 80°
THRIERN 2 LA BT 2 OICx U, FEREMT
1330 ~ 70° TALPHICMER} - 2 BBADEHE A L. 2D
ZBEITIORT ARY /AN = S 1L 1 TITR AR o b /AN e | oL Nk = Ay
AR TH B Ll S h 5. 72, ZOMEROE,
5 HEBAIZ0°RHIHRTH DW= fithTdh 5.

TPERE R R OXSE Tay b Lz x
LA T 7T LAORERM & DHEE SN, LYy
FA3859° WC, 77 v id15°TH 5% (520K C). [Hi
A KRR HUSSE O BT b 5 [HiA | 12 50T REk
FRPGEXIZ L 0 KD 5N S EHhENE, L2 FAiS48°
WTF5 Y Uid45° Td 5 (Kamata, 1996 5 FEHH, 2000).
N6 ORATIIZE & A TR L 72 il o %855 613,
wHAaEmpto@io 72 v Y 3ILERETIR LD EATH
D, FEEIZH2 S IZONEMIC A S &AL 5.

Bk, KEEZH» (2007) FEAERFHIDNT, (ZIFHE
il A F O MHEIRFAHI T H 5 728, B2 MSEIR #h & 8k
PRy R&Eend BfanRL T b,

6.2.4 /B

oo KR A AR S S 2, BRUEELE O /NERE &
Blaxhs, MMEHHEF v — MIZE < REEL, FRHIZHE
R 7Ly 7 2B WTHEETH 5. RENTY
R TIE, PAC 2= %dh (X 26A) = B 7= 8 ih (XA
26B) BBA S NS, HETAFIOBIERELIZ & 72 % i bk
DK% Ty TV oy o ZOPEREERIE, FRHET
EETLF v — PEWLALNTS (KAR260).

HR -4 oy 7Ly 7 Z0HBREIZEVTE L
LIS AL 5. REIEREEO HIic#BH 4 %
A TEE T B AL BB eSS T, B2 it A 5
h 5 (X 26D).
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7. BER~HEZLOERERBREENEAIC
5 EMZERAER
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BENRL AL, BRHY 2 FRMINERICEAT S, &
Wuwzlwazmwu,:h%@&ﬁggﬁﬁﬁtﬁ
W, AR E RIS & D ARG R AT - IR ARG R
B RIS U IX 7y LT 5. MEORBIAE e  H
A SR MG R PIRR S 2, IRABUE RS S AR P
fii & Tk &9 5. PSRRI AOROE IS, I RS
HoTRUE - fERE - TA AR E R TERET S, K-
ArfEAR 2 E IS HEED TR, ARG il A R i ]
FAC ORI, IRASIERS B SR A R, Ty
RS SIS B A O R 2 &5 58 —fdhhiiit©

20214 /72 A4S

[B]Hikoma Anticline

O

@
[

fold axis
(225, 26)

201X (A BOe A o e 2 o 7 ACHH It o s (e
PE) O BRGSO 7y
P BRD ENIEKTITH O, EENA IR
HorLy FeT Ty YERT. (A)HRERYEY
DKL Y Ty 2Z0BHIEOREX. (B) IR
B RUEE O BR-fEa v Tr 7 20 R
O, (C) BAEMPELOG Ea Y TL 9 o 2
Je Otz v 7'y oy 7 2 ORI O$EZIX].
Fig.20 Equal-area hemisphere projection of bedding plane
of the Jurassic accretionary complex of the Ashio belt
in the Kiryu and Ashikaga District. Curving lines are
great circles derived from plots of the bedding planes,
and yellow squares show trend and plunge of the fold
axes. (A) Projection of bedding planes of the Omama
Complex around the Umeda Syncline. (B) Projection of
bedding planes of the Kurohone—Kiryu Complex around
the Hikoma Anticline. (C) Projection of bedding planes
of the Kuzu and Gyodosan complexes around the Kuzu
Syncline.

H5 RN, 1972). Zho OHEREKBEEICET 52
A Y 2 AR D S, AR AE I & 5\ ik
BEHE->TH5 (RN, 1972).

[Hi AR B Il bl <, R 4 5 ERT R o SR
—MilET YTV o Z5AEEIC BT, IRARE R 55
12X 5y & B B HCRERIE R (RN, 1972) AT
%. ERSERIIEMEIRCE U, RERERIRS
75755 (GHEE - A, 2021). BHEE - A Qo21) Ik h
i, AEREAORBIR -t 2y 7Ly o A K
fERZ# D, SEROEHETIEF v — MIZKF v — b,
BEIEREAE L 5> Tna., ZOERIEIZIE, ZH
PE UTHER - XL A0 - AL ERNRO 6N B,
B O 5 Ai 20 5 1F, ZERGH OMRIZHY 500 m& i &
n5.
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AFEIND Y 2 FRRORE &5t (1)

R HSIc 5T E, BAT 2 RS DWH; T
AR &8 > 72 F v — P RTEE AR E Rt E h T
W (I - K, 1955). WH - KE(1955) 12 X hg,
ZERCH DMK 1 kmTIRK T2 kmé &h, BRI L
L CHEHA - Ak - BERLZENRD L TN 5.

8. F&fm

8.1 ERWHODY 1 SKEMFMAEDEETL— NEFD
BErx
8.1.1 \¥ETL— FNBFO—IZAVFH

WHRECREAE U 72U e 7" L — Mg, R E U ORISR
25 P E TR E) L 7214, WIS ENE L T
AiAEr (Bl Z21E, TIsozaki et al., 1990 ; Matsuda and Isozaki,
1991).  Z DOIEHL R HERDS D48 Ot fe & [ L 7=
W7V — b EORERE, WET L — FER (OPS : Ocean
Plate Stratigraphy® % V)3 Oceanic Plate Stratigraphy) & IFF
N5 213, Isozaki et al., 1990 ; Matsuda and Isozaki,
1991 ; HYL, 2000a ; Wakita and Metcalfe, 2005). FE o
IR TIE, OPSOMEE A —d b 5\ 3 W I3
35, ZhoMREHOBEICHEIE, —HEAanL
W s mEfiae L, HARO KRR ORIIKRIZ B0
TOPSOIEILAfTbI T3 (Bl 21F, Bk :
Sano and Kanmera, 1988 5 B3 ¥ o 7 KT IIEAR « #50d
1E4, 1998 5 U5+t 1 ife — B = Ak : Taira ez
al., 1988). PHEA LW & & DY 2 FHAIIKEDOPS
13, RIS EUE R - RIS - e — b - HEEE
a - leE - E, S5 (AR, L, 2000a ; Wakita,
2015).

SREHIL, WHETERENZERE L BES L
L TR E N XRE ISR Wil 2, NI - B
[, 1989 ; Safonova et al., 2015), i # & vh e i 5 %5k
# (MORB : Mid-Ocean Ridge Basalt) &, #& I3 EHFEEX
45 (OIB : Oceanic Island Basalt) & IEiE 5. MORBIZ
OPSOENEA 7 U, 7 OHERUTM A DTZHIRE] 2R
. PHER R LR DO Y 2 TR TIE, OPSTiRE
HOER AR TARRZA~ NIV LARDTF v — R R
JHO FRZPE-> T, MORBE A 6N 2 X E NN
%. —Ji, OIBOFMUIMET L — + ISR
SR AERL, 23 L EOPSOIEETIE &L, FEEE
12, FHERRZREO Y 2 7R IATIE, 2hEho
WEANTRE HWF v — b (BRI~ A48 KD $
TR IBIE S (P~ OL 250~ = 84d) ORIRICH
REFHEBES 2 d 5. —AZ0PSH & HIWr 34U,
IhoDLREFIIOBTHEEHZOLND

EAEMEHERI E LTOF v — M, —RICAEVETS
D, ZOFERITHEHET L — P BEHIIAE LTI
W& KRB T, PHEWRERT O Y 2 7 56Nk
DF v — P T, ZOEMRETOREL»S Y 2 7LER
(B A, HIL, 20000). ZHhH5DOF v — MEFEICHK

B 6 55, HEBREE 22 G068 5 5 (F
A3, EBEA, 1987 5 A - PafE, 1993 5 R - M,
2004) .

—7, MR &ED 7Y 2 TR IIEDOPSD ) &
LT, NsfdmBlr ol =8kicsdsF v — b
Xy THAETFENDE., Fr—bFXvvy 7, ZORM
IZI3F v — POHERDBRENTHEZ L #HLTEHD,
Z O b D ITHER 1S 5 ENREICA SRS (il 2
¥, Isozaki, 1997;Muto et al.,2018). ZDF x — FF ¥ v
THEL ZFEIZOWTIE, L o5 - BB R
MO I & 0 RO A A FEE R L2 2 &
Ik eshTE WA, A8 - hdE, 1993). LAl
AR, P~ B ROHER LS KO F v — DA
ez Py MEROFH AR 28 Tbh Tl D, Pk
&P F v — MEv v THBOBE B TRERO
ARG &<, BEEMEEY OGO B 43
FEERE LA OMERUIC K E < H G LM e s h T
% (Muto et al., 2018, 2020 ; Muto, 2021).

WO E R T, BRI Y O 4G & A Y
mu, HEEPHERT 2. 72 U CEET L — b
IZEIE S &, WETSHHERT & L CURE R A HERT
T 5. BEFEVEVEY ORI A& KWL TREgIp i idjes -
WETREHRE - EOIEIZE LD, i EEBICEEE
5N BllE b5, TEOFERIZ, WEET L — b HEA
FIRE LR A RT E LIS, HRBT ISHHnL =&
T AEDTC TRl E N D, PREE L FE R
DY 2 TRMANMETAS &, W E=ER1 DT 2ICH
ENBHN WAL, ER%, 2006), V2T REELHERK
2 % < (P, 2000b), & FEBEIHR S —FB T
TN T % (Wakita, 1988a).

8.1.2&ITLy I ADFETL— FNEFF

A AT E OB L ORERERERIZHE DIV, %
Qv Ty ADOPSHIEILT 5. 21 XIZOPSDOIEIT
X %R,

B -HEa Y 7Ly 2 200PSIE, ZKEHE - %
ERsEA S - PR S - v — b - HEETS - e - B
BEhbnkb. Fy— FOFERIEIRLLKL~Y 2 THT,
HEH AR =8 Th 5. REESE, 6 13%H
SRRROERBE SN TS, FEERAE R OYEE D 51
HHIY 2 SROFERBH A TS, KRETHE WA
DWTIHEENGZERIEONTE ST, FEUOS
HEDREFERE RAHTH 5720, ZZTEFRAFFE
T3, 727U, RO Y 2 F RSO —f%H) 22 OPSA
bEzNE, TRAFIZOVTERLLRF v —FOD
FEIZPE S MORBE 18 = 8RR B A JHO I I 5
OIBNMEE SN 5. 72, WEIRJESE & FIFHE L <X
ZhUBEOFRE Y o FR BB HEE b, R
W-Hida>y 7Ly 2 200PSOFEE LTk, IFD
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F21X 2w Y 2 FARMNIRO & Y TV Y 7 20WET L — MEPEICN. WEFERIZ0gg er al (2016) 12, K

Fig. 21

BAb T idIshiga (1986, 1990), Sugiyama (1997), Kuwahara et al. (1998), Zhang et al. (2014) &UMatsuoka
and Ito (2019) 12} <. Z&ds, ~IL AFCKEHRAEA RIS DWW TIE, Xiao er al. (2020, 2021) D3R E L
IZPENAFRAZZ W L 72, Carb. @ Carboniferous ; Pans. : Pennsylvanian ; E. : Early 5 Lop. : Lopingian ; Guad. :
Guadalupian. PEM U 72 bAIC & > THRRDRE SN T A5, & 2 W3 E T otk e oBfRIZED
HeETEE T d 2 BHIZ DV, WET L — PP LCIRIBONETRT. Sl o La»E ST HO R
1) LT & Dtk & OBIRAARI THERDHEE T E AWERIZ OB TIERE TR Y. AN ATEO RS
BROPEHEE, BEa YTV s AD=y P 2I2AB N BEERThOBERT.

Reconstruction of ocean plate stratigraphy of the Jurassic accretionary complex of the Ashio belt. Geologic ages are
after from Ogg et al. (2016). Radiolarian zonation is based on Ishiga (1986, 1990), Sugiyama (1997), Kuwahara et al.
(1998), Zhang et al. (2014) and Matsuoka and Ito (2019). Names of Permian radiolarian zones are changed according
to taxonomic reevaluation by Xiao et al. (2020, 2021). Carb.: Carboniferous; Pans.: Pennsylvanian; E.: Early; Lop.:
Lopingian; Guad.: Guadalupian. Deep-colored lithology indicates that its age is determined by fossil or can be speculated
based on stratigraphical relationships with overlying and underlying rocks. Pale-colored lithology indicates that its
component rock has never yielded age-determined fossil and its age cannot be speculated by stratigraphical relationships.
Carbonate rocks and mudstone of rounded rectangle indicate carbonate clast within conglomerate of Unit 2 of the Kuzu
Complex.
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AFEIND Y 2 FRRORE &5t (1)

MR ONE., —BRRBIESEE G Ao T v
TU I ZATRALNEND, T ORBIESTHD 6
WBIRENTH D, £z, VLR Fv— IREEITIBEH,
ZORILIEIADEFNEIRENTH 5.

K4 a>v 7Ly o 2%, OPS Mk b KikE% -
F v — b REIEEE - FERDRG 1 - FERUE - e -
WHENr6kES. Frv— 56N ARE~Y 2 FTHROF
RAFEN T3, KA & IZEREN 2 FRI3E 5
NTWZEWD, Fv— PO TMIIPES &0 EIFEREGR2
5 2 DRI ~OL 252 DU & HEi S h 5. IRIBIES
HOFREBZZBHTH S, A Ls522MiTid L2k
12, Ay v Ifbasay TL 2 2 LIRS
HhrodfEehTky, CidnRp{REBESEE S
LR B B, HIERIL MG 2 513, K43y T
L v 2 Z1ZIEMORB & OIBZ 12 AU A4 5 RS HH
DAFAEL T 5 (- &5, 2021). ¥ 2 7Pk
DO—fkM0PSEHZZ S &, K43y 7Ly 21cid
F v — P OKFEEIZLES ~IL A ZMORB & R IBIE SO I
JKIZHESD ZBROIBAGFIAEL TS AREME N 5 5. HY
s H o T B bR LT b, BB
FIRIH RO Y 2 588, JeE» 5 ihiY 2 54
DILEBRHE N TS, BFIZ DO TR LA R L O
D & DREIFBIR AR TZ DERIIAFET D 5 28,
VU 2 FRIAD A1) 2 OPSIZ K AURVeE & RN &
LG ZhBIcHER Lz e iz s h b, Kiflxaa v 7
Ly o ADRHRE LCiE, KiVEE RS- F v —
M EOUFHET L — b ERKT 2 AR E & DI RIRIES,
Wb % O0PS mélange (Wakita, 2015) 23 % & & - 725344
WAERTHENE TS, 77, NULLRFv— bEX
b b RRBE A A GDR, BiEE—EOREEZEOD
IZH L CHEDSMBIER O h 558, “ERFv— L
DBTIRRAENRNEE, oy FL w2 2R B LR
ONBHEFHTH 5.

wWEav vy s 202=y b11%, OPS P&k D H:
BAE LS - F v — b - HEERS -TRS - AL A5,
HEERG A2 5 3 =Bk, Fv— 2513 Bk
~V 2 FRDERR O TS, HEREROVRED
FRIEP~HIIY 2 9K TH 5. BEFIREEHET
BB B VETE ORI ENISAIE S 5728, FOFR
WHRHIY 2 s 2 h DI e < h 5.

WEIVT VY2202 =y M21E, OPS Tk DX
RAHH - RS RIS R UEES - Jes» o5 5.
HIERAL MR 2 5 1%, RIS SO RERIZ M 5 Kiks
FHIZOIBIZHEMLS % (FhIE A, 1992). £7-, LAEH
1B E N B RIS S RHAOL 25Dk a2 R 6 h
T3, ARk UTORBBIES T, 5 130 45880, )
EAHOBED 513 ~L fd~ =B b a2 BEH L T
W5, EJeni#e 5 3D o FRROAR RSN T
W5, R ERDERRE 2 5 3D 1 7 HoEN

ERTLOABEOERATHS, A2 UL HY 2
FROAAEHEN TN S,

wWhEaY Ty s 202 =y 31, OPS Mk D EE
BAR S o F e — b BB RS AL R
SRS E IR AP S . RS A 2 6 ki
LD, Fv— 25 =Gl ~Y 2 7RDILAa» S
T 5s, HERAEROVeSOERITTRIH~%IHY 2 5
WMThHD WERRELEDHEEELTHETSZH50E7T
DORFFR ERIZAE S 2720, ZOHEMRBRY 2 4%
HBFThDBEEHEE SN S, RS, 6 13~
LHET 2 HMea G EhTw b (B, 1957 5 A,
1961). T OREEIEAFR 2> KEFIZ DN T
i, 2= FIDORRER LI Z 5TV B0 (A,
WH, 19575 #fH, 1997a), L= 2 DREER AW
FIZk a0 RBLAEETLI=y F 3D EIC TR 91
BL T B LT 20ME H 2 (BIAE, R, 1961;
WA, 1973). H20XTIEEEMIZZ= 9 b 3DOPSD
MRER L L TORL 7=

gy 7y y 2 2, OPSTh LD F v — b - H
Bl - JeE - WEN S KD Fr— 5 ENILAK
~V 2 FROMARHE ShTWb, HERA K OTES
2 EHHY 2 TROFERBBESR TS, BEDEN
BARHTHY, MOHEAEDREFHEBREARATH S, X
NALFRTF v — b E—EORBTELRT, BRIE - e
AV Ly I ARE IV Ly s AL R B, K&
ATy r AkiE, NLLRF Y- P EEFDETIEH
W20, RNEH - REEEAHH - BB S A RS
THE 3.

8.1.3OPSHREH (REEVER) DER
SLIHIT/RL 72 & 512, Ve OHERIAEAUL A IR
ERPENS. 2RO Y 2 FRMAIMED Ky T
Ly 2 2l EhsRAOP TwmeHWIEMRIZEHL
<, e EHEE S S ThZhoary 7Ly 2 20
MIIEFHIC DWW TIE, ThE T ST B HERIC
O EDTO@EYTHB. KElxavy 7Ly s 2K
T8I Y 7TV oy 7 25 68t & o B S il
OHTREEVRE L LTI, R4 (HEY 2 7R3y
Vav T Y~ N =T VRS O eE 2 5
W7 5 Tvb (Kamata, 1996 ; Ito et al., 2021a 5 FHiEIZ
2, 2021b). BER-WEa vy 2@ LY T
Ly Z Z202=y 2T, JRS (LN =7 VHE~7
o7 VR OBECR RIS 2 58 5 T B (Kamata,
1996 i tJINEA, 1998). &Ea Ty 2AD2L=y
FMIEOZ=y F3DPREIBIE, JR6 (Y 25 %A
a7 VR EH~ Y 2R I AT k=TT
v FE) TR B R EH LT B (Kamata, 1996 5 $iftH,
1997a).
FiIZHEONWT, BV T Ly I ADYV 2T REEDD
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Fig.22  Radiolarian ages of the Jurassic accretionary complexes of the Ashio belt in the Ashio Mountains. Geologic ages and its age
assignment are after from Ogg et al. (2016). Radiolarian zonation is based on Matsuoka and Ito (2019). Mudstone of rounded
rectangle indicates clasts within conglomerate of Unit 2 of the Kuzu Complex.

BicE ez 9§, Al b =7 VLIRS, KH%
VTV s ARGIFEIT Y Ty 2 AR h R
muzz. 2otk #EL=7H~Aave7 s HDkE
CEHEIY T Ly s 203 =y b2 KOG - fil
YTV O ABENENMIML 2. i, %Y 2T
AORAA v 2 27+ =7 4 7 VBRI, BWAEay 7
Ly 2 2032=y M ETL=y F3BRMILZEEZ
5hs.

8.1.4&ITLy 7 ZDBEREMRFR

— RIS BTSN ERic kD Hna v
TV AMMELTED, FREEREREOY 2 T
(IR 360 T & P O UIREE Y T A7 O H B i1
Mlh - CTH L B AMHEAPRD 5T 5 (B2, AR
2000 ; HYL, 2000b). %7z, EKEHHOH OB T
R BT 5 & & ISR UE R R A O Ak
L L A, IR B L OB RE SR Ao #le
M Z B Z NI TS (I AE, I, 2000 b).
SRRSO ¥ o F AR T, FHER RO KM 4
ATy s ZFRER-ET Y Ty 7 2N,
WREOERDE L, IREMHOGAIENIAL, E-ERA

RN LRF v — P OEROBIGRRE V. frEla
VIV O AEEAET YTy s ZITEWT S, HEER
EfiofrELay vy 23852y 7Ly 2 22k
N, PEOFER <, BIEHEAEBKL, HO~XL AR
Fr—bEEZL G, ZhoDOBBR» 5, K4 a v
Ty ZERR-MET TV vy 255N
Wavy7rvyr2t@tary 7Ly 2 2TIE, Thih
¥ a7 AN O — k) 25 i 24 dE B AR & ARk O i &
N

—HT, BhEarvFry s 2 BREE-Ea YT
Ly 2 ZLDOBRIEINEIZRELE S TEHD, WERN A
OFEET YT VU 7 2B WTIERESEBE L, F7-)8
BOFENRIE . THUIAIERZ T TSI TE v
MERERARTHD, ZhoDavyFL vy 2%#8i4 5
PRSI R S IIEFH DI ISR S hzilia v 'Ly o 2
DOFEAZEICEbLAIWRTH 2 LHEE N5, F19
XTid, ERILMERIZAMN T 2 ¥ 2 7 M RO ks
BEERODBENG 2R L T 5. [Hild: KR o fi s 3 A
IZDWTUERE - BRI (1981) REREIEA (1991) 128D <
e Th o, T KAUIPBHBIRELIHIC & BARAR — A
VTV I ZARIA ML TS, Ll Lok
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3R KRE(1999) 12 & A PR - S5y - RO Y 2 IR OREEEFEx . @ K099 iEk[2 v vy r 2] %&[2
o MOAFENEEIGE LTTEREL, BIEE- oy Ly s 2 - KA a vy T Ly s 2 - BET VY TL 9 2 ZADH

BYIG[avy vy s 23 [a=y F ICE XA 7~

Table 3 Tectonostratigraphic correlation of the Jurassic accretionary complex of the Tamba, Mino and Ashio belts by Otsuka (1999). Note:
Otsuka (1999) defined “complex” as a comprehensive unit of “Unit” and regarded the Kurohone—Kiryu Complex, Omama Complex
and Kuzu Complex as the Kurohone—Kiryu Unit, Omama Unit and Kuzu Unit, respectively.

Tamba area Western Mino area Eastern Mino area Ashio area Keisoku area Yamizo area
Wakita (1988b) . . Nakae and
Nakae (1993) Suzuki et al. (1999) Otsuka (1988) Kamata (1996) Hori and Sashida (1998) Takizawa (1996)
Complex | Unit| Complex Unit Complex | Cm.l Unit Complex | Unit Cm. | Unit
g UnitA|  Otaki
= UnitB|  Complex
© Oshimatadani Imajo Unit
% Complex Takakura Unit
g Samondake | Hisazawa Unit
n Complex Kawauchidani U.
UnitC| Ibukiyama |Funafuseyama U. Hirayu Shirahone U. Kuzu Unit?
Unit D Complex Kuze Unit Complex Dayoshi Unit Omama Unit
Kanayama Unit
unite| Hidagawa Nabi Unit ~ |Azusagawa | Sawando Unit Kurohone—Kiryu U.
N UnitF| Complex Kamiaso U. Complex |Shimashima U. Kuzu Unit?
[
2 Misogawa Mi Ayuta Unit SCH Unit
3 isogawa S
3 Complex G Complex Complex Kl-i'i(rfﬂtiig#:l}). SGM Unit
‘c":) Yabuhara Kasama
>
=] Complex Complex
%)
. R N AL F
IR T Y 7Ly 2 2O RESNZEED B T 7ziﬂ&%ﬁ@n:/7v/ax SEYRHIR O SR

b5 ETE, HENRUROSEET Y TV Y 7 20K
W AL OB RIERE -2y 7Ly o 2 L3R
GAHAREME RS 5. FEERISWL D0k iR, M
B RO R & A6 N2 WiFEAIEHRIC R < EY, BARIR
W7V s 2B EO M EMES K5 ICHirh
TWBHlE 55 (21X, Aono, 1985 5 HIYL, 2010). Z
D HE RN AR 3 T 5 A e 2 D ALRED [ HE
W E R e LA ARG A DBETH 5.

8.2 EEHM T 1 FHfIINE & DL
8.2. 1 ZBITHRICH T 2t

1990 -1 % 1 2 5 2000 A WIS 2 0 T, R
Y2 TRAMAMEORILIZBI L T DD RFEAHIR &
Nz, K%, 1999 5 til, 2000b 5 Lk - KE
2000). FHEAR Y 2 FRMIERIZ DO W TR, MECETER
%@iﬁ#é —REIZ TR TANCIX Ay X T & 7= (f5i

ZE, AE, 1983). MANIHEER B ICfiE L, AR
R~ LRDF v — P EES DITHL, HHEWNTAO

IMOZheDF v — MIEEhT, —BR~FHY 2
TROF v — b &G,

Kamata (1996) i&, RREW Y = 7Lk 0
T, Nakae (1993) D73 FFE IR O B Ak K UfWakita
(1988b) D FEIRHIK O HE (K, % L TOtsuka (1988) DA
m%ﬁ@%%W&m@Lfné BB -z 7
Ly o A A BEROT L2 = 5 b R OFHEH OB T
VFL 7 ZITHIL TS, £, KRilAa VT Ly

2=y b - *m%ﬁ09%:/7u/7zaﬁméhf
W3, %$3/7b/72a0w11 FHE g OF 2
/7u/7x %%ﬂﬁ@iﬁil—/b PNE )
ﬁﬁ:/7u/72‘ﬂwbt

K% (1999) 13, HHHMALDE - Hid - £k Dk
Mo TEEwohsd0aE[2=y bEL, &5
ICHERDO[ 2=y M Ik ->THi S5 ENoBE&EE L
Tlav vy s ZJaRWE. 2T, FHkb - 20
gk - R R - TR b - U IR O JE 1T 7% (Nakae,
1993 ; Wakita, 1988b ; Otsuka, 1988 ; Kamata, 1996 ; FRyL -
WEIR, 1996 5 UE - FEH, 1998 5 $AARIE A, 1999) 123D
%, IR TONE AT 572 B3 %K), &, K%K (1999)
RO BIR -4 vy 2 2 - K42y
TV Z-@Eav Ty s AOMBHIC[ a2y T Ly
A JE[2=y P ICEERA THO k%ﬂwwﬂg
kBL, K4 2=y bIidOtsuka (1988) 0)3@7;,: V7
Ly 2 Z20HF21=y MZ, BHEB-ME2=y I
Hflﬁlg v /OZOD(RF—‘L-— v MRt hs, /-,
Eﬁil——/b ?7v— 71%%“(?%:!/71/ /720)
%*lﬁ/b%énuﬁm:/7v172®%¢1”,
MIxttbEhTn s,

fPYT (20000) 1%, VEEHHAD Y 2 F e IkizonT
RAG ATV, SHUOWE R IZ O THEMA G D ER
HERAER, MU RS IC O W TS EERIC A X 4 L
7=0E4a%). £72, avFL vy ZOFPMEICEED N T,
1 FEE ORI (a—0) 1Z38R%k L 72, RO HE R IZ D0
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44k FITHPIL(2000b) (2D < PRECH - ER - RN O Y 2 7 AL O SR

Table 4 Tectonostratigraphic correlation of the Jurassic accretionary complex of the Tamba, Mino and

Ashio belts, mainly based on Nakae (2000b).

Ve Hara and Kashiwagi
Nakae (2000b) (1996) (2004); Hara and | This study
Sakai (2004)
Tamba | Tsuruga-— ; Takayama— ) ) . Kuromatagawa )
Typel rea Nanjo area Mino area |\ . o oq |AShioarea| Yamizoarea | Ashio area p— Ashio area
al Misogawa Takatori  /Kasama
Complex Complex / Complex
Yuragawa
a2 Complex
3 Kanayama (Yabuhara (part of the Kasama
a Complex Complex) Complex)
B1 Imajo Samondake
Complex Complex
2 Kamiaso Sawando Kuzu Kuzu Kuzu
B Complex Complex Complex Complex Complex
3 |Tsurugaoka | Arihara Nabi Shimashima Ku:(ghone— Ku:(qhone— Kamigongendoyama Ku:(ghone—
B Complex Complex Complex Complex iryu Iry_u omplex iryu
Complex P Complex
(Tone Kuze (Hirayu (Gyodosan
v1 Complex) Complex Complex) Complex)
2 Haiya (Suganami | Funafuseyama | Shirahone Omama Kuromatagawa Omama
\{ Complex Complex) Complex Complex Complex Complex Complex
5 Kumogahata| Kasugano | Sakamototoge Omama
Complex Complex Complex Complex
Shuzan
€ Complex
Oshirakawa
c lzuriha Complex
Complex

T, Kamata (1996) DX 53 EE L S>>, K43 v
TU oy 7 2N TSRO EZE - oy Ly o

mELRIL .

J5 - HA (2004) 1R RSN FEAS

AT B R A Y 2 A RIS DO W TRET L, L

(mmwmﬁ EFE%&ﬁ%Ltﬁmi)

J5 - AR

(2004) 13, TR e BRI - ik Y 7Ly o
2z, BYllavyFry s 2 kAlllaryFry
2 22O RBI O g R & d b TE e L
TWa, ks, SR LREHIIC DWW T, J-ET (2004)
2k BRI Y Ly 2 ZICEFR S 7z,
—7J5, Wt - KB (2000) 1F, EEHFO Y 2 RN

& FFI A (5, 1983 5 Imoto, 1984 5 AKAHIE A,
2000b ; ARAF, 2000) KO
1997a ;5 ¥% - HHH,
2000) DY 2 T
Z ORIz W TIE, HYL(2000b)

1998 5 HEARIZE D,

JE JE i (Kamata, 1996 ;
1999 ; 5 - KUY,
itk & st U 7=,
BELIIRESEAEIRMERL TS (ESR).

