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ITO Tsuyoshi (2022) Field excursion guide: Jurassic accretionary complex in the Kiryu and Ashikaga
District, southwestern Ashio Mountains, central Japan. Bulletin of the Geological Survey of Japan, vol. 73
(4), p. 143-192, 7 figs, 27 appendices and English summary.

Abstract: Jurassic accretionary complex of the Ashio Belt is widely exposed in the Kiryu and Ashikaga
District, southwestern Ashio Mountains, central Japan. The Jurassic accretionary complex in the district
comprises the Kurohone—Kiryu, Omama, Kuzu and Gyodosan complexes. The Ashikaga body, composed
of Late Cretaceous granodiorite, is intruded in Nagusa, Ashikaga City. This field excursion guide
introduces 14 sites including outcrops and routes where the characteristic lithology and stratigraphy of an

accretionary complex can be observed.

Keywords: Permian, Triassic, Jurassic, radiolarian, conodont, biotite granodiorite, accretionary complex,
Ashio Belt, Gunma Prefecture, Tochigi Prefecture
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JE RGPS ER [HA AR ROEA i 21, REWICET
5/17ﬁﬁm¢#ﬁ<%ﬁﬁé Hwﬁwalvﬁ
fHnAi, iﬁﬁ/m$:/7vgzéhkﬁ¢3/7
VoA, gary7vy s Z, frElary Fvy oz
DOERGERFRITH, 6%, £72, BRHLEREITIE
BIE AL DIERPIRE 2 5 & 5 ZFIEERAEA L T
5. RENETIE, INKRORBE & S0 @ A B
TELHERIL— & LT HUHEERBNT 5.

1. BUBHIC

I3 B AT B O ek & 2+ kD 1D T, ﬁ
WE S E CIAWHEE T L Tw 5 (Bl A
Kojima et al., 2016). {SHIIARIZFEEE 2 MR R &
fﬁ%ﬂfﬁ%ﬁﬁf&~b%$&8ﬁ¥ﬁ%héﬁ
;heéﬁ%@$fééﬁﬁ¢w~b@%hﬁez<&

. VBE OB E A 5 (IR A3 3% ) = B 2
Béﬁﬁﬁﬁﬁa%ﬁéhéﬁmwﬁ ARIIZ Y 2 T
Hmfk & REh, BACH PR, ERE, 2R, db
WA EHEE AT S, TOMERET V-T2 b=
o ANEA X NIED 721980 S BAILITDNR, K
MENE S FACH (1213, Hisada ef al., 1992 ; Ogawa et
al., 1992 5 ¥R, 1999 ; J\FE, 2012; & L - P&, 2014 ;
AHIE A, 2016 5 HH - EAS, 2017 ; Ito and Matsuoka,
2017) RP2EURA (M Z21F, Adachi et al., 1992 ; Matsuoka et

al., 1994;Onoue et al., 2017 %7 - LG, 2020), PRz (i
Z 1, Musashino ez al., 1992 ; Sano ef al., 1992 ; Ishiga,
1994 5 EARIED, 2012) IV TEE MER I N2 1ED,
AEEBAE EF (151 243, Mori et al., 1992 5 AKIAIED, 2008)
DEDEDH 3.

— T, FIZERILMIZ M 5 R Y 2 7R
RAEXR & L2z mENZIIKamata (2005) & EIZFR S
h3. BERILMEBEFFHOITICH 2D, 772
WIHIBRS TH 5728, ¥ 2 FRAMINEDEE - o
Ykt & LT RZERERRITE L - Th 3.

FgE, R PGS [ e R s 5 1555 0
1HVE XN (BHREIE 2, 2022) DFERIZ W, BEWRY 2
TALHIROFLE - MEt & 17572, % DM CIREIRE
ERWET L — b BT e IR RR B 2 5 R Jg

Mk CEBHBERNL - PERA L2, BRICAEZLZE
# O & 3 (Ito, 2019, 2020a, b, 2021c ; i, 2021a, b,
d, e; DHiE - Bt 2021 5 O - FEEF, 2021 Tto ef al,
2021a ; B IZ A, 2021b ; Ito and Ichizawa, 2022a; i
WE - TV, 2022b) O F — & AL ICFEEEELL C, [AHh
BOXKBENEL LTI ZIZAETS. 72, NED
PR A BT 572012, T L — b JEF (oceanic plate
stratigraphy : OPS), F35FWifE (out-of-sequence thrust :
OST), FBERMEE (BHEEDL) ITOWTHIL 7.
BRZFHEDOEARIZOWTIE, HRELTERIZE L
Wi, BHFHETAL N EMHREL L 2 takED
TR 1IZEE L 7.

" R AT AT B R AR A £ v 4 — WS EIFZEE M (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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|:| Quaternary [alluvium, terrace deposit, mud flow deposit] - Cretaceoous—Paleogene [felsic igneous rock]

l:’] Quaternary [volcanic rocks]

- Jurassic accretionary complex of the Ashio Belt

:°3ﬁ Paleogene—Neogene [volcaniclastic, felsic igneous and sedimentary rocks]

X R RILHEE O M E R X, I O M 1 E BB RAT O S oy L BRI O A B &R, I
JEIEEIE 2 (1991), ILTGIEA (2000), T)INEA (2010) B OVPHE (2021b) 125D <.
Fig. 1 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 ef
al. (1991), Yamamoto ef al. (2000), Yoshikawa ef al. (2010) and Ito (2021b).

2. HEBEH

BSCPEP AL IS 2 R, WA I &S IR
RGNS AT 5. B 1RIER IO A0 E
BEXITH 5. ERIUMICIZZRWICET %Y 2 7#M
IESBIRL 3 LT 0, ILAEES T iR~ =

REERBEABCEED? Y 2 7R MEIZEAS 2 (Bl 213,

KN, 1972, 1973). RREILBMEL, FICEFRLEE GO

PR B i, KL E s - RS - HEM
BEFERETHEHE R~HE RABBEMT S WAL,
EREIE A, 1991 5 FIINEA, 2001 5 A8 - MR, 2003).
72, BICRRBILOILT F~VEA T, ARiekiliz e
OENRKILE D 2 T RSN E S = R~ B
#—F‘%go‘fh\‘é(ﬁ]ai (7T, 2016). =1L
T, PR R B HERE & o 72 S TSR HERE A A
Bhé.
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3. BRHY 1 Z#cmk

3.1 HARFHE

FRINHEH B & T 58055 <BEL, FRCER
FLAELTH B, ZOREMLEED BRI E
R & U0 19 It B Ich & - 72 (Bl A2
JRE, 1886). RO Y 2 F Ik DOM Iz
W, D) BRYHOEERLAORE 2 5 1960 F-1 &
TOT7 ) F & & LR RG L aphaic ko< S
FIREFEIX 57, 2) 1960 ~ 19804FfRD 2 / F v b R
HEDOWALLIZ LK AFEROREL & 2h & 2 7245M
FERFEIX 47, 3) 1990 FER AR D A E Z Bl ic D
SHEEREFR O3 DORHIZAE < 5 6h b (FHE,
2021b). 1) BAIHICIE, IREBIEA S & ~L o8 h (7
2 e g &) ARR (Bl AL, Yabe, 1903a;
R, 1903b ; Hayasaka, 1933 5 3K, 1944), % DR
rﬁ@%a@%ﬁﬁiﬁbbfﬁiﬁb%zéht ES
7z, DA IS IAL 4 LT\ B, B 8Ly 7
Loy 7 ZICHYS T B IS OV TR, BRMHA kL T
52850, FHINCEMHET AR M T TE 72
(il Z0E, FH, 1956, 1957 5 F18, 1965 5 BIA, 1973).
2) 1960 ~ 198042 % % &, BRIz W THER
O EBLT 7 F Y PR ZBiIe~ Y 2 Jidhiioh)
NROWH XN, [ERITEEREE L ST T HiEnh
HERTHBZEDPHE D EE 72 (BK, 1968 5 /NHIE A,
1970 5 $EHIE 5>, 1982a 5 Aono, 1985 ; JE/Il, 1986 ; ¥
M, 1989). Zd &5 b aIZHE DI THEA L R &
N7=H, ZOBBOBIEZ OV TR IZ 5D < PR
N—RTDH > 7= B2 E, HRIEAH, 1990). 3) 1990 X,
PRIz, v — 72 b= 2023 < kg =
KM ET D3t 7z (1B 21F, Sashida et al., 1992 ; Kamata,
1996). Kamata (1996) iZ, Eﬁm%®/17ﬁﬁm%
?ﬁ%% TR &7, Eﬁm m$3/7u/72
K43y TFLvy s 2 - BEary 7Ly s 2EEHRL -
PR (1997) 3BTV L 9 2 A& X512 =y 1 -
2=y b2 2=y 31 ﬂ%bt ﬁ%@mwni n
5DREFEHITOMIZ, Fizzl ﬁﬁm3/7v/72ém
U7z 2 XNIREE R X o & R W R A R g, 5
3 XA 2 B )l dsk oD 1B IR % OV (X1 &, 285 41X
KIAVT Ly I ZADWHET L — FBFAETTX AR T