1989 ; HI7T,
$ift HH,
1999 ; f5H - Y,

1989,

1998,

K&

KEELT, BEIVTLV 92X, Flia=y b20k
WAEIF 5B, Kamata (1996) DEAT Y TL w7 2
WEHRE (1997a) 12 & D 3DOD 2=y MZXKF I N7zh, 1
At - K (2000) 12, HEEFHK CIRMBIESE» S k52

Zy M2aEEaY Ly s A6 aE L, FHREO
FHRILE IS LT REE L=, KB4 v TFL oy o 2
oW TiE, 8Eary7Lvy s 202=y 2 &IZIZNH
UREERGHEIZ D 5 2 &%, RBHIATHICIZZ LW OO0
SRATHROF v — P 2 HORAMATH 5 L0 Rk
Eno, MULHMRILEICHRTE L L Thbb,
WEIVTVLy s 202y b2 KEAT YT Ly s
ZRE—TH DLV RARERL TS, Fz, BED
éZkvﬁZ@l:vbl%Lﬁigh,l:yk3%
SHEBICREL TS, BRE-MEa Y7L v o 2
uﬁm%tﬁméhfné.t%ﬂ%%@gﬁgwuo
Wi, B -WEa v Sry s 2L Billa=y b &
ERIIEL TS,

8.2. 2 BRR-HEI>TL VIR

B -4y vy o 2 EHERPIL 2Bk e LT
SEPRMIKOIRILT v 7L w7 2@l - Atk o

By 7Ly 2T 5N 5 (Kamata, 1996 ; HIYL

2000b). T 5 DOMEKEIZ, KL F v — b A

T 55 EDOHKROBBEOIE A, W% &t s i

T5(EH6E). 2, WEOERIZE B ITHIHY 2 5%
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Table 5 Tectonostratigraphic correlation of the Jurassic accretionary complex of the Tamba, Mino and Ashio belts by Yamakita and

Otoh (2000).
Tamba belt Mino belt Ashio belt
. Kimura et al (1998) Hori and
Km';l:;aage}raf. Imatgst;r)al Nakae (2000b) Kamata Horiand [Sashida (1999)(  kasaiand
Ishiga (1983) Kimura (2000) Yamakita and || Yamakita and (1996, 1997a) |Sashida (1998) | Sashida and | Amano (1999)
Imoto (1984) | North wing Nerth wing ghuzan Otoh (2000) Otoh (2000) Heori (2000)
Shuzan yncline
of Haccho SHeEAe of Haccho Sakurai Ashi Yami
Anticline yn Anticine Sygml:.lnl;% io area amizo area
Yamaga Shuzan lzuriha
Complex | Shuzan | Complex | Complex | Shuzan Kasugano
Kamanowa Complex Kumogahata| Shuzan Formation Formation
Complex Complex Complex
Il-type Hirose Imajo Unit 3 of
Suite Kumogahata Kumogahata Formation Formation Kuzu Complex
Wachi | Complex Haiya Complex Unit 2 of
Complex Complex Wachi Funafuseyama Kuzu Complex
Haiya Haiya Formation Formation Omarns
Complex Complex Complex
Hidagawa Unit 1 of
Group Kuzu Complex
Tsurugacka Complex | e =1
! P § 5 o 5 Kurohone—Kiryu Karasuyama | Karasuyama
Kuroi g8 é Complex Unit Complex
|-Type |-Type |-Type Formation s i g i,f Ayuta Unit
Suite Suite Suite EL(g TerAokGAE
Yuragawa Complex S5 8 Takatori Unit Complyex
2 Z BB Takatori Unit
I (e
Furuya Hieizan Furuya Misogawa Kunimiyama
Formation Complex Formation Formation Unit Kasama Yamizoyama
g7 Unit Comple

THD, IFFT KT 5.

— T, MWeayFv oy 2ed, EORLISEN
BNAELNSE. M3 v Tvy o A TEHERWEERD
WERAEEREORIAL L, WEX ETE Zho &
DOHIET IG5 (Bl 21F, Wakita, 1988b 5 MghtH, 1995).
Zhicxl, BEE-da 7Ly 2 2ick 0w TidB
HORIIAEL, WERKETEEE 520 TR T
Freohs (53, 4X). %72, BHEE-WEay 7
Loy o A TIZESBAASTEE U 7= B ME 12 5 VRS DS R B
IZALNDZH, hba v T Ly o 2 D%TZE (F AL,
Wakita, 1988b ; BitHH, 1995) TWEE=2 ¥ 7L v 7 2D
FIZOWTZED &) RIA R Eym#FA I TEv
LN,

BAaYTVy s ZIGWRER W & O LA
DFFELCHD, WEHIRESL —RIIZA LTS (KK,
1985 5 Otsuka, 1988). ZAUZK L, SR -HiEay 7
Loy 7 2 TRV e BRI S B IZ i3 & Eh b
EOO, WWHOAERLD N TH B, £/, BN
FEE L IS DRE DA EIIS R L /e Ty
TV w2 ATEBBAE N TOAW (KK, 1985 ; Otsuka
1988). Otsuka (1988) D& 4 2 ¥ 7L v 7 213 K
(1985) DA - Bifr - Ciir & M L 2 HUBE IR T b % 723,
K (1985) DFLIZ K HUEHE L WEEREE N RE T 5
A RUCHIZHAN, BiIF CRERMENEL Tk
V. RSS2 E OB b AU, BR -k v

Ty ADTEIZEAa Y TV y o ZADOBH &M
Pz z 5.

8.2.3 KE4aSLv U R

KAy 7vy s ZLFPIL 2Bk S LTI, 3£
BRI ORI T Y T Ly 2 28— AR I
VTV ANZETF 5B (Kamata, 1996). ZESH
RLRBIEEHAEGD &V o RS HIZOWT, Zhb
DAYTVLy s AFHERERD (Bek). F7z, SR
WavyFryr 2Tiday 7Ly 7 ARNOREERN FEkz
KHUBEE AR A L, R L3I e BRAE S A A 3
BAEEA & 5 (L, 2000b). ZAUIAGRIZI T B KR4
IV 2D NERE EEBDIX sy T 5. Ak
7L.(2000b) 12, KR4 2 v 7L o2 2I2O0WTIRERE
FREREAORILS 2R LTRERTHEELT, T
WHIROZE a2y 7Ly 2 AR ORA: T~
FL oy A IR L L Lads, K4y
TL oy 7 A TIRERO B IPEIRIEE IR TE N T
L&, Bbo &5 ICJRERE S & B RORLS FERE T
ECHL s B A0 5, Kamata (1996) & [RIARIZHHR I »
T w2 AREBI Y Sy 2 ARG 7.

—FHT, MRy ALy 2@q a Ly
2 T ERP RN TR mIZ & 5K 2 5 5 S JE
RBFHET B OIZxt L (Bl 21F, Otsuka, 1988 ; Wakita,
1988b), KR4 T >¥ 7L v 7 2D RERKE A S RO B
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Fek LRI EREWY 2 FHMNIMEDOEKE T Y T Ly 7 ZITHILL 5 % EiT D Y 2 7R MIEOWE K & O

FRABL R R L

Table 6 Similarities and differences between the Jurassic accretionary complex of the Ashio belt in the Ashio Mountains and

possibly correlatable geologic units of the Mino belt.

Similar geologic units of the Tamba and Mino belts

Ashio belt
Name Similarities Differences
Gyodosan |Kuze 1: Dominant of mélange facies P_lr_tﬁse(;lctzI or abcsencle c'lf b;s;:lltic; ro;:l';s alrtl‘d carkbonz:\jte rocks
i . . e Gyodosan Complex lacks blocks of basaltic rocks an:
Complex |Complex 2: Inclusion of Permian chert carbonate rocks.
Kuzu gamialso 1: Dominant of coherent facies of Size of blocks of basaltic rocks and carbonate rocks
omplex chert—clastic sequence Unit 2 of the Kuzu Complex contains large blocks composed of
Complex gawal:do 2: Age of mudstone basaltic rocks and carbonate rocks.
omplex
Omama Funafuseyama | 1: Structural division into lower and upper parts|Amount of carbonate rocks
Complex g::_mph'ex 2: Dominant of mélange facies in upper part The Omama Complex includes fewer amount of carbonate rocks.
irahone
Complex 3: Age and characters of base of chert

Kurohone—| Nabi Complex 1: Inclusion of broken facis
Kiryu
Complex

e

Age of mudstone

Shimashima 3

Complex : Inclusion of large blocks

Amount of sandstone
The Kurohone-Kiryu Complex includes fewer amount of
sandstone.

Amount of pelitic mixed rock
The Kurohone-Kiryu Complex includes fewer amount of pelitic
mixed rock.

BN (B3, 4K, THA: KE A ] s Tl N SR 7L
DO FITIRIE T 5 IR BIE A THE R R K 2 Wy, %
NTHLI00mATHETH B TSNS,

8.2 48B4 7Ly IR

WY TV Y 208, FEiREO FEAE D v
TV oy o ARG - AREHIRORET TV 7 2 LM
19" % (Kamata, 1996 ; H1YL, 2000b).

FEa Yy Ly 2 2R CREIY TL v o 2k
BIZF v — b—WUEE Y — 7 ¥ 2R RS
& o THM T 51 (Otsuka, 1988 ; Wakita, 1988b), %
IV Ty s 202=y PIKROZ=y FIOFHEE
—%T5(FEek). EMETY L vy 2DIRAEDFR
FAPHIZIRS (Striatojaponocapsa plicarumniy : FEY 2 T %
Ny U a VT VEE~TEN b =7 V) 2 5IR6 (Kilinora
spiralis¥y : HEEY 2 7 7 a7 VR B~ EEY 4
TRA I AT =T 4T V) ERL, BEI YTy
o ARRET Y TV oy o ZADPEHDER L —FT 5.

MhENE LT, 2=y F2DGEAETEhS. 2
=y P22IFNNARORNETHE Z D AL DK B 2 e
YA A TRE L, Zho 285 by 2 7 R0HY
s PR A AN A6 NS, EfEa Y TL v
ZRRPEaAY Ly o 2E, 2=y b2iZxtbEh b
AHEALRE Y. 2=y P2OIFER, WBHETL— T
DORLE D FENRHIEFE D 28 % KM U 72 2 e O ff 2k
ERLTOSuEEMENDH D, — 7L - K (2000) 2342
KLE21S, BEa Vv T Ly 2032502 =y bH
Thehfg sERICHILEh MRS H D, &6
KAMET AT B.

¥, AL KEE(2000) 3B Ea Y FL o s 2Dy

Fol kAT YT Ly 21220 T, EREFHE KB
WA A DA E A ENC, mEAREZR AL L
TWwW3., L»L, BFavrsryrszana=y 27Tk
Wi 2 i & Ol & & LiE B LA (B 201,
RISIE A, 1992 5 S@ifEH, 1997a 5 XIRR15A, 15B) - =&
ROR BB AT A GO 21, /DEA, 1974 5 §kH,
1997a) - IRERYGEAE AT S R Y 2 7 REEEIRAE (BfH,
1997a) BIEET B4, K43y FL oy s 2TIEZINhS
OFEHNEA S N, A THRE D MERL 2R
LT BEav Ly 20z y bk 2130IBIZHH
FTEOIZL (FhEIED, 1992), K43 7Ly 2
TIZOIB X U'MORBZ N2 DRI SRS 5 KIS H
NHHND (PHE - B, 2021). LA -7T, Sule
& TN E TITHBI LT 2 51 & HERL 2R 513,
EEavITry s 202y b2 KAy Ly
ZAT R ZHERE LTHOHS OBEYTH 2 &

h3.

8.2 5fTELUaACT LY IR

SEATIE TR ATEILT v T Ly o 2T B A
M EhThs 6§, TovEtEayTryrs 2t
EHTEMET YT Ly 2 2R|EI Y TV oy 7 2SR
& T2z (Kamata, 1996 5 H7L, 2000b). T2
VIV o AL, Fy— P RORERMAE A ERE TS
ZEICEDEMO T e NG, S E 0ot 2 v
Ty 7 2R EPNZE b 5T, EHEOH
T LRTF v — PARR IR TS (EPNZE2, 20015
Ito, 2019, 2020a, 2021). L7=-7T, W3 v 7FLv vy
ZDF v — MIBIF 2L LRIE—EOHEEE O LH
Abhd. 72, S ELHFAB L HBEIZ BV TIE,
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Iy 7Ly 7 ZICE KRS R IR IR S A & %
N,
SERAROFRTIE, fraihay vy s 2& kM4 a v
TU w7 ZIZIFWL O DB B AL NS, ThED
ATy I ZFERIINNLRTF v — b EER, BB
REED—EORMETAS NS, 72, R4 (PP 25
RNy Vg v T VBE~TES =T V) OF v — b -
HERS - asatmcdamds (B2, —Kh
T, K43 Y7Ly 7 2T TREBY 3 XA T
Blhary 7 vy s 2TEALRE W, JRRRMES A H
THETIRTEILZY Ty s 2 K43y TL v o
2 EERIZRCEM T 22, KAy 7Ly o 2 EERO
TEIRAS I ZREFERCRBIES HOSEWEZ 2 &0
IZRL, Iy Ty 2 2T ER S OEBIEE
chan. ERWFICENTE, LA RF v — &L
ELIZE 2 2b 6 TR NNE R RIS 2 K < B

BE LW Fl2E, iR AAHMRILa Y Ty 2 R
DF v — b2 HIEHEN 2 < O~ L FEHHER 2 i &

NTWB2 (21, Sano, 1988), WY 7L v 2k
iﬁﬁ@%ﬁ@ﬁﬁﬁ@kﬁﬁ&%%%%ﬁ.<ﬁ

Tz Yy 7Ly 2 20, Bl ZESERIKO A8 v
Ty ZAD KD ICKREHIC RN Z LwWaryTLy
2RI A AREME D D B (B6FK). L LAWS
A TV w2 Z20GETY, KRGEHIIPVELNS
LEENTED, FITRLLRF v — PDITLEL (¥

10 ~ 100 m) 12 ZRA AR IR BRIG S FEA A9 5 (B Z21F
%%1%% TFEILa Y Fr ey o 203, PRGN

ZUIRSHE AT RE 2 VB AR A P AER ST, R AT IEA O E
%T%é?&ﬁﬁ%a%ha

9. ¥&8

FE Lt i P48 oD [ A K e il | (=
mﬂﬁﬁ@%ﬁﬁn-ﬁO%,HMﬁ

B AHAERT
YAV a7

’

’

AEATIRDZEA - R - AL - B RS & BRES L 72,

1) 2RIt R R Y 2 7R IRE, #HER T &
DEMBR- MLy TLy s 2 - KflAavyTLy s
VIR Y = R AV SR - 11 | = A AV A S ¢ 1
FR) DaDICIXsya s, Zhbid, MHimER - R
HR - BRI & OEBROREIA D BRI HEE %
5. 72, Tho0ay 7Ly s Z0ER I WE
Thby, BEER-MEa Ly s 2 KMAcAa v T
Loy o 2 L OBERWRE & LN R & PEFRd 5. HMER
B AMEay vy 2B Eay Ly LD
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Wikd & RS W RE &g L7z

BRIy 7Ly 2 203, ST - RS
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KRR 1 HEER-Hd o Y 7 vy 2 2O KRS R ORI A 5
(A) F v — b & 2 XRERA. FEHEHNT, i), Basalt. : ZXEATAR.
(B) ZEUETAH OWFGE, s a2 =200, Bl wigmnT, Rl G0 1 1T19120404.
(C) BRSBTS, RIS, FRoSES A5 R
(D) A EAIKEDFEREHE, sux=23)L, ERHREIT, MEESMERE. GO8ES  1T18011903.

Plate 1 Basaltic rocks and carbonate rocks of the Kurohone—Kiryu Complex.
(A) Basaltic lava contacting chert. Oshiyama River, Umeda-cho, Kiryu City. Basalt.: basaltic lava.
(B) Thin section photomicrograph of basaltic lava. Crossed polars. Oshiyama River, Umeda-cho, Kiryu City. Sample number:
IT19120404.
(C) Massive crystalline limestone. Awanoya—Matsuda Forest road, Matsuda-cho, Ashikaga City.
(D) Thin section photomicrograph of crystalline limestone. Crossed polars. Awanoya—Matsuda Forest road, Matsuda-cho,
Ashikaga City. Sample number: IT18011903.
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K2 BRI v 7Ly 7 2 OB 1A,

Plate 2

(A) RIROEEERG . BRI AMRN], fe¥p st

(B) AR OHERE 5. (EBPHIRENT 71l B4 SRiH =BT 2 RV b2 ET 5.

(C) IR OHERS L. (EBpTiTRE T 1],

(D) WEENE &L, Wi S -HEM A, BRI MR, eadE.
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(F) FEEH H B Ic A S N B RSB EE, & — 7Y =)L, ZHHi/IMEN], el SBHES : 1T18021302.

Siliceous claystone of the Kurohone—Kiryu Complex.

(A) Bedded siliceous claystone. South of Kumano-jinja Shrine, Omata-cho, Ashikaga City.
(B) Bedded siliceous claystone. Hikoma-cho Ban-yama, Sano City. Early Triassic conodont occurred in the surrounding area.

(C) Bedded siliceous claystone. Hikoma-cho, Nakagawa, Sano City.
(D) Sheared siliceous claystone including sandstone blocks. North of Naruishi, Omata-cho, Ashikaga City.
(E) Thin section photomicrograph of siliceous claystone. Crossed polars. Hikoma-cho Ban-yama, Sano City. Sample number:

1T19021702.
(F) Thin section photomicrograph of cleavage of siliceous claystone. Open polars. South of Kumano-jinja Shrine, Omata-cho,

Ashikaga City. Sample number: IT18021302.
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Plate 3
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(B) JEWREE &Pk T v — b B HiTREINT L.

(C) iz EdF v — FOFEFEHE. =7y =a)v, ZRHIAEET, FEE L. SRR S 1T16051510. Rad: A

(D) v — MABEOWAEE, suz=a)b, filAdiEH, AEERORS. SORRES © 1T16051603.

B)A M) =2 EAR=V Y IHRERB AL TATF v — FOFFNEE, saz2=23)u, KRR, BRA)IE.
AURHE 5 1 1T18101404.

F) AL 74 TFv—rHhDZAZL 074 MELZZ M) = OEREHE, saz=a)L, FEETTRENT, TRV,
ARBHES  ITI8101404. Ito (2020b) Dfig. 7TE1 A & ik,

Chert of the Kurohone—Kiryu Complex.

(A) Bedded chert. Awanoya-Matsuda Forest road, Matsuda-cho, Ashikaga City. Triassic radiolarians occurred.

(B) Chert interbedding thick mudstone layers. Hikoma-cho Ban-yama, Sano City.

(C) Thin section photomicrograph of chert including radiolarians. Open polars. Noyama Forest road, Matsuda-cho, Ashikaga City.
Sample number: IT16051510. Rad: radiolarian.

(D) Thin section photomicrograph of chert breccia. Crossed polars. West of Shiroppa Pass, Hishi-machi, Kiryu City. Sample number:

IT16051603.
(E) Thin section photomicrograph of striped chert. Crossed polars. Kurosawa-nishikawa River, Hikoma-cho, Sano City. Sample

number: IT18101404.
(F) Thin section photomicrograph of stylolitic streak of striped chert. Crossed polars. Kurosawa-nishikawa River, Hikoma-cho, Sano

City. Sample number: IT18101404. Reprinted from fig. 7E1 of Ito (2020b).
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K4 SER-ME T Y T Ly 2 2 OIER I E .
(A) M % B4 B IR LR R e, AT A T bR, A 3 P & R g
(B) [t & &L BN S O G E, Bl: 70223 ;;B2: A —7 Y =3,
Ml A= ik T, R, A 5 Y 2 SRECEAPET 5. SRS 1 IT16051505.
Rad : fixECR.

Plate 4 Non-grading type siliceous mudstone of the Kurohone—Kiryu Complex.

(A) Weakly-bedded non-grading type siliceous mudstone. Forest road, Matsuda-cho, Ashikaga City.
Red lines indicate joints.

(B) Thin section photomicrograph non-grading type siliceous mudstone including radiolarians. Bl:

Crossed polars; B2: Open polars. Oshiyama River, Umeda-cho, Kiryu City. Sample number:
IT16051505. Rad: radiolarian.
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s BRR-HET v Ty o ZOMACTUEHEE Y. Rad © HOHCR.

Plate 5

(A) UG 2 3 2 LRI s, R iR ] il AR i AR,

(B) WAL TR YR 2 b O MU & AR DR DR B, 4 — 7 v =, EEHIREET il SR E S
IT19021701. Cgp : AR 5 Fep « MRS

(C) MR DR G, 7o 2 =2, (EEpliREN] 1k, &ORHRE S 1 1T19021701.

(D) et & A b B ERIRR A 2 < GOMREOMN G HE, sz =a)L, (B HiRENE] il RHES
IT19021701.

Grading type siliceous mudstone of the Kurohone—Kiryu Complex. Rad: radiolarian.

(A) Bedded grading type siliceous mudstone. Hikoma-cho Ban-yama, Sano City. Red lines indicate joints.

(B) Thin section photomicrograph of boundary between fine- and coarse-grained parts. Open polars. Hikoma-cho Ban-yama,
Sano City. Sample number: IT19021701. Cgp: coarse-grained part; Fgp: fine-grained part.

(C) Thin section photomicrograph of fine-grained part. Crossed polars. Hikoma-cho Ban-yama, Sano City. Sample number:
IT19021701.

(D) Thin section photomicrograph of coarse-grained part including spheres that are possibly radiolarians. Crossed polars.
Hikoma-cho Ban-yama, Sano City. Sample number: IT19021701.
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Photomicrograph of prepared slide containing residues (taken with transmitted light microscope) obtained from rocks the

Kurohone—Kiryu, Kuzu and Gyodosan complexes. Rad: radiolarian.

(A) Grading type siliceous mudstone of the Kurohone-Kiryu Complex yielding Jurassic radiolarians. Hikoma-cho Ban-yama,
Sano City. Sample number: 1T19021701.

(B) Chert of the Kuzu Complex yielding Triassic radiolarians. Egawa-cho, Ashikaga City. Sample number: IT18110702.

(C) Siliceous mudstone of the Kuzu Complex yielding Middle Jurassic radiolarians. Oiwa-cho, Ashikaga City. Sample number:
IT16071001.

(D, E) Chert of the Gyodosan Complex yielding Permian radiolarians. Yoshizawa-cho, Ota City. Sample number: IT16071005.

(F) Chert of the Gyodosan Complex yielding Triassic radiolarians. Property of Meisei Kousan Co. Ltd., Hirosawa-cho, Kiryu

City. Sample number: IT16071403.
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Plate 7 Mudstone of the Kiryu Complex.
(A) Mudstone that cleavage develops. Forest road, Matsuda-cho, Ashikaga City.
(B) Thin section photomicrograph of cleavage of mudstone. Crossed polars. East of Fujisaka Pass, Matsuda-cho, Ashikaga
City. Sample number: IT16051601.
(C) Thin section photomicrograph of mudstone including radiolarians. Crossed Miyamoto-cho, Kiryu City. Sample number:
IT18111001. Rad: radiolarian.
(D) Thin section photomicrograph of mudstone. Open polars. Hishi-machi, Kiryu City. Sample number: 1T19021604.
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Plate 8 Sandstone and pelitic mixed rock of the Kurohone—Kiryu Complex.
(A) Massive sandstone. Property of Izumu Mining Co. Ltd., Omata-cho, Ashikaga City.
(B-D) Thin section photomicrograph of lithic arenite. Crossed polars. Tozurori, Umeda-cho, Kiryu City. Sample number:
1T18051604. Qm: monocrystalline quartz; Qp: polycrystalline quartz; Pl: plagioclase.
(E) Pelitic mixed rock including blocks of chert and sandstone. Hishi-machi, Kiryu City.
(F) Thin section photomicrograph of pelitic mixed rock. Crossed polars. Kanma River, Kanma-cho, Sano City. Sample

number: IT18082502.
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Basaltic rocks of the Omama Complex.

(A) Basaltic pillow lava. Watarase River, Kurohone-cho Yagihara, Kiryu City.

(B) Basaltic autobrecciated lava. Property of Kinken Sekisan Co. Ltd., Omama-machi Odaira, Midori City. vf: volcanic fragment.

(C) Sheared basalt. Odaira River, Omama-machi Odaira, Midori City.

(D) Thin section photomicrograph of olivine microphenocryst within basaltic lava. Open polars. Watarase River, Kurohone-cho
Yagihara, Kiryu City. Sample number: IT19103003. Ol: olivine.

(E) Thin section photomicrograph of chilled margin of basaltic pillow lava. Crossed polars. Watarase River, Kurohone-cho
Yagihara, Kiryu City. Sample number: IT19103003.

(F) Thin section photomicrograph of breccia fragment within basaltic autobrecciated lava. Open polars. Property of Kinken Sekisan
Co. Ltd., Omama- machi Odaira, Midori City. Sample number: IT19120601. vf: volcanic fragment.

|
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Carbonate rocks of the Omama Complex.

(A) Float blocks of carbonate rocks. Kurohone-cho Yagihara, Kiryu City.

(B) Bedded carbonate rocks. Odaira Limestone Cave, Omama-machi Shiozawa, Midori City. Yellow dotted lines indicate bedding
planes.

(C) Thin section photomicrograph of crystalline limestone. Crossed polars. Omama-machi Shiozawa, Midori City. Sample
number: IT17122001. Cal: calcite.

(D) Thin section photomicrograph of fusulinid limestone. Open polars. Kurohone-cho Yagihara, Kiryu City. Sample number:
1T20021701.

(E) Basaltic rocks interbedded by carbonate rocks. Forest road, Kawauchi-cho Okuzure, Kiryu City. Carb.: carbonate rocks.

(F) Thin section photomicrograph of basaltic rocks interbedded by carbonate rocks. Crossed polars. Forest road, Kawauchi-cho
Okuzure, Kiryu City. Sample number: IT16051406.
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Plate 11  Chert of the Omama Complex.
(A) Bedded chert. Watarase River, Kurohone-cho Yagihara, Kiryu City.
(B) Broken chert. Omama-machi Asahara, Midori City.

(C) Thin section photomicrograph of chert including radiolarians. Crossed polars. Omama-machi Kirihara, Midori City.
Sample number: IT16051401. Rad: radiolarian.
(D) Bedded chert and chert breccia. Watarase River, Kurohone-cho Yagihara, Kiryu City.
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Siliceous mudstone and mudstone of the Omama Complex.

(A) Weakly-bedded siliceous mudstone. Kifune Bridge, Omama-machi Shiobara, Midori City. Yellow broken lines indicate
bedding planes.

(B) Thin section photomicrograph of siliceous mudstone including abundant radiolarians. Open polars. Kifune Bridge,
Omama-machi Shiobara, Midori City. Sample number: IT19102801. Rad: radiolarian.

(C) Mudstone including lenticular sandstone. Forest road, Kawauchi-cho Okuzure, Kiryu City.

(D) Thin section photomicrograph of mudstone. Crossed polars. Omama-machi Shiozawa, Midori City. Sample number:
IT18101204.
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Plate 13 Sandstone of the Omama Complex.
(A) Massive sandstone that joint develops. Kawauchi-cho Yanahara, Kiryu City.
(B-D) Thin section photomicrograph of lithic arenite. Crossed polars. Kawauchi-cho Yanahara, Kiryu City. Sample number:
1T18052102. Qm: monocrystalline quartz; Qp: polycrystalline quartz; Pl: plagioclase.
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Pelitic mixed rock of the Omama Complex.

(A) Pelitic mixed rock including lenticular to unshaped basalt blocks. Takatsudo Gorge, Omama-machi Takatsudo, Midori
City.

(B) Pelitic mixed rock including a lenticular limestone block. Takatsudo Gorge, Omama-machi Takatsudo, Midori City.

(C) Pelitic mixed rock including lenticular chert blocks. Takatsudo Gorge, Omama-machi Takatsudo, Midori City.

(D) Broken chert blocks and pelitic matrix. Forest road, Kawauchi-cho Okuzure, Kiryu City.

(E) Pelitic mixed rock including lenticular sandstone block. Watarase River, Kurohone-cho Yagihara, Kiryu City.

(F) Thin section photomicrograph of pelitic mixed rock including lenticular sandstone blocks. Crossed polars. Watarase
River, Kurohone-cho Yagihara, Kiryu City. Sample number: IT19103002.
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Plate 15 Basaltic rocks and carbonate rocks of the Kuzu Complex.

(A) Basaltic volcaniclastic rock. Property of Yoshizawa Lime Industry Co., Ltd., Aisawa-cho, Sano City.

(B) Thin section photomicrograph of basaltic pyroclastic rock including brachiopod clast. Crossed polars. Property of Yoshizawa
Lime Industry Co., Ltd., Aisawa-cho, Sano City. Sample number: IT19102503.

(C) Fusulinid limestone of the Yamasuge Limestone Member. Property of Yoshizawa Lime Industry Co., Ltd., Aisawa-cho, Sano City.

(D) Thin section photomicrograph of fusulinid limestone of the Yamasuge Limestone Member. Crossed polars. Property of Yoshizawa
Lime Industry Co., Ltd., Aisawa-cho, Sano City. Sample number: IT19102501. Cal: calcite.

(E) Thin section photomicrograph of dolostone composed mainly of dolomite of the Hanetsuru Dolostone Member. Crossed polars.
Property of Yoshizawa Lime Industry Co., Ltd., Aisawa-cho, Sano City. Sample number: IT19102502. Dol: dolomite.

(F) Boundary between dolostone of the Hanetsuru Dolostone Member and fusulinid limestone of the Karasawa Limestone Member.
Property of Yoshizawa Lime Industry Co., Ltd., Aisawa-cho, Sano City.
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Chert of the Kuzu Complex.

(A) Bedded chert. Climbing road, Oiwa-cho, Ashikaga City.

(B) Striped chert. Climbing road, Oiwa-cho, Ashikaga City.

(C) Thin section photomicrograph of chert composed mainly of cryptocrystalline quartz. Open polars. Kanma River, Kanma-cho,

Sano City. Sample number: IT18082503.

(D) Laterally continuous striped chert beds. Road Oiwa-Tsukiya, Tsukiya-cho, Ashikaga City.

(E, F) Thin section photomicrograph of striped chert. Crossed polars. Road Oiwa—Tsukiya, Tsukiya-cho, Ashikaga City. Sample
number: IT16100101.
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Siliceous mudstone of the Kuzu Complex.

(A) Weakly-bedded siliceous mudstone. Road Oiwa—Tsukiya, Tsukiya-cho, Ashikaga City. Middle Jurassic radiolarians occurred.

(B) Weakly-bedded siliceous mudstone. Road Oiwa-Tsukiya, Oiwa-cho, Ashikaga City.

(C) Joint of siliceous mudstone. Kanma River, Kanma-cho, Sano City.

(D) Thin section photomicrograph of siliceous mudstone including radiolarians. Open polars. Tributary of the Hata River, Kanma-

cho, Sano City. Sample number: IT18021802. Rad: radiolarian.

(E) Thin section photomicrograph of siliceous mudstone including radiolarians. E1: Open polars; E2: Crossed polars. Road Oiwa—

Tsukiya, Tsukiya-cho, Ashikaga City. Sample number: IT17122101. Rad: radiolarian. Middle Jurassic radiolarians occurred.
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Mudstone of the Kuzu Complex.

(A) Weakly-bedded mudstone. Kanma River, Kanma-cho, Sano City.

(B) Weakly-bedded mudstone. Tributary of the Hata River, Kanma-cho, Sano City.

(C) Thin section photomicrograph of mudstone including radiolarians. C1: Open polars; C2: Crossed polars. Road Matsuda—
Otsuki, Matsuda-cho, Ashikaga City. Sample number: IT18082904. Rad: radiolarian.

(D) Thin section photomicrograph of mudstone including radiolarians. D1: Open polars; D2: Crossed polars. Tributary of the Hata
River, Kanma-cho, Sano City. Sample number: IT18021801. Rad: radiolarian.
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Plate 19  Alternations of sandstone and mudstone and sandstone of the Kuzu Complex.
(A) Alternations of sandstone and mudstone. Road Oiwa-Tsukiya, Oiwa-cho, Ashikaga City. Sd: sandstone.
(B) Grading in alternations of sandstone and mudstone. Crossed polars. Open polars. Nagusa-kamicho, Ashikaga City.
(C) Weakly- and thick-bedded sandstone. Tributary of the Hata River, Kanma-cho, Sano City.
(D-F) Thin section photomicrograph of lithic arenite. Crossed polars. Road Oiwa-Tsukiya, Oiwa-cho, Ashikaga City. Sample
number: [T18022403. Qm: monocrystalline quartz; Qp: polycrystalline quartz; Pl: plagioclase; Bt: biotite.
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Plate 20 Unconformity boundary between chert of the Gyodosan Complex and basal conglomerate of the Paleogene Kanayama
Welded Tuff. Hirosawa-cho, Kiryu City.
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Chert of the Gyodosan Complex.

(A) Bright-gray bedded chert. Property of Meisei Kousan Co. Ltd., Hirosawa-cho, Kiryu City. Reprinted from fig. 5A of Ito (2019).

(B) Red bedded chert. Yoshizawa-cho, Ota City. Permian radiolarians occurred. Reprinted from fig. 5B of Ito (2019).

(C) Thin section photomicrograph of chert composed mainly of cryptocrystalline quartz. Crossed polars. Yoshizawa-cho, Ota City.
Sample number: IT16120406.

(D) Thin section photomicrograph of chert including radiolarians. Open polars. Property of Meisei Kousan Co. Ltd., Hirosawa-
cho, Kiryu City. Sample number: IT16071206. Rad: radiolarian.

(E, F) Chert including radiolarians. Open polars. Yoshizawa-cho, Ota City. Sample number: 1T19120902. Rad: radiolarian.
Permian radiolarians occurred.
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Plate 22  Siliceous mudstone of the Gyodosan Complex.

(A) Weakly-bedded siliceous mudstone. Yoshizawa-cho, Ota City. Reprinted from fig. 5C of Ito (2019).

(B) Thin section photomicrograph of siliceous mudstone including radiolarians. Open polars. Yoshizawa-cho, Ota City.
Sample number: IT16071406. Rad: radiolarian.

(C) Pelitic mixed rock containing lenticular siliceous mudstone clasts. Property of Meisei Kousan Co. Ltd., Yoshizawa-

cho, Ota City.
(D) Thin section photomicrograph of siliceous mudstone clast within pelitic mixed rock. Open polars. Property of Meisei

Kousan Co. Ltd., Yoshizawa-cho, Ota City. Sample number: IT16112603. Rad: radiolarian. Reprinted from fig. 6D of
Ito (2019).
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Plate 23  Sandstone of the Gyodosan Complex.
(A) Sandstone block and pelitic mixed rock. Property of Meisei Kousan Co. Ltd., Yoshizawa-cho, Ota City. Reprinted from
fig. 5F of Ito (2019).
(B-D) Thin section photomicrograph of lithic arenite. Crossed polars. Property of Meisei Kousan Co. Ltd., Yoshizawa-cho,
Ota City. Sample number: IT16112605. Qm: monocrystalline quartz; Qp: polycrystalline quartz; Pl: plagioclase; Cal:
calcite.
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Pelitic mixed rock and mudstone of the Gyodosan Complex.

(A) Pelitic mixed rock containing small sandstone blocks. Property of Meisei Kousan Co. Ltd., Hirosawa-cho, Kiryu City.

(B) Lenticular sandstone block within pelitic mixed rock. Oiwa-cho, Ashikaga City.

(C) Alternations of sandstone and mudstone. Property of Meisei Kousan Co. Ltd., Hirosawa-cho, Kiryu City.

(D) Pelitic mixed rock containing siliceous mudstone clasts. Property of Meisei Kousan Co. Ltd., Yoshizawa-cho, Ota City.
Reprinted from fig. 5D of Ito (2019).

(E) Thin section photomicrograph of matrix of the pelitic mixed rock and siliceous mudstone clast. Open polars. Property of
Meisei Kousan Co. Ltd., Yoshizawa-cho, Ota City. Sample number: IT16112603.

(F) Thin section photomicrograph of radiolarians within matrix of pelitic mixed rock. Open polars. Property of Meisei

Kousan Co. Ltd., Yoshizawa-cho, Ota City. Sample number: IT16112603. Rad: radiolarian.
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Plate 25 Fault of complex boundary. Y, R1 and P indicate respective surface in composite planar fabric (e.g. Takagi and Kobayashi,
1996).

(A) Boundary fault (Kiryugawa Fault) between the Kurohone—Kiryu and Omama complexes. Umeda-cho, Kiryu Ciry.
(B) Boundary fault (Kanma Fault) between the Kurohone-Kiryu and Kuzu complexes. Kanma River, Kanma-cho, Sano City.

— 284 —



AFEIND Y 2 FRRORE &5t (1)

K26 BARE-MET Y L 9 7 ZAROKRA T Y T 92 ZICASNE/NERE. EEIS P 4, A3 EE 4R,

Plate 26

(A) BT Y TV v 2 ZOREIRF © — AN BHIC 8. RSN, 25150,

B) BIMR-MET Y 7L 7 ADREIRF v — MIZA SN B FGZ=#al. BRG], SRR

(OKMAaY TV 7 ZOPRBERMEET DT v — MEBIZA SN 2 SR, A& Dk~ B EHEy, &t
J gk,

(D) BEAR-MiZ= T > TV &7 2 ORI E IS 12 A S 1 5 Bl 7=l (eBr i RE T 5.

Small folds of the Kurohone—Kiryu and Omama complexes. Yellow and red lines indicate bedding and joint surfaces,

respectively.

(A) Closed fold of bedded chert of the Kurohone—Kiryu Complex. Tributary of the Hikoma River, Hikoma-cho, Sano City.

(B) Open fold of bedded chert of the Kurohone-Kiryu Complex. Northwest of the Chikasawa Pass, Hikoma-cho, Sano City.

(C) Isometric folds of a chert block within pelitic mixed rock of the Omama Complex. Takatsudo Gorge, Omama-machi

Takatsudo, Midori City.
(D) Open fold of grading type siliceous mudstone of the Kurohone-Kiryu Complex. Ban-yama, Hikoma-cho, Sano City.
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Report

Radiolarians from Jurassic accretionary complex of the Ashio belt in the Kiryu

and Ashikaga District (Quadrangle series 1:50,000), central Japan

ITO Tsuyoshi"”

ITO Tsuyoshi (2021) Radiolarians from Jurassic accretionary complex of the Ashio belt in the Kiryu and
Ashikaga District (Quadrangle series 1:50,000), central Japan. Bulletin of the Geological Survey of Japan,
vol. 72 (4), p. 287-324, 16 figs.

Abstract: Jurassic accretionary complex of the Ashio belt is distributed in the Ashio Mountains, central
Japan. The Jurassic accretionary complex is composed of the Kurohone—Kiryu, Omama, Kuzu and
Gyodosan complexes. This article presents new radiolarian occurrences from 42 samples of the Jurassic
accretionary complex in the Kiryu and Ashikaga District (Quadrangle series 1:50,000). Permian radiolarians
occurred in nine chert samples of the Gyodosan Complex. Triassic radiolarians were obtained from four
chert samples of the Kuzu Complex. Jurassic radiolarians occurred in one siliceous mudstone sample of
the Kurohone—Kiryu Complex; two chert, four siliceous mudstone and two mudstone samples of the Kuzu
Complex; and one mudstone sample of the Gyodosan Complex. In addition, the fossil occurrences and
their ages are compiled by present and previous studies on the Jurassic accretionary complex in the Ashio
Mountains. On that basis, the ocean plate stratigraphy of each complex is reconstructed.

Keywords: radiolarian, Ashio belt, Jurassic accretionary complex, Ashio Mountains, ocean plate

stratigraphy, Tochigi Prefecture, Gunma Prefecture, central Japan

1. Introduction

Jurassic accretionary complex of the Ashio belt is
widely exposed in the Ashio Mountains, central Japan
(Fig. 1). Geological studies on the Jurassic accretionary
complex of the Ashio Mountains began in the late 19
century (e.g. Harada, 1886; Suzuki, 1898a, b). First
reports of radiolarians were described from the “slate” of
the Ashio Copper Mine by Suzuki (1898a, b). Thereafter,
radiolarian occurrences were rarely reported from the
Jurassic accretionary complex in the Ashio Mountains
until the 1970s. Since the 1980s, reports of radiolarians
increased from the Jurassic accretionary complex in the
Ashio Mountains. Abundant radiolarian occurrences have
been reported from the Tochigi District (e.g. Aono, 1985;
Arakawa, 1986, 1997, 1998; Kamata, 1995, 1996, 1997a,
b, 1999, 2000; Isogawa et al., 1998; Ootaka et al., 1998;
Suzuki et al., 2002), whereas fewer occurrences have been
reported from the Kiryu and Ashikaga District (Masuda,
1989; Hayashi et al., 1990; Kamata, 1996; Takayanagi et
al., 2001; Motoki and Sashida, 2004).

The author has surveyed the Jurassic accretionary
complex in the Kiryu and Ashikaga District for making
a geological map, and recently reported radiolarian
occurrences from the district (e.g. Ito, 2019, 2020a, b).
This article is an additional report of Permian, Triassic

and Jurassic radiolarian occurrences from the Jurassic
accretionary complex in the district. Further, fossil
occurrences from the Jurassic accretionary complex
(including neighbor districts) are compiled by the present
and previous studies. On that basis, the author attempts to
reconstruct the ocean plate stratigraphy of each complex
of the Jurassic accretionary complex.

2. Geologic outline of the Jurassic
accretionary complex in the Ashio Mountains

Inthe 1960-1980s, Mesozoic conodonts and radiolarians
were discovered in the Jurassic accretionary complex
in the Ashio Mountains (e.g. Hayashi, 1963, 1968a, b;
Koike et al., 1970, 1971; Hayashi and Hasegawa, 1981;
Sashida et al., 1982a, b). Kamata (1996) divided the
Jurassic accretionary complex in the southern Ashio
Mountains into three tectonostratigraphic units, namely
the Kurohone—Kiryu, Omama and Kuzu complexes based
on geological scheme of accretionary complex. Recently,
Ito (2021) identified the Gyodosan Complex, which
thrusts over the Kuzu Complex.

The Kurohone—Kiryu Complex, presenting broken to
coherent facies, consists mainly of mudstone and chert
and moderate amounts of siliceous claystone, with small
amounts of basaltic rocks, carbonate rocks, siliceous

" AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation
" Corresponding author: ITO, T., Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. Email: ito-t@aist.go.jp
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Fig. 1 Index and simplified geologic maps of the Ashio Mountains (modified after from Sudo ef al., 1991; Geological
Survey of Japan, AIST, 2018). The geographical names in brackets indicate 1:50,000 topographic maps published

by the Geospatial Information Authority of Japan.

mudstone, sandstone and pelitic mixed rock. This complex
is composed of the upper and lower parts. The upper part
is characterized by dominant of mudstone and small
amounts of siliceous claystone, compared with the lower
part. The upper part contains pelitic mixed rock including
blocks of chert and sandstone.

The Omama Complex, presenting broken to mélange
facies, mainly comprises basaltic rocks, chert and
mudstone, with small amounts of carbonate rocks,
siliceous mudstone, sandstone and pelitic mixed rock.
This complex is composed of the upper and lower parts.
The lower part is characterized by dominant of basaltic
rocks and chert, whereas the upper part is composed
mainly of pelitic mixed rock including blocks of basaltic
rocks, carbonate rocks, chert and sandstone.

The Kuzu Complex comprises three units, namely units
1, 2 and 3. Units 1 and 3, presenting coherent facies,
are composed of chert, siliceous mudstone, mudstone,
alternations of sandstone and mudstone and sandstone.
In addition, Unit 3 includes small amounts of basaltic
rocks and carbonate rocks. Unit 2 is composed of basaltic
rocks and carbonate rocks with conglomerate, siliceous
mudstone and mudstone.

The Gyodosan Complex presents mélange facies. It

consists mainly of pelitic mixed rock and chert, with
siliceous mudstone, mudstone and sandstone.

3. Materials and methods

In total, 321 samples including the author’s previous
studies (Ito, 2019, 2020a, b; Ito and Nakamura, 2021)
underwent the following method to extract radiolarian
fossils. The samples, crushed into approximately 1-cm
fragments, were soaked in 5% hydrofluoric acid at room
temperature (ca. 20-25 °C). Approximately 24 h later, the
residues were collected by a sieve with a mesh diameter
of 0.054 mm. Part of the residues were enclosed within
a slide prepared with a photocrosslinkable mounting
medium (GJ-4006, Gluelabo Ltd.). The slides were
analyzed using a transmitted light microscope and then
photographed. Several specimens from the residues were
mounted on stubs and photographed using scanning
electron microscopy.

4. New radiolarian occurrences from the
Kiryu and Ashikaga District

This article reports new radiolarians occurrences from

— 288 —



Radiolarians from the Kiryu and Ashikaga District (Quadrangle series 1:50,000) (ITO)

42 samples. Of these, nine samples yielded Permian
radiolarians and four samples yielded Triassic ones.
Eight samples yielded Jurassic radiolarians. Specimens
of undetermined age occurred in 19 samples. Figure 2
show the localities of radiolarian occurrences in the Kiryu
and Ashikaga District by the present and previous studies.

4.1 Permian radiolarians

Figure 3 is a traverse map including the Hachioji
section studied by Ito (2020a) along a hiking trail in the
southwest of Mt. Karasawa of the Hachioji Hills. Permian
radiolarians were obtained from chert of the Gyodosan
Complex (Fig. 4).

The red chert sample (IT19120902) and gray chert
sample (IT19120905) yielded Pseudoalbaillella japonica
Nestell and Nestell (Figs. 4.2-4.6, 4.8, 4.9, 4.27, 4.28,
4.31-34) and Pseudoalbaillella postscalprata Ishiga
(Figs. 4.7, 4.29, 4.30). According to Unitary Association
Zones (UAZ) of the Permian proposed by Xiao ef al.
(2018), the co-occurrence of Pseudoalbaillella japonica
and Pseudoalbaillella postscalprata indicates that the
average of the statistical likelihood is the highest at UAZ
6 (Kungurian, Cisuralian).

The gray chert sample (IT19120908) yielded
Parafollicucullus sp. cf. P monacanthus (Ishiga and
Imoto) (Fig. 4.44). According to the occurrence range
of Zhang et al. (2014), Parafollicucullus monacanthus
occurred in the Parafollicucullus monacanthus Interval
Zone-lower Follicucullus porrectus Interval Zone (upper
Wordian—lower Capitanian, Guadalupian).

The gray chert sample (IT19120910) yielded Ishigaconus
scholasticus (Ormiston and Babcock) (Fig.4.50) in addition
to the short form of Parafollicucullus monacanthus
(Figs. 4.46-4.49). According to Zhang et al. (2014), the
co-occurrence range of Parafollicucullus monacanthus and
Ishigaconus scholasticus is limited to the lower Ishigaconus
scholasticus Interval Zone (middle Capitanian).

There is no certain radiolarian age of five samples
(IT19120901,1T19120903,1T19120904, IT19120906 and
IT19120907); however, their stratigraphic relationships
(Fig. 3) likely indicate that they are the Permian in age.

4.2 Triassic radiolarians

Triassic radiolarians were obtained from four chert
samples of Unit 3 of the Kuzu Complex in the Kiryu and
Ashikaga District (Fig. 5).

Triassocampe sp. (Fig. 5.10) and Triassocampe? sp.
(Fig. 5.6) were extracted from the gray chert samples,
1T17021004 and IT16072004, respectively. Triassocampe
Dumitrica, Kozur and Mostler and its allied genera, such
as Yeharaia Nakaseko and Nishimura, occurred in the
Triassic, mainly in the Anisian-middle Norian (e.g.
Kozur and Mostler, 1994; Sugiyama, 1997; Tekin, 1999;
O’Dogherty et al., 2009b).

Triassocampe sp. cf. T. deweveri Nakaseko and
Nishimura (Figs. 5.16,29) occurred in the gray chert sample
(IT18012403) and the red chert sample (IT18110702).

The occurrence range of Triassocampe deweveri shown
by Sugiyama (1997) is TR2B-TR4A, middle Anisian—
middle Ladinian. The age of these samples may be the
middle Anisian—middle Ladinian. Sample IT18110702
yielded Annulotriassocampe sp. (Figs. 5.26, 5.27). The
genus Annulotriassocampe Kozur occurred mainly in the
Ladinian (e.g. Kozur and Mostler, 1994; O’Dogherty et
al., 2009b), which supports the age assignment of the
sample.

4.3 Jurassic radiolarians]
4.3.1 Chert of Unit 3 of the Kuzu Complex

The gray chert sample (IT16072003) yielded
Eucyrtidiellum gunense Cordey (Fig. 6.11), Parahsuum
simplum Yao (Fig. 6.16) and Parahsuum transiens Hori
and Yao (Figs. 6.13, 6.14). The occurrence ranges of
Eucyrtidiellum gunense group and Parahsuum simplum
are UA8-UA29 (lower Pliensbachian—-middle Toarcian)
and UA1-UA36 (Sinemurian—Aalenian), respectively
(Carter et al., 2010). Based on the occurrence ranges,
this sample is the early Pliensbachian—middle Toarcian,
Early Jurassic, in age. Parahsuum transiens has
intermediate characteristics between Parahsuum simplum
and “Parahsuum” grande Hori and Yao (Hori and Yao,
1988). The sample yielded Parahsuum transiens but not
“Parahsuum” grande, so that the sample may be older
during the above-mentioned age, probably Pliensbachian.

The gray chert sample (IT19022101) yielded three-
segmented closed nassellarian (Figs. 7.1, 7.2, 7.4).
Three-segmented closed nassellarian is known mainly
in the Family Williriedellidae Dumitrica, such as
Williriedellum Dumitrica, Zhamoidellum Dumitrica,
Hemicryptocapsa Tan Sin Hok, Holocryptocanium
Dumitrica and Cryptamphorella Dumitrica. Three-
segmented closed nassellarian is also known in
Japonocapsa Kozur and Striatojaponocapsa Kozur of
the Family Diacanthocapsidae O’Dogherty. These taxa
occurred in the Jurassic—Cretaceous (e.g. Pessagno,
1977b; Matsuoka, 1991, 1998; Hull, 1997; Sykora et al.,
1997; Yao, 1997; Hori, 1999; Kiessling, 1999; Kiessling
et al., 1999; Chiari et al., 2002; O’Dogherty et al., 2006,
2009a). Consequently, the sample indicates wide range of
the Jurassic—Cretaceous in age.

4. 3.2 Siliceous mudstone of the Lower part of the
Kurohone—Kiryu Complex

The siliceous mudstone sample (IT19021701) yielded
closed nassellarian (Figs. 8.1, 8.2, 8.5, 8.8). Closed
nassellarian is known in the Mesozoic—Cenozoic, such
as Praeprotunuma Tekin in the Triassic (Tekin, 1999),
Calocyclas Ehrenberg in the Paleogene (e.g. Takemura
and Ling, 1998) and Crytocapsella Haeckel in the
Neogene (e.g. Sanfilippo and Riedel, 1970), in addition
to three-segmented closed nassellarian that occurred in
the Jurassic—Cretaceous as mentioned in subsection 4.3.1.
The sample presents wide age of the Mesozoic—Cenozoic.
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Radiolarians from the Kiryu and Ashikaga District (Quadrangle series 1:50,000) (ITO)
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at southwest of Mt. Karasawa of the Hachioji Hills.
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Radiolarians from the Kiryu and Ashikaga District (Quadrangle series 1:50,000) (ITO)
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Fig. 4 Permian and possible Permian radiolarians from the chert of the Gyodosan Complex. (1, 14, 22) Stigmosphaerostylus? sp.
(2-6, 8, 9, 27, 28, 31-33) Pseudoalbaillella japonica Nestell and Nestell. (7, 29, 30) Pseudoalbaillella postscalprata Ishiga.
(10-13, 20, 21) Latentifistula? spp. (15) Polyfistula sp. (16, 35) Pobyfistula sp. aff. P. hexalobata Nazarov and Ormiston. (17)
Scharfenbergia? sp. (18, 25, 41, 45) Quadricaulis? spp. (19, 36, 37) Sponge spicule. (23, 26, 38—40) Spherical polycystine.
(24) Albaillellaria gen. et sp. indet. (34) Pseudoalbaillella? sp. (42) Arm of Latentifistularia gen. et sp. indet. (43) Short form of
Parafollicucullus fusiformis Holdsworth and Jones. (44) Parafollicucullus sp. cf. P. monacanthus (Ishiga and Imoto). (46—49)

Short form of Parafollicucullus monacanthus (Ishiga and Imoto). (50) Ishigaconus scholasticus (Ormiston and Babcock).
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IT16072004

1

IT17021004

Fig. 5 Triassic radiolarians from the chert of the Kuzu Complex. (1-3, 20-23) Spherical polycystine. (4, 46, 47, 49) Three-coplaner-
spine-bearing spherical polycystine. (5) Pseudostylosphaera? sp. (6, 11-15, 17-19, 24, 25, 28, 31, 33, 35) Triassocampe? sp.
(7) Multi-segmented nassellarian. (8, 9) Grooved spine. (10, 30, 34) Triassocampe sp. (16, 29) Triassocampe sp. cf. T. deweveri
Nakaseko and Nishimura. (26, 27) Annulotriassocampe sp. (32) Yeharaia sp. (36, 38, 41, 44) Pseudostylosphaera sp. cf. P,
Jjaponica (Nakaseko and Nishimura). (37, 39, 40, 42, 43, 45, 55, 56) Pseudostylosphaera sp. (48) Eptingium sp. cf. E. nakasekoi
(Kozur and Mostler). (50) Spine A2 of Sugiyama (1997). (51) Muelleritortis? sp. (52) Xenorum? sp. (53) Capnuchosphaera?
sp. (54) Spine-bearing spherical polycystine.
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Radiolarians from the Kiryu and Ashikaga District (Quadrangle series 1:50,000) (ITO)

IT16072003

200 pm (42, 43)

Fig. 6 Early Jurassic radiolarians from the chert of the Kuzu Complex. (1, 2) Closed nassellarian. (3, 6, 12) Eucyrtidiellum sp. (4,
5, 7-10) Three-segmented closed nassellarian. (11) Eucyrtidiellum gunense Cordey. (13, 14) Parahsuum transiens Hori
and Yao. (15) Parahsuum sp. cf. P. simplum Yao. (16) Parahsuum simplum Yao. (17-21, 24, 25, 27-34) Multi-segmented
nassellarian. (23, 26) Parahsuum? sp. (35-37) Pantanellium? sp. (38—40) Grooved spine. (41) Trillus? sp. (42, 43) Spherical
polycystine.
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IT19022101

100 um (1-6)

Fig. 7 Possible Jurassic radiolarians from the chert of the Kuzu Complex. (1, 2, 4) Three-segmented closed nassellarian. (3, 5, 6) Closed

nassellarian.

IT19021701

100 pm

Fig. 8 Possible Jurassic radiolarians from the siliceous mudstone of the Kurohone—Kiryu Complex. (1, 2, 5, 8) Closed

nassellarian. (3, 4, 6, 7) Spherical polycystine.

4. 3.3 Siliceous mudstone of Unit 3 of the Kuzu
Complex

The bright-gray siliceous mudstone sample (IT17121005)
yielded three-segmented closed nassellarian (Figs. 9.1,
9.2). As mentioned in subsection 4.3.1, three-segmented
closed nassellarian occurred in the Jurassic—Cretaceous,
so the age of this sample presents wide range of the
Jurassic—Cretaceous.

The gray siliceous mudstone sample (IT17122101)
yielded Japonocapsa sp. aff. J. fusiformis (Yao) sensu
Matsuoka (1983) (Fig. 9.5). Matsuoka (1983) stated
that Japonocapsa fusiformis changes gradually into
Japonocapsa sp. aff. J. fusiformis near the biohorizon of the

first appearance of Striatojaponocapsa conexa (Matsuoka).
Striatojaponocapsa conexa is the characteristic species
of JR5 (Striatojaponocapsa conexa Zone) of the upper
Bathonian—Callovian, Middle Jurassic (Matsuoka and
Ito, 2019). Japonocapsa sp. aff. J. fusiformis occurred
also in JR6 (Kilinora spiralis Zone) (Matsuoka, 1983)
corresponding to the uppermost Callovian—Oxfordian,
Middle-Upper Jurassic (Matsuoka and Ito, 2019);
however, the sample did not yield characteristic species
of JR6. Consequently, the age of this sample is probably
the late Bathonian—Callovian, Middle Jurassic.
Mizukidella? sp. (Fig. 9.31) occurred in the dark-gray
siliceous mudstone sample (IT18022401). Mizukidella

— 296 —



Radiolarians from the Kiryu and Ashikaga District (Quadrangle series 1:50,000) (ITO)

occurred in the Bajocian—Berriasian, Middle Jurassic—
earliest Cretaceous (O’Dogherty et al., 2017). This sample
presents wide age of the Bajocian—Berriasian.

The gray siliceous mudstone sample (IT18110703)
yielded Striatojaponocapsa synconexa O’Dogherty,
Gori¢an and Dumitrica (Fig. 10.1). The occurrence
range of Striatojaponocapsa synconexa is from upper
JR4 (Striatojaponocapsa plicarum Zone) to lower JR5
(Striatojaponocapsa conexa Zone), Bathonian, Middle
Jurassic (Matsuoka and Ito, 2019). Consequently, this
sample corresponds to the Bathonian.

4. 3.4 Mudstone of the Kuzu Complex

The dark-gray mudstone sample (IT18022402), considered
to be Unit 3 of the complex, yielded Striatojaponocapsa sp.
(Fig. 11.1). Species of Striatojaponocapsa Kozur, such as
Striatojaponocapsa plicarum (Yao), Striatojaponocapsa
synconexa, Striatojaponocapsa riri O’ Dogherty, Gori¢an
and Dumitrica and Striatojaponocapsa conexa, occurred
mainly in the Bajocian—Oxfordian (e.g. Yao, 1979;
Matsuoka, 1983, 1988; Hull, 1997; Hatakeda et al., 2007,
O’Dogherty et al., 2006, 2009a). Thus, the age of the
sample is most probably the Bajocian—Oxfordian.

The dark-gray mudstone sample (IT18082506) yielded
three-segmented closed nassellarian (Figs. 11.6, 11.7). As
mentioned in subsection 4.3.1, three-segmented closed
nassellarian occurred in the Jurassic—Cretaceous. Thus,
this sample presents wide age of the Jurassic—Cretaceous.

4. 3.5 Mudstone of the Gyodosan Complex

Pelitic mixed rock (IT18082904) yielded Archaeodictyomitra
sp. (Fig. 12.11). Species of Archaeodictyomitra Pessagno
occurred mainly in the Jurassic—Cretaceous (e.g. Pessagno,
1977b; Pessagno and Whalen, 1982; Aita, 1987; Yang,
1993; Dumitrica-Jud, 1995; Hori, 1999; Kozai et al.,
2006; O’Dogherty et al., 2006, 2009a). Matsuoka (1986)
discussed lineages and occurrence ranges of several multi-
segmented nassellarian including Archaeodictyomitra.
According to the description, this genus appeared around
the Pliensbachian, middle Early Jurassic. Although the
detailed age is unknown, this sample presents wide age of
the middle Early Jurassic—Cretaceous.

4.4 Undetermined-age radiolarians

Poorly preserved radiolarians were obtained from 19
samples (Fig. 13). The ages of these samples cannot be
determined.

5. Fossil age of each lithology of the Jurassic
accretionary complex of the Ashio Mountains

Radiolarian occurrences from the Jurassic accretionary
complex in the Kiryu and Ashikaga District were presented
in chapter 3. Figure 14 shows the age assignment of the
samples. On the basis of the radiolarian occurrences in
this study and previously-reported fossil occurrences (e.g.
radiolarian, conodont, fusulinid), fossil age of lithology

presents for each complex in the Jurassic accretionary
complex in this chapter. Figure 15 represents the
relationships of the fossiliferous rocks and occurrence
fossils.

5.1 Kurohone—Kiryu Complex

The Kurohone—Kiryu Complex is distributed mainly
in the Kurohone and Kiryu areas. The Kurohone area is
around Kurohone-cho of Kiryu City (former Kurohone
Village) located northwest of the Watarase River. The
Kiryu area (eastern part of the current Kiryu City = former
Kiryu City before merger with Kurohone and Niisato
villages) is mainly between the Yamada and Kiryu rivers.
These areas are separated by the distributional area of the
Omama Complex.

Based on lithology by the present and previous studies,
the lower and upper parts of the Kurohone—Kiryu
Complex is distributed in the Kiryu area whereas the
lower part is solely exposed in the Kurohone area. The
fossil occurrences from the areas have slightly differences.
For these reasons, the fossil age is described by each
area, following previous studies (e.g. Kamata, 1996;
Takayanagi et al., 2001).

5.1.1 Lower part (Kiryu area)
(1) Carbonate rocks

Igo (1985) and Koike et al. (1991) discovered Triassic
conodont from limestone blocks in the Kanuma District.
The limestone blocks are probably located in the
distributional area of the lower part of the Kurohone—Kiryu
Complex. A mixed fauna of Early—Late Triassic conodonts
was obtained from the limestone blocks. In particular,
Epigondolella bidentata Mosher occurred in the limestone
blocks (Koike et al., 1991). The occurrence range of this
species is the late Norian—early Rhaetian, Late Triassic
(Rigo et al.,2018), and it is the youngest conodont species
in the mixed fauna. Therefore, the youngest part of the
limestone blocks was deposited near the late Norian—ecarly
Rhaetian at least.

(2) Siliceous claystone

Olenekian (Early Triassic) conodont species, such as
Triassospathodus abruptus (Orchard) and Triassospathodus
homeri (Bender), have been reported from the siliceous
claystone (Sashida et al., 1992; Motoki and Sashida, 2004;
Muto and Ito, 2021).

Hayashi (1964) reported conodonts from the “Narutaki
Grindstone.” Although its age was given, Hayashi (1964)
mentioned that the “Narutaki Grindstone” occurs in Umeda
(Kiryu City) and Hikoma (Sano City). These localities
contain the distributional area of the Kurohone—Kiryu
Complex and possibly the Omama Complex.

(3) Chert

Triassic conodonts and radiolarians have been discovered
in chert (e.g. Hayashi, 1963; Aono, 1985; Hayashi et al.,
1990; Kamata, 1996; Motoki and Sashida, 2004).
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IT17121005

IT17122101

Fig. 9 Jurassic and possible Jurassic radiolarians from the siliceous mudstone of the Kuzu Complex. (1, 2, 6-11, 13-22, 27-30)
Three-segmented closed nassellarian. (3, 4) Nassellaria gen. et sp. indet. (5) Japonocapsa sp. aff. J. fusiformis (Yao) sensu
Matsuoka (1983). (12, 26) Closed nassellarian. (23, 24, 32) Multi-segmented nassellarian. (25) Hsuum maxwelli Pessagno. (31)

Mizukidella? sp.

Aono (1985) reported Epigondolella primitia Mosher.
Muto and Ito (2021) changed the belongingness of this
species as Metapolygnathus primitius and concluded that
the age is the late Carnian—early Norian (Late Triassic).

Kamata (1996) reported Yeharaia sp. and Pseudostylosphaera
sp. from chert samples (e.g. MKR-18). Occurrence ranges
by Sugiyama (1997) show that the Yeharaia species and
Pseudostylosphaera species occurred in the uppermost
Anisian—-middle Ladinian and the Anisian—middle
Carnian, respectively. The age of these samples is assigned
as the latest Anisian—middle Ladinian.

Takayanagi et al. (2001) reported Capnodoce sp. from
sample ASK-5. Species of the genus Capnodoce De Wever
occurred in the upper Carnian—middle Norian, Upper
Triassic (e.g. Sugiyama, 1997; O’ Dogherty et al., 2009b).

Motoki and Sashida (2004) reported Pseudostylosphaera
Jjaponica, Pseudostylosphaera longispinosa Kozur and
Mostler and Oertlispongus diacanthus Sugiyama.
Pseudostylosphaera japonica and Oertlispongus
diacanthus occurred in TR2B-TR5A (middle Anisian—
middle Carnian) and TR2A-TR2C (early-middle
Anisian), respectively (Sugiyama, 1997). Consequently,
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iIT18110703

Fig. 10

Jurassic radiolarians from the siliceous mudstone of the Kuzu Complex. (1) Striatojaponocapsa synconexa O’Dogherty,
Gorican and Dumitrica. (2) “Stichocapsa” sp. E sensu Baumgartner et al. (1995). (3, 5, 10) Striatojaponocapsa? sp. (4,
6-9, 11-14) Three-segmented closed nassellarian. (15) Yaocapsa? sp. (16) Eucyrtidiellum sp. cf. E. unumaense (Yao).
(17) Hsuum maxwelli Pessagno. (18, 20) Archaeodictyomitra sp. (19) Takemuraella sp. cf. T. japonica (Takemura).
(21-24) Multi-segmented nassellarian.
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IT18022402

l’v. !