3.2 BERR-HEICTLYIZR

HEE -4 a3 7L v o X (Kamata, 1996) 1%, T2
WA 2 & 82 RMH AR L, —SIRIREM Z2 R 9. BEpRO
BELRAEEF v — baTRE LT, BEMNLS - R
Wed R - IR - REIRAES 2R S (FFIE, 2021D).
F72, bIPICERREHERPUE L EENS.
HER-WAE2 Y 7L v 2 2R OHER A 51
A =842 7 N ¥ b A3 (Sashida et al., 1992 ; JOK - §§

FH, 2004 ; Muto and Ito, 2021), REEIGEEFEA & 12HM
=ET s Py N ER LTS BB, 1985 5 Koike ef
al, 1991). F ¥ — I 25 FRLAKE =ZBRDa s PV
ML IC=ZELE ¥ 2 7O KEHR A (Aono, 1985 5
Kamata, 1996 ; &iliEA, 2001 ; JCA - #6H, 2004 ; Tto,
2020b, 2021c ; Tto et al., 2021a ; JHE - i, 2021), H:
BRE»SIIHHY 258 0Ny ¥ a3 v 7 I~
=7 VHAROBRIS N =7 Vi~ a7 V) Dk
2y (Kamata, 1996 5 Tto et al., 2021a), JeE7 613
VA Oy Y a v T Y~ =7 v ) Ok
HAEN LT3 (Kamata, 1996 ;5 Tto et al., 2021a). Jeis
DREEER, S, KV TV v 2 ZDORIIERIZ
Va2 T ROBMLELEEZ 5N .

3.3 KE4ar7 Ly R

K4 > 7Ly 2 2 (Kamata, 1996) 1%, BEAHA 5
BAMHZRT., FICXREEH - Fy— - BE»LRD,
IREBIEESH - WA RO SRS HRE - JREIRAS 215
(BHRE, 2021b). HEM IS LHEERAE DI 2PICEE
ns.

K% av7v .y 2ot e UT, REESEY
SiEFa /sy -7 F - - v T - SR
R &0~ AEEA 2 ER L T3 (Bl 21,
Yabe, 1903a;Reif and Goto, 1979;: 5k &I, 1981 KM 4

REMN S AE, 1996 5 Hi%E - [, 2011 5 Tazawa et al.,
2012 ; fHEEIE 2, 2021b). HEERE LA 2 & (AT =B
I/ F Y b A (Kamata and Kajiwara, 1996), F v — b5
L~ sl - ZBROI ) F Y RS TITL AR -
S - Y 2 TARDRER A EER LT B (A, b -
RO, 1981 ; KM 4 B 55 & A 3, 1996 ; Kamata,
1996 ; Tto et al., 2021a 5 fHEEIEZ A, 2021b). HEIES»
SIFRTHIY 2 8 (7)) v 23y £ 7 VH) Z7n-d algett:
D & B IRECRO (GHEIE A, 2021b), HEJEE K& OVes

SHIHFHY 29 ONy YV a v T VIl~HilNN =7
V) o kg o A X Tv B (Kamata, 1996 5
Ito et al., 2021a). Jea DREHEFER 26, Kavy Ty
2 Z D IHEARIZ R Y 2 DRI Z 2 6 5.

3.4 B TSLyI R

B4V 7L v X (Kamata, 1996) 1%, R % T4k
LT3 SN T2~y bl 22y b2 22y

IZ= & (B, 1997), 2=y M1 RUZ=y }3
&, EEER A - o — b BREIRE - A - EeE
HiE - WEPEICRAETSF v — b-EEY—Tr Vv 2
EFARETBEOICHL, 2=y b2l KRB A R BRI S
MEZNE) TREEL TR TH B, £/2, 2=9
12iE, ZORBESEEEE B D BEE R OHBERE N A D
h5.

2=y M AT =y PIOHBER A2 S, B

— 145 —



WEFHAMIZWE 2022 HT73& F4a4E

y &
Kiryu City 0
Bo £
Midori City =< \\m -
RN < ¥ 2%
~ L
SRR X
AL
4 P
Y m"%f"o‘(
Gyodosan Cm.;’,
Do .:v,v:’v,,' 4
yJ

(Jurassic accretionary complex of the Ashio Belt
g8 Pelitic mixed rock [ Chert | lQuaternary [alluvium, terrace deposit, mud flow deposit]
Mudst Carbonat k :
E udstone - arbonate rocks Quaternary [volcanic rocks]
[ ]sandstone 7 Basaltic rock .
. :5::|Paleogene—Neogene [volcaniclastic, felsic igneous and sedimentary rocks]
»” Complex boundary 3¢ Syncline
L _ Fault 3¢ Anticline Upper Cretaceous [felsic igneous rock]

A

2K THRAE RO A J I R OS TR |2 35 4F % ¥ 2 F RS INR O REEREIF X 5. P IE 2 (2022) 128D <.

Cm.: 2V 7Ly 7 Z;F: WikE.

Fig.2 Tectonostratigraphic division of Jurassic accretionary complex of the Kiryu and Ashikaga District and Tochigi

District (based on Ito ef al., 2022). Cm.: complex; F.: fault.

B=8foa /s Pyt EBEERAER LTy 3 (8,
1995 ; Kamata, 1999 ; Muto et al., 2018). F ¥ — b2 5
BEBARYY 2 TSRO BEREL ARG Eh T b
2 (JEAK - WA, 1984 ; Kamata, 1996 5 $itH, 1997 ;
HAJINEA, 1998 5 KiEIEA, 1998 5 EMIE A, 2001 ;
Suzuki et al., 2002 ; Tto, 2020a, 2021c), ¥E{L KL R
XN T3 (lijima et al., 1989). HEJEE LS 513,
JR4 (FEY 2 5%y YV a v 7 VB~ TFENN =7 v
FE) - JRS (FEY 29 R EENS =7 vlE~H T v
B - JR6 Py 2 9% v 7 VISR EE~ EEY 4
TRAE VI AT k=T 4 7 V) OERBER LT
% (Kamata, 1996 5 SJll, 1997 ; $itH, 1997 ;5 EHIZ 2,
2001). VBHEDOKEBRERLS, 2=y MIETZ= Y
N 3ORMERIZBRI Y 2 SOOI EEZ 5h 5.
2=y M2ORBERIESE 2 61F, Wi fH (Hayasaka,
1926 ; - 3T, 1944 ; Tazawa et al., 2016) + A L H (&
B, 1899 ;5 BE A, 1938, 1961 ; Hanzawa, 1942 ; 75 M,