100 pm (1-4)

T18082506

Fig. 11  Possible Jurassic radiolarians from the mudstone of the Kuzu Complex. (1) Striatojaponocapsa sp. (2) Williriedellum? marcucciae
Cortese. (3, 6, 7) Three-segmented closed nassellarian. (4, 8—11) Closed nassellarian. (5) Multi-segmented nassellarian.

the age of the sample is the middle Anisian.

(4) Siliceous mudstone

Sample 1T19021701 in this study yielded closed
nassellarian. Such radiolarians occurred in the Mesozoic—
Cenozoic in age, as mentioned in subsection 4.3.2.

5.1.2 Upper part (Kiryu area)
(1) Chert

Triassic and Jurassic radiolarian occurrences were
reported by Kamata (1996). Permian conodont, previously
identified as the “Carboniferous” conodont by Hayashi et
al. (1990), was reported from the possible distributional
area of the upper part.

Hayashi et al. (1990) reported a specimen identified as
late Carboniferous Neogondolella cf. clarki (Koike) from
“Omama Town, Atago-jinjiya” (fig. 28, pl. 1, Hayashi ez al.,
1990). Muto and Ito (2021) re-identified the specimen as
Mesogondolella sp. cf. M. gujioensis (Igo), concluding that
the age is the late Artinskian—early Kungurian (Cisuralian,
early Permian). The occurrence site is possibly Atago-
jinja Shrine in Kasagake-machi Azami, Midori City, the
distributional area of the upper part.

Two samples (MKR-07 and OSY-38) reported by Kamata
(1996) yielded Yeharaia sp. and Pseudostylosphaera
sp. Yeharaia species and Pseudostylosphaera species
occurred in the uppermost Anisian—middle Ladinian and
the Anisian-middle Carnian, respectively (Sugiyama,
1997); therefore, the sample is the latest Anisian—middle
Ladinian in age.

Sample MKR-03 reported by Kamata (1996) yielded
Canoptum triassicum Yao and Livarella validus Yoshida.

The former is a characteristic species of the Canoptum
triassicum assemblage from the middle Norian—Rhaetian
(Yao, 1982); the latter occurred mainly in the Rhaetian
(Yoshida, 1986). This sample is therefore the Rhaetian in age.

Sample MKR-10 reported by Kamata (1996) yielded
Acanthocircus sp. This genus appeared in the Bathonian,
Middle Jurassic (O’Dogherty et al., 2009a). Thus, Middle
Jurassic chert may exist in the Lower part although it is
not shown in Fig. 15.

(2) Mudstone

Middle Jurassic radiolarians occurred in mudstone
(Kamata, 1996; Ito et al., 2021a).

Kamata (1996) reported Striatojaponocapsa plicarum
(Yao) and/or Striatojaponocapsa sp. cf. S. plicarum from
mudstone samples (e.g. MKR-01). Ito et al. (2021a)
also reported Striatojaponocapsa plicarum from sample
OYKS53-02. Striatojaponocapsa plicarum occurred mainly
in lower—middle JR4, Bajocian, Middle Jurassic based on
the occurrence range by Matsuoka and Ito (2019). These
samples are therefore the Bajocian in age.

Ito et al. (2021a) reported Yaocapsa sp. cf. Y. mastoidea
(Yao) from sample HTH12-01. The occurrence range of
Yaocapsa mastoidea is limited to upper JR4, Bathonian,
Middle Jurassic (Matsuoka, 1995).

5. 1.3 Kurohone area (Lower part)
(1) Carbonate rocks

Hayashi et al. (1990) reported a Triassic conodont
species, Metapolygnathus sp., from limestone. Muto and
Ito (2021) re-identified it as Epigondolella sp. cf. E. rigoi
(Budurov). Epigondolella rigoi occurred in the uppermost
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IT18082904

i

Fig. 12 Jurassic radiolarians from mudstone of the Gyodosan Complex. (1-6) Three-segmented closed nassellarian. (7, 9) Closed
nassellarian. (8, 10, 12, 13) Multi-segmented nassellarian. (11) Archaeodictyomitra sp. (14) Emilvia? sp. (15) Spherical

polycystine.

Carnian—lower Norian, Upper Triassic (Rigo et al., 2018).

(2) Chert

Permian and Triassic conodont and Triassic and Jurassic
radiolarians occurred in chert (Hayashi et al., 1990;
Kamata, 1996).

The Permian conodont species reported by Hayashi et
al. (1990) is Neogondolella serrata (Clark and Ethington).
Muto and Ito (2021) indicated the possibility that this
specimen is Jinogondolella nankingensis (Ching). This
is a characteristic species of the Roadian, Guadalupian,
middle Permian (Henderson, 2018).

The Triassic conodont species reported by Hayashi et
al. (1990) is Metapolygnathus sp. Muto and Ito (2021)
re-identified this specimen as Epigondolella sp. cf. E.
rigoi. Epigondolella rigoi occurred in the uppermost
Carnian—lower Norian, Upper Triassic (Rigo e al., 2018).

Several chert samples (e.g. OGR-81) reported by

Kamata (1996) yielded Triassocampe deweveri. This
species occurred in TR2C-TR4A, middle Anisian—middle
Ladinian, Middle Triassic (Sugiyama, 1997).

Two chert samples (TZW-104 and OGR-74) yielded
Parahsuum simplum (Kamata, 1996). This is a characteristic
species of JR1 (Parahsuum simplum Zone) of the upper
Sinemurian—-lower Pliensbachian, Lower Jurassic
(Matsuoka and Ito, 2019). The samples are probably the
late Sinemurian—early Pliensbachian in age.

(3) Siliceous mudstone

Striatojaponocapsa sp. cf. S. plicarum occurred in two
siliceous mudstone samples (e.g. TZW-105 of Kamata,
1996). Striatojaponocapsa plicarum occurred mainly in
lower—middle JR4, Bajocian, Middle Jurassic (Matsuoka
and Ito, 2019). Striatojaponocapsa conexa occurred in the
siliceous mudstone (TZW-111 and OGR-69 of Kamata,
1996). It is a characteristic species of JR5 of the upper
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IT16051507 | IT16072001 |IT16093002| IT16100201 _ IT16100203

[8

100 pm
(14, 15)

100 pm (20-22)
100 pm (23)

IT17121004

100 pm (24)
100 pm (25)

IT19120403

ey

100 pm (31) 100 pum (32)

Fig. 13

Radiolarians (undetermined age) from the Jurassic accretionary complex. (1, 4-7, 9-13, 15, 20-22, 25-32, 34-36) Spherical
polycystine. (2, 3, 8, 24) Multi-segmented nassellarian. (19, 33) Three-coplaner-spine-bearing spherical polycystine. (14,
16-18) Spine-bearing spherical polycystine. IT16051507: Chert of the Kurohone—Kiryu Complex. IT16072001: Siliceous
mudstone of the Gyodosan Complex. IT16093002: Chert of the Kurohone—Kiryu Complex. IT16100201: Chert of the Gyodosan
Complex. IT16100203: Chert of the Kuzu Complex. IT16120203: Chert of the Kuzu Complex. IT17031001: Chert of the
Kurohone—Kiryu Complex. IT17031002: Chert of the Kurohone—Kiryu Complex. IT17031101: Chert of the Kuzu Complex.
IT17111901: Chert of the Omama Complex. [T17121004: Mudstone of the Kuzu Complex. IT18012301: Chert of the Gyodosan
Complex. IT18012402: Chert of the Kuzu Complex. IT18021502: Chert of the Omama Complex. IT18052201: Chert of the
Gyodosan Complex. IT18101506: Chert of the Omama Complex. IT19021301: Chert of the Omama Complex. IT19021703:
Mudstone of the Kuzu Complex. IT19120403: Mudstone of the Gyodosan Complex.
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Fig. 14  Age assignment of the samples reported in this study. Geologic age follows Ogg et al. (2016). Radiolarian zones are based
on Ishiga (1986, 1990), Sugiyama (1997), Kuwahara ez al. (1998) and Matsuoka and Ito (2019). The names of Permian
radiolarian zones are changed according to taxonomic reevaluation by Xiao et al. (2020, 2021). E.: Early; Lop.: Lopingian;
Guad.: Guadalupian; N.: Neoalbaillella; Pa.: Parafollicucullinoides. Samples reliable in age are presented as thick bars,

whereas those unreliable as thinner bars.

Bathonian—middle Callovian (Matsuoka and Ito, 2019).

(4) Mudstone

Striatojaponocapsa plicarum occurred in mudstone (e.g.
OGR-17 of Kamata, 1996). Striatojaponocapsa plicarum
occurred mainly in the lower-middle JR4, Bajocian,
Middle Jurassic (Matsuoka and Ito, 2019).

5.2 Omama Complex
5.2.1 Lower part
(1) Carbonate rocks

Carbonate rocks of the Omama Complex have yielded
several types of fossils, such as fusulinids (Kawata and
Ozawa, 1955; Hayashi and Hasegawa, 1981; Editorial
team of Omama Town’s history, 1996; Ito, 2021; Ito
et al., 2021b), brachiopods (Hayashi and Hasegawa,
1981; Editorial team of Omama Town’s history, 1996;
Tazawa and Takakuwa, 2009; Tazawa et al., 2012), corals
(Editorial team of Omama Town’s history, 1996; Igo et al.,
2000), trilobites (Kobayashi and Hamada, 1984; Koizumi
et al., 1988; Editorial team of Omama Town’s history,
1996) and chondrichthyes (Yabe, 1903; Reif and Goto,
1979; Takakuwa and Okabe, 2011; Takakuwa, 2021).

Occurrences of pre-Permian conodonts from the
carbonate rocks have been reported by previous studies.
Hayashi et al. (1990) and Editorial team of Omama Town’s
history (1996) claimed the presence of the “Devonian”
and “Carboniferous” carbonate rocks, respectively, based
on conodont occurrences such as Neogondolella sp. cf.
N. clarki. However, Muto and Ito (2021) re-identified
the conodont fossils and re-considered their ages as the
Triassic. No certain evidence indicates the presence of
the pre-Permian conodont from the carbonate rocks to
date, thus the pre-Permian carbonate rocks are not shown
in Fig. 15.

(2) Siliceous claystone

Kamata and Kajiwara (1996) investigated a continuous
section composed of siliceous claystone and alternations
of chert and siliceous claystone. They found conodonts
(Neogondolella bulgarica (Budurov and Stefanov)) and
radiolarians (Triassocampe myterocorys Sugiyama and
Oertlispongus diacanthus). Neogondolella bulgarica is
currently assigned as Paragondolella bulgarica, which
is indicative of being the middle Anisian (Nicora, 1977,
Chen et al., 2016).
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Radiolarians from the Kiryu and Ashikaga District (Quadrangle series 1:50,000) (ITO)

(3) Chert

Permian, Triassic and Jurassic radiolarians occurred in
chert (Kamata, 1996; Ito et al., 2021b).

Parafollicucullinoides lomentarius (Ishiga) was
obtained from sample NRK-15 of Kamata (1996). This
species is a characteristic species of Parafollicucullinoides
lomentarius Zone of the Sakmarian of Ishiga (1990).
Parafollicucullus fusiformis Holdsworth and Jones
occurred in sample WTRS-06 of Kamata (1996). This
species occurred abundantly in the Guadalupian (e.g.
Ishiga, 1990; Zhang et al., 2014). Follicucullus japonica
Ishiga, currently identified as Follicucullus porrectus
Rudenko, was obtained from several samples (e.g.
RMTG-36 of Kamata, 1996). Follicucullus porrectus was
the characteristic species of the Follicucullus porrectus
Interval Zone (lower Capitanian) of Zhang et al. (2014).

Pseudostylosphaera japonica and Oertlispongus diacanthus
Sugiyama were obtained from sample RMTG-68 of
Kamata (1996). The former and latter species occurred
in TR2B-TR5A (middle Anisian-middle Carnian) and
TR2A-TR2C (early-middle Anisian), respectively
(Sugiyama, 1997). The co-occurrence of these genera is
limited to the middle Anisian (Sugiyama, 1997).

Two samples (#204 and #269) yielded Triassocampe sp.
cf. T. coronata Bragin (Ito et al., 2021b). Triassocampe
coronata occurred in the Anisian, Middle Triassic
(Sugiyama, 1997).

Sample KSK-28 reported by Kamata (1996) yielded
Parahsuum simplum. This is a characteristic species of
the JR1 of the upper Sinemurian—lower Pliensbachian
(Matsuoka and Ito, 2019); thus, this sample is probably
the late Sinemurian—early Pliensbachian.

Protunuma sp. cf. P. fusiformis Ichikawa and Yao
occurred in sample #271 reported by Ito et al. (2021b).
Protunuma fusiformis occurred with Striatojaponocapsa
plicarum, the characteristic species of JR4 of the
Bajocian—lower Bathonian in previous studies (e.g.
Matsuoka, 1985). Based on the occurrence, this sample
is probably the Bajocian—Bathonian in age.

Hayashi et al. (1990) reported “early Carboniferous”
conodonts from the Asabara area, the distributional area
of the Omama Complex. Based on re-identification by
Muto and Ito (2021), many of the illustrated specimens
by Hayashi et al. (1990) were identified as Late Triassic
species and some specimens are similar to Permian ones,
while early Carboniferous species were not confirmed.
Therefore, no certain evidence indicates the presence of
the pre-Permian conodont from the chert to date.

Hayashi et al. (1990) reported Neogondolella sp. cf. N.
clarki from the chert (fig. 34, pl. 1, Hayashi et al., 1990).
Muto and Ito (2021) re-identified them as Mesogondolella
gujioensis (Igo). The occurrence range of this species is
the late Artinskian—early Kungurian (Henderson, 2018).

(4) Siliceous mudstone
Middle Jurassic radiolarians occurred in siliceous
mudstone (Kamata, 1996; Ito et al., 2021b).

Sample KSK-40 reported by Kamata (1996) yielded
Striatojaponocapsa plicarum. Striatojaponocapsa plicarum
occurred mainly in the lower-middle JR4, Bajocian,
Middle Jurassic (Matsuoka and Ito, 2019).

Sample #206 reported by Ito e al. (2021b) yielded
Archaeodictyomitra sp. cf. A. exiguum Blome. Archaeodictyomitra
exiguum was described on the basis of the specimens from
the Callovian in the North America (Blome, 1984). This
species also cooccurred with Striatojaponocapsa plicarum
(Hattori, 1987), which occurred mainly in lower-middle
JR4, Bajocian (Matsuoka and Ito, 2019). Consequently,
the occurrence range of Archaeodictyomitra exiguum
include the Bajocian—Callovian at least.

Sample #154 reported by Ito et al. (2021b) yielded
Eucyrtidiellum sp. aff. E. omanojaponicum Dumitrica,
Gori¢an and Hori. Eucyrtidiellum omanojaponicum (=
Eucyrtidiellum? sp. C of Hori, 1990, 1997) occurred
in the upper JR 1 corresponding approximately to the
Pliensbachian (Hori, 1990, 1997).

(5) Mudstone

Ito et al. (2021a) reported two mudstone samples
that yielded Middle Jurassic radiolarians based on the
occurrence ranges of Matsuoka (1995) and Matsuoka and
Ito (2019). Sample 111013-4 corresponds to lower-middle
JR4, Bajocian; sample 111011-1 corresponds to upper
JR4, lower Bathonian.

5.2.2. Upper part

Due to the lacking detail information, the upper part
is not presented in Fig. 15. However, the Carboniferous
carbonate rocks may exist in the upper part.

Fujimoto (1960) reported corals (4dmygdalophylium
naosoidea Minato, Lithostrotion pseudomartini Yabe
and Hayasaka and Chaetetes sp.) from “limestone lenses”
of the Kawamo Formation in the Takatsudo Gorge in
Midori City. Pelitic mixed rock around the Takatsudo
Gorge is a typical representation of the upper part of the
Omama Complex, so the “limestone lenses” are probably
the blocks within the pelitic mixed rock. The age of the
corals is assigned as the Visean (Mississippian, early
Carboniferous) based on description by Minato (1951,
1955). Although the photographs were not presented, the
upper part might include Carboniferous carbonate rocks
as blocks within the pelitic mixed rock.

5.3 Kuzu Complex
5.3.1 Unit1
(1) Siliceous claystone

Early Triassic radiolarians and conodonts occurred in
the siliceous claystone and intercalated chert within the
siliceous claystone (Kamata, 1995, 1999). Kamata (1999)
reported Spathian conodonts, such as Triassospathodus
curtatus Orchard (Originally described as Neospathodus
triangularis (Bender)), from sample TNK-R-09.

(2) Chert
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Triassic conodonts and Triassic and Jurassic radiolarians
occurred in chert (e.g. Hayashi, 1968a, b; Koike et al.,
1970, 1971; Kamata, 1995, 1996, 1997a, 1999).

Kamata (1996, 1997a) reported abundant Middle
Triassic—Early Jurassic radiolarians from the chert. Yao
et al. (1982) recognized four radiolarian assemblages from
Middle Triassic—Early Jurassic, namely Triassocampe
deweveri, Triassocampe nova, Canoptum triassicum and
Parahsuum simplum assemblages. Characteristic species
of'these assemblages were obtained from the chert samples
excluding Canoptum triassicum Yao.

Striatojaponocapsa plicarum was obtained from sample
KS-01 of (Kamata, 1996, 1997a). This is a characteristic
species of JR4, Bajocian—lower Bathonian (Matsuoka and
Ito, 2019).

Kamata (1997b) described a float block of radiolarian-
bearing chert breccia in the distributional area of Unit 1.
He extracted Permian and Triassic radiolarians from the
chert breccia. The chert breccia is not presented in Fig. 15.

(3) Siliceous mudstone

Middle Jurassic radiolarians occurred in siliceous
mudstone (Kamata, 1996, 1997a; Arakawa, 1997).

Striatojaponocapsa plicarum were reported from
siliceous mudstone samples (e.g. IZW-31 of Kamata,
1996, 1997a; SAY-02 of Arakawa, 1997). This is a
characteristic species of JR4, Bajocian—lower Bathonian
(Matsuoka and Ito, 2019). Striatojaponocapsa conexa,
characteristic species of JRS of the upper Bathonian—
middle Callovian (Matsuoka and Ito, 2019), occurred in
the siliceous mudstone samples (SPS-04 of Kamata, 1996,
1997a; SAY-01 of Arakawa, 1997). Consequently, the
age of the mudstone ranges from the Bajocian to middle
Callovian.

(4) Mudstone

Middle—Late Jurassic radiolarians occurred in mudstone
(Kamata, 1996, 1997a).

The mudstone samples (e.g. AOKI-09 of Kamata,
1996, 1997a) yielded Striatojaponocapsa plicarum and
Striatojaponocapsa conexa, which are characteristic
species of JR4 and JRS, respectively. Kilinora spiralis
(Matsuoka) was discovered from the mudstone (e.g. IZW-
30 of Kamata, 1996, 1997a). This is a characteristic species
of JR6 of the upper Callovian—Oxfordian (Matsuoka and
Ito, 2019). Consequently, the age of the mudstone ranges
from the Bajocian to Oxfordian.

5.3.2 Unit2

Unit 2 comprises basaltic rocks, carbonate rocks,
siliceous mudstone and mudstone, in ascending order. The
siliceous mudstone intercalates limestone conglomerate
layers.

(1) Basaltic rocks
Middle Permian foraminifers were obtained from
limestone clasts included within basaltic rocks

(Kobayashi, 2006a, b). According to Kobayashi (2006a,
b), foraminifers from the limestone clasts correspond to
the Parafusulina nakamigawai Zone to the lowermost
Parafusulina yabei Zone. The Parafusulina yabei Zone
corresponds to the middle Kungurian, lower Permian,
based on the global fusuline biostratigraphy by Zhang and
Wang (2018). This study tentatively regards the basaltic
rocks as the middle Kungurian.

(2) Carbonate rocks

Carbonate rocks yielded abundant fossils, such as
brachiopods (Hayasaka 1926, 1944; Tazawa et al., 2016),
foraminifers (Yabe, 1899; Hujimoto, 1938; Yoshida, 1956,
1957; Morikawa and Horiguchi, 1956; Morikawa and
Takaoka, 1961; Fujimoto, 1961; Igo, 1964; Hatori, 1965;
Saito and Kato, 1971; Conodont Research Group, 1972,
1974; 1go et al., 1976; Igo and Igo, 1977; Kobayashi,
1979, 2006a, b), conodonts (Hayashi, 1971; Conodont
Research Group, 1972, 1974; Koike et al., 1974; Igo et
al., 1976; Muto et al., 2021), trilobites (Fujimoto, 1961;
Koizumi et al., 1979), coral (Yamagiwa and Tsuda, 1980)
and chondrichthyes (Goto, 1975, 1984, 1994; Reif and
Goto, 1979).

The carbonate rocks correspond to the middle
Parafusulina yabei to Parafusulina tochigiensis zones,
according to fusuline biostratigraphy constructed by
Kobayashi (2006a, b). The Parafusuina yabei Zone
corresponds to the middle Kungurian (Zhang and Wang,
2018); middle Parafusulina tochigiensis Zone corresponds
to the Wordian (Kobayashi, 2006a). Muto et al. (2021)
reported conodont fossils, Mesogondolella idahoensis
(Youngquist, Hawley and Miller) and Sweetognathus
hanzhonensis (Wang), from samples (e.g. 2014-215)
belonging to the middle Parafusulina yabei Zone. The
conodont species indicate the late Kungurian in age. Thus,
the carbonate rocks are the late Kungurian—Wordian,
early-middle Permian in age.

(3) Siliceous mudstone

Middle Jurassic radiolarians occurred in siliceous
mudstone (Kamata, 1996, 1997a; Arakawa, 1998; Kamata
and Mizobe, 2001; Kamata et al., 2003).

Striatojaponocapsa plicarum occurred in siliceous
mudstone samples (e.g. YZK-14 of Kamata, 1996, 1997a).
This is a characteristic species of JR4, Bajocian—lower
Bathonian, Middle Jurassic (Matsuoka and Ito, 2019).

Striatojaponocapsa conexa were obtained from sample
YZK-13 of Kamata (1996, 1997a). This is a characteristic
species of JRS, upper Bathonian—Callovian, Middle
Jurassic (Matsuoka and Ito, 2019).

Arakawa (1998) extracted radiolarian assemblages from
manganese dioxide nodules (KUS01, KUS02, KUS03) in
the siliceous mudstone. The former two samples yielded
Striatojaponocapsa plicarum, and the latter one sample
yielded Striatojaponocapsa conexa.

The limestone conglomerate is intercalated in the
siliceous mudstone. Middle Permian foraminifers
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and Middle—Upper Triassic conodonts were obtained
from limestone gravels within the conglomerate (e.g.
Morikawa and Horiguchi, 1956; Conodont Research
Group, 1974; Igo and Igo, 1977). In addition, Kamata
et al. (2003) discovered ammonite, Cleviceras sp. cf. C.
chrysanthemum (Yokoyama), from a mudstone pebble
within the conglomerate. The age of the ammonite is
assigned as the early-middle Toarcian, Early Jurassic
(Kamata et al., 2003). Kamata and Mizobe (2001) and
Kamata et al. (2003) also determined the radiolarians of
siliceous mudstone beds that intercalates the ammonite-
bearing conglomerate and extracted radiolarians of JR4
(Bajocian—lower Bathonian, Middle Jurassic) of Matsuoka
and Ito (2019).

Based on these occurrences, Fig. 15 shows that middle
Permian and Middle—Upper Triassic limestone gravels
and Lower Jurassic mudstone gravels are included in the
Middle Jurassic siliceous mudstone.

(4) Mudstone

Isogawa et al. (1998) described radiolarian assemblages
including Striatojaponocapsa conexa from mudstone
samples (YZB-02, 03, 05). This is a characteristic species
of JR5 of the upper Bathonian—Callovian (Matsuoka and
Ito, 2019).

5.3.3 Unit3
(1) Carbonate rocks

Yoshida (1957) and Fujimoto (1961) described Permian
fusulinids (e.g. Parafusulina sp.) from limestone in the
distributional area of Unit 3. The limestone was considered
as the component of Unit 3 (e.g. Yoshida, 1957; Kamata,
1997a). Meanwhile, several researchers mentioned
another opinion that it is the component of Unit 2 (e.g.
Fujimoto, 1961; Yanagimoto, 1973).

(2) Siliceous claystone

Muto et al. (2018) investigated a continuous section
consisting of siliceous claystone and chert, namely the
Ogama section, and extracted conodonts and radiolarians.
According to their work, almost of the siliceous claystone
beds correspond to the Olenekian—lower Anisian.

(3) Chert

Several studies reported Triassic conodonts and Triassic
and Jurassic radiolarians from chert (Kamata, 1996, 1997a;
Isogawa et al., 1998; Ootaka ef al., 1998; Takayanagi et
al., 2001; Suzuki ef al., 2002; Ito, 2020b).

Isogawa et al. (1998) reported Early Triassic
radiolarians, such as Parentactinia nakatsugawaensis.
Muto ef al. (2018) discovered middle Anisian conodont,
Paragondolella bulgarica Budurov and Stefanov.

Igo and Nishimura (1984) discovered conodont and
radiolarian occurrences from Upper Triassic—Lower
Jurassic continuous sections. Kamata (1996, 1997a)
reported abundant Middle Triassic—Early Jurassic
radiolarians. All characteristic species of the four

assemblages proposed by Yao et al. (1982), namely
Triassocampe deweveri, Triassocampe nova, Canoptum
triassicum and Parahsuum simplum assemblages, were
obtained. Sample IT16072003 is the early Pliensbachian—
middle Toarcian of the Early Jurassic as mentioned in
subsection 4.3.1. Due to the abundant fossil occurrences of
Triassic—Early Jurassic, the chert of this unit is represented
as a continuous sequence in Fig. 15.

(4) Siliceous mudstone

Striatojaponocapsa plicarum, Striatojaponocapsa
conexa and Kilinora spiralis were discovered in siliceous
mudstone samples (e.g. KOM-05 of Kamata, 1996,
1997a). These are characteristic species of JR4 (Bajocian—
lower Bathonian), JRS (upper Bathonian—Callovian) and
JR6 (uppermost Callovian—Oxfordian), respectively
(Matsuoka and Ito, 2019). As mentioned in subsection
4.3.3, the ages of samples IT17122101 and 18110703 are
late Bathonian—Callovian and Bathonian, respectively.
Thus, the age of the siliceous mudstone ranges from the
Bajocian to Oxfordian.

(5) Mudstone

Striatojaponocapsa plicarum and Striatojaponocapsa
conexa occurred in mudstone samples (e.g. KD-05 of
Kamata, 1996, 1997a; ASK-8 of Takayanagi et al., 2001).
Kilinora spiralis was obtained from sample KOM-04 of
Kamata (1996, 1997a). The age of the mudstone ranges
from the Bajocian to Oxfordian.

5.4 Gyodosan Complex
(1) Chert

Permian, Triassic and Jurassic radiolarians with a few
conodonts have been reported from chert (Masuda, 1989;
Hayashi et al., 1990; Takayanagi et al., 2001; Sashida,
2008; Ito, 2019, 2020a).

Ito (2019) reported early Permian radiolarians from
the red chert samples (IT16071005 and 1T16071006).
Thereafter, Ito (2020a) investigated the radiolarian fauna
from the Hachioji section including the sample horizons of
Ito (2019). Based on the occurrences of Haplodiacanthus
sakmarensis (Kozur), Pseudoalbaillella japonica,
Pseudoalbaillella postscalprata and Pseudoalbaillella
rhombothoracata Ishiga and Imoto, Ito (2020a)
concluded that the lower to middle parts of the Hachioji
section partially correspond to the lower Kungurian and
may include the uppermost Artinskian. In addition, the
Wordian and Capitanian chert near the Hachioji section
was identified in this study (Fig. 3) as mentioned in section
4.1.

Ito (2019) reported Triassic radiolarians from the
following samples. Sample IT16071201 yielded spines
A2, B5, DI and D2 of Sugiyama (1997). The co-
occurrence range of these spines is restricted to TROA,
uppermost Carnian—lowermost Norian (Sugiyama,
1997). Sample 1T16071403 yielded spines C and D1 of
Sugiyama (1997). Co-occurrence range of these spines
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is limited in the TR5A, Carnian (Sugiyama, 1997).
Sample IT16071405 yielded Mesosaturnalis octospinus
Sugiyama. This species occurred in TR7-TR8A, middle
Norian (Sugiyama, 1997). Sample 1T16071402 yielded
Praehexasaturnalis sp. cf. P. tenuispinosus (Kozur and
Mostler). The occurrence range of the Praehexasaturnalis
tenuispinosus group is TR7-JROA, middle Norian—lower
Hettanginian, Upper Triassic—lowermost Jurassic
(Sugiyama, 1997). Sample IT16112604 yielded Tritortis
kretaensis (Kozur and Krahl). This species occurred in
TR4A-TRS5A, upper Ladinian—lower Carnian, Middle—
Upper Triassic (Sugiyama, 1997).

Hayashi et al. (1990) reported Triassic conodont,
Misikella sp., from the “Ota City, Maruyama” (figs. 7, 8,
pl. 1, Hayashi ez al., 1990). This is possibly located in the
distributional area of the Gyodosan Complex. According
to age re-consideration by Muto and Ito (2021), the age
is the latest Norian—Rhaetian, Late Triassic.

Some possible Jurassic radiolarians were obtained
from chert. For example, Takayanagi et al. (2001)
reported Pantanellium? sp. from two samples (ASK-13
and ASK-15); Ito (2019) reported Parahsuum sp. from
sample IT16071206. Certain Jurassic radiolarians were
reported by Masuda (1989): a chert sample (No. 9) yielded
Eucyrtidiellum unumaense (Yao) and Unuma echinatus
Ichikawa and Yao. The former species occurred mainly
in JR4-JRS5 of the Bajocian—lower Callovian (Matsuoka,
1995); the latter species occurred in JR3—-JR4, Aalenian—
Bathonian (Matsuoka and Yao (1986). Based on the
co-occurrence, the chert sample is JR4, Bajocian—lower
Bathonian in age.

(2) Siliceous mudstone

Ito (2019) discovered Striatojaponocapsa synconexa
from sample IT167071001. This species occurred in upper
JR4-lower JR5, Bathonian (Matsuoka and Ito, 2019).

(3) Mudstone

Masuda (1989) reported a radiolarians assemblage
indicating JR4 (Bajocian—lower Bathonian) from the
chert. He noted that a similar radiolarian assemblage was
obtained from the manganese nodule (sample No. 1) in
the mudstone, although photographs were not shown.
The mudstone of this complex is the Bajocian—lower
Bathonian in age.

6. Reconstruction of ocean plate stratigraphy

In this article, the author reported Permian, Triassic
and Jurassic radiolarian occurrences from the Kiryu and
Ashikaga District and determined their ages (Fig. 14). In
addition, previous fossil occurrences from the Jurassic
accretionary complex including neighbor districts (e.g.
Kuzu District) were summarized (Fig. 15).

This article provides basic data on age of the Jurassic
accretionary complex in the Ashio Mountains and
essential information for reconstruction of ocean plate

stratigraphy (OPS) of each complex of the Jurassic
accretionary complex. The OPS of an accretionary
complex presents lithologic change reflecting history of an
ocean plate from birth at a mid ocean ridge to subduction
at a trench via an abyssal plain. The OPS of the Jurassic
accretionary complexes in Japan is generally composed of
basaltic rocks, carbonate rocks, chert, siliceous mudstone,
mudstone and sandstone, in ascending order (e.g. Isozaki
et al., 1990; Matsuda and Isozaki, 1991; Nakae, 2000;
Wakita and Metcalfe, 2005; Wakita, 2015).

The OPS of each complex of the Jurassic accretionary
complex in the Ashio Mountains is reconstructed here
(Fig. 16). The fossil occurrences were described by each
distributed area and stratigraphic part for the Kurohone—
Kiryu and Omama complexes in chapter 5. In this chapter,
the author reconstructs the OPS of the complexes using
the merged data from each area and part.

The Kurohone—Kiryu Complex comprises basaltic rocks
(possibly early Permian), chert (early-middle Permian,
Middle-Late Triassic and Early Jurassic), siliceous
claystone (Early Triassic), carbonate rocks (Late Triassic),
siliceous mudstone (Middle Jurassic), mudstone (Middle
Jurassic) and sandstone (possibly Middle Jurassic).

The Omama Complex comprises basaltic rocks
(possibly early Permian), chert (early-middle Permian,
Middle Triassic and Early Jurassic), carbonate rocks
(early-middle Permian), siliceous claystone (possibly
Early Triassic), siliceous mudstone (Early-Middle
Jurassic), mudstone (Middle Jurassic) and sandstone
(possibly Middle Jurassic).

In the Kuzu Complex, Unit 1 comprises siliceous
claystone (Early Triassic), chert (Early—Late Triassic
and Early-Middle Jurassic), siliceous mudstone (Middle
Jurassic), mudstone (Middle—Late Jurassic) and sandstone
(possibly Late Jurassic). Unit 2 comprises basaltic rocks
(early Permian), carbonate rocks (early-middle Permian),
siliccous mudstone (Middle Jurassic) and mudstone
(Middle Jurassic). The siliceous mudstone of Unit 2
interbeds conglomerate layers containing gravels of
carbonate rocks (early-middle Permian and Middle-Late
Triassic) and mudstone (Early Jurassic). Unit 3 comprises
basaltic rocks (possibly middle Permian), carbonate rocks
(middle Permian), siliceous claystone (Early Triassic),
chert (Early—Late Triassic and Early Jurassic), siliceous
mudstone (Middle—Late Jurassic), mudstone (Middle—
Late Jurassic) and sandstone (possibly Late Jurassic).

The Gyodosan Complex is composed of chert (early—
middle Permian, Middle-Late Triassic and Middle
Jurassic), siliceous mudstone (Middle Jurassic), mudstone
(Middle Jurassic) and sandstone (possibly Middle
Jurassic).

7. Paleontological note

The taxonomic classification in this chapter mainly
employs the scheme of De Wever et al. (2001),
O’Dogherty et al. (2009a, b) and Noble et al. (2017).

— 308 —



Radiolarians from the Kiryu and Ashikaga District (Quadrangle series 1:50,000) (ITO)

Geologic age Kuzt:;l:\e— Omama Kuzu Complex Gydoean
T [Cretacsons Complex | COMPIex | unit1 Unit 2 Unit 3 Complex
%‘: [ Tithonian

Kimmeridgian

Oxfordian

Toarcian

Pliensbachian

Rhaetian

Wuchiapingian

Capitanian ﬁ -
Wordian s
—RoaiEn | e (= b { _-

Kungurian
-m o
Aﬂins_kian = e

el FTETT)ag
Gzhelian
Kasimovian
Moscovian

300
1

Lithology Age-determined fossil

EEE6T Conglomerate FERVRI chert ( Radiolaria

. Sandstone - Siliceous claystone ¢+ Conodont

- Mudstone - Carbonate rocks Foraminifera
-Siliceous mudstone - Basaltic rocks (&) Ammonoid

Fig. 16 Reconstructed ocean plate stratigraphy of the Jurassic accretionary complex of the Ashio belt. Geologic age follows
Ogg et al. (2016). Deep-colored lithology with fossil illustration: its age is relatively-precisely determined by fossil.
Deep-colored lithology without fossil illustration: although its component rock has never yielded age-determined
fossil, its age can be speculated based on stratigraphical relationships with overlying and underlying fossiliferous rocks.
Pale-colored lithology: its component rock has never yielded age-determined fossil and its age cannot be speculated by
stratigraphical relationships. Carb.: Carboniferous; Pens.: Pennsylvanian; E.: Early; Lop.: Lopingian; Guad.: Guadalupian.

The belongingness of the subfamily Japonocapsinae Genus Stigmosphaerostylus Riist, 1892, emend Foreman,

Kozur follows O’Dogherty et al. (2009a). The generic 1963

classification of Permian albaillellarians employs recent Type species Stigmosphaerostylus notabilis Riist, 1892

studies by Xiao et al. (2020, 2021). Description of some

non-taxonomic names (e.g. spine, spherical polycystine, Stigmosphaerostylus? sp.

three-segmented closed nassellarian) is also shown in this Figs. 4.1,4.14,4.22

chapter, in addition to the taxonomic names. Remarks: The specimens are characterized by a
spherical shell with some spicules. Stigmosphaerostylus

7.1 Taxonomic name is presented with a question mark because of the poor
preservation.

Subclass RADIOLARIA Miiller, 1858
Order ENTACTINARIA Kozur and Mostler, 1982 Family EPTINGIIDAE Dumitrica, 1978
Family ENTACTINIIDAE Riedel, 1967 Genus Eptingium Dumitrica, 1978

— 309 —



Bulletin of the Geological Survey of Japan, vol. 72 (4), 2021

Type species Eptingium manfredi Dumitrica, 1978

Eptingium sp. cf. E. nakasekoi (Kozur and Mostler,
1994)

Fig. 5.48

Remarks: The specimen examined has two main spines
which are three-bladed but not twisted, although one main
spine seems to be lost. It closely resembles Eptingium
nakasekoi Kozur and Mostler (Kozur and Mostler,1994).

Genus Xenorum Blome, 1984
Type species Xenorum largum Blome, 1984

Xenorum? sp.

Fig. 5.52

Remarks: The specimen possesses an outer layer
consisting of polygonal pore frames with massive nodes.
The form resembles the genus Xenorum Blome established
by Blome (1984).

Family HINDEOSPHAERIDAE Kozur and Mostler,
1981
Genus Pseudostylosphaera Kozur and Mostler, 1981
Type species Pseudostylosphaera gracilis Kozur and
Mock in Kozur and Mostler, 1981

Pseudostylosphaera sp. cf. P. japonica (Nakaseko and
Nishimura, 1979)

Figs. 5.36,5.38,5.41, 5.44

Remarks: The specimens have two opposite polar
spines that are moderately long, massive and three
bladed. These characteristics closely resemble those of
Pseudostylosphaera japonica Nakaseko and Nishimura
described by Nakaseko and Nishimura (1979) although
the preservation of the specimens is poor.

Pseudostylosphaera sp.

Figs. 5.37,5.39, 5.40,5.42, 5.43,5.45, 5.55, 5.56

Remarks: The specimens have two opposite polar
three-bladed spines. The characteristics closely resemble
Pseudostylosphaera Kozur and Mostler established by
Kozur and Mostler (1981).

Pseudostylosphaera? sp.

Fig. 5.5

Remarks: The specimen seems to have two opposite polar
three-bladed spines and resembles Pseudostylosphaera.
However, the detailed structure of the spines cannot be
observed because of poor preservation. The specimen is
therefore presented as Pseudostylosphaera with a question
mark.

Order LATENTIFISTULARIA Caridroit, De Wever and
Dumitrica, 1999
Family LATENTIFISTULIDAE Nazarov and Ormiston,
1983
Genus Latentifistula Nazarov and Ormiston, 1983

Type species Latentifistula crux Nazarov and Ormiston,
1983

Latentifistula? sp.

Figs. 4.10-4.13, 4.20, 4.21

Remarks: The specimens possess thick, spongy shells
with three coplanar arms. The characteristics are similar
to those of the genus Latentifistula Nazarov and Ormiston
established by Nazarov and Ormiston (1983); however,
they are presented as Latentifistula with the question mark
because of poor preservation.

Family RUZHENCEVISPONGIDAE Kozur, 1980
Genus Scharfenbergia Won, 1983, emend. Kozur and
Mostler (1989)

Type species Spongotripus concentricus Riist, 1892

Scharfenbergia? sp.

Fig. 4.17

Remarks: The specimen is characterized by triangular
spongy test with short arms originating from the corners
of the triangular test. The form is similar to the genus
Scharfenbergia Won established by Won (1983); however,
the detailed structure cannot be observed because of the
poor preservation. The specimen is therefore presented as
Scharfenbergia with a question mark.

Family ORMISTONELLIDAE De Wever and Caridroit,
1984, emend. Dumitrica in De Wever et al., 2001
Genus Quadricaulis Caridroit and De Wever, 1986
Type species Quadricaulis femoris Caridroit and De
Wever, 1986

Quadricaulis? sp.

Figs. 4.18,4.25,4.41, 4.45

Remarks: The specimens have a nonporous shell
composed of a sphere with at least two arms. The
characteristics resemble those of the genus Quadricaulis
Caridroit and De Wever established by Caridroit and De
Wever (1986); however, the detailed structure cannot be
observed because of the poor preservation. The specimen
is therefore presented as Quadricaulis with a question
mark.

Genus Polyfistula Nazarov and Ormiston, 1984
Type species Polyfistula longiquitas Nazarov and
Ormiston, 1984

Polyfistula sp. aff. P. hexalobata Nazarov and Ormiston,
1989

Figs. 4.16,4.35

Remarks: The specimens have several horizontal slender
arms originating from a platy disc. The characteristics are
consistent with those of the genus Polyfistula Nazarov and
Ormiston established by Nazarov and Ormiston (1984).
The specimens are similar to Polyfistula hexalobata
Nazarov and Ormiston in terms of having five horizontal
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slender rays. However, the specimens differ from
Polyfistula hexalobata as they lack a clear vertical ray
originating from the center of the platy disc.

Polyfistula sp.

Fig. 4.15

Remarks: The specimen has at least three horizontal
slender arms originating from a platy disc. However, the
exact number of rays and surface structure of the platy
disc, which are the diagnostic characteristics of species
level of the genus, cannot be observed.

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

Muelleritortis? sp.

Fig. 5.51

Remarks: One twisted thick spine remained in the
specimen. This type of spine is known in Muelleritortis
cochleata (Nakaseko and Nishimura), which was
originally described as Emiluvia? cochleata by Nakaseko
and Nishimura (1979). Thus, the specimen may be a
Muelleritortis cochleata that lost three arms. Meanwhile,
some species of other genera, such as Pseudostylosphaera
nazarovi (Kozur and Mostler) and Tritortis kretaensis
Kozur and Krahl, also possess a twisted thick spine. The
specimen is therefore identified as Muelleritortis Kozur
with a question mark in this article.

Order NASSELLARIA Ehrenberg, 1875
Family RUESTICYRTIIDAE Kozur and Mostler, 1979
Genus Triassocampe Dumitrica, Kozur and Mostler, 1980
Type species Triassocampe scalaris Dumitrica, Kozur and

Mostler, 1980

Triassocampe sp. cf. T. deweveri (Nakaseko and
Nishimura, 1979)

Figs. 5.16, 5.29

Remarks: The specimens have a subcylindrical
multi-segmented shell with dome-shaped cephalis. The
segments are characterized by well-developed ridges. The
characteristics resemble those of Triassocampe deweveri
(Nakaseko and Nishimura) described by Nakaseko and
Nishimura (1979). Because the specimens are partially
broken, they are presented as the species with confer.

Triassocampe sp.

Fig. 5.10, 5.30, 5.34

Remarks: The specimens are characterized by a
subcylindrical multi-segmented shell without an apical
horn. In addition, pores are arranged in transverse rows
for each segment. The characteristics resemble those of
the genus Triassocampe Dumitrica, Kozur and Mostler
(Dumitrica et al., 1980).

Triassocampe? sp.

Figs. 5.6, 5.11-5.15, 5.17-5.19, 5.24, 5.25, 5.28. 5.31,
5.33,5.35

Remarks: The specimens have subcylindrical a multi-
segmented shell. Because of the poor preservation in
an apical part and surface pores, they are presented as
Triassocampe with a question mark.

Genus Annulotriassocampe Kozur and Mostler, 1994

Type species Annulotriassocampe campanilis Kozur and
Mostler, 1994

Annulotriassocampe sp.

Figs. 5.26, 5.27

Remarks: The specimens have a long-conical shell. The
segments are hoop-like and possess one ring of pores.
These characteristics closely resemble those of the genus
Annulotriassocampe Kozur and Mostler established by
Kozur and Mostler (1994).

Genus Yeharaia Nakaseko and Nishimura, 1979
Type species Yeharaia elegans Nakaseko and Nishimura,
1979

Yeharaia sp.

Fig. 5.32

Remarks: The specimen has a well-developed apical
horn. This characteristic closely resembles that of the
genus Yeharaia Nakaseko and Nishimura established by
Nakaseko and Nishimura (1979).

Family DIACANTHOCAPSIDAE O’Dogherty, 1994
Subfamily JAPONOCAPSINAE Kozur, 1984
Genus Japonocapsa Kozur, 1984
Type species Tricolocapsa? fusiformis Yao, 1979

Japonocapsa sp. aff. J. fusiformis (Yao, 1979) sensu
Matsuoka (1983)

Fig. 9.5

Remarks: The specimen is characterized by a fusiform
shell with a fourth segment that is dish-like and sparsely
pored. Such characteristics resemble those of Japonocapsa
fusiformis (Yao) originally described as Tricolocapsa?
fusiformis by Yao (1979). Matsuoka (1983) described
Japonocapsa sp. aff. J. fusiformis that has smaller basal
appendage than Japonocapsa fusiformis. The specimen
also has the small basal appendage and closely resembles
Japonocapsa sp. aft. J. fusiformis.

Genus Striatojaponocapsa Kozur, 1984
Type species Tricolocapsa plicarum Yao, 1979

Striatojaponocapsa synconexa O’Dogherty, Gori¢an
and Dumitrica, 2006

Fig. 10.1

Remarks: The specimen has a small basal appendage
with a circular depression. It is closely similar to
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Striatojaponocapsa synconexa O’Dogherty, Gori¢an
and Dumitrica studied by O’Dogherty et al. (2006) and
Hatakeda et al. (2007).

Striatojaponocapsa sp.

Fig. 11.1

Remarks: The specimen is closely similar to
Striatojaponocapsa conexa (Matsuoka) in outline of the
shell. The specimen is presented as Striatojaponocapsa sp.
because its surface structure and basal appendage, major
criteria for identification, cannot be observed.

Striatojaponocapsa? sp.

Figs. 10.3, 10.5, 10.10

Remarks: The outline of the specimens resemble
some species of Striatojaponocapsa, such as S. conexa
and S. synconexa. The specimens are presented as
Striatojaponocapsa with a question mark because of poor
preservation.

Genus Yaocapsa Kozur, 1984
Type species Cyrtocapsa mastoidea Yao, 1979

Yaocapsa? sp.

Fig. 10.15

Remarks: The specimen has a large last segment. The
genus Yaocapsa Kozur is also characterized by a large last
segment. Meanwhile, the preservation of the specimen is
very poor, and the segment cannot be clearly observed.
The specimen is therefore presented as Yaocapsa with a
question mark.

Family STICHOCAPSIDAE Haeckel, 1881
Genus Stichocapsa Haeckel, 1881
Type species Stichocapsa jaspidea Riist, 1885

“Stichocapsa” sp. E sensu Baumgartner ef al. (1995)

Fig. 10.2

Remarks: The specimen has spherical cephalis without
apical horn and truncate-conical thorax and abdomen.
The large last segment can be observed, although the last
segment is partially broken. The characteristics are similar
those of “Stichocapsa” sp. E sensu Baumgartner et al.
(1995). Stichocapsa Haeckel is currently considered as
nomen dubium (O’ Dogherty et al., 2009a), so the generic
name is presented as Stichocapsa with double quotations.

Family EUCYRTIDIELLIDAE Takemura, 1986
Genus Eucyrtidiellum Baumgartner, 1984
Type species Eucyrtidium? unumaensis Yao, 1979

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

Fig. 10.16

Remarks: The specimen is characterized by having a
small cephalis with apical horn and truncate-conical thorax.
The characteristics are similar as those of Eucyrtidiellum
unumaense (Yao), although some structures (e.g. surface,
fourth segment) were lost.

Eucyrtidiellum gunense Cordey, 1998

Fig. 6.11

Remarks: Eucyrtidiellum gunense Cordey has stout
and longer apical horn in the cephalis with conical thorax
(Cordey, 1998; Gori¢an et al., 2006). The characteristics
of the specimen closely resemble those of Eucyrtidiellum
gunense.

Eucyrtidiellum sp.

Figs. 6.3, 6.6, 6.12

Remarks: The specimens have a small cephalis and
dome-shaped thorax. These characteristics are similar to
those of the genus Eucyrtidiellum Baumgartner established
by Baumgartner (1984).

Family PSEUDODICTYOMITRIDAE Pessagno, 1977b
Genus Mizukidella O’Dogherty, Gori¢an and Gawlick,
2017
Type species Dictyomitrella? kamoensis Mizutani and
Kido, 1983

Mizukidella? sp.

Fig. 9.31

Remarks: Mizukidella O’Dogherty, Gori¢an and Gawlick
is characterized by a multicyrtid conical to subcylindrical
shell having nodose circumferential ridges (O’Dogherty et
al., 2017). The specimen also has nodose circumferential
ridges and resembles some species of the genus, such
as Mizukidella kamoensis (Mizutani and Kido), a type
species of the genus. However, the preservation is poor
and other characteristics cannot be observed, so that it is
presented as the genus with a question mark.

Family PARVICINGULIDAE Pessagno, 1977a
Genus Takemuraella O’ Dogherty, Gori¢an and Gawlick,
2017
Type species Triversus japonicus Takemura, 1986

Takemuraella sp. cf. T. japonica (Takemura, 1986)

Fig. 10.19

Remarks: Takemuraella japonica (Takemura), originally
described as Triversus japonicus by Takemura (1986), has
a shell composed of small cephalis and conical thorax with
irregularly distributed pores and pore frames (Takemura,
1986; O’Dogherty et al., 2017). The characteristics of the
specimen is similar to the species, although the surface is
poorly preserved.

Family ARCHAEODICTYOMITRIDAE Pessagno,
1976
Genus Archaeodictyomitra Pessagno, 1976
Type species Archaeodictyomitra squinaboli Pessagno,
1976

Archaeodictyomitra sp.
Figs. 10.18, 10.20, 12.11
Remarks: The specimens have linearly arranged,
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continuous costae with pores in a single row between
the costae. They are similar to species of the genus
Archaeodictyomitra Pessagno established by Pessagno
(1977a).

Family HSUIDAE Pessagno and Whalen, 1982
Genus Hsuum Pessagno, 1977a
Type species Hsuum cuestaensis Pessagno, 1977a

Hsuum maxwelli Pessagno, 1977a

Figs. 9.25, 10.17

Remarks: The specimens are characterized by
discontinuous, diverging costae. In particular, the cephalis
of the specimens has the clear costae and lacks an apical
horn. Hsuum maxwelli Pessagno has these characteristics
(Pessagno, 1977a), whereas other major species of Hsuum
Pessagno lack clear costae in the cephalis and/or have an
apical horn.

Genus Parahsuum Yao, 1982
Type species Parahsuum simplum Yao, 1982

Parahsuum simplum Yao, 1982

Fig. 6.16

Remarks: According to some studies (e.g. Yao, 1982;
Hori and Yao, 1988), Parahsuum simplum Yao possesses a
conical shell with smooth-edged, continuous, longitudinal
costae and differs from other species of Parahsuum Yao
in having shorter, smaller apical horn. The specimen has
the characteristics in the shell.

Parahsuum sp. cf. P. simplum Yao, 1982

Fig. 6.15

Remarks: The specimen possesses a conical shell with
smooth-edged, continuous, longitudinal costae. Although
these characteristics are similar to those of Parahsuum
simplum, the shell of the specimens were partially broken
and thereby the distinguished characteristics (e.g. shorter,
smaller apical horn) cannot be observed.

Parahsuum transiens Hori and Yao, 1988

Figs. 6.13,6.14

Remarks: The specimens have a long, conical shell
with smooth-edged, continuous, longitudinal costae. The
distal portion of the shell bears weak circumferential
ridges. These characteristics closely resemble those of
Parahsuum transiens Hori and Yao described by Hori
and Yao (1988).

Parahsuum? sp.

Figs. 6.23, 6.26

Remarks: The specimen has linearly arranged,
continuous costae. Parahsuum has these characteristics
(Yao, 1982). However, the pores are unclear because of the
poor preservation. Other genera of Hsuidae Pessagno and
Whalen, such as Hsuum Pessagno, is also characterized
by linearly arranged, continuous costae and distinguished

from Parahsuum by features of the pores. Thus, the
specimens are represented as Parahsuum with a question
mark.

Family WILLIRIEDELLIDAE Dumitrica, 1970
Genus Williriedellum Dumitrica, 1970
Type species Williriedellum crystallinum Dumitrica, 1970

Williriedellum? marcucciae Cortese, 1993

Fig. 11.2

Remarks: The specimen seems to have an oval shell
with its surface cut by numerous polygonal depressing
facets. The outline of the shell is closely similar to
Williriedellum? marcucciae Cortese described as
Williriedellum? marcuccii by Cortese (1993).

Order SPUMELLARIA Ehrenberg, 1875
Family PANTANELLIDAE Pessagno, 1977b
Genus Pantanellium Pessagno, 1977a
Type species Pantanellium riedeli Pessagno, 1977a

Pantanellium? sp.

Figs. 6.35-6.37

Remarks: The specimens have a subspherical shell
and possibly two polar spines. They are similar to some
species of the genus Pantanellium Pessagno described by
Pessagno (1977a).

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

Trillus? sp.

Figs. 6.41

Remarks: The specimen has bipolar massive spines
characterized by wide ridges and wide grooves. Such
characteristics are known in species of genus Trillus
Pessagno and Blome, such as Trillus elkhornensis
Pessagno and Blome (Pessagno and Blome, 1980), so
this specimen may be the species.

Family CAPNUCHOSPHAERIDAE De Wever, 1979 in
De Wever et al., 1979
Genus Capnuchosphaera De Wever, 1979 in De Wever
etal., 1979
Type species Capnuchosphaera triassica De Wever, 1979
in De Wever et al., 1979

Capnuchosphaera? sp.

Fig. 5.53

Remarks: The specimen has a spongy shell with one
conical arm and two arms possibly broken. Although
the preservation is very poor, the outline is similar to
some species of the genus Capnuchosphaera De Wever
established by De Wever et al. (1979). Here, the specimen
is represented as Capnuchosphaera with a question mark
because the very poor preservation.

— 313 —



Bulletin of the Geological Survey of Japan, vol. 72 (4), 2021

Family EMILUVIDAE Dumitrica, 1995
Genus Emiluvia Foreman, 1973
Type species Emiluvia chica Foreman, 1973

Emiluvia? sp.

Fig. 12.14

Remarks: The specimen possesses a rectangle shell
with at least two spines. It seems to be broken specimen
of Emiluvia Foreman, which has a rectangle shell with
four spines, one at each corner arranged to form a cross
(Foreman, 1973). The specimen is represented as Emiluvia
with a question mark because the preservation condition.

Nassellaria gen. et sp. indet.

Figs. 9.3,9.4

Remarks: The specimens seem to conical shell.
However, they lack detailed structure. One specimen
(Fig. 9.3) looks like closed nassellarian; however, the
closed part is not preserved. Another specimen (Fig. 9.4)
slightly resembles multi-segmented nassellarian in shell
outline; however, segments on the surface cannot be
observed. Consequently, these specimens are represented
as Nassellaria gen. et sp. indet.

Order ALBAILLELLARIA Deflandre, 1953
Family FOLLICUCULLIDAE Ormiston and Babcock,
1979
Genus Parafollicucullus Holdsworth and Jones, 1980,
emend. Xiao and Suzuki in Xiao et al. (2021)
Type species Parafollicucullus fusiformis Holdsworth and
Jones, 1980

Parafollicucullus sp. cf. P. monacanthus (Ishiga and
Imoto, 1982) in Ishiga et al., 1982

Fig. 4.44

Remarks: The specimen has a dorsal wing and lacks
a ventral wing. Such characteristics are known in
Parafollicucullus monacanthus (Ishiga and Imoto) (Ishiga
et al., 1982). The pseudoabdomen is partially broken.

Genus Pseudoalbaillella Holdsworth and Jones, 1980,
emend. Xiao and Suzuki in Xiao et al. (2021)
Type species Pseudoalbaillella scalprata Holdsworth and
Jones, 1980

Pseudoalbaillella japonica Nestell and Nestell, 2020

Figs. 4.2-4.6,4.8,4.9,4.27,4.28,4.31-4.33

Remarks: The specimens have a triangular pseudothorax
and short pseudoabdomen. Such structures are known in
Pseudoalbaillella japonica Nestell and Nestell described
by Nestell and Nestell (2020).

Pseudoalbaillella postscalprata Ishiga, 1983

Figs. 4.7, 4.29, 4.30

Remarks: The specimens are slightly similar to
Pseudoalbaillella japonica; however, they have a
longer pseudoabdomen. Such characteristics are known

in Pseudoalbaillella postscalprata Ishiga, which is
considered as a progeny species of Pseudoalbaillella
Jjaponica (Ishiga, 1983).

Pseudoalbaillella? sp.

Fig. 4.34

Remarks: The specimen has an apical cone
and pseudoabdomen. This outline is known in
Pseudoalbaillella Holdsworth and Jones and similar
genera such as Parafollicucullus Holdsworth and Jones.
The specimen is therefore presented as Pseudoalbaillella
with a question mark.

Genus Ishigaconus Kozur and Mostler, 1989
Type species Follicucullus scholasticus Ormiston and
Babcock, 1979

Ishigaconus scholasticus (Ormiston and Babcock,
1979)

Fig. 4.50

Remarks: The specimen is characterized by a conical
shell without wing(s) and segmentation(s). Such shell
is known in Ishigaconus scholasticus (Ormiston and
Babcock), which was originally described as Follicucullus
scholasticus by Ormiston and Babcock (1979).

7.2 Non-taxonomic name

Arm of Latentifistularia gen. et sp. indet.

Fig. 4.42

Remarks: The form of the specimen is rod-like, and
one end is branched. The branched end is composed of
at least four platy parts. This is possibly arm of any taxa
of Latentifistularia Caridroit, De Wever and Dumitrica,
although appropriate species is unknown.

Short form of Parafollicucullus fusiformis Holdsworth
and Jones, 1980, sensu Ito et al., 2015

Fig. 4.43

Remarks: The specimen has skirt-like short pseudoabdomen
seems to lack most of its pseudoabdomen. Ito ef al. (2015)
described the type of form as a short form of Parafollicucullus
fusiformis Holdsworth and Jones.

Short form of Parafollicucullus monacanthus (Ishiga
and Imoto, 1982) in Ishiga et al., 1982 sensu Ito et al., 2015

Figs. 4.46-4.49

Remarks: The specimens have a dorsal wing and
lack a ventral wing, sharing the characteristics of
Parafollicucullus monacanthus (Ishiga and Imoto). They
have skirt-like short pseudoabdomen and seem to lack
most of their pseudoabdomen. Ito ef al. (2015) described
this type of form as a short form.

Spine A2 of Sugiyama (1997)
Fig. 5.50
Remarks: The specimen is rod-like, curved spine.
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Sugiyama (1997) speculated that Spine A2 is possibly
derived from Oertlispongus inaequispinosus Dumitrica,
Kozur and Mostler or Flexispongus cornuhovis Larm.

Grooved spine

Figs. 5.8, 5.9, 6.38-6.40

Remarks: The specimens are grooved spines. The spines
are slightly curved. Several taxa of radiolarian orders
in the Paleozoic—Cenozoic, such as Entactinaria Kozur
and Mostler, Spumellaria Ehrenberg and Nassellaria
Ehrenberg, possess grooved spines (e.g. De Wever et al.,
2001).

Multi-segmented nassellarian

Figs. 5.7, 6.17-6.21, 6.24, 6.25, 6.27-6.34, 9.23, 9.24,
9.32,10.21-10.24, 11.5, 12.8, 12.10, 12.12, 12.13, 13.2,
13.3,13.8,13.24

Remarks: The specimens are characterized by multi-
segmented tower-like shell. Such radiolarians are
generally known in the Mesozoic—Cenozoic nassellarian
(e.g. De Wever et al., 2001).

Three-segmented closed nassellarian

Figs. 6.4,6.5,6.7-6.10,7.1,7.2,7.4,9.1,9.2,9.6-9.11,
9.13-9.22,9.27-9.30,10.4,10.6,10.9, 10.11-10.14, 11.3,
11.6, 11.7, 12.1-12.6

Remarks: Three-segmented closed nassellarian has
a spindle-shaped shell composed of cephalis, thorax
and abdomen. Such nassellarians are known mainly in
the Family Williriedellidae Dumitrica. Representative
genera of the family are Williriedellum Dumitrica,
Zhamoidellum Dumitrica, Hemicryptocapsa Tan Sin
Hok, Holocryptocanium Dumitrica and Cryptamphorella
Dumitrica. Japonocapsa Kozur and Striatojaponocapsa
Kozur belonging to the Family Syringocapsidae also have
these characters. The specimens are possibly identified as
any of the genera.

Closed nassellarian

Figs.6.1,6.2,7.3,7.5,7.6,8.1,8.2, 8.5, 8.8,9.12, 9.26,
11.4,11.8-11.11, 12.7, 12.9

Remarks: Closed nassellarian has spindle form which
a distal end is closed. They differ from three-segmented
closed nassellarian in unobservable segmentation in
the shell. However, a specimen identified as closed-
end nassellarian could be three-segmented closed
nassellarian that lost segmentation structure because of
poor preservation, i.e. closed-end nassellarian includes
three-segmented nassellarian.

Spherical polycystine

Figs. 4.23, 4.26, 4.38-4.40, 5.1-5.3, 5.20-5.23, 6.42,
6.43,8.3,8.4,8.6,8.7,12.15,13.1, 13.4-13.7,13.9-13.13,
13.15, 13.20-13.22, 13.25-13.32, 13.34-13.36

Remarks: As its name indicates, spherical polycystine
possesses spherical shell. Radiolarian having a spherical
shell is known in the Orders Entactinaria and Spumellaria.

A specimen of the Order Nassellaria observed from distal
side also looks spherical-shaped shell.

Spherical polycystine, i.e. Entactinaria, Spumellaria
or Nassellaria, occurred in the Paleozoic to recent (e.g.
De Wever et al., 2001), so that it is not valuable for age
assignment.

Spine-bearing spherical polycystine

Figs. 5.54,13.14, 13.16-13.18

Remarks: Specimens having spherical shell with spines
are called as spine-bearing spherical polycystine in this
article. Such radiolarians are known in some taxa of the
orders Entactinaria and Spumellaria.

Entactinaria and Spumellaria occurred in the Paleozoic
to recent (e.g. De Wever et al., 2001), so that it is not
valuable for age assignment.

Three-coplaner-spine-bearing spherical polycystine

Figs. 5.4, 5.46,5.47,5.49, 13.19, 13.33

Remarks: Specimens having spherical shell with three
coplaner spines are called as three-coplaner-spine-bearing
spherical polycystine in this article. Such radiolarians are
known in some taxa of Order Spumellaria.

Spumellaria occurred mainly in the Mesozoic to recent
(e.g. De Wever et al., 2001), so that it is not valuable for
age assignment.
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Report

Conodont fossils from the Kiryu and Ashikaga District (Quadrangle series 1:50,000),
central Japan with emphasis on the reexamination of “Carboniferous” conodonts
from the Ashio Belt

MUTO Shun"" and ITO Tsuyoshi'

MUTO Shun and ITO Tsuyoshi (2021) Conodont fossils from the Kiryu and Ashikaga District (Quadrangle
series 1:50,000), central Japan with emphasis on the reexamination of “Carboniferous” conodonts from
the Ashio Belt. Bulletin of the Geological Survey of Japan, vol. 72 (4), p. 325-344, 3 figs, 1 table.