1956, 1957 ; Morikawa and Horiguchi, 1956 ; Morikawa
and Takaoka, 1961 ; Igo, 1964 ; P&, 1965 ; #7ik - Nk,
1971;3 7 F v FREZE 2L — 7, 1972, 19745 555801 2,
1976 ; Tgo and Igo, 1977 ; /MK, 1979 ; Kobayashi, 2006a, b,
2013 5 Muto et al, 2021) - 2/ F¥ b (bk, 1971 2/ F
v FEARZE L — 7, 1972, 1974 5 /NHLE A, 1974 5
FEIRE D, 1976 5 Muto et al., 2021) - =IEH (BEAR, 1961 ;
NFAE A, 1979) - W v T (Yamagiwa and Tsuda, 1980) -
LHEBIY (207, 1975, 1984 ; Reif and Goto, 1979 ; Goto,
1994) e &, BE»DZREEACAMENL TS, AIKE
ARSI, NLAKT X FESTIINL LKV =R
o Py P BRER T35 Bl 21X, Morikawa and
Takaoka, 1961 ; 2/ F ¥ bRIKRRIZEZ L —7, 1974 ; Igo
and Igo, 1977). FIKBESHIZE TN B PeEEEN» 5, Hi
Wyasb7Ly 7 Vv HlOTVEFA PHRRDOD S
TV (REIEA, 2001 ; S - 35, 2001 ; Kamata et
al, 2003). HEJRAEE Zhickshs b~ rH v s
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Va—An6id, R4 (PO 2T RNNY g 9T VI
~TFEN =7 VB OB OESARE ST D
(Sashida ef al., 1982b ; Kamata, 1996 ; $tH, 1997 ; 5@/l
1998 ;5 fi+JINE A, 1998 ; Kamata et al., 2003). HEJe
BOBERAER2 S, 2=y F2OMMFERITHIY 2
THROBBILEEZEZ 6N 5.

3.5 fTEWa>ILy I X

gy 7Fv o 2 2 (GH, 2021b) i, REHEZTRT.

ICREIREAE F vy — b2 b kY, HERS - s -
WA A UTHES.

F o — b2 5IEAIL LM - 2B - YU 2 RO BECR
25 (B, 1989 ; MKIZ A, 1990 5 BMINE A, 2001 ;5 F&H,
2008;1to, 2019, 2020a, 2021c), HEJEE» 6 13HHY o
FH Oy Vg T VHI~AT N b =7 v ) R a3
BEH LT3 (F8HH, 2008 ; Tto, 2019). 7z, JeiHic
PHETA YAV )P a—Ah6id, hHIY 2 55 OV
Ya v 7 VH~EIH N b =7 V) ok RS X h
T (M, 1989). JeAOERER»S, Aav T
Ly 7 ZONNHERIZTFIIY 2 SicohbIEE £ 2 6
ns.

3.6 HWEHES
Fm%&EﬂﬁWTZ13O®:/7v/7xﬁﬁM
F& (Rl ZE 1 W R - %%MF KEWRE) BB Tnb

(15, 2021b) (BE3IXD). AAAIIWRE 12 BOR A4 2 v

Tvy s AL KMAT YTV Yo 2D, KSR IZER

B-MEay Lo s 2e8Eay Ly s 20D, K

frixEdary vy s 2LFELla Yy TL Yy 2 208

RThHb. ZhoOWFED W RGO EHITILH -FEE L

AT A OER % & D.
it,ylﬁﬁﬁmw¢®%%abf HiE FA -

m%*ﬂ BAMM R I TS (PHE, 2021b) (B

3R, Zho O, Wh AL -5 P 1 O Bk

285, MEIKATT IV VT3,

4. FRIGERESH

#BETL— MEF (OPS)

WET L — b LT E W2 HRE R KIS D, i
7L — t OBENIE S BRSO ZAIC K D —EDEHE
LERTZLen6, ZORBFIXNEET L — b EF (oceanic
plate stratigraphy : OPS) & IEiXH % (5l 2 1F, Isozaki et
al., 1990 ; fsHH, 2000). FRE-IEiR- 2 REH PR O
Va2 TRMHIIERDEA, W TIER & Wiz~L A0 %
B, EERTHER L7 ARDF v — , ~IL AT
~ SRR THER L R L, ETER THERE L
B~ 2 TRDF v — b, PRI THER L 225
Bless, WA ST 2 0en 00 &0 ) R A AR
Tdh 5 BAEE, M, 2000 HiL, 2000a, b) (550X).

Bk, WET LV — P RISWILSEET 25481, Tftﬁ%‘

ICHIRE N BRET 5. @¢7v—b%Fi@
WS O 2 5 W T OMAIAAR & HE T 0)(@(3@
T — FOJEKREE KM L Tw 5 (5l 21, Matsuda and
Isozaki, 1991).

FERERICEE RIS LT B RO IGE T, Hhes
R Z NLBEDZEIZ K DVIERN LG8 > TN
BELVD, BRI PV bR EDRECHIZK S
e LG & OBIROMENZE SO TIEILE 1 5.

WHETL— MEFDS B, RICHEERTAE LD BALo
B (F v — b - BB - Jes - ETREERE - )
I3F v — b—fEE S — 7V X (chert—clastic sequence :
CCS) L MTh 5. AENETHEITL 2t e LT3,
Site 9 & Site 12 THIER T Z 5.

55t (OST)

MO R A RS T RN LT D B2 5%
% & DKW I3 — AR LR (27 2 1) EREh
5. RIS DT, e C LRE 2B & 1
BZLNEL, BHORMEAZAL25 A CHEHETHS. ¥
BIAZ 5 2 b (in-sequence thrust : IST) AN D J s
WO ELH D TR X h, KRBHICIEHRE DL
LHATH B (E6X). ZhiTKL, PSR T X b
(out-of-sequence thrust : OST) (X BEMI TR & 1, ISTX
ZHUZ LS THEDEFTOPSEYIMIL T 0, ZTDREAL
FEAMIB TR0 G 6X) . Site 9 TRIZ T X 2 e
20T, OSTTH S EHfEES N TS,

EHMHERVRERES

B ECTASNBIMATIE, (HIEER N o EE
BIZLD, WEIAZEELHMIL T B n. Th
5OHIE, BN R EIZH DOV TX AR Thbh
TWa, HiEREGE L CTEDEEMEICK 5 0a L
NAE SN E D% IR (coherent facies), WikdZs &
(2 & 0 bl O XA X T B b O ORI
2> T 5B G D% B (dismembered facies), i
DA TR S ERGE L ER AL NSV E DEIR
TEH (mixed facies : mélange) & X533 % (il 21, L,
2000a) (55 71X]).

RATANE, B U 22 B oI Rl - AIkE -
Fy—b - WEEEEAERELTED. £/, AHER
FTHEADABMRIZ DT, —MUTPBIRMES &) HEE
WS B (i 2 i,%E,wﬂ.*%W%@¢f&
Site 8 {2 F5 W CIEIRIEG AR ICHHRICBIS T2 5.

5. R¥#s

Site 1 Em EfR-REaTL Yy 7 ADOTH=ZER
HEEHLA
i : 36°27° 10”7 N, 139°26" 15” E (FA 9% 55 i R
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Fig.3  Geologic map and section of the Kiryu and Ashikaga District with excursion sites (based on Ito, 2021b).
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Fal BN Y 2 TRMINEDR Y Ly I ZDWHET L — FEFEITX. P (2021b) & Uto (2021c) 123D <.
HYEFRIL0gg et al. (2016) 12, FECHRALF A7 idIshiga (1986, 1990), Sugiyama (1997), Kuwahara et al. (1998), Zhang
et al. (2014) K U'Matsuoka and Ito Q01T HT <. &5, ~IL ARBKEERILARIZ DWW TIE, Xiao ef al. (2020, 2021)
DGERB LIZPENATRELT L7, R L bAIC &> THERDBRE SN TO S5, 2 0WEEFHLETO
Hokg & OBIRIZ K DHEERTBETH 2 EIZ OV T, WET L — MEF ETIRRVE TR Y. A2 o bfhs
e HOREFR LT & Ol & OBIRARITEALHEE TE LAVERIC OO TIRE TR Y. ALUAED
IRESEE R OVe L, BEI VT Ly 202 =y F2IZALNABEEHROBEERT. Carb. : AT ; Pens. :
RYVIN=7 VHfd s B Bl s Lop. : =Y U7 Uilt 5 Guad. : 77 £ LT Ui
Fig. 4 Reconstruction of ocean plate stratigraphy of the Jurassic accretionary complex of the Ashio belt (based on Ito, 2021b, ¢).