Abstract: Many conodonts have been reported from the Ashio Mountains, but there have been little
attempts to update the information of the specimens based on the present knowledge of conodont taxonomy
and biostratigraphy. This study revisits conodont specimens reported from the Kiryu and Ashikaga District
in addition to presenting a few newly obtained Early Triassic conodonts. Previously published illustrations
allowed reidentification of some conodonts. The geological age of some specimens was revised based on
the reidentification. Notably, many of the conodonts previously considered as “Carboniferous” species were
revealed to be Permian or Triassic species, and no Carboniferous species were confirmed.

Keywords: conodont, Ashio Mountains, Jurassic accretionary complex, Ashio Belt, reexamination

1. Introduction

The basement rocks of the Ashio Mountains are
composed of Palacozoic and Mesozoic rocks that form
the Jurassic accretionary complex of the Ashio Belt (e.g.,
Kamata, 1996). During the earliest stages of research,
the rocks of the Ashio Belt were dated based mainly on
fusulinids that occur primarily from limestones (e.g.,
Fujimoto, 1961). As stratigraphic studies of the Palacozoic
and Mesozoic in Japan commenced, the first conodonts
in Japan were found from siliceous, argillaceous and
tuffaceous sedimentary rocks the Ashio Belt (Hayashi,
1963). Subsequently, conodonts became acknowledged as
useful index fossils due to their occurrence in siliceous and
argillaceous rocks in addition to limestones (Igo, 1972).
Palaeozoic and Mesozoic conodonts of the Ashio Belt
have since been reported by a large number of works,
many of which were published before plate tectonics
and the concept of accretionary complexes were widely
accepted in Japan (Hayashi, 1963, 1964, 1968a, b, 1971;
Koike et al., 1971a, b, 1991; Conodont Research Group,
1972, 1974; Hayashi and Hasegawa, 1981; Aono, 1985;
Hayashi et al., 1990; Kamata and Kajiwara, 1996; Motoki
and Sashida, 2004; Muto et al., 2018, 2021; Ito, 2019,
2020a; Ito et al., 2021a, b).

The conodonts obtained from the Ashio Belt have
been valued as a means of age determination, which is
vital information for interpretation of sedimentary and

tectonic history. For instance, early studies used the
geochronological information of conodonts in an attempt
to interpret the history of sedimentation in the Ashio
Mountains in the context of geosynclines (Conodont
Research Group, 1972). On the other hand, conodonts
provided evidence of the thrusting of Palacozoic strata
onto Mesozoic strata, ultimately leading to the recognition
of accretionary complexes (Koike et al., 1971a, b, 1974;
Yanagimoto, 1973; Kamata, 1996, 1997). Following the
wide acceptance of subduction-accretion as the origin of
the Ashio Belt, conodonts were mainly used as a means
to reconstruct the oceanic plate stratigraphy (see Isozaki
et al., 1990 for terminology). Due to its widespread
occurrence and high evolutionary rates, conodonts
allowed researchers to determine the age of Palacozoic
to Triassic rocks in the Ashio Belt that have undergone
extensive tectonic deformation and thus are otherwise
difficult to understand in a stratigraphic context (Koike
et al, 1971a, b, 1991; Igo, 1981; Aono, 1985; Kamata
and Kajiwara, 1996; Motoki and Sashida, 2004; Muto et
al., 2018, 2021). One of the notable results by previous
studies is the occurrence of early Carboniferous or even
Devonian conodonts from chert and limestone (Hayashi et
al., 1990; Editorial team of Omama Town’s history, 1996),
which is far older than the oldest radiolarians reported
from the Ashio Belt (early Permian; Kamata, 1996; Ito,
2019, 2020a).

Most studies on conodonts in the Ashio Belt were
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conducted until the beginning of the 1990s. While
such studies are still informative, interpreting their
results based on the current knowledge of conodonts
is somewhat problematic. This is because major
refinements in the taxonomy of conodonts have taken
place in the last three decades, which have modified the
chronological significance of some taxa. For example,
Permian platform conodonts previously assigned to the
genus Gondolella (as in Clark and Mosher, 1966) were
split into Mesogondolella, Jinogondolella and Clarkina
(Kozur, 1989; Mei and Wardlaw, 1994). Triassic platform
conodonts also underwent major taxonomic revisions, and
genera such as Paragondolella and Carnepigondolella are
now widely accepted (e.g., Chen et al., 2016). Late Triassic
conodonts have recently attracted particular attention,
with some debates still continuing today. For instance,
Orchard (2013, 2014, 2019) revised the taxonomy of
species belonging to Paragondolella, Metapolygnathus,
Carnepigondolella and Epigondolella, and erected five
new genera Quadralella, Parapetella, Kraussodontus,
Acuminatella and Primatella, while Mazza et al. (2018)
questioned the validity of genera such as Quadralella.
The refinements in the taxonomy of conodonts
inevitably modify the age assignment of some conodonts

previously reported from the Ashio Belt. In this study, we
reinvestigate the chronological significance of previously
reported conodonts from the Kiryu and Ashikaga District
(Quadrangle series 1:50,000). We also report new
occurrences of Early Triassic conodonts from the area.
The up-to-date chronological information of conodonts
provided in this study is valuable when considering the
oceanic plate stratigraphy of the Ashio Belt.

2. Geological Setting

The Jurassic accretionary complex of the Ashio Belt
(eastern part of the Tamba-Mino—Ashio Belt) is widely
distributed in the Ashio Mountains (Fig. 1; Yamakita and
Otoh, 2000; Isozaki et al., 2010; Kojima et al., 2016).
Kamata (1996) classified the Jurassic accretionary
complex of the Ashio Belt into the Kurohone—Kiryu,
Omama and Kuzu complexes. Ito (2021a, this volume)
newly recognised the Gyodosan Complex.

Detailed description of the lithofacies of each complex
is provided in Ito (2021a), but below is a brief summary.
The Kurohone—Kiryu Complex is composed of broken to
coherent facies of chert and mudstone with minor amounts
of siliceous claystone. The mudstone of this complex is
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characterised by slaty cleavage. The Omama Complex
is composed of broken to mixed facies of mafic rocks,
chert and pelitic mixed rocks. The Kuzu Complex is
composed of coherent to broken facies of chert, siliceous
claystone, siliceous mudstone, mudstone and sandstone.
The Gyodosan Complex is composed mainly of pelitic
mixed rocks and chert accompanied by minor amounts
of siliceous mudstone, mudstone and sandstone. The
age of the formation of these complexes inferred from
age-diagnostic radiolarians is late Middle Jurassic for
the Kurohone—Kiryu, Omama and Gyodosan complexes
and Late Jurassic for the Kuzu Complex (Ito, 2021b, this
volume).

3. Methods

The taxonomy of the conodonts reported in previous
studies were reinvestigated based on published text and
illustrations. When images were not available, the taxon
names are simply modified to the presently used scientific
name. For Late Triassic conodonts, the taxonomy of which
is still much debated, we will follow Mazza et al. (2012,
2018).

The newly obtained conodonts were found from
siliceous claystone in the study area. The conodonts were
obtained by the chip method (Muto et al., 2018, 2019), in
which conodonts are found by examining the surface of
rocks cleaved parallel to the bedding.

Individual conodont elements are dismembered parts of
a skeletal feeding apparatus, and pectiniform elements of
the P1 position are generally used to distinguish a taxon.
However, elements from other positions that are described
as form taxa are also useful in biostratigraphy. Such form
taxa are referred to in brackets (e.g., “Neohindeodella
benderi”).

4. Newly obtained conodonts and their
geological age

We obtained Early Triassic conodonts from siliceous
claystone exposed in Ban-yama and Kaizawa near the
border of Tochigi and Gunma prefectures (Fig. 2).

From the Ban-yama locality, we obtained the form
species “Neohindeodella benderi (Kozur and Mostler)”
(Fig. 3.1). “Neohindeodella benderi” has been reported
from the same locality by Sahida et al. (1992). This
species is known from the latest Olenekian (late Spathian)
to middle Anisian (early Bithynian) in carbonates and
deep-sea siliceous rocks of pelagic Panthalassa found in
Japan (Koike, 1981; Muto et al., 2018, 2019). Identical
ramiform elements have also been reported from Spathian
Tethyan limestone in Oman (Agematsu et al., 2008).

From the Kaizawa locality, we obtained Triassospathodus
abruptus (Orchard), Triassospathodus homeri (Bender) and
Triassospathodus unialatus (Mosher) (= Neospathodus
symmetricus Orchard; see Taxonomic Notes) (Fig. 3.2-7).
These species are known from the Spathian in pelagic

carbonates and deep-sea siliceous rocks in Japan (Koike,
1981; Maekawa et al., 2018; Muto et al.,2018,2019). They
also occur from Spathian strata in South China (e.g., Zhao
et al., 2007; Lehrmann et al., 2015), Vietnam (Maekawa
and Igo, 2014), North America (Orchard, 1995), north
India (Matsuda, 1983) and elsewhere (Orchard, 1995).
Hence, these species are considered as globally useful
indicators of the Spathian (Orchard, 2007), although T.
homeri and T. unialatus occur partly from the lowermost
Anisian (Orchard, 1995; Goudemand et al., 2012;
Lehrmann et al., 2015; Ovtcharova et al., 2015). The same
Spathian age is indicated by conodonts for Section 2 of
Motoki and Sashida (2004), which is situated ~1.3 km to
the southwest of the Kaizawa locality. In addition to the
age, the attitude of the bedding plane and lithofacies of
our Kaizawa locality are also similar with that of Section
2 of Motoki and Sashida (2004). Therefore, the former is
considered as a lateral extension of the latter.

5. Revision of the taxonomy of previously
reported conodonts

In this chapter, we mention the identification of specimens
with illustrations, with emphasis on chronologically
significant specimens. Unfortunately, only a few studies
present photographs and, even when they are available,
the poor image quality and limited picture angle hinder
detailed identification in most cases. For full results, the
reader is referred to Table 1. Which complex a sample
belongs to is considered on the basis of Ito (2021a).

Hayashi et al. (1990) illustrated several conodonts which
they assigned to the early Carboniferous, but they include
specimens that are misidentified Late Triassic conodonts.
For example, Figures 44, 46 and 49 in the plate of Hayashi
et al. (1990) are segminiplanate elements with a well-
developed keel on the lower surface and a forward-shifted
pit. Such traits are characteristic to Triassic gondolellids
and are clearly different from Palaeozoic segminiplanate
elements that have poorly developed keels and terminal
pits; Figure 44 in the plate can be compared with the
Carnian conodont Paragondolella noah (Hayashi) and
Figure 49 is comparable with juvenile forms of Carnian
Paragondolella. Figures 45, 50, 51 and 52 in the plate of
Hayashi et al. (1990) have platform ornamentations that
are characteristic to Triassic conodonts, although the keel
and pit are not clearly observable due to the picture angle.

Some segminiplanate elements in the Plate of Hayashi
et al. (1990) were identified as the late Carboniferous
Mesogondolella clarki (Koike), but none of them are
identical to this species. Figures 28, 32 and 34 have more
closely spaced posterior denticles and higher and more
fused anterior denticles compared to M. clarki. Of these,
Figures 28 and 34 are comparable to Mesogondolella
gujioensis (Igo), while Figure 32 cannot be identified.
The locality of the specimen in Figure 28 was noted as
“Omama Town, Atago-jinjiya”. This is possibly Atago
Shrine in Kasagake-cho Azami, Midori City (Fig. 2),
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Fig. 3 Stereo-photographs (parallel view) of conodonts obtained in this study. Figure 2 is normally arranged. 3a and 3b are
counterparts. All other figures are reversely arranged so that the moulds appears as casts. Scale bars are 200 pum.
1: “Neohindeodella benderi (Kozur & Mostler)” (form species). Ban-yama Mine.
2, 3: Triassospathodus abruptus (Orchard). 2. K96-2-B. 3. K96-2-A.
4: Triassospathodus homeri (Bender). K96-2-A.
5, 6: Triassospathodus unialatus (Mosher). K96-2-A.
7: Triassospathodus sp. K96-2-A.

where chert outcrops are exposed. This locality is within
the area of distribution of the Kurohone—Kiryu Complex
(Ito, 2021a). The locality of the specimen in Figure 34
was noted as “Omama Town, Odaira”. The current area
of Omama-cho Odaira is around the upper reaches of the
Odaira River (Fig. 2), which is within the area where
the Omama Complex is distributed (Ito, 2021a). Figures
29 and 30 were also identified as M. clarki, but they are
both significantly different from this species: the former in
lacking a posterior protrusion of the platform and having a
smaller basal cavity and the latter in having parallel sides of
the posterior platform. In addition, some other specimens
that Hayashi et al. (1990) considered as Carboniferous
species appear similar to species of Neostreptognathodus
(Figures 38, 39 and 40) and Pseudosweetognathus (Figure
42), which both indicate the Permian (Kungurian to
Roadian).

To summarise the above, there are no illustrated
specimens that indicate the Carboniferous Period and
many that were considered to be so are in fact Permian
or Triassic conodonts. To be meticulous, it may be
inaccurate to conclude that all the conodonts assigned to
the Carboniferous are erroneously identified, since some

of the illustrated conodonts have not been confidently
reidentified. In addition, the age of the “Carboniferous”
limestone in Hayashi et al. (1990) was also supported by
the occurrence of corals (Fujimoto, 1960). However, the
conclusion is that none of the illustrations in the previous
studies can be undoubtedly identified as Carboniferous
conodonts. The oldest conodonts according to our
reinvestigation is the late Artinskian to early Kungurian
(middle Cisuralian) M. cf. gujioensis from the Kurohone—
Kiryu and Omama complexes.

Hayashi et al. (1990) also illustrated some Triassic
conodonts. While the age assignment need not be
modified, some elements can be reidentified. Figures 4 and
6 in the plate of Hayashi ez al. (1990) have the triangular
shaped, anteriorly denticulate but posteriorly inornate
platform diagnostic to the Late Triassic Epigondolella
rigoi Noyan and Kozur. Figure 5 in the plate has a round
and denticulate platform diagnostic to the Late Triassic
Epigondolella spatulata (Hayashi).

Sashida ef al. (1992) and Motoki and Sashida (2004)
illustrated conodonts obtained from siliceous claystone,
which were identified as Spathian species. While we
agree with the age assignment, as supported by conodonts
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obtained in the present study, the identification of some
specimens needs to be reconsidered, as mentioned below.

Sashida et al. (1992) showed conodonts from Ban-yama
(see also 4 Newly obtained conodonts and their geological
age). The form species “Neohindeodella aequiramosa
Kozur and Mostler” possesses anteriorly reclined and
projecting denticles at the anterior end, the anterior margin
of which connects smoothly with the antero-basal margin.
However, the specimens identified as this species in
Sashida et al. (1992) have either an anteriormost denticle
that connects at a right angle with the antero-basal margin
(their Figures 5.9, 5.11, 5.12) or is considerably broken
(their Figure 5.20). In fact, the morphology of the anterior
process and numerous erect denticles on the posterior
process in the specimens in Figures 5.9 and 5.12 match
the characters of a different form species “Neohindeodella
gebzeensis (Gedik)”. In addition, two specimens identified
as “Neohindeodella triassica (Miiller)” (Figures 5.15
and 5.18), which is a species with a basal margin
protruding downwards below the cusp, are comparable
to “N. gebzeensis”. The other specimens identified as “N.
triassica” are also misidentified: Figure 5.10 is much more
bent in lateral view, while Figures 5.14, 5.21 and 5.22
are digyrate elements of the form genus “Grodella” and
“Cypridodella”.

Motoki and Sashida (2004) reported 7. abruptus, which
is characterised by abrupt shortening of the denticles in
the posterior. While the character can be seen in Figures
6.2 and 6.6, it is not seen in Figures 6.3, 6.4 and 6.5. The
sub-equal denticles of the latter three are closer to that of
T. unialatus. On the other hand, the specimen identified as
Neospathodus symmetricus (= T. unialatus) in their Figure
6.10 has a small denticle at the posterior end, which is not a
feature of'this species according to the original description
(Orchard, 1995). Triassospathodus brevissimus was
illustrated in Figure 6.7 of Motoki and Sashida (2004),
but this specimen does not possess the sub-quadrate lateral
outline formed by small erect denticles of mostly equal
height that distinguishes this species (Orchard, 1995;
Maekawa et al., 2018; Muto et al., 2019).

6. Conclusions

1) Conodonts were newly found from siliceous claystone
near the border of the Tochigi and Gunma prefectures.
We obtained the form species “Neohindeodella
benderi (Kozur & Mostler)” from Ban-yama and
Triassospathodus abruptus (Orchard), Triassospathodus
homeri (Bender) and Triassospathodus unialatus
(Mosher) (= Neospathodus symmetricus Orchard) from
Kaizawa. These conodonts indicate the Spathian (late
Olenekian Age).

2) We reinvestigated the illustrations of conodonts
provided by previous studies. Many of the conodonts
previously identified as Carboniferous conodonts
are Permian and Triassic species. In particular, two
out of six specimens identified as Mesogondolella

clarki (Koike) were reidentified as Mesogondolella
cf. gujioensis (Igo) and some specimens identified
as carly Carboniferous species of unknown genera
should be identified as Late Triassic species such as
Paragondolella cf. noah (Hayashi).

3) As far as the conodonts are concerned, there is no
compelling evidence indicating the presence of
Carboniferous limestone and chert, which was reported
by previous studies. The oldest age that can be confirmed
by conodonts is the late Artinskian to early Kungurian
age of the Cisuralian (early Permian) indicated by M.
cf. gujioensis from the Kurohone—Kiryu and Omama
complexes.

7. Taxonomic notes

Remarks for the conodonts obtained in this study are
mentioned here. For detailed synonym lists, the reader is
referred to Muto et al. (2019, 2020).

“Neohindeodella benderi (Kozur and Mostler)” (form
species)

(Figure 3.1)

Remarks: This form species is easily recognised by its
anterior process that is conspicuously bent down and bears
a long denticle at the anterior end, but otherwise is poorly
denticulate.

Triassospathodus abruptus (Orchard)

(Figures 3.2, 3.3)

Remarks: A species characterised by segminate
elements with denticles that decrease height rapidly at
the posterior. This species was defined as the type species
of the genus Novispathodus abruptus by Orchard (2005),
but the distinguishing features of Novispathodus are seen
as intraspecific variations in related neospathodids (Koike,
2004; Muto et al., 2020). Therefore, Novispathodus is
regarded as a junior synonym of Triassospathodus.

Triassospathodus homeri (Bender)

(Figure 3.4)

Remarks: This species has a short posterior process of
up to five denticles above the elongated posterior part of
the basal cavity.

Triassospathodus unialatus (Mosher)

(Figures 3.5, 3.6)

Remarks: The P1 element of this species is a segminate
element with denticles of subequal height and a posteriorly
rounded basal cavity. The P1 element was described
as Neospathodus symmetricus by Orchard (1995) and
was shown to be accompanied by the form species
“Cypridodella unialata (Mosher)” as its S2 element
(Koike, 2004), which has the priority (Muto et al., 2020).
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Note and Comment

Occurrence report of Triassic and Jurassic radiolarians from the Jurassic accretionary
complexes of the Ashio belt in eastern Mt. Narukami, Ashio Mountains, central Japan

ITO Tsuyoshi"’, NAKAMURA Kazuya’, HINOHARA Tatsuya’
and KURTHARA Toshiyuki"*

ITO Tsuyoshi, NAKAMURA Kazuya, HINOHARA Tatsuya and KURIHARA Toshiyuki (2021)
Occurrence report of Triassic and Jurassic radiolarians from the Jurassic accretionary complexes of the
Ashio belt in eastern Mt. Narukami, Ashio Mountains, central Japan. Bulletin of the Geological Survey of

Japan, vol. 72(4), p. 345-358, 10 figs.

Abstract: This article reports radiolarian occurrences from the Omama and Kurohone—Kiryu complexes
of Jurassic accretionary complex of the Ashio belt, in eastern Mt. Narukami, Ashio Mountains, central
Japan. Triassic radiolarians and conodont fragments were obtained from chert recovered from the Omama
Complex. Bajocian and early Bathonian (Middle Jurassic) radiolarians were also extracted from mudstone
in both the Omama and Kurohone—Kiryu complexes. In previous studies, Bajocian radiolarians had
represented the youngest samples recovered from the mudstone at these complexes. Consequently, the
lower Bathonian mudstone reported in the present study constitutes the youngest rock recovered from the

Omama and Kurohone—Kiryu complexes to date.

Keywords: radiolaria, conodont, Ashio Mountains, accretionary complexes, Jurassic, Triassic, Ashio belt

1. Introduction

Jurassic accretionary complex of the Ashio belt is
exposed around the Ashio Mountains in central Japan
(Fig. 1). Kamata (1996) classified the complex into three
tectonostratigraphic units: the Omama, Kurohone—Kiryu
and Kuzu complexes. There are numerous radiolarian
occurrence reports from the Kuzu Complex (e.g. Arakawa,
1986, 1997, 1998; Masuda, 1989; Kamata, 1995, 1996,
1997, 1999, 2000; Isogawa et al., 1998; Ootaka et al.,
1998; Takayanagi et al., 2001; Motoki and Sashida, 2004),
but fewer studies have reported those from the Omama
and Kurohone—Kiryu complexes (Aono, 1985; Hayashi et
al., 1990; Kamata, 1996; Takayanagi et al., 2001).

The authors (K. Nakamura and T. Hinohara) investigated
the accretionary complex in eastern Mt. Narukami, part of
the Ashio Mountains. As a result, some radiolarians were
obtained from chert and mudstone. In particular, Middle
Jurassic radiolarians were obtained from mudstone,
which is significant because previous studies have shown
just a few radiolarian images from the mudstone of the
Kurohone-Kiryu Complex (Takayanagi ef al., 2001) and
no images from the mudstone of the Omama Complex. This
article reports these radiolarian occurrences, which show

Middle Jurassic radiolarians with images produced by
scanning electronic microscopy (SEM) from the mudstone
of the complexes. Furthermore, mudstone samples from
both complexes in this study also yielded early Bathonian
(Middle Jurassic) radiolarians. The youngest radiolarians
from these complexes in previous studies were Bajocian
species (e.g. Kamata, 1996), indicating that the present
results represent the new youngest samples recovered
from these complexes.

2. Geologic outline

The Jurassic accretionary complex is exposed widely
in the Ashio Mountains (Fig. 1). Kamata (1996) classified
the complex into three tectonostratigraphic units: the
Kurohone—Kiryu, Omama and Kuzu complexes. The
Kurohone—Kiryu Complex comprises mainly mudstone
and chert, as well as common siliceous claystone and
small amounts of limestone, siliceous mudstone and
sandstone. The Omama Complex is composed mainly of
basalt, chert and pelitic rock, while also featuring small
amounts of limestone, siliceous mudstone and sandstone.

The study area is located in eastern Mt. Narukami.
The Omama and Kurohone—Kiryu complexes are
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distributed over this area (Kamata, 1996). Based on both
an investigation by the author (Ito, T.) and previously-
published geologic map (e.g. Sudo et al., 1991; Kamata,
1996; Geological Survey of Japan, AIST, 2018), four
sample localities (110823-2, 111011-1, 111013-5 and
111013-4) are located in the distributional area of the
Omama Complex, whereas two sample localities (OYKS53-
02, HTH12-01) are located in that of the Kurohone—Kiryu
Complex (Fig. 2).

3. Materials and methods

In total, 232 samples were collected. The samples were
soaked in a 5% hydrofluoric acid (HF) solution for 10-24
hours. Following this process, residues were collected
through a sieve (opening: 64 um), with the residues
then washed using ethanol. Radiolarian tests within the
dried residues were picked up using a stereomicroscope.
The chosen radiolarian tests were conducted using SEM
(JEOL JSM-5600) at Niigata University.

4. Radiolarian fauna and age assignments

As mentioned previously, four radiolarian occurrence
sites are located in the distributional area of the Omama

Complex, whereas two in the Kurohone—Kiryu Complex.
The age assignments of each sample, summarized in Fig.3,
are described in this section.

4.1 Omama Complex
4.1.1 Chert [110823-2]

This sample yielded Pseudostylosphaera? sp. (Figs.
4.1-4.6), Triassocampe? sp. (Fig. 4.7), Hozmadia? sp.
(Fig. 4.8) and conodont fragments (Figs. 4.9-4.11). The
occurrence ranges of Pseudostylosphaera, Triassocampe
and Hozmadia are the late Olenekian—early Carnian
(Early—Late Triassic), Anisian—early Norian (Middle-Late
Triassic) and late Olenekian—Carnian (Early—Late Triassic)
ages, respectively (O’ Dogherty et al., 2009b). Thus, this
study tentatively regards the sample as corresponding in
age to the Anisian—early Carnian (Middle-Late Triassic).

4. 1.2 Mudstone [111011-1]

This sample yielded Striatojaponocapsa sp. cf. S.
synconexa O’Dogherty, Gori¢an and Dumitrica (Figs.
5.13, 5.25), Japonocapsa sp. cf. J. japonica (Yao) (Fig.
5.3) and Yaocapsa sp. cf. Y. mastoidea (Yao) (Fig. 5.32).

Striatojaponocapsa synconexa occurred in the upper
Striatojaponocapsa plicarum Zone (JR4) to the lower
Striatojaponocapsa conexa Zone (JR5) of the Bathonian,

— 346 —



Triassic and Jurassic radiolarians from eastern Mt. Narukami, Ashio Mountains (ITO et al.)

139722080 | /139528 BN s

@ Mudstone including Middle Jurassic radiolarians b
| © Mudstone including Jurassic radiolarians
| © Chert including Triassic radiolarians and conodonts |

ol

=l Zama Pass -
M A ERI ) 5

A
— 3q“;3‘1' N

e 111013-5
110823-2
o }
7 '*k\\.. ’\ / =‘
4o 5 011101141
e \ s -‘_"\‘ e
s = T Ens N
<Ry 4 |
i
—36°30"N 0 {
{ i
{ o~
\ AR PSS
¥ = Tl - f B
.‘ i = X
W R
.~ Mt. Narukami 7
T et o Wl
\-. R N e /"l
: !
! )] & N
—36°29'N »
\1
s =
]
Tz !_1
\ i ™ /" -\-\\‘_ TR -
] = I N #

1110134
&

139°24'E TN 4392267

e

= N iz tte

.
't [::]
Ry * a4l
L i 3
) 3
) Fﬁ
e
= o,
L \ 2
Sl
v N
—= A { “
N 3 flll:
) = S
{ Nre= ek
BRI Ny -
~ S
\ &
e ) =
:
&‘. Y
@, ]
¥ 4
,§ i A
\ = ¥
Q ) <
i [ S i
= 4
(4 J =
/
G 7
i SRS /
i
. !
v = s /
7 5 e e =
— T i
o e f [H ==
. P
o /‘
J Vi 7
\
=
i 4 {
Z e
> < =
)
ta 5 = 5 =
)2 A 0N
ny LS e B
/@ OYK53-02 I .
b T e NS Umeda Lake
s 2 e N i | = ML
- f/,/ S 3 i
N ’ v &L
7 e %‘9}.% /
fd ey
X —
v N
2 — 1)
500 m
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and “Bamba”, according to the Geospatial Information Authority of Japan.

Middle Jurassic (Matsuoka and Ito, 2019); Yaocapsa
mastoidea occurred only in upper JR4, lower Bathonian,
Middle Jurassic (Matsuoka, 1995). The co-occurrence of
Striatojaponocapsa synconexa and Yaocapsa mastoidea is
limited in upper JR4 of the lower Bathonian. Consequently,
the age of this sample is dated to the early Bathonian.

4.1.3 Mudstone [111013-4]
This sample yielded Striatojaponocapsa plicarum (Yao)
(Fig. 6.1). According to the occurrence range shown by

Matsuoka and Ito (2019), this species occurred mainly in
lower—middle JR4, Bajocian, Middle Jurassic. Thus, this
sample is the Bajocian in age.

4.1.4 Mudstone [111013-5]

This sample yielded no radiolarian valuable in terms of
detailed age assignment. However, closed nassellarians
that occurred abundantly in the Jurassic (e.g. O’ Dogherty
et al.,2009a) were obtained from this sample (Fig. 7). This
article tentatively regards the age of this sample as being
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110823-2

Fig. 4 Triassic radiolarian and conodont fragment from the chert of the Omama Complex. (1-6) Pseudostylosphaera? sp. (7)
Triassocampe? sp. (8) Hozmadia? sp. (9—11) Conodont fragment.
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1110111

Fig. 5 Middle Jurassic radiolarians from the Omama Complex. (1,2,4-12, 14-17, 19-22, 24, 36) Closed nassellarian. (3) Japonocapsa
sp. cf. J. japonica (Yao). (13, 25) Striatojaponocapsa sp. cf. S. conexa (Matsuoka). (23, 26-31, 33-35) Nassellaria gen. et sp.
indet. (18, 32) Yaocapsa sp. cf. Y. mastoidea (Yao).
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1110134

Fig. 6 Middle Jurassic radiolarians from the Omama Complex. (1) Striatojaponocapsa sp. ct. S. plicarum (Yao). (2-20, 22, 23,
25-28) Closed nassellarian. (21, 29) Eucyritidiellum sp. (24, 30-35) Nassellaria gen. et sp. indet.
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111013-5

Fig. 7 Middle Jurassic radiolarians from the Omama Complex. (1-17) Closed nassellarian. (18-26) Nassellaria gen. et sp. indet.
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from the Jurassic.

4.2 Kurohone—Kiryu Complex
4.2.1 Mudstone [HTH12-01]

This sample yielded Japonocapsa sp. cf. J. mastoidea
(Figs. 8.1-8.5) and others (Fig. 9). Japonocapsa mastoidea
occurred only in upper JR4 of the lower Bathonian, Middle
Jurassic, according to Matsuoka (1995). The age of this
sample is therefore the early Bathonian.

4. 2.2 Mudstone [OYKS53-02]

This sample yielded S. plicarum (Figs. 10.1, 10.4) and
others. Striatojaponocapsa plicarum occurred mainly in
lower-middle JR4, Bajocian, Middle Jurassic (Matsuoka
and Ito, 2019). Consequently, the age of this sample is
the Bajocian.

5. Paleontological note

The preservation of radiolarian fossils is generally
poor; however, some radiolarians were identifiable. This
section notes representative radiolarian species among
the identifiable specimens. Descriptions of the species
examined in this study mainly employ the taxonomic
classification used by De Wever et al. (2001) and
O’Dogherty et al. (2009a, b).

Subclass RADIOLARIA Miiller, 1858
Order ENTACTINARIA Kozur and Mostler, 1982
Family HINDEOSPHAERIDAE Kozur and Mostler, 1981
Genus Pseudostylosphaera Kozur and Mostler, 1981
Type species Pseudostylosphaera gracilis Kozur and
Mock in Kozur and Mostler, 1981

Pseudostylosphaera? sp.

Figs. 4.1-4.6

Remarks: This genus is characterized by having a
spherical shell with two robust polar spines (Kozur and
Mostler, 1981). Because of their poor preservation, the
specimens are placed under Pseudostylosphaera with a
question mark.

Order NASSELLARIA Ehrenberg, 1875
Family RUESTICYRTIIDAE Kozur & Mostler, 1979
Genus Triassocampe Dumitrica, Kozur and Mostler, 1980
Type species Triassocampe scalaris Dumitrica, Kozur and
Mostler, 1980

Triassocampe? sp.

Fig. 4.7

Remarks: The genus Triassocampe is characterized
by having a long, slightly conical to subcylindrical
multi-segmented shell without an apical horn (Dumitrica
et al., 1980). The specimen also possesses a conical
multi-segmented shell. Meanwhile, some genera, such as
Annulotriassocampe Kozur, have similar outlines (e.g.,
Kozur and Mostler, 1994). Because of poor preservation,

the specimen lacks pores in segments, which are one of
the distinguishable characteristics. This study therefore
regards the specimen as Triassocampe with a question
mark.

Family POULPIDAE De Wever, 1981
Genus Hozmadia Dumitrica, Kozur and Mostler, 1980
Type species Hozmadia reticulata Dumitrica, Kozur and
Mostler, 1980

Hozmadia? sp.

Fig. 4.8

Remarks: The specimen has a globular cephalis with an
apical horn and downward spine. The genus Hozmadia
Dumitrica, Kozur and Mostler, is characterized by having a
globular cephalis with an apical horn and three downward
spines (Dumitrica ef al., 1980). Meanwhile, some genera,
such as Yeharaia Nakaseko and Nishimura, possess
similar shells (e.g. Nakaseko and Nishimura, 1979). This
study therefore regards the specimen as Hozmadia with
a question mark.

Family SYRINGOCAPSIDAE Foreman, 1973, emend.
Kozur, 1984
Subfamily JAPONOCAPSINAE Kozur, 1984
Genus Japonocapsa Kozur, 1984
Type species Tricolocapsa(?) fusiformis Yao, 1979

Japonocapsa sp. cf. J. japonica (Yao, 1979)

Fig. 5.3

Remarks: Japonocapsa japonica is characterized by
having a spherical cephalis, a truncate-conical thorax
and abdomen and a flattened-spherical fourth segment
(Yao, 1979). The outline of the specimen is similar to this
species, although the surface structure is not preserved.

Genus Yaocapsa Kozur, 1984
Type species Cyrtocapsa mastoidea Yao, 1979

Yaocapsa sp. cf. Y. mastoidea (Yao, 1979)

Figs. 5.18, 5.32, 8.1-8.5

Remarks: Yaocapsa mastoidea is characterized by
having a large last segment (Yao, 1979). The specimens
also have large last segment, although its preservation is
poor.

Genus Striatojaponocapsa Kozur, 1984
Type species Tricolocapsa plicarum Yao, 1979

Striatojaponocapsa sp. cf. S. synconexa O’Dogherty,
Gori¢an and Dumitrica, 2005

Figs. 5.13,5.25

Remarks: Hatakeda et al. (2007) studied the morphology
and lineage of Striatojaponocapsa plicarum (Yao) and
its affinities, such as Striatojaponocapsa synconexa
and Striatojaponocapsa conexa (Matsuoka), in detail.
According to the study, Striatojaponocapsa synconexa has
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HTH12-01

Fig. 8 Middle Jurassic radiolarians from the Kurohone—Kiryu Complex. (1-5) Yaocapsa sp. cf. Y. mastoidea (Yao). (6-23)
Closed nassellarian. (24) Eucyritidiellum sp.
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HTH12-01

Fig. 9 Middle Jurassic radiolarians from the Kurohone—Kiryu Complex. (1-20) Nassellaria gen. et sp. indet.
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OYK53-02

100 pm
(10-12, 15-19)

100 um
(1-9, 13, 14, 20)

Fig. 10  Middle Jurassic radiolarians from the Kurohone—Kiryu Complex. (1, 4) Striatojaponocapsa sp. cf. S. plicarum (Yao).
(2, 3, 5) Closed nassellarian. (6) Eucyritidiellum sp. (7) Archaeodictyomitra sp. (8—18) Hsuum sp. (19) Parahsuum sp.
(20) Paronaella? sp.
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a small basal appendage with a circular depression. The
specimens examined in this study have these characteristics
as well. Although their surfaces are poorly preserved, the
basal appendages seem to be small (possibly less than 30
um in width). This is consistent with the measurement of
the basal appendages of Striatojaponocapsa synconexa by
Hatakeda et al. (2007).

Striatojaponocapsa sp. cf. S. plicarum (Yao, 1979)

Figs. 6.1, 10.1, 10.4

Remarks: Striatojaponocapsa plicarum is characterized
by having a dish-like basal appendage with longitudinal
rows of pores (Yao, 1979; Hatakeda et al., 2007). The
basal appendage with pores is recognized in one specimen
(Fig. 6.1). Other specimens (Figs. 10.1, 10.4) also have a
basal appendage, although the surface structure and pores
are unclear.

Family EUCYRTIDIELLIDAE Takemura, 1986
Genus Eucyrtidiellum Baumgartner, 1984
Type species Eucyrtidium(?) unumaensis Yao, 1979

Eucyrtidiellum sp.

Figs. 6.21, 6.29, 8.24, 10.6

Remarks: The examined specimens have a subspherical
cephalis, a truncated conical to hemispherical thorax and
an inflated cylindrical abdomen. These characteristics
fit within the parameters of Eucyrtidiellum (Monosera
Takemura and Nakaseko, by Takemura and Nakaseko,
1986).

Family ARCHAEODICTYOMITRIDAE Pessagno, 1976
Genus Archaeodictyomitra Pessagno, 1977
Type species Archaeodictyomitra squinaboli Pessagno, 1976

Archaeodictyomitra sp.

Fig. 10.7

Remarks: The examined specimen has linearly arranged,
continuous costae with pores in a single row between the
costae. The specimen possesses no primary pores. These
are the characteristics of Archaeodictyomitra (Pessagno,
1977).

Family HSUIDAE Pessagno and Whalen, 1982
Genus Hsuum Pessagno, 1977
Type species Hsuum cuestaensis Pessagno, 1977

Hsuum sp.

Fig. 10.8-10.18

Remarks: The examined specimen has linearly-arranged,
continuous costae with pores in two or three rows between
the costae. These are the characteristics of Hsuum
(Pessagno, 1977).

Genus Parahsuum Yao, 1982
Type species Parahsuum simplum Yao, 1982

Parahsuum sp.

Fig. 10.19

Remarks: The examined specimen has linearly-arranged,
continuous costae with pores in a single row between the
costae, with primary pores. These are the characteristics
of Parahsuum (Yao, 1982).

Order SPUMELLARIA Ehrenberg, 1875
Family ANGULOBRACCHIDAE Baumgartner, 1980
Genus Paronaella Pessagno 1971
Type species Paronaella solanoensis Pessagno, 1971

Paronaella? sp.

Fig. 10.20

Remarks: The examined specimen has three rays with
meshwork surfaces. The shell of the specimen is similar to
this genus; however, some genera, such as Patulibracchium
Pessagno, have similar outlines (e.g. Pessagno, 1971).
This article therefore regards the specimen as Paronaella
with a question mark.
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BEH - R - Note and Comment

RELUMBDY 1 SRAMFXE 4T T Ly 7 AN SEHL ZHEEBERVFLR

P BTk KBRC-EEH BBC

ITO Tsuyoshi, SUZUKI Noritoshi and SASHIDA Katsuo (2021) Radiolarians and foraminifers from the
Omama Complex of Jurassic accretionary complex in the Ashio Mountains, central Japan. Bulletin of the
Geological Survey of Japan, vol. 72 (4), p. 359-370, 7 figs, 2 tables.

Abstract: Radiolarian and foraminiferal occurrences from the Omama Complex of Jurassic accretionary
complexes of the Ashio belt, which distributed mainly in Omama-machi, Midori City, Gunma Prefecture,
are reported in this article. Guadalupian—Lopingian (middle-late Permian), Middle-Late Triassic and
Jurassic radiolarians occurred in chert; Early and Middle Jurassic radiolarians occurred in siliceous
mudstone. Cisuralian-Guadalupian (early-middle Permian) fusulinids and smaller foraminifers occurred

in limestone.

Keywords: radiolaria, foraminifer, Omama Complex, Ashio belt, accretionary complex, Ashio Mountains,

Gunma Prefecture
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Fig. 1 Simplified geologic maps of the Ashio Mountains (modified after from Sudo e? al., 1991; Geological Survey
of Japan, AIST, 2018). Geographical names in brackets indicate 1:50,000 topographic maps published by

Geospatial Information Authority of Japan.
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A, 1996 ;5 Igo et al., 2000 ; Tazawa et al 2012)
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HEE3NG) R P2 b — v g5 (B3 XH).
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Fig.2 Fossil occurrence localities reported in this study. Base from the Geospatial Information Authority of Japan with its approval (Approval
number: R2JHs 66-GISMAP44702). This map uses GISMAP50000R+ “Kiryu and Ashikaga” by Hokkaido-Chizu Co. Ltd.

DD ATRENEA E. #.72 (Nazarov and Ormiston, 1985). JEIRDSFALL 7-FdHD
230K (#1218, #384) A 5 1 Parafollicucullus? sp. 73 FEH L FAEREICL D BT Lo X E SR OO FH 24
T3, Parafollicucullusf@ld AR B~~IOL L% H 5 fRIEAHTH 22 (21X, Xiao et al, 2018), Z D2k
PEMIT 2 729 (Bl 213, Aitchison et al., 2017), ZHh 5D FHIATH L 2ACDHFERE R WRENE S H 5. £72, &
ARt ERUIA 2 < & & BRI RAL~ ~OL A 4d L & Bl#225 5 & 13 Latentifistula? sp. 259 5. Latentifistula
n5. F7z, WkB#218I2& £ 5 Pseudoalbaillella? sp.d &= Z DFVR IZ AR~ 2580 5 R 5 (il 2
WL DD DOREAR (54 K13, 4)1F, %\ pseudoabdomen % 1, Aitchison et al., 2017). Z D7z, Z DiREOFERIE
i 7 & O i CPseudoalbaillella scalprata Holdsworth and Y Ly AR~ sl ELONS.
Jones!ZHHLL 4 5. Xiao et al. (2018) DR L 72UAME TD
Pseudoalbaillella scalprata® pE X [ 13 Kk TUA3-UAL0 3.2 =EfKER
(AT INTURT v T VBE~T T HXLET VR F v — b TIR & ZEACHHECR A R L 72 (551 %K)
FrEa=7 U THD, ThED2RBIOFERITT v I 2 i R O SEMEH: 2 28 5 X2 TR 7.
Y )T UH~F a7 VHIOTREMEY B B, 2ERBE (#234, #311) 13, Muellertortis? sp. % &0, Zh o
3R #221, #226, #296) A & Latentifistula texana Nazarov I3 U7z K\ spine & £ D 1A & M. cochleata (Nakaseko
and Ormiston23 5 6 17z, Z OFEIX FE~IL 4 R Trik & and Nishimura) (ZJHL L TH 0, W4 U 7= [6FEO 7T e
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FIX KMA Ty T Ly o AORMEESEOBE - SR EE, (A)SRAIKE. B) EIRAIKE. (O ~XuAf 44
IR L A v A2 b — V. D) EEES VA4 v 2 b=V, (B)Xua A ZVEPREES VA Y 2 b — .
(F)w 328y 2 b=V, (G)ERSAKE. H Fo2b—V, CG:Z7BA=T)H:A—T V=3,
FRHES  C #3035 D #3075 E 1 #3245 F : #1885 G : #3115 H : #219.

Fig. 3

Photographs of outcrop and thin section of carbonate rocks of the Omama Complex. (A) Massive limestone. (B)
Bedded limestone. (C) Peloidal bioclastic grainstone. (D) Bioclastic grainstone. (E) Peloidal bioclastic grainstone. (F)
Crinoidal packstone. (G) Recrystallized limestone. (H) Dolostone. C-G: Crossed polar; H: Open polar. Sample number:
C: sample #303; D: #307; E: #324; F: #188; G: #311; H: #219.
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1k KMAaY 7Ly 20F v — b RUHERAED? OGO NZHEE KT 7 PV FORERY 2 L.

SM : HEJes s Ch: Fv— b,

Table 1 Occurrence list of radiolarians and conodonts obtained from chert and siliceous mudstone of the Omama

Complex. SM: Siliceous mudstone; Ch: chert.

Sample locality

154 164 166

204 206 207 218 221 225 226 234 257 269 271 273 296 311 384

Lithology SM__ Ch

Ch

Ch SM Ch Ch Ch Ch Ch Ch Ch Ch Ch Ch Ch Ch Ch

Follicucullus sp.

Parafollicucullus ? sp.

Pseudoalbaillella? sp.

Latentifistula texana Nazarov and Ormiston
Latentifistula sp.

Latentifistula ? sp.

Latentibifistula ? sp.

Ruzhencevispongus ? sp.

+

+ +
4

+
o+ o+

Triassocampe sp. cf. T. coronata Bragin

Ruesticyrtiidae gen. et sp. indet.

Pseudostylosphaera japonica (Nakaseko and Nishimura) group
Pseudostylosphaera sp. cf. P. fragilis (Bragin)
Pseudostylosphaera sp.

Spherical Polycystinea

Muellertortis ? sp.

Hindeosphaeridae gen. et sp. indet.

Spongoxystris koppi (Lahm)

+ o+ o+ o+ o+

Archaeodictyomitra sp. cf. A. exiguum Blome

Archaeodictyomitra sp. cf. A. rigida Pessagno

Archaeodictyomitra sp.

Pseudodictyomitrella? sp.

Protunuma sp. cf. P. fusiformis Ichikawa and Yao

Eucyrtidiellum sp. aff. E. omanojaponicum Dumitrica, Gori¢an and Hori +
Eucyrtidiellum sp.

Bi-polar form of Spumellaria +

conodont fragment +

2 %. Sugiyama (1997) 12K % &, M. cochleata® {1}
XMIETRS (HEB = &R 7 74 =7 v~ B =&
RHh—=7 VERTH) IR TE D, 280k #234,
#311) OFREHH T 74 =7 VW~ 5 — =7 v Wi
WITHh2THEMED B 5.

258 B (#204, #257) » 6 1F, Triassocampe sp. cf. T.
coronata Bragin’s & 73 517z, Sugiyama (1997) 12K %
L, T coronata®pE X BHIETR2B-TR3A (HE =B8R 7
=TV ICROhSE. Lo T, Zhsoilko
FRET7 =7/ MeELONS. F, ST 5
i, RO RV MEABED LN
SR (#207) (& Pseudostylosphaera sp. % & 3. O'Dogherty
et al. (2009) 12 & % &, Pseudostylosphaeralg ® pg H X [
FEFBEBRA VAR T VB~ B EER —= 7 VR
DFHTHZ. Leh->T, ZOkHIAL 357 /1
~Hi A — =7 YHOWFT Iy OFENE R T

1E3VBF #273) A 6 12 Spongoxystris koppi (Lahm) 235 5

hi-. ZofE, P8R 7=2VT7 VB~ T4 =7
VRED B DREHIHIS NS (A 13, Sashida er al., 1999 ;
Tekin and Mostler, 2005). & -, ZDABDOFEMRIZT
=T~ T4 =7 VHITH B.
AR ORE(#269) 1ZRuesticyrtiidae gen. et sp. indet. & & 2.
7z, SO/ F U MY 57z, O'Dogherty et
al. (2009) 12 & % &, RuesticyrtiidaeF} oD o 4 X [ 13 i
=gRT7T =T VB~ BB R -V T VETH D,
ZORBOERE ZOMTHZEELLbNS.

—

—

3.3 YasioKEs

AF3E0E2 5 U o IR AR o T2 (5 148). 13k
BHIF v -+ Th D, 2iBHIHEEETH 5. RN
7e R O SEMIEIE & 55 6 X128 ¥

F v — b B #271) 2 6 1%, Protunuma sp. cf. P.
fusiformis Ichikawa and YaoZs & 2344 & 117z, Protunuma
SusiformisiL, Striatojaponocapsa plicarumiy (WY 2 5
FNy Y a v T VEE~TE S P =7 VB, Matsuoka and
Ito, 2019) D ¥ FH T & 5 Striatojaponocapsa plicarum
(Yao) & dkpt§ % (il 213, #A4R, 1985). ZHhUZiED< &,
ZOMEHE, Ny Y a v T v~ =7 VOB O
RThseE2LOENS.

FEE Ve 150 (#206) 22 5 13, Archaeodictyomitra sp.
cf. A. exiguum Blome X U'A. sp. cf. A. rigida Pessagno’PE
Hy L T 3. Archaeodictyomitra exiguumid, 42K Tl
HEBY 2 7R a7 VRES» ST % (Blome, 1984).
F 7z, R O 1L T4, sp. aff. A exiguum &
Striatojaponocapsa plicarum & DIPENRE LT\ 5 (I
B, 1987). L7n->7T, ZORMBOFEMRITHIY 25
Ny Vav TV~ hue T VHITHEEELLNS.

RIS AR D 1D #154) 22 513, Eucyrtidiellum sp.
aff. E. omanojaponicum Dumitrica, Gori¢an and HoriA® P&
Hy 9 5. Eucyrtidiellum omanojaponicuml3, Hori (1990,
1997) D Eucyrtidiellum? sp. CT& 1), Gorican et al. (2006)
2k o TRtk X 7z, Hori (1990, 1997)12&% &, ZO
P E Parahsuum simplumitiy @ 35 (Eucyrtidiellum? sp. C
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100 pm (1-11, 13-17) 100 pm (12, 18-20)

100 um (21)

FAX KAV TV w2 Z2OF v — b2 555Nz ~00 L5k

Fig. 4 Permian radiolarians obtained from chert of the Omama Complex.

(1, 2) Follicucullus sp. (5, 10) Parafollicucullus? sp. (3, 4, 6-9) Pseudoalbaillella? sp. (11) Albaillellaria? gen. et sp. indet. (12)
Entactinaria gen. et sp. indet. (13) Latentifistula texana Nazarov and Ormiston. (14) Latentifistula sp. (15, 18, 21) Latentibifistula?
sp. (16, 17, 19) Latentifistula? sp. (20) Ruzhencevispongus? sp. Sample number: 1, 2: sample #166; 3, 5-9: #218; 4, 11, 12, 14, 15,

19-21: #226; 10: #384; 13: #221; 16—18: #296.

group’iy ~ Trillus elkhornensisitiy) IR 6N TH D, TH

VagROT) Y Iy T VREIIEITREN S K
M43y 7V o 20PHEEH» S DA ALixEZ
LW, HEJeE RUeE 2 6 Striatojaponocapsa plicarum
DOEEH S X Ty b (Kamata, 1996). FixiD@E D,
COMEPEY 2 7%y ¥V a ¥ 7 VI~ TN =
7 v W& DStriatojaponocapsa plicarumiiy O i FE T & 5
(Matsuoka and Ito, 2019). AKHFFEIZ ¥ 1T B Eucyrtidiellum
sp. aff. E. omanojaponicum % & 0B Je il ft (#154) DR
RFEIY 2 5T v 289 27 VITHD, K4
AVTVy 7 ZOPEE E L TR O E R T

3.4 ~NILLIEHEILR

1M KGR 2> 5 F LR Ao (2%).
N EALROFEREHEZETIXIIRY. 205507
AURH#179, #261, #298, #303, #306, #307, #324) 75
V& Parafusulina sp.23PEH1 9 %. Zhang and Wang (2018) IZ
L NZ, Parafusulinal@ OpEHIXBNE Y 29 50 7 V%
T=TAVAFT VB~ T EALET ViiF v B4 =T
VETHD. o TIhEDOMBET—T 4 v AFT v
W~F x5 =7 YHIOWT A DOHENERT. Zoh
D 1780k (#298) 1ZNeoschwagerina sp. aff. N. simplex tenuis
Toriyama and Kanmera % & 5. Zhang and Wang (2018) 1=
K hE, Neoschwagerina simplex!d i [E B T3 v —
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RREIBKE 42> 7Ly 7 20K - AfLd (DHEEIEA)

100 pm

H5X K4V 7Ly 2 20F v — b 26/ SEKER RO T 2 RV b,

Fig. 5 Triassic radiolarians and conodonts obtained from chert of the Omama Complex.
(1, 5) Triassocampe sp. cf. T. coronata Bragin. (2-4, 6-13) Ruesticyrtiidae gen. et sp. indet. (14, 15) Pseudostylosphaera
Japonica (Nakaseko and Nishimura) group. (16, 18) Spherical Polycystinea. (17) Pseudostylosphaera sp. cf. P. fragilis (Bragin).
(19) Hindeosphaeridae gen. et sp. indet. (20) Muelleritortis? sp. (21) Spongoxystris koppi (Lahm). (22) Conodont fragment.
(23) Triassic-type conodont fragment. Sample number: 1-4, 18: sample #204; 5, 6, 22: #257; 7, 8, 1417, 23: #269; 19: #234;
9-13, 20: #311; 21: #273.
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100 um (1, 3, 4, 6-10, 12, 13, 19) 100 ym (2, 5, 11, 14-18)
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Fig. 6 Jurassic radiolarians obtained from chert and siliceous mudstone of the Omama Complex.
(1) Archaeodictyomitra sp. cf. A. exiguum Blome. (2, 6, 7) Multisegmented Nassellaria gen. et sp. indet. (3, 8-13)
Archaeodictyomitra sp. (4) Pseudodictyomitrella? sp. (5) Archaeodictyomitra sp. cf. A. rigida Pessagno. (14)
Protunuma sp. cf. P. fusiformis Ichikawa and Yao. (15) Unidentifiable Nassellaria. (16, 17) Eucyrtidiellum spp.
(18) Eucyrtidiellum sp. aff. E. omanojaponicum Dumitrica, Gori¢an and Hori. (19) Bi-polar form of Spumellaria.
Sample number: 1, 3—6: sample #206; 2, 18, 19: #154; 7-17: #271.

F2k KAV TV o o ZOREIFERE,? 5155 NAILROPEL ) 2 1.

Table 2 Occurrence list of foraminifers obtained from carbonate rocks of the Omama Complex.

Sample locality #149 #179 #188 #261 #298 #303 #305 #306 #307 #324
Parafusulina sp. + + + + + + +
Neoschwagerina sp. aff. N. simplex tenuis Toriyama and Kanmera +
Nankinella sp. +
Climaccamina sp. aff. C. yishanensis Lin +
Climaccamina sp. +
Geinitzina sp. + + +
Lasiodiscus sp. +
Neodiscus sp. +
Nodosinelloides ? sp. + + + + +
Gen. et sp. indet. +
TAT VD, 4V FYFHBITR Y v - T VR 4. £&EH
FE~Tie —7 4 7 VRO LA OEERTSH 5. il
K208 DEMRUZBIL T, 5127 v 7 =) 7 v Wik DEEBIRA L O K~ WA A § 2 2 et ¥ 2 5
Bl~a—7 1 7 Y HOFPHICHE S NS TREME & 5. kDKM % a3y 7V 7 25 5 EHR K OH L
Z DIE A O (#149, #188, #305) 12D THAFER Hfbfiz R L 7.
EIHN AR RO 5T 59, £ DFENITAH 2) F v — b TERED S 0L 2L R LA A, 7ERE
TH5. B ZRHLIKERA, 1R B Y 2 7 A 5
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Fig. 7 Permian foraminifers obtained from limestone of the Omama Complex.
(1-9) Parafusulina sp. (10, 11) Neoschwagerina sp. aff. N. simplex tenuis Toriyama and Kanmera. (12, 13) Nankinella sp. (14-16)
Nodosinelloides? sp. (17-19) Geinitzina sp. (20, 26, 27) Gen. et sp. indet. (21, 22) Climacammina sp. (23) Climacammina sp. aff. C.
vishanensis Lin. (24) Neodiscus sp. (25) Lasiodiscus sp. Sample number: 1, 7: sample #307; 2, 5, 6, 10—-13: #298; 3: #306; 4: #261; 8,
14, 19: #324; 9, 17, 23: #179; 15, 22, 24: #306; 16, 18: #303; 20: #180; 21: #305; 25: #307; 26: #188; 27: #180.
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ITO Tsuyoshi and KUSANO Yuki (2021) Geochemical characteristics of basaltic rocks from the Omama
Complex of Jurassic accretionary complex in the Ashio Mountains, central Japan. Bulletin of the
Geological Survey of Japan, vol. 72 (4), p. 371-381, 6 figs, 1 table.

Abstract: The Omama Complex, a Jurassic accretionary complex of the Ashio belt, is distributed over
the western Ashio Mountains, and is characterized by dominance of basaltic rocks and chert. This study
revealed the major and trace elements of these basaltic rocks. The results from geochemical analyses
suggested that the basaltic rocks belonged to Enriched mid-ocean ridge basalt (E-MORB) and ocean
island basalt (OIB) affinities. Such geochemical characteristics of the basaltic rocks within the Omama
Complex resemble to those of the Haiya and Kumogahata complexes of the Tamba belt. Previous studies
considered that the Omama Complex can be correlated to the Haiya or Kumogahata Complex based on
reconstructed Ocean Plate Stratigraphy, and the geochemistry of basaltic rocks supports the geological
correlation. Meanwhile, another previous study considered that the Omama Complex can be correlated
to Unit 2 of the Kuzu Complex in the eastern Ashio Mountains. However, the present result does not
necessarily support the consideration because the previously-reported basaltic rocks of the Kuzu Complex
resemble solely OIB.

Keywords: Basalt, Jurassic accretionary complex, geochemistry, Omama Complex, Ashio belt, Ashio

Mountains
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Fig. 1

Index maps of the study area with locations where geochemical studies on basaltic rocks have been done ([a]-[e]).

(A) Distribution of Jurassic accretionary complexes of the Inner Zone of Southwest Japan (modified from Geological
Survey of Japan, AIST, 2018). (B) Simplified geologic maps of the Ashio Mountains (modified after from Sudo et
al., 1991; Geological Survey of Japan, AIST, 2018). Geographical names in brackets indicate 1:50,000 topographic
maps published by Geospatial Information Authority of Japan. [a]: Hashimoto ef al. (1970), Sano and Tazaki (1989),
Nakae (1991), Koizumi and Ishiwatari (2006); [b]: Tagiri and Kasai (2000); [c]: Kusano et al. (2010); [d]: Nakajima

et al. (1992); [e]: this study.
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Fig. 2 Sample localities of basaltic rocks analyzed in this study. Base from the Geospatial Information Authority of Japan with its approval
(Approval number: R2JHs 66-GISMAP44702). This map uses GISMAP50000R+ “Kiryu and Ashikaga” by Hokkaido-Chizu Co. Ltd.
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PWHEE TP Y 2 T HOFREZ7R T (Bl 21, Kamata,
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F3X TREHEOMAEE., (A-C) Om-1, IT16072402.
Om-3, IT16120604. A, B, D, F, G: a0 Z=2)L,

1996). K42 v 7L w2 22, ALR-mErAmof%
oMMt oIz L Tnb, JBTifE TR Eh
7o MBI (B 20, Ak - R/, 1981 5 FRIE A, 1990 5
JEREIZ 2, 199 IZHEED L, a3 v TV v 2 ZANTIEHME
W TEBICRRCIAS TREEN AT 5.

K% 3 v 7V y o 208 FEAHED LA FHO 554

(D, E) Om-4, IT16120605. (F, G) Om-2, IT16120603. (H)

C, E, H:F—7 v =0, Pl:#EA; Cpx: BpHHA 5
Srp : WERCA 5 om : KSR 5 Ep : SRR AL 5 Cal - HfRA  vE KIS RS vein ¢ AR

Fig. 3 Photomicrographs of basaltic rocks. (A—C) Om-1, IT16072402. (D, E) Om-4, IT16120605. (F, G) Om-2, IT16120603.
(H) Om-3, IT16120604. A, B, D, F, G: crossed polars. C, E, H: open polars. Pl: plagioclase; Cpx: clinopyroxene; Srp:
serpentine; cm: clay minerals; Ep: epidote; Cal: calcite; vf: volcanic rock fragments; vein: quartz vein.

RO TR A A FUR Y D e DR EUE A BB & £
HUZCEE2). KT, 2hZhoiHcOnWToOME
BUTATN

. Om-1 &U“Omﬁg&“ﬁﬁ%iﬁﬁﬁﬁ 0, RO
AU FRIK O KA TR L 72, Om-4130m-1 DA
W EAICAE L TR D, & IR o R H E M
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K% a3y 7 vy o ZhOZREEDO AR (D - 71F)

TH5. Om-1IFBEHE LTRHER - HFDHG - A5
At kG, AR, BRAO - HEMAG - RNEWHEEY
NokD, A VvE—rI =27 —#MikERTSEE3N
A). BHEAE, RKE1 mmfEE THE S 2 W3 EEE
W TH 5 (EFE3XB). LLORELNRY -2 254 b
fbLTwW3, HEELIZF2-1 mmfETH 5. FHE
ALidRED, BEERIVKMEL TS, BE,»54H
DL DORL 0D, WAEHROT-MEEEET 5068 5
5. DAL ARSI T, BHICER TS (5
3XIC). Om-4iZ0m-1 & [FMRIZ, BHEA - HEDER - A
BRGE A 5 70 B AHEPICRIESA - HENER - AL A
ADOBEMBFET 5 HE3XD). 7 A S AR &
UKL imic @ x T3 (BE3XE). Om-112kR%
LHIRITH B,
om2®%ﬂﬂﬁﬁﬂimﬁﬁﬁt&aVﬂﬁ@ﬁﬂn
MNM®EﬁT MR O L RN & 72 5. ﬂﬁ
AN UOHEFRA RS2 GO0 EREBRETH 5. Om-1%
Om-4 12 R THIIMKTH % (FHIIXF). HEME I
BhAOR A (EIXG) & 5 \0id7 2 7/ AicE
rxh T3,

Om-3 D ERHUH FIEOm-2 DRI RO IEIE I 6 72 0,
seAAC RN O ILEIR N TH . Om-3130m-2 DG
M ERTIZRiE L, 222 emPL FOKIAESR A 6 7% 5 8K
MEEETH D CE3XH). 7 ABEHZE L 7=k +.80
Yng, TS 5. KA SR ORI IER
BOanidwond. B ERICEL mmBl T O4 5Nk,
BRI O FEds A& Y] > THET S GE3XIH).

3. PMFERVHER

LR ORIE S, FE R B R e o —
2 DHIEXFR I (RIGAKU RIX3000) (2 & > TIT >
7z, PRELL 7255 ARt o i b B OVIR % B2 L, YDk
TS U 728212 A A v S8R Tokd L 120°C THZME L 7=
ZO%, SRREE & V2T V=34 FEIFSRTK
RRIZDEEL, BV ATV =34 FELR—)LILT
AR 2 AR U 72, e brid, k(1.8 @) KUY
WUAZTEE) F7 240288 g) X ZFTHEY F7 4072 )
ERALUI I 2HMON Z 28 — FA{EK L7 806X

T, FEILHEICIMATCBa-V-Cr-Ni-Rb-Sr-Y
Zr + Nb * Pb - ThOEICE 2 HlIE L 7=.
SR TR EAE - TR (1997) 12 K5 <. &, Pbe

WZDWTE, FfE - FE(1997) IR S h -t R &
RN IS E R & 1T - 72, WE g% DL MIcidilid 5.
Rhf BEMRAF O Ml BT & OV T 50 kV, 50 mA T, 4
Sk & B B 1E Z U2 MLLIF & Scintillation counter (SC)
THy, WERKIZE -2 fEE Ny 22759 Y FALE
TENFNI0HE L < M) v o Z5RIE, -2
HIEE/Ny 775y FEEOREHCTHIELZ. £
7z, EEMERORHIAth D WIE LR (BAG - FERE, 1997) & [FIRk

12, BEERAR AT B SR AR A £ v 4 — OHEkAL
sppudE R, KRS S ) — XA L 72, PbOMIEIZIE
Pb-LA1 %%, ThOMFEIZIZTh-Lat 2 i L, BREHO
EHEEIZZNEFN085L032TH - 72, R EH1
FRITRT.