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). 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.Carb. : Carboniferous ; Pens. : Pennsylvanian ; E. : Early ; Lop. : Lopingian ; Guad. : Guadalupian.
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Fig. 5 Oceanic plate stratigraphy (OPS) formed by the movement of oceanic plates. Carbonate rocks are not shown, but they

generally accumulate on basaltic seamounts.

Lithology

Mudstone and sandstone % Siliceous mudstone - Chert

- Carbonate rocks - Basaltic rocks - Pelitic mixed rock

B AR DESNIN 2 5 Z b (out-of-sequence thrust : OST) LJFHINZ 5 Z b (in-sequence thrust :
IST) DIEGEDBMER. FFRARAISTE, FHMHOSTERT.

Fig. 6 Schematic figure of the development of out-of-sequence thrust (OST) and in-sequence thrust (IST) in an
accretionary complex. Green lines indicate IST and red lines indicate OST.

BT J510) R

MRt « AU, VBRI ARG ] o R R T B B
(X)), J5dgil & WEn 2z A EMmih T, lae L
THRE SN2 P _BREER I ARASNS. PAMH
AV 2 FHFIIARDOPSOREE E LT, ~L LidkikiH
2 LR ZBRRIZE W TF v — P OHERARENIZ & >
722k, WhOERFr— X vy THRETFLNDE. Z0O

BEHHIZIE, 7% — P OO DICHEBER LA & & R
I2A SR (B Z1E, Isozaki, 1997 ; Muto et al., 2018), %
DEFEIE AL L4 - BB RIS X 22 MR Kk 5
HRECR O EMAEFEER A IR 5 TE 2= BlAE, A
B -lde, 1993). EHTIE, FEMASEHRI 2 PV b
HEROMENZ KD, P ELEFv— X vy THHEOD
TP BNTUL, EECROEWAFEE I AT L K &
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A
) | X i
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Fig. 7 Classification of coherent facies to mixed facies in an accretionary complex. OPS: oceanic plate stratigraphy.

WO ERTIE <, PEEMEREY (iR EE) o A5 & o 14
Mz & o HERS LS HHERE L 2z il BEE A R S h T b
(Muto et al., 2018, 2020 ; Muto, 2021)

HEER-MHEa Iy 23, ioaryrr ooz
SR U THEM I H42<EATEKD, Aay7Ly
2 AR EMETH 5. RS, Hghilicix, JBEu
HER AN ALNS., RS OHER LA 3K E 6
SR AR L, MEOREXIE5 ~ 15 cm THRET 5 (Y
X2A). EEHPCEMEICH > CEGICHEET 5. 8T
BgIc O &, Kb EFhke LT, Zohicask
BEDIIL LY A4 ZORERI T2 kAT 5 (HXI2B).

HLOEER A2 632 7 KV b (Neohindeodella benderi
(Kozur and Mostler)) 23 ¥55 X 71TV (Sashida et al., 1992 ;
Muto and Ito, 2021) (ffXI2F). Z OFIX F#E =& %A
LAFT7 VB~ EZBRT7T = 7 VORIKE R E
MBS 2 & OB H S T B (Koike, 1981 ;
Agematsu et al., 2008 ; Muto et al., 2018, 2019).

F 7z, AP TREWRER G T v — F LRl
HEa»BiEcE 5. BRIE-HEa vy Trvy s 20
Fr— ML IIHEREEREROHEREH 6 5 5 IR T,
—erIC R BRI E LS BES mm I FTHh B, —H, K
HEREBORPVTIE, BEWREEE O F v — 2
BlgTx 3 (fX20). BMRIB-M42 Y 7V v o 2DHE
BIREICOWTIE, MboEMIC LD IERILE &R bl
O2FFUCIX 4 E T B (G, 2021b). A p pE 3
Tk, SUEEEREREERE TE L. ZOMLEIEE
Tes ki@ 5 HIKE T, AR B#E* 235 (K
X2D). HMEOEIEIZ3 ~5cmT, &1 mmfEE DR,

TEAERE. #HithEd L Ch0, SEIRETS. BT
BRIZE B E, VLMY A4 XOAR, BMEEGELD
i L8258 5, FRMEYE A BT 5 MR &,
B & A5 NBERIRIEA Z < & Fh 2 HRERIZ & 0 )
bz &3 ((HX2E). ZOHEREL?HIE, FHEMICED
RIFIIARTH 228, AR S HAERIS T T
SRR F v £ 5 ) 7 HFR TN T B (TIto, 2021¢) (ff
X12G).

Site 2 BHR : cHERD%EDFv— NEHE

fiE : 36°24° 56" N, 139°23' 54" E (BiARELE R /MR
M IEA)

fiat A/ IMERTIS A (FX3A) 121, 64 &R
NoFv— FEHESSH 5. ZOBAHIZOVTE, K3
4 (V)8 808 4F-) 12 % DI DIRENI L (BRAED L) 7 5
FRIZK->TERNZZE WS REY S 5. 71 (2021d) &
ZDABTRIZD W THYE B R A SBET L T 3,
Ak, Rf4 mREOEMAEROWHKEF v — T
(FX3B), F#EELAFEL L, BREREIEFO.
AL AT 5 F v — b (RHX30) 1, 1BHD
REEHICBRINT IKE~IKEOF v — 1 ThD, &
MHELTRaDE 0T 5. AL 5 R
HRuzkoEIhz= &3, RO &S icaELEd
DFv— b6 b&hzeELENS. AE LY
DHERRA S AT D > TEHROVER DR H D, ZOHRD
HEWE % A% &, D &t —EOHEEITEXhE S
HWEE L Tk0 ((HX3D), AEILICHRT S LW R
KIIZYTHDHENL B,
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Site 3 AW : KE4«3a>7 Ly ZAOLRAELE
fLIE © 36°28°59” N, 139°23 28" E (F 5 LA A& v kg HH
T HEA)

fEa « ARM T, MA TR AT R & s 5 i) o
MIANTH 5. AT, BEE-Ea 7Ly
2 ZDOWBUETENR A S NBIEN, K42V TL v o 2
DRSO LR AETEN A SN D ((HX4). KREFHILZ
DB D E N s EMEEMBII RIS h 5 2 & 2351
b T3, ERHFOMALEREE L 515 3%
B TR RAHO AR DO RRET 23 T b T 7z
2, BEWOREHIIERE N Th D, [HlE K2R | R
TRIhETHoNTWEL 52, T - BE (2021) 1%
A i O REE T A B8 72 BEUR O HER (L 2 MR ET % 17
WV, 2 O & PR (Hashimoto ez al., 1970 5 257 -

Fig, 1989 5 diyL, 1991) R & B D it (h B1E »,

1992 ; Tagiri and Kasai, 2000 ; %8I A, 2010) D XA
JHE L 72,

SRAE ISR AE L g, O D8 T
BEERRO O 5. MEEETE, SREREIRE
- WADES - AL ATORS &, FHEA - WAL -
RERGEOLHA S %5 5 ((FHX5D).

A T2 DD XREEES DR (Om-1 K% FOm-4)
DIERAC E T 24T - 7= (g - BB, 2021). Thoo
w2 6, ZUJIEEORE (Om-1 X UOm-4) D & 5 7%
WHESZRREN ARBER DL DL, FalvE DR
£ (Om-2 % U0m-3) D & 5 IZEX A Frhdeifphg Bk i
BREERD 0D, A i 2fENAMAea v T
Ly 212i3EEh 5.

K% a7V o 20, BITHRICENT, Ak
EORIZHE DOV TIIERDIKEa Y Ly o2 2 H B
WIEFAHOE iz 7Ly 7 21T h T
(Kamata, 1996 5 F7L, 2000b), fLZEREA & AT &%

BILTHD, ThoDETHRO R EFHANTD %

—%, RREHENTOXLELT, ks FLus
ALEEAVTL 9y s 2Dy b2 ENIT B RES
&b o 722 (0L - KEE, 2000), i< L LEHROm
2B IHRSIZZ L,

7z, AHPUSIEEBR-MAET Y TV Y 2 ZOREK
BHTHBF v— b ((FX54, B) Rk 2 &OHER
A (Xs0), EE ML TED, BER-Htary 7
Ly 2L KMATY TV 20BRIZH 5. WE
BHEIRAR TV, KB4 ary 7Ly s ZDE
WEHETHDO LRI & > CTHRWRE (il 2L )11 ) A3 H
E SN D (JHE, 2021b).