4. HEREZFRVER

alatkha, Si0, =48.91-57.77 wt%, MgO = 3.51-11.95
wt%, Na,0 + K,0 = 1.48—4.57 wt%% 7~ L, ITUGSD[X 5} (Le
Bas and Streckeisen, 1991) 1Z%€ 9 &£ Om-1, Om-2 X U*Om-4
NARRAEIZ, Om-3 X ZIEIZ T Ty b I b E &

DEE1E). ZhooikTiE, BHRADY —Y 254
MER A B AR DR LR E N TR D, &A1k
R S — I CERBEMEHOEE 25217 T\Wb Z L HRE
Ehd. 22T, ZEEMOREEZIFIZWAEETT
T &b %high-field strength elements (HFSE) &MnO - P,0s
DOFEICHE L S CIZCr * NIDEHAITTRIZOWTHG 217
D.

Ak 0 LA TIL, Zrd A B A3 78.5-165 ppmD Hl
R AR, ZeB =& B, Tio, &Mtz 7' v vy
Mg B E, Om4id, fBOMBHIIERTZIETIOEH
HARREWERLE; H4XA). £72, Om-14£0m-4
i, Om2R0m-3 N TZriE AR PO BARNE S
IZEO, FIFEEOZrEA RIS LP,Os A ESRRE
WE A S 5 (4B, D). WMEICHIBE IV TT
Om-1 £0m-41%, Om2X0m-3&L 0D &#F L < EWCr - Ni
AR, MONbEARERNT GE4XE-G). Y&EHEIS
DT, Om-423MBOFBHI bR Tzre & G ITE M
Y (B4 KH). TiO, - MnO - P,Os * YIZ DWW TIZZrlZ
HLUTRWHBEAZRLTED (4KA, C, D, H), %
Bk @uiaaa&naﬂﬁéhé WARILRTH B
CrENUZDWTIIEBIC & % A FEHEIZRHIT 5 DI
#ELVAY, Om-1 & Om-4 ;tOm-z)jzszm-fs S G
AROENERL TEHYD (F4XE, G), PIERICHE 7L —
TTORELIMENRLE ST Z EABRmET 5. £
72, Om31Z DWW T, FRATCEMRIELZINAEE TH
%%, HFSEgGARIB4ABh TREMSKGILTH 3
EHIMrEns., LT, UBREOM3I2OoOWTIEH
HAHIC L TERT 5. NbiZ DWW T3zt L ¢
WM—D ML Y FERTOD, 2KD MLV FRGEET S
DOPYIWAHE L WA, CreENIDFEHIE bbETEZL B &,
Om-1&0m-4, Om2¢,0m-3DZNZFhMR LV K&
KL TWBEEZEZDLDONEHENTH 5.

LECE O MR AR RIS D0 T, Rk & 21
2% - FIFEhTWD, ZZTiEWL 22053
KizksW\WT, K42y 7Ly 2 Z0OREM E ORI
IZ7ay FENDShAERT. FEICKRE AV 7ZTiON10—
MnO—P,0s ¥ HI Xl (Mullen, 1983) Ti&, $XTORKIA
H i RS (MORB) fHIRIC 7' a y b ¥ h 5 (55X
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Table 1 Whole-rock major and trace elements of basaltic rocks of the Omama Complex in the Ashio Mountains.

Sample No. Om-1 Om-2

Om-3 Om-4

Occurrence Lava Lava

Tuff breccia Lava

Sample locality 36°29'40.31"N

139°23"29.88"E

36°29'35.14"N
139°17'5.42"E

36°29'42.47"N 36°29'38.32"N
139°17"2.72"E 139°23'32.47"E

SiO, (wWt%) 49.71 50.82 57.77 48.91
TiO, 1.28 1.56 1.20 2.58
Al,O4 15.41 16.64 13.53 13.64
Fe,0; 9.74 10.52 10.16 16.36
MnO 0.16 0.20 0.12 0.27
MgO 11.95 4.84 3.51 8.47
CaO 6.30 10.63 11.41 5.49
Na,O 2.48 2.47 0.87 2.19
K,O 2.09 1.22 0.61 0.53
P,05 0.17 0.14 0.12 0.32
Total 99.30 99.05 99.30 98.76
L.O.I 3.92 3.38 3.01 4.17
Ba (ppm) 531 170 283 164
Cr 1063 196 213 912
Nb 20.8 9.0 7.9 27.6
Ni 378 61.6 52.6 385
Rb 30.9 34.7 11.1 12.4
Sr 77 195 174 102

\% 295 250 231 347

Y 21.4 24.5 214 36.1

Zr 96.0 98.0 78.5 165

Pb 0.53 0.74 2.11 0.64
Th 3.77 2.44 1.85 1.86

A, B). —J7, 2Nb—Zr/4—Y¥| 3 [X] (Meschede, 1986) T
13, Om-1 LUOm-41Z 7L — FNT LAY Lk (WPA)
+7 L= PNV LT A FMEEES (WPT) SHIKIZ, Om-2
B U00om-3 1 3WPT+E Il & U (VAB) fHIRINIZ Z h 2 h
Fay X3 (H5XC, D). Ze—Zo/YH B X (Pearce
and Norry, 1979) Ti&, Om-1 £O0m-413 7L — b NERE

(WPB) fHlIZ & £H, Om-2 &£O0m-31EMORB& WPBDIH
Wz Ty M Eh B (EE6IXA). F72, Nb/Zr—-Nb/Y %
W27 2 — AEOHmHESZRRE (OIB) - vy b 2
ARy MEJEHDOIB - MORBD IHEIX] (Tatsumi et al., 1998)
T %, Om-1&0m-4iX0IBD FH I 12, Om-2 & Om-3 1%
MORBDMKHPHIZ 70w b 5 ((E6lXB).

D E#BMTEE, KoY T Ly o ZOHEEIC
T3 LRAEMHIE, Om-1- Om-4 K% U'0m-2 - Om-3D2
FEEICXH X 5. Om-1 £0m-4 &%, Mullen (1983) D
JHMD 7 — &2 L Hlg$ 5 &, B IZIEMORBT — % D
FICIE AL, FT—2DZLWEKIZTT Y F XA T

% (#5XA, B). Z#IZH L, Mullen (1983) DF — & D
5%, OIBTH 5tV L 74 | (0IT) R UWIEE T
) LA (OIA) 1%, ¥dd g DOMORB, Bk
VL 74 MIAT), ZLTAHNLZ T H ) XA (CAB)
DETOMHEFIZE Tuy bEhTnd, ZhoDF—4
i&Mullen (1983) D KPEY L 7 4 MELKRA (CTB) DREIK
E—HLTWA. WEERO 7 — 2 TR OMEI% I &
57 — #BRMBHRAEUS IR S KFE L T B 2 &b,
MEICKOHERLEZN R E ADETHEZ S &, Om-1
Eom-4 &1, Ky b ARy MBI U 22 GG B O pE
W (LD WPB) Th 0 (55XA, BRUH6[X), MORB
Tida <OIBMAMEAE D8 D LEIRYT 2 DAL
TH3. —/iom-2 & 0m-31%, FEICEE V72150
TIIMORBHEKIZ (5 5KIA, B), MEICEE 22—
Zr/Y L UNb/Zr—Nb/Y B X Tk, MORB® % ) iZMORB
LWPBOEREIZ T2y b N B (5E6KB). 2Nb—
Zr/A-YHI B X (5 51XC, D) TIEWPB+VABHHIK % 7R 4
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. Nakae, 1991; Koizumi and Ishiwatari, 2006)
*Onl Nakaji ., 1992 : . -
A Unit 2.of the Kuzu Complex *Oniy (B) (Nakalima efal., 1992) Kumogahata Complex (including Yajiro Complex)
A Kando Subcomplex (Kusano et al., 2010) (Hashimoto et al., 1970; Sano and Tazaki, 1989;

Nakae, 1991; Koizumi and Ishiwatari, 2006)

m Kasama Unit (Tagiri and Kasai, 2000)
% Shuzan Complex (Koizumi and Ishiwatari, 2006)

+ Takatori Unit (Tagiri and Kasai, 2000)

A EREwm MK OFHER I E E 3 KREHOMIKME MK, a3 Ly 7 202 =y b 2O5HR (BSEIZA, 1992)
IZOWTiX, B)DAIZRENS.

Fig. 4 Geochemistry of basaltic rocks of the Ashio and Tamba belts. Geochemical result from Unit 2 of the Kuzu Complex (Nakajima et al.,
1992) is presented in only (B).
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@ Haiya Complex (Keizumi and Ishiwatari, 2006) B Kasama Unit (Tagiri and Kasai, 2000)
¥ Yajiro Complex *Only (A) @ Takatori Unit (Tagiri and Kasai, 2000)
(Hashimoto ef al., 1970; Sano and Tazaki, 1989; Nakae, 1991) L

% Kumogahata Complex (Koizumi and ishiwatari, 2006)
A Shuzan Complex (Koizumi and Ishiwatari, 2006)

B R RO IZE £ 5 KA SHOHER L= HAIK. (A, B) Mullen (1983) 125D < Ti0,/10-MnO-P,05 .  (C,

Fig. 5

D) Meschede (1986) (25D < 2Nb-Zr/4-Y[X. ALCIE K4 T Y TV v 7 2 L PR OB A L O %, BEDIE

K e ay 7Ly o 2L RREHEOMOWERE DK ART. BOFWHE, K4y 7Ly o 2P0 X8E
MOV MR AR Y. AHEI Y TV v 2 ARCART VTV y 2 20550455 (Hashimoto ez al., 1970 5 A8 -

i, 1989 HHYL, 19911220\ TiE, (A)DAITRENS. BAEI VY TV v 7 A0 =y P 205 R (hEIEs,
1992) 1220\ TiX, (B)DAITRE NS, MORB : HIYLRE LI 5 OIT * ¥R Y L 7 4 b 5 OIA - MR 7V 7

VYRS S IAT : Bl L7 4 b s CAB: Ao 7 Y ZE s CTB - KBEV L 7 A FERIKE - N-MORB : N
s A4 TR s E-MORB : EX A 7 uia il s WPT: 7L — PV L T4 b s WPA: 7L — FAT

L) LR 5 VAB KBRS,

Discrimination diagrams of basaltic rocks of the Ashio and Tamba belts. (A, B) TiO,/10-MnO-P,0; diagrams by Mullen (1983).
(C, D) 2Nb-Zr/4-Y diagrams by Meschede (1986). A and C show the comparison between the Omama Complex and geologic
units of the Tamba belt; B and D show the comparison between the Omama Complex and other geologic units of the Ashio belt.
Blue dashed line indicates samples from the Ashio belt other than the Omama Complex. Geochemical results from the Natasho
and Yajiro complexes (Hashimoto et al., 1970; Sano and Tazaki, 1989; Nakae, 2001) are presented in only (A). Geochemical
result from Unit 2 of the Kuzu Complex (Nakajima et al., 1992) is presented in only (B). MORB: mid-ocean ridge basalt;
OIT: oceanic island tholeiite; OIA: oceanic island alkalic basalt; IAT: island arc tholeiite; CAB: calc-alkaline basalt; CTB:
continental tholeiitic basalt; N-MORB: normal mid-ocean ridge basalt; E-MORB: enriched mid-ocean ridge basalt; WPT:
within-plate tholeiite: WPA: within-plate alkalic basalt: VAB: volcanic arc basalt.
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FolX BT K UTPHEFIZE £ 5 TREFHOMERLZFIRIX]. (A) Pearce and Norry (1979) 1255 < Zr-Zr/YIX. (B)
Tatsumi et al. (1998) (=55 < Nb/Zr-Nb/Y[X|. MORB: H b Sl s IAT B3y L 7 4 s WPB: 7 L — P A KEUE
HIMU : & p ("UA"Pb) BV 5 OIB ¢ MRS R

Discrimination diagrams of basaltic rocks of the Ashio and Tamba belts. (A) Zr-Zr/Y diagrams by Pearce and Norry (1979).
(B) Nb/Zr-Nb/Y diagram by Tatsumi ez al. (1998). MORB: mid-ocean ridge basalt; IAT: island arc tholeiite; WPB: within-plate
basalt; HIMU: High p(***U/***Pb) basalt; OIB: ocean island basalt.

Fig. 6

23, E-MORB& OHIFIIZHENWE Z AICT 0y P I s,

2Nb—Zr/4-Y[X 1, WPB+VABHE I D — i IZP-MORB %
GATWS Z L5 (Mescede, 1986),
MORB®D H1 T & E-MORBIF % & D L R F 5 D »EF
WThb. Lizho-T, Kixar 7Ly 20%ERE
FHIZ1E, Om-1£0m-4D & 5 HOIBM AR A2 H> ¢ D
&, Om-2£0m-3D & 5 IZE-MORBH Rl & Hi> & D
D, Y LG 2R EEND LA 5.

5. b8

BH TN K512, FREweRREFotmoa 7
Ly 7 2 &M 5 XA THIC DWW TE, ZOBR;IC
B 20l aER ST S, M, KAz v
TV oy o A ESATMIRO ML R & L4 5. &
¥, FEZAH (2010) 2SKRET U 72 2 e i sk 2oy
é*ﬁ%ﬁ@%%‘onfu Wﬁ@mnbﬁﬁ%Mﬁ
:/7vjﬁxW@@F#7:/7v/7x&LTWD
%> . Tagiri and Kasai (2000) 23R&f L 7= ;ﬁ%ﬁ;'ﬂ.li‘%@*lﬁ
BERIZOWTE, F5H - U8 (2000) 123D Gl =
b Emﬁllr— 7 FELTHD.

ﬂ&w@ﬂm:/7v/7x IKBav7Tvy o -
Bray Ty oy o 2 &R 5 3 E O 2 5]
Bliz7ay P L7dDERTEESKIA, ). wiFhoa
VTV oy 0 2T I W T SRS RBCHIPE % R 3 RS B
NEAETBHTY, KR v vy s 2eEriary s

- >
-«

Om-2 &£ 0Om-3 13,

Ly 2 Z0HMUKIZIEITEBR L TH O, K THRETL 72k
ﬁ&:/7v171u%®ﬁ&ﬁﬁw GENhD. FHk
WOWEROPR TR 42 Y 7Ly 7 2125 T RE 4
Bk L LT, Kamata (1996) I3JKET Y 7L v 7 2 &%F
TWBDITHL, HILQ000)IEEr iz 7L v o 2%
ZF b, AffRECHOhEZABA2 Y TL Y2 20
FRAEHOLEHIR KBTI Y Ty 2 2 B iia Y
TV oy 2 ZONHFIHBIL TH D, Kamata (1996) L
(2000) D LA LR L TWSE., — KT, KBaYyFLy
s 2ELBrMa Y Ty 2 ZOERDE TIZEE S %5
Wb, K43y 7Ly s 2T EOEFRTIZT
Oy b XNZRBRL N, TR0, LFEHIKOATK
A3y TLy 2 2REBE650T YT Ly 2 21T E
NP EMEGRNTZ2ORNETH Y, SHxE DM
DR B IEE 2 TR T2 0 ELRH 5.

Wiz, BREFOSHEROZREFHDOMBIZ DN T
WD (5B, D). TiO/10-MnO—P,0s | Bl [X] T i,
TATHEIR D 1308 % B & 2 CORBIA0ITSH % W IZOIAD
M2 70y b &N THD, MORBHIKIZZ 0w b &h
58D EWEESKB). F72, Zr-ZoyY IR (5 6 X
A) °Nb/Zr—Nb/Y FIRIX (55 6 [XIB) 1< 451> T & WPBHHIK
ROIBMIKIZ 7T w P ¥ b & DA% <, MORBIHEIKIC
Ty FERABEDEFMEN, ZDLHIZ, ThETE
B o ZiEMHIZIE, Om-2 £0m-3D X 5 IZE-MORBIY
EREERFROXREHOFA I RE S hTuan, &
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7z, Om-1 & Om-4 13 fthithdk o ke A o> S & ARk L
OIBDOFi B A /R4 7%, CroNill® & s Ttk o Liks
FHE IR 2 % GB4XIE, G). HSHBIZHWTE
K43y 7Ly s 20LREMFE G2 = b Ok
ENEBEL WD EIICRAZ S, ZHIEER2=y b
FHCIATHIRIC 7 a2 » b S BMEPN 1 HEENA TS
NETHY, KREMIZIEESKB, DISnAEhs LI,
K% a v 7V 7 20 R GE OB E O
LA FADHIE D H IR &1 E 5 Iz B 5T 5, 1l
At - K (2000) 1%, BEa v Ly 2022y F21F
kﬁﬁﬁﬁ@ﬁ%@%%%&?éigﬁe,k@&:y
T v o ZEHbYET, FREwOME (E Mz v 7
u%gém—%amgzyfuyaxtﬁ%ﬂ%%%%
ORHRINE E S HATRETH B & LTnb. DD, K
Meary vy 2840y T Ly 2 ZADLI=y F2
DE—OHERTH S LA TS, LrL, ZhET
WARTEALSIZ, K4V Ly 2 2OZRESHEIC
IXE-MORB & OIBD 2 i 5H 0D FL 7 5 HOER(L 2 M R % R
FTERAEHOFENTR E NS, ZhZHL, FEITER
OREI LT TWAENWE DD, LAy TLy o 2
D=y b2 TIEMORBM &R & RO XA HIE RO
HoTWEWn, LEAoST, P & ZilE o ek
L » 512, Klcary Ly s 2eegfar s
Loy 2 2N OHERTH 5 &5 Rl 2 iR LG R
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ITO Tsuyoshi and NAKAMURA Yoshihiro (2021) Biotite granodiorite of the Ashikaga Body and contact
metamorphic rock in Nagusa, Ashikaga City, Tochigi Prefecture, central Japan. Bulletin of the Geological
Survey of Japan, vol. 72 (4), p. 383-396, 11 figs, 1 table.

Abstract: Biotite granodiorite, called as the Ashikaga Body, is distributed in Nagusa, Ashikaga City,
Tochigi Prefecture, central Japan. This article describes the biotite granodiorite and its surrounding rocks
belonging to Jurassic accretionary complex of the Ashio belt. The biotite granodiorite shows equigranular
texture. The major constituent minerals are quartz, plagioclase, K-feldspar and biotite. Metapelite and
metachert has been formed by contact metamorphism in the aureole of the Ashikaga granodiorite.
Chert from sites over 1.5 km from the Ashikaga Body yielded radiolarian fossils. One sample yielded
Pseudoristola sp. and Archaeospongoprunum sp. which represent the Pliensbachian—early Toarcian
(Early Jurassic) in age. Another sample yielded closed nassellarians, which occurs mainly in the Jurassic—
Cretaceous.

The peak metamorphic temperatures of the northern and southern margin of the Ashikaga Body were
estimated to be 385+ 9 °C and 513 £33 °C, respectively, based on Raman spectra of carbonaceous
material thermometry. The difference in metamorphic temperature between the northern and southern
margin of the Ashikaga Body may be reflected by the intrusion angle of the body. A sample ca. 1 km
southwest from the Ashikaga Body shows 291+ 15 °C of peak metamorphic temperatures whereas
another sample over 1.3 km northwest from the body is 362 + 16 °C. Such high temperature suggests the
existence of any concealed or already-eroded rock body.

Keywords: Biotite granodiorite, contact metamorphic rock, Cretaceous, Ashikaga Body, Sori Type,

radiolaria, Jurassic accretionary complex, Ashio belt, Ashio Mountains, Tochigi Prefecture,

central Japan
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A7 B AR A £ v 4 — O 1Bt ISM-
6610LV, JEOL GmbH) % ffi il L 7=.

4. 2 KFRRTHLShi-HERIER

AW T, BAERISE VR 2 5 13t a 135
SNLEN o7 BAEERL S IZ 1S kmbh B 7=
BT IREE D F v — b 43R (IT16071801, 1T16071802,
IT16071803, 1T16071804) K U° 2 & 7 6 V512 1.5-2 km
FEEEN 2SI o F v — 3R AT17112501,

IT17112502, IT17112503) % & kB A Ry X hu7z (35 10
K). ZhoDfn% RO EREAERSLL Tk
D, ML TRTFEIZFLIARTH 5.

FET I D EfiRE R GRS - MR 1o TERELL 721
JKE@F v — b (IT16071801) 7> 5%, PHERIRF w5V 7
oMz, T OACROEHRER CGEn - M) i
1310 mBEE ISP D KBIEICEIRF v — P 3R L TH
D, BRHCL 72 350k 2 & IR 3G S Iz, IR T v —
b (IT16071802) 2 & &, ERIR B H K O BAERIR - v &
FVTHREHLZ 22DIKEGF v — b (IT16071803,
IT16071804) 7» 5 1%, ERIRECR A F 5 7z,
HUOILIZ B BB TR L 728K F ¥ — b
(T17112501) 20 5 1%, ERWRBEHRSF v £ 5 ) 7 235
bz, XHIZZOILIC H 2RO EMEDERIR IS
T ARG F v — b (T17112502, 1T17112503) % 6
i, BRIRBEBCR RO F v x5y 7 AR L AT,
IT17112502 %> 5 13, Pseudoristola sp.X°Archaeospongoprunum

— 388 —



HolX ERE RO BENMERINGE DM EE. (A) FEBREMO RS, FEA, ) Eh, BEREGTIERNRE.
B) 734 PR ERTARESA. (O RmiE s 23580 D) /S—94 MiE*235 7Y EA. (B)
HERMIZASNE TS84 . (F)EERhICASNE VLT Y., (A-D)Z7uAxA=a)L. (E, DA —7r=aL,
Qtz: F1¥% s Pl BHRA s Bt: HER ; Ap: 77844 b 5Zm: Yy,

Fig. 6

Photomicrographs of thin sections of biotite granodiorite of the Ashikaga Body. (A) Granodiorite containing major constituent
minerals, Quartz, plagioclase, K-feldspar and biotite. (B) Albite-twin of plagioclase. (C) Zonal structure of plagioclase. (D)
Perthite texture of K-feldspar. (E) Apatite within biotite. (F) Zircon within biotite. (A-D) Crossed nicol. (E, F) Open nicol. Qtz:
quartz; Pl: plagioclase; Bt: biotite; Ap: apatite; Zrn: zircon.
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Fig. 7 Field occurrences of component rocks of accretionary complex of the Ashio belt around the Ashikaga Body. (A) Massive metapelite.
(B) Bedded metachert.

I RMAE DE T, (A)AWES RO ARIEE. WAL o MREYIIEERTH 5. (B) RKIA AR,
5 PEKT v — . () BICRMEEAEL» S LK T v — b, &THr/ 0 2= LT,

Fig. 8 Photomicrographs of thin sections of contact metamorphic rock. (A) Metapelite interbedding thin-layered metapsammitic
rock. Yellowish fine mineral is biotite. (B) Metachert composed of coarse-grained quartz. (C) Metachert composed mainly of
cryptocrystalline quartz. All photomicrographs are under crossed nicol.
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Fig. 9

PATICRET 2 BER. (D) AZERHCERR S M7 AERO 70 3 7 FERIE S, 2 BRTIALA T
bozltgihsd. ERROILSAH. F)Z77 74 b2EDEHIROISAH. (A, B)7
2=k, (C-FA—=7rv=3). Ms: HZER/N; Bt: BER}; And : A Grp: 577 74 b s
Grt: ¥< AF.

Photomicrographs of thin sections of metasediment. (A) Muscovite within metapelite. (B) Muscovite
which cuts schistosity. (C) Biotite which is parallel to schistosity. (D) Columnar muscovite replaced from
aluminosilicate. (E) Granular garnet. (F) Dendritic garnet. (A, B) Crossed nicol. (C—F) Open nicol. Ms:
muscovite; Bt: biotite; And: andalusite; Grp: graphite; Grt; garnet.
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IT16071801 IT16071802 IT16071803

FI0X BEEROE THMEG HE. (A-D, F, 1, X, Y, BB, COMERRKF v7V 7. (E G, H
J-Q, S-W, DD, LL) ERIRficlk . (R, EE-HH, KK) v X 5 1) 7. (Z) Pseudoristola sp. (AA)
Archaeospongoprunum sp. (1) Archaeospongoprunum? sp.

Fig. 10 SEM images of radiolarian tests. (A-D, F, I, X, Y, BB, CC) Closed nassellarian. (E, G, H, J-Q,

S-W, DD, LL) Spherical radiolarian. (R, EE-HH, KK) Nassellaria. (Z) Pseudoristola sp. (AA)
Archaeospongoprunum sp. (1J) Archaeospongoprunum? sp.
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(FHiRE - Hits)

1R BRI CHRM L 2B S 2 MR & LT~ v M T ~ v 3 IC K 3 iR, I 2R (T1, T2, T3,
and T4) 1, ZHhZHAoyaetal (2010), Beyssac et al. (2002), Kouketsu e al. (2014) & Lahfid et al. (2010) 1= & % J7i % H

WCHME L 72,

Table 1 Summary of Raman spectroscopic results of pelitic rocks in northern Ashikaga City, Tochigi Prefecture. Peak metamorphic
temperatures (T1, T2, T3, and T4) were calculated by the method of Aoya et al. (2010), Beyssac et al. (2002), Kouketsu ef al. (2014)

and Lahfid et al. (2010), respectively.

Sample Dls(t::;ce c(;cl::_l?)d lo 1?\)312:;;\‘/1[ D(ir:all;d I 2&‘]’-‘1‘1‘3{1 I Rlratio 1o R2ratio Ic n 1o T’ lo 7! lo Tt lo
IT18051201 1384 1589.3 332 57.0 744 13467  1.37 67.2 11.95 1.67 0.18 0.62  0.045 25 362 16 365 20
IT18071501 34 1588.5  3.37 371.7 279 13515 119 45.1 4.70 1.37 0.20 0.56  0.022 26 385 9 391 10
IT18022002 103 15799  0.54 18.5 0.74  1350.1  0.77 41.1 2.00 0.24 0.07 028  0.064 26 513 33 518 28
IT16071805 1132 16062 2.27 47.0 271 13469 145 86.8 7.17 0.61 0.05 1.62 0345 27 291 15 295 63

sp.AMfELEN TN S,

O'Dogherty et al. (2009a) IZ X HUL, Pseudoristola )@
DOFEMV Y DRAHHY 2 90T ) v 2Ny kT
Wl~br7nv7 v HaifliclRohs e ashsd, ft-
T, IT171125024F Z O AR T EEME A & 5. 250K
(IT16071801, 1T16071802) A* & PEH ¢ B EHERIRF v & 5
)7, PERDY 2 A S RIS — AR
% (O'Dogherty et al., 2009a). H-> T, FFMZ&FUTAH
ThH0Y 27,6 AT ERTEELZOND. BRIR
BEHRF v 27 ) 7OEML VYV IFROI-OERNR
EATIE AR TIE A <, SikPH(IT16071803, 1T16071804,
IT17112501, I1T17112503) DFARIIAHTH 5.

4.3 FITHRTHRE SN TV I HEEILA

EINE 2 (2001) 12, 2RI U O BB D Mo A & TR
HOEHEZRE LTS, BIKOF@EHNTIE, &1
I8 D F v — b ik (ASK-5) » & Capnodoce sp. Je UF
Spumellaria gen. et sp. indet. &5 L T\ 5. ODogherty
et al. (2009b) 1= kAL, CapnodocelGDFEM L ¥ V13
B=8oh —=7 Vg~ -0 7 VERITS 5.
f>T, F v — Mk (ASK-5) 13 Z DFAR &R T BEE
X

5. BEMTREDOERRE
51 Fi&

SRS BLE IS O 22 WS & R U CHTE K221
RE XN TV B FEM T < v 53 3%iE (JASCO NRS3100)
2R B0 &FEL 72, 532 nmD R % A9 ANd:YAG
(Nd-doped yttrium aluminum garnet) L — % —2F|H L, &
BEHORESMEIZIKAFL T07T mWA 525 mWE TL —
YR AZTE L 05, T3 1800 g/mm % Fi H
L, 1000-1800 cm™ DILE A AT L 7z, Z D PEHGHEIK T
DOPWEAIEIZIZATE A Y'Y F (1333 em™) ZFH L T
Wh, A&t LT, MUY PNy s o5
YV MR AHS S 5 7291520 T3 A A7 - T
W3, T RF VRS S DO BEE & BN
372825 pmE 721350 umO B YK=L 2 Y v b EF]
LT3,

&S L 725 — 2 1ZB L CldPeak Fit 4.12 ZFH L CG
band (~1580 cm™), D1 band (~1350 cm™), D2 (~1600 cm™),
D3 (~1450 cm™), D4 (~1200 em™) 12 ¥ — 2 23 # & 47\,
v — 27 5% It (Io1 / [ ratio) & ¥ — 2 [Hif& ke (Areapt / Area 6
+Dl +D2) %51‘%: [/ f:.

5.2 RAEFALOERBREHRT

REW & % < GOUE G % o 8RB Wik g Gt
(Raman Spectra of Carbonaceous Material thermometry) % |
U 7225 B HE 2 A& ik & 7= (Beyssac et al., 2002 ; Aoya
et al., 2010 ; Kouketsu ef al., 2014). BREWEEIZL 3
R RS HEE L, R A DM T ATRE T & %
b, MAMBOMWEREDRRIZIA M ST
WA (5 %12, Endo and Wallis, 2017 ; Nakamura et al., 2019).

SRR Z A BT ARSI 1 RSN Y. BRI AR S i
7-H%TlX, 79— FZ&DI band &G band %I 5
CGEILIXD . EREEARIC L D EVEFHE E DI bandD
PMET L, DI band&G band® P (Full Width at Half
Maximum ; FWHM) &/N& < & 5. F72R'EWD 2500 A
53300 cm” OB FHIKIZB N T, WHREE -2 FIRT
H > 722D1 ¥ — 7 DI A TBIRANE L T3 (B
1K), ZOENKE —2137 T 7 74 +O3RICHE
AR L TE D, fERE AR5 DBZERIZ & > TIE
B IREIN S5 T 74 ML L 22 ERL
T\ 5 (Cangado et al. 2008).

ARWFFE T, R WURIE R o> i FH AP L2 6 U C
W TAoya et al. (2010) & Beyssac et al. (2002), {5KIEH]
TKouketsu et al. (2014) & Lahfid et al. (2010) DX % F|H
LT, BAAERRED Y 2 F 5B EAR AL = v
Ty o ZADPEGEIE & L7z, Lahfid e al. (2010) D
WA R A F O 72 1R AT18101305) D F — & % [ &,
FTARTOT — 4 T30 CCOMRIE RS TERIRIE & e E
TERLEIR). WThoOREGEHOEEAETE 5-10
CCLANDMEE L 5> TH D, kS CmEHI R
T ROl ch 5.

S 2L E A O EURHE R R SR O B A & 4%
H X 172 8 D (IT18022002) T, 513 33 °COZERIEIE A
fFonre. —7, BREROILEIBOE (1T18071501)
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Fig. 11~ Raman spectra of pelitic rocks in northern Ashikaga
City, Tochigi Prefecture.
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D362+ 16 COEKIMME R H LN TS,
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b 567, Lo (1T16071805) & D HH & 212
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TEAEARE E 5.
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D) WA R 44 S RIS oA § 2 2RISR D Al
AT 5 72 JBRIER % RS 2 BB R DR 12,
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Ko7z h, 1.5 kmEh BN 2RO F v — P 51
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MY 29807 ) VI F TV~ T LY TV
TG A & BE Y § 5 Pseudoristola)g O LB A5 13k}
"o oNT.

4 IREME % < BOERIER & RIC, REYIREG &
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B 513513+33 CCOLBIRE N RS N7=DITxf L,
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5) APEAE D & BEISH 1 kmiEh 2250822 65 291+15 °C
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1.3 kmPl R#EN 225082 51F, KD EEOD362+16 °C
DOERIBERR SN2, ZORBBE S = SO
PN, AERHHL FISIREE L T2 iTREME & 5 Vi3 RE
IZHIH U THAE L S R A L T Zzd]
REMEAVRIBE S B,

BEE OB RFOMM T ~ v tEEE T 5125 72
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