Site4 KB:KE42aA>TL vy ZAOMRERERTE
{7 © 36°30'N, 139°16"49” E (FH 5 LA 4= i B AR AR T
AKIH)

fiERa « AMIL, AVEBEITH 5 ((f1X6). FEEEK

VA TR 4 TV 7Ly 27 ZADMIRZRETAS D BIER
TE S, MINASE, BEPIHETEE L - L 228w
B4 a2 Lickidr s TREBRAEOEMIE, BR
WINERIZALGNZEE2 mEED LD TH 5 ((FX7A,
B). ZLRNHBEOBEIE, KRIZALN S (HX70).
MRS S IZ 50T, IR TEES0 cmfEE ORI E
NALNS.

F/z, A TR, K43 7Ly 2 Z2DF v — b
KROF v — FAEEERCTERASE BAONS. Fv— L
EF v — MABSIGRMTEE TR, RENSRKI
cfEEDF v — P AEN L K HFREXHOF vy — A
A2, EHEmCREETWEE T L TUERFy— b &
P9 % (HX7D). JeRIRMES L, ERNCAL 24T 5.
TWERAES I AEDOSREEA(RKXTE), SEFTEE
SR g & D BD I F A T OMER T A 1S
HEE, vy TIROWEERIBIERTE 5 (HRI7F). #
WBDSite §DPEIRIES & LK T2 L, HEh 5D
FEEHIZZ Lo,

Site 5 NKEFE: AVIAFUFL&ELALKE42T
Ly 207 XV FaARE

P : 36°29' 527 N, 139°17° 45" E (B IR 4= i B4R
*Emjl\*}?:) ZIHLARE

fast A Hb A AR T B ARARE] A O it el e v
ZH7-0 (FFX8A), Kl Yy L v o ZADRBIES
HoanAbN5 ((FX8B). BHEHKIIDLT L TH
2 DI K % R IBIRAE OB AR PRIEL T B &
Zbhd. WARHEKOBSE, 6, 72X HMuhisE
DHIKERR® 515 (FX8D, E).

it R & & (b T b Bk S (Helicoprion
bessonowi Karpinsky) 288 RILiHi2 5 EEHY LTy 5 28 (i
XI8C), ZDFEMHMIZIDOEHIZEEZ SN TS (I
X, bR, 1997 5 BERS R ST B AR IEMIAE, 1999 5 I,
2021e). ~VY I 7Y F VIF (Helicoprion Karpinsky) 14k
HRANCE L, FREEHICIBERICE O 22 B 06 %
DZ LTk o TR D) &4 (Karpinsky, 1899 ; Tapanila
et al., 2013), ZORELFER,»SFEHERE . Z0
—J5C, HAE? L OW|EIZBRENTSH D, Yabe (1903a)
DA IE E IR SNAT TR & vz 20 8E Gk,
1980 ; #RHEIZ A, 2010) DATH 5.

1900 EEIZ, BREIMO 7 X)) FHIKE»EAY TS
Vo VR & R GiR, 190037211, 1900), Yabe (1903a)
12 & O Helicoprion bessonowi & JA%E & 172, Yabe (1903a)
1, 7 ORI A TEE (BlAE O BRI fEE) & L Tn
=B, BMWAT R EICHD L, ANV T F v DFER
W37 OXHRE O BRI AR & A B DHBRYTH B
Bz, P, 2021e).

Site 6 X : KE43> 7Ly I XADXRABERE

— 153 —



WEFHAMIZWE 2022 HT73& F4a4E

EAE
B £ 36°27° 52”7 N, 139°20° 31”7 E (BEEIEAMRA A
MHTH)

B3 AT, K42y 7Ly o2 2Z0EREHE
CRESRAEN B TR B ((HR9). K43 v TLvy
2 2 DREESAERE, FICKEEEO IR S B
B UIIET B0 200, AHS TR RIS A X
R A B, RIS IS E h 2 KREHHO 72
toExx, BETIIN20 cmTH B ((FX10A). ST
TIHE X100 umDHF E LTEENS ((FX10B). &
A RIS T, S n A ERE T 5.

F72, AHUE T, K42V T Ly o 2 ORERAES
LT, W2 -R R E (X 100), Vv XRebE
Edles (FX10D), il hzF v — P EEAEED
JRIRAES (HFXI10E, F) 3 BZCX 3.

Site 7 /F#EIRE : KE432 T Ly 7 2DRKRED

5k 58EIR
i 1 36°27°56” N, 139°18’21” E(BEEE AL D ilik
il % W] /NS

fRE: K% a2y 7V 7 23RBS E N G h
B0, KB ERO MRS 5. NT-5ETLIEfE0
120, PO KRR 20 IR ISR SO A MFAE T 5. b
ZOBMHREARIIR S 32, #EFMO2REIZ0 m%
x5 (X 11A, B). SEFMHATIE, FISHROAIK
EVBETE S (HX110).

Site 8 =EFIE: KB4 7L v ADRERES
fiE :36°26" 17" N, 139°16" 44” E(BEH IR A E D HK
8] % BT = )

fRSE: AT H B EEAMTIE, BTV,
K%y 7TV v 2 ZOPRBIRIMEEDILL @i L T\ 5
((HX12). ZOPEIRIEAETIE, HkAe RO SN E
WTE S (fHX13A, B).

B oA E, BIKG - BIKE - JKGEEL, BH
IREEBAAFEE T 5. (i (2021b) 1%, JeAEPIZE £
N2 EMOTEEP BRI WT, DR 4EIZX 5
L7z, Zaud, ) ZHfaH - e - v —+ -
HORWEGOIRERAS, DXREH - Fyv—F - B
HOEWEGUIRERAS, 3)Fv— - EOANE
GA, FHZF v — PEEME L G IERIES, 4
Fv— b - WHOEWRE SR, RERESHEBT S E
RIS TH 5. LREHIIL v Ky 5 R4 %3 (I
X 13C). REEAHFHIZIKAG THEMERKR TS 0 (F1X
13D), BRFIEIRATEImBEETHS. Fv— MIkd
RN AEERTH D, BKERIKEAEELTL Vv IRE
BEZENLV. BHEIRD SN F v — MEBIZS
AN (XI3E), HhErBIREh2808H %
(FR13F). WHEIFIKE~HIKEao R ~koL v X

WEHTHY, ML Z R0 (FX130), EfF
3mIZESBSEDEH 5.

Site9 HEI :BE£3>T Ly I ZADFv— M-RBBE
= ZARURERE

78 136°27 38" N, 139°29’ 34" E (HFA L4 55 i B 5 BT )
fRE: AT, BEa Sy s ADF v — b -
WEEY —7r v 23R TE 5 (FX14). WBINIOA
RN & B MEwN T, dbdbvE A SRR ISR - T,
F v — b, HEEE (HX154, B), ¥4 ((fX15C, D)
EEMDNENT DT AR TES. 2K EFv—
M-S Y = v AR R LG 2MiED R T Z &
ADEN, 2MEDOY —4 v A TRBEDEFER B
MET2EZELLN2E ((HX15E) 8B L Tw 5.
BEPSEY 2 THEEZ SN MEURPEL L T3
(1 15F) (Tto, 2021¢). f-FX 14 DALHAENIZ & 5 )1 3£
WV TIE, FRRIZF v — F-EEY — 7 v 20HD
ELUAHHE (1997 12k DG Eh T 5.

7z, K TiE, BHEBR-HEaYyTLyr2L8
BV Ty s Z20BRTH 5RABEMBLBIERTE S,
HER-WEa vy 7L v o 20RERES E8Ea v T
Ly 2 ZADR@IRF v — b3 ELTH D (X 16A1), &
RKTI5emliZEDE XDl H o VR 615 ((FHX
16A2). —MREEAHIAIZ BT, KSR PR O
RIZFEFH VLW RERBRAO N TH D, FRERRSE
PO Y 2 FARIIRIZ 3T B RO BIR 23880 51
TWwB (il z2E, Ak, 20005 7L, 2000b). 2L
DY 2 TR IROEE, HMEWREEE S LT, WEHT
BEEE-fEa Ty s 2 KB4y 7Ly 2 R
2, itz gEarySry s 2LfrElay Tr o
ANGHT D, IhoEIKT 2L, MER RLAoE
K(KE4Aa v Ty s 28TEILTY TV 9o 2)RE
NETNORGER OB K (R4 a v 7Ly
sALBEIY TV Yy s A) KD, EOFNRIEL
RN L, ~LLRROWBEEERELL 0. O
F0, KM4arv 7Ly s 2L BEE-Eay Ly
s A, oW rElay vy s 2 EEaT YLy
2 A TIE, TRENY 2 FRIIR O R 7 M & 1) 24
HRR2 S A5, ZhicHL, WEBKEICX > TEYT
2843 7Ly ZALBBR-MET Y TL Yy s 2T
i, EENENOEETY Ly 2 20 BREDHN
DL, FRREAERT S, U, REERE
MEH AR & vz RiLthod ¥ 2 5 e fHiik o
Bigl 2 EICBb 2 %AENEWE TH 5 Z L A RE L TH
% (7%, 2021b). K - §fH (2000) 1%, FHESWRE % &
AT, BFEaV TV ZALBBRIR-HAEay 7Ly
ZTIEA T4 MEREICHARAERH S Z L ERLTE
D, R - #EEH (2001) ZFRERE 2 FE5I5F 2 7 Z b (out-
of-sequence-thrust) IZHHY 4% &AL LT3, KHIENRE
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EFRHNZ S Z P EARELERED, £a v FL s R
Dk B % % X 16BIZN Y.

Site 10 MEL: BE£aA T Ly I ADFv—M%EF

R U 7= B Fl 3 Bk
PEE :36°217 13" N, 139°26’ 53" E (i A WL 2 F1l vli A Ik
—TH)

fiF 3 Tto and Ichizawa (2022a) (&, [Hil2E Ko #1) | Hhisg
DHE L WRIBO A & RRET L, 1A F v — b D _FIZEE
WANBHNZNZ L ERLE BRI, RO
BIEICAIE L, F v — b O EIZSER X - BRI 7
LD 1DOTH 3.

SEFIROMIE D FUTIZIEF v — P25 &0 (NIX174),
*ﬂHL@ﬁﬂmm@@BMﬁ HoTFv— b 2E
L TW3 (FX17B, D). RAFEHETOHYIZ Y25
Wi, HEJRE - RS - ETREARE (FX170)
R oD, RIS F v — NI T < Sk 7z i
1B 720, TOREHPERIFHEINZLELOND.
ZHICHR U THYNE, F v — M EIANTERL OIS
DOHRABIAMES N T D, W & Zhic &k 3 BN xR
HHPERICFIH N 2Bl F 2 5.

Site 11 EBFZEK : Fv— bEERAL EER
f7E 1 36°20° 107 N, 139°27 13" E (WA K 2l &
1))
fiEa « RAITIC & 5 EM PR (RFIX18A) 13 H ARy D
WEMBEE LTSN THD, 19214 (KIE104) 3 A
ICEEO BRI IZHEE & h, 20154 (FR27
) 4H24 HIZIZ HABPEIZFEE SNz, 16684F (B
SAF) IZAINEE & M7= (f5HX 18B) % 1990 4F (PR 2 4F)
IZEILE iz A L ER ((HX118C) 2T X 5.
IRELELTF v — FABELPNTWS (X 18D, E).
IN6DF v — MIFIKE~EKEDREIRF v — T
by, HhEHEL 2ohs. RO Y 2 F Rk
EHHALTHWE EBbhD.

Site 12 KE BEA Ly I ADFv— h-BESE
= ARVCAMIATFH—Fb

P : 36°21° 57" N, 139°26" 41”7 E (WA IR & Bl th A%
)

fRF AT, BFEay T Ly 2 2A0F v — -
WEEY — 7 v ZABBIERTE 5 ((HX19). HEKAEAS
BIRDNIZ BT, F v — b ((FX120A) - HEJES (KHX
20B) - Jei - WEeE AR ((HX200) - #bE DIETEETE
NAELN, Fyv—b-WEEL TV ARSELLE3
[ 0 B3 O2MER T E S ((HX19). HEIERLIEE»
513V o FHRBER AR LT3 ((FX20E-G). Site
9 LiIFEA MR A A THRANCZY 725 728, Site 9 TEL
BANEF v — b -EEY — 7 Y ARSI FA

THBDITH L ((FX14), ATl
&% (HX19).

N— =y TOIEHTIIITELT Y TV v 7 ZDYe
BIRIEAEF v — P 5. ZORBRES IWS
A& (fX20D). ZOXS ITEMENRLZZ Eh
5, ZO®EMICEEa Yy Ly s 2Ly TL Yy
2 A RBET B KEWiRE & FE L 7.

T/, A2t TA P IA4 TF v — b
AT E S (HX21A, B). 254 FFv— b Eid
HEENICEMMB G2 235 F v — P &L, Fv— |
HEHOIADEY 2 54 TG 2B A MY —2
(streak) & Z DD 2 X — 3 v ' (spacing) 7 5 % 5 (X
21C—G) (Ito, 2020b).

FEROOL— bv oy THRE) OKREX 2V 2 v T
3, Z< DAL F74T7F v —EPEOLN, %=
BACOFECR M EEL LT3 (FIXI21A). Bl bk
BREABSBBVOAR Y2 Y 3 Vv TRSKDA T4
TFy—rERRDLEN, T/ PV MRPH=EERLD
FRECRAFEH LT 3 (FXI21B). Ito (2020b) i, FHI
i B - B O Y 2 7 AR DO EATIIZE (5 212,
Kakuwa, 1991 ; Nikaido and Matsuoka, 2009) & D i »
5, ZhoDMWEKTIEA LS54 TF v — FEHEBT
BlEHElx, EEEBRON =T VHE~TE - TV
R T % 2 WTREE &R U 7= (51X 22) .

AL A LA

Site 13 NEFER: TEILA>TL Yy 7 ZONILL
R2Fv—brODEII 3>

PR £ 36°21719” N, 139°21’ 53" E(BER L RH &
HT)

fEas A A E T EEORIRINORB A IZME T 5
(FFR123A). MRERIZITEILT Y TV v o 2O FEERE
RAEHTHDF v — LT, KREEIRF v — + (FX
23B, E, F)RIK@G~FKEG~IKE@RIRF v —  ((HX
23C, D), Fv— FAEENEHL TS,

JERF ¥ — b2 51E, NLacy Ay Sy 7 o
~7T7ENET Y HOREEA L EH L T3 (Ito,
2020a, 2021c) (F[X124). BEHRDOHFENR 2 513, BFH
EREFREMITH B EHE A Sh, WlRIE L T, Tto
(2020a) 1%, ZOHTRRBEHFVAKREGF v — DL
vay (NETYr Y a v EERR) » 5, HkEOREHR
(Latentibifistula clathrata Tto) % iC#k L 7z. HAIZE W T
NI LARD P~ BORE Y s Y a ViIZIRoh Tk
D, 25V TEEELBETDH 5.

Site 14 #E : EFIEAORERTEFANRE

EE © 36°25" 55N, 139°26" 42" E (WAL EFHi &5 F
mT)

R s AT ER AR BT EL, [ZHEDOE
AL LTHS N5 ERIE RO EBERERBIRE 2 A
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ohb. 72, ZORKORNIGAT SRR
IV Ty I ADOREBCE RIS &> T B,
E%m%%%w%ﬁgk&ﬁﬁtoggg,ﬁﬁwﬁ
BRFEMRITHDNT, MARBIE RS - IRA RIS 5 -
rp S A R M KB JHO 3TEHIC X 7 S T B (R,
1972). ZETHAL N 5 RERHERPIRE L EFE AL
X (RN, 1972, 1973), IRABIERIAETIZIX 7y & h 5.
SEREAO A, ALH - R PG 7 Rl A 5o
WMk TH 5 ((FX25). [#EOEABEI T, WA
THEBMIZRSEEZREMMRED I T A F — V3
ELTED (HX126A), &EES I+ T3 EEHm
BL b D KA 20 B REAE i PO 23 A7 AE 5 % (11X 26B) .
BF Tk, BERERIIRA SR~ R T, SR
fk g (RHX26C) . FEMERSE & LCh% - BHRA -
n)EA - BEREEAR, BIRSEME LTET /884
kDY - L - AERSRD NS, ki, K
M (1972, 1973) 12 & 2K-ArfERUZEE D HE, BRIA K
DAL 85 Ma (HIAF A TH 5.
FAERFLO BB -3 v 7L v 7 2R JE
AR AW > TH D, ZRL7ZF v — FRIEEHPE
WTED, BRF v — MEIWKE» SIKEGERL, B
KdH BT TH 5. HEROMEEETIE, 100 pm%
ALK ATEP L BIERKFT v— b EALNS ((HX
26E). ZRIBEIZ, BIKED»SIKEARL, BRI
BTHRD & DA% ((FXI26D). 8 FTIEAZER2 S
R 3 % BRI AT & 1 (RFIXI26F),  Z o Fy B % Y]
Wrid 2k v &L TAZERMERINATHS
LDL D 5.

Extra sites : 1488
ERRIBERL TR RO EWEE LA L, WEPHA
YNZBI$ 2R A AL N5, FEEEAE DKM 40k
Moz Py g kM4 EYEE) <, FfEET
FRINIACARIEHPER I N TED, ZOHDED
I/ PV MIBET 5B S £ (https:/www.city.midori.
gunma.jp/conodont/, [H'&H : 202245 H18H). AL D
A RRRT BT /e E O At AE i, HARIZ B 5 [HA AR
ROGAED WD TGRS Nz 5 BB 5 Wi ©
b5, EHEH TR S NEHTFRNEBRAETH 55,
HAE#ERIZERL COREMOLA (R Yy EA Y U %
E) B EIR T B (https://www.city.midori.gunma.jp/
iwajukw/, BB H : 202245 H 18 H). Wik ¥HiE4
DEFAEIFIETR TN TRA S LEERERL
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Fig. A1 Traverse map of Site 1 (Hikoma-cho Ban-yama, Sano City) (based on Ito, 2021b).
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X2 Site | TEIETE 25 L pEM L 22 LA, PHE (2021b), Ito (2021c) & UMuto and Ito (2021) (255D <. (A) ReREERDRG 145,
B) BIRHER L EOENEH, suzx=an. (O)FWREREHKLT v — 1. (D)REMEE 2T 2 MR,
(B) MACBUE B s th O KRR & MR O BER ORI EHE. TH=2 )L 0A. (F)EER 1S 5L U 2w =8
a7 Py b (G)MUNEER S » SREH L 72V 2 TR EFE A SN B RHEH. Fep : MRIES 5 Cgp : MUK ; Rad : R,
b4 ¢ 1: Neohindeodella benderi (Kozur & Mostler) ; 2—4 : BAERIRF v £ 5V 7.

Fig. A2 Lithology observable in Site 1 and occurrence fossils (based on Ito, 2021b, ¢ and Muto and Ito, 2021). (A) Bedded siliceous
claystone. (B) Thin section photomicrograph of siliceous claystone. Crossed polars. (C) Chert interbedding thick mudstone layers.
(D) Bedded grading type siliceous mudstone. (E) Thin section photomicrograph of boundary between fine- and coarse-grained parts.
Lower polarizer only. (F) Early Triassic conodont from siliceous claystone. (G) Possible Jurassic radiolarians from grading type
siliceous mudstone. Fgp: fine-grained part; Cgp: coarse-grained part; Rad: radiolarian. Microfossils: 1: Neohindeodella benderi
(Kozur & Mostler); 2—4: Closed nassellarian.
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Fig. A3 Index map Site 2 and lithology observable (Omata-cho Narushi, Ashikaga City) (based on Ito, 2021d). (A) Index map, modified
from geographic map published by the Geospatial Information Authority of Japan. (B) Narushi. (C) Chert exposed along the
ridge east of a crest of Mt. Sekison. (D) Topographic cross section in Mt. Sekison—Omata River (a-b).
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Fig. A4 Traverse map of Site 3 (Oshiyama River, Umeda-cho, Kiryu City) (based on Ito, 2021b).

— 166 —



<4 5

Fig. A5

RMENE « [HlEKER] I v 2 5 ik ()
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F. B)EMBBMET YTV Y2 20F v — bOEKFEHE, saz=a)L, (C)KEH%&E IR E eSO
HMAEHE, Cl: Z70ZX=3)L;C2: PF=aLDA D) K427y ZOXREREOHIER., /0%
=)L, Rad : fkHkHR 5 PL: BHEA 5 Cpx @ HAEHELA.

Lithology observable in Site 3 (based on Ito, 2021b and Ito and Kusano, 2021). (A) Bedded chert of the Kurohone—
Kiryu Complex. (B) Thin section photomicrograph of the Kurohone-Kiryu Complex. Crossed polars. (C) Thin section
photomicrograph of non-grading type siliceous mudstone including radiolarians of the Kurohone—Kiryu Complex. Cl:
crossed polars; C2: lower polarizer only. (D) Photomicrographs of basaltic lava of the Omama Complex. Crossed polars. Rad:
radiolarian; Pl: plagioclase; Cpx: clinopyroxene.
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Fig. A6 Traverse map of Site 4 (Kurohone-cho Miznuma, Kiryu City) (based on Ito, 2021b).
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FEF v — PARE. ) AAIEROL v ARWEERE EURERAL. F) L Y XROBEERE EDRER
EEOENGH, saA=a)L,
Fig. A7 Lithology observable in Site 4 (based on Ito, 2021b). (A, B) Float block of pillow basaltic lava. (C) Pillow basaltic lava. (D)
Bedded chert and chert breccia. (E) Pelitic mixed rock including lenticular sandstone block. (F) Thin section photomicrograph
of pelitic mixed rock including lenticular sandstone blocks. Crossed polars.
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Fig. A8

Site 5 DN X M OB T = 2 A (2R iR ORARET UKD . D1 (2021e) 12255 <. (A) [ F BB 58 4T O J
EfEALAMER. B) KEEAHEOEA. (C) ERIIMERAERA Y 4 —OMEEAFEIZREINL TN
Helicoprion bessonowi Karpinsky. MWEFATRAE LY 4 — T = T34 M OWBEEART — 4 X— 20 ¥l (EAES ¢
GSJ F7613, https://gbank.gsj.jp/musee/#F7613). (D) 7 X V) FLADHEHEE, FH=aLDAi. (B) 7 X FAKE
OWREHR, suZ2=3),

Index map of Site 5 with observable lithology (Kurohone-cho Yagihara, Kiryu City) (based on Ito, 2021¢). (A) Index map,
modified from geographic map published by the Geospatial Information Authority of Japan. (B) Float blocks of carbonate rocks.
(C) Helicoprion bessonowi Karpinsky deposited in the Geological Museum, Geological Survey of Japan, AIST. Reprint from
the Geological Specimen Database of the website of the Geological Survey of Japan (Specimen number: GSJ F7613, https:/
gbank.gsj.jp/musee/#F7613). (D) Thin section photomicrograph of fusulinid fossils. Lower polarizer only. (E) Thin section
photomicrograph of fusulinid limestone. Crossed polars.
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Fig. A9 Traverse map of Site 6 (Kawauchi-cho Okuzure, Kiryu City) (based on Ito, 2021b).
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Fig. A10 Lithology observable in Site 6 (based on Ito, 2021b). (A) Basaltic rocks interbedded by carbonate rocks. (B) Thin section
photomicrograph of basaltic rocks interbedded by carbonate rocks. Crossed polars. (C) Sheared basaltic rocks. (D) Mudstone
including lenticular sandstone. (E, F) Broken chert blocks and pelitic matrix. Carb.: carbonate rocks.
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Fig. A1l Index map of Site 7, map of the Odaira Stalactite Cave and observable lithology (Omama-machi Odaira, Midori City). (A)
Index map, modified from geographic map published by the Geospatial Information Authority of Japan. (B) Map of the Odaira
Stalactite Cave, based on the figure of the ticket. (C) Massive limestone near the exit of the stalactite cave.
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Fig. A12 Traverse map of Site 8 (Takatsudo Gorge, Omama-machi Takatsudo, Midori City) (based on Ito, 2021b).
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Fig. A13 Lithology observable in Site 8 (based on Ito, 2021b). (A) Pelitic mixed rock of the Omama Complex. (B) Matrix-dominant
pelitic mixed rock. (C) Pelitic mixed rock including lenticular to unshaped basalt blocks. (D) Pelitic mixed rock including
a lenticular limestone block. (E) Pelitic mixed rock including lenticular chert blocks. (F) Isometric folds of a chert block

within pelitic mixed rock.
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Fig. A14 Traverse map of Site 9 (Kanma River, Kanma-cho, Sano City) (based on Ito, 2021b). CCS: chert—clastic sequence.
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Lithology observable in Site 9 (based on Ito, 2021b, ¢). (A) Weakly-bedded siliceous mudstone of the Kuzu Complex. (B) Thin
section photomicrograph of siliceous mudstone including radiolarians. Lower polarizer only. (C) Weakly-bedded mudstone of
the Kuzu Complex. (D) Thin section photomicrograph of mudstone including radiolarians. Lower polarizer only. (E) Massive
sandstone of the Kuzu Complex. (F) Possible Jurassic radiolarians from mudstone of the Kuzu Complex. Rad: radiolarian.
Microfossils: 1: Multi-segmented nassellarian. 2, 3: Three-segmented closed nassellarian. 4 —6: Closed nassellarian.
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Fig. A16 Kanma Fault observable in Site 9 and structural relationships of the Jurassic accretionary complex of the Ashio Mountains.
(A) Kanma Fault (boundary fault between the Kurohone-Kiryu and Kuzu complexes), based on Ito (2021b). Y, R1 and P
indicate respective surface in composite planner surface, (B) Structural relationships of the Jurassic accretionary complex

of the Ashio Mountains.
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Fig. A17 Traverse map of Site 10 and observable lithology (Mt. Ryogai, Nishinomiya-cho, Ashikaga City) (based on Ito and
Ichizawa, 2022a, b). (A) Rock distribution around Mt. Ryogai. (B) Chert exposed in ground around a crest of Mt.
Ryogai. (C) Alternations of sandstone and mudstone of the Kuzu Complex. (D) Bedded chert of the Kuzu Complex.
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Fig. A18 Index map and photographs of Site 11 (Ashikaga School [Ashikaga Gakko], Shohei-cho, Ashikaga City). (A) Index map,
modified from geographic map published by the Geospatial Information Authority of Japan. (B) Main gate of Ashikaga School
[Ashikaga Gakko]. (C) Building and garden. (D, E) Chert used as a garden rock in a garden.
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Mizukidella? sp. ; 8 : Striatojaponocapsa sp. 5 9 : Williriedellum? marcucciae Cortese.

Lithology observable in Site 12 and occurrence fossils (based on Ito, 2021b, ¢). (A) Bedded chert of the Kuzu Complex.
(B) Weakly-bedded siliceous mudstone of the Kuzu Complex. (C) Alternations of sandstone and mudstone of the Kuzu
Complex. Sd: sandstone. (D) Lenticular sandstone block within pelitic mixed rock of the Gyodosan Complex. (E)
Middle Jurassic radiolarians from siliceous mudstone of the Kuzu Complex. (F) Possible Jurassic radiolarians from
siliceous mudstone of the Kuzu Complex. (G) Possible Jurassic radiolarians from mudstone of the Kuzu Complex.
Microfossils: 1: Japonocapsa sp. aff. J. fusiformis (Yao) sensu Matsuoka (1983); 2-6, 10: Three-segmented closed
nassellarian; 7: Mizukidella? sp.; 8: Striatojaponocapsa sp.; 9: Williriedellum? marcucciae Cortese.
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Fig. A21 Chert sections including striped chert beds in Site 12 with occurrence fossils (based on Ito, 2020b). (A) Oiwa Section in
Oiwa-cho, Ashikaga City. (B) Tsukiya Section in Tsukiya-cho, Ashikaga City. (C—~G) Outcrop photographs and thin section
photomicrographs (crossed polars) of striped chert in the Tsukiya Section. Microfossils: 1: Paroertlispongus? sp.; 2:
Pararchaeospongoprunum? sp.; 3, 7: Twisted spine; 4: Spinotriassocampe? sp.; 5, 6: Conodont fragment; 8, 9: Spumellaria
gen. et sp. indet. with twisted spine.
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Distribution of striped chert beds in the Triassic (based on Ito, 2020b). Geologic time
scale is after Ogg et al. (2016). Radiolarian biozones are after Sugiyama (1997) and are
partially modified based on the calibration by Yamashita et al. (2018).

Fig. A22
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Fig. A23 Index map of Site 13 with lithology observable (Yoshizawa-cho, Ota City) (based on Ito, 2021b). (A) Index map, modified
from geographic map published by the Geospatial Information Authority of Japan. (B) Red bedded chert. (C) Gray bedded
chert and chert breccia. (D) Bright-gray bedded chert. (E, F) Red chert including radiolarians. Lower polarizer only.
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Fig. A25 Traverse map of Site 14 (Nagusa-kamicho, Ashikaga City) (based on Ito and Nakamura, 2021).
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Fig. A26 Lithology observable in Site 14 (based on Ito and Nakamura, 2021). (A) Several corestones of biotite granodiorite in the
Nagusa Gigantic Rocks. (B) Large-sized biotite granodiorite (over than several meters) in the Nagusa Itsukushima Shrine. (C)
Photomicrographs of thin sections of biotite granodiorite of the Ashikaga Body. Crossed polars. (D) Metapelite. (E) Metachert
composed of coarse-grained quartz. Crossed polars. (F) Photomicrographs of thin sections of schistosity in metasediment.
Crossed polars. Qtz: quartz; Pl: plagioclase; Bt: biotite; Ms: muscovite.
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English summary

1. Geological setting

Outline

The Jurassic accretionary complex of the Ashio Belt
is distributed over the Ashio Mountains, central Japan
(Fig. 1). The Jurassic accretionary complex consists
of the Kurohone—Kiryu, Omama, Kuzu and Gyodosan
complexes (Figs. 2, 3). Figure 4 shows the reconstructed
oceanic plate stratigraphy (OPS) of these complexes. The
Ashikaga Body, which consists of biotite granodiorite,
intrudes into the accretionary complex around Nagusa,
Ashikaga City.

Kurohone—Kiryu Complex

This complex shows broken to coherent facies, and is
composed mainly of mudstone and chert, with siliceous
claystone, carbonate rocks, siliceous mudstone and pelitic
mixed rock. This complex is believed to have accreted
after the late Middle Jurassic.

Omama Complex

This complex shows broken to mixed facies, and
comprises mainly basaltic rocks, chert and mudstone,
with small amounts of carbonate rocks, sandstone and
alternating beds of sandstone and mudstone, and pelitic
mixed rock. This complex is believed to have accreted
after the middle Middle Jurassic.

Kuzu Complex

This complex is subdivided into three units: units 1, 2
and 3. Units 1 and 3 are composed mainly of coherent
facies of siliceous claystone, chert, siliceous mudstone,
mudstone, alternating beds of sandstone and mudstone and
sandstone; these rocks represent chert—clastic sequences.
Unit 2 is composed mainly of basaltic rocks and carbonate
rocks with conglomerate, siliceous mudstone and
mudstone. Units 1 and 3 are believed to have accreted
after the early Late Jurassic, while Unit 2 accreted after
the late Middle Jurassic.

Gyodosan Complex

This complex shows mixed facies, and is composed
mainly of pelitic mixed rock and chert. This complex
is believed to have accreted is after the middle Middle
Jurassic.

Geologic structure

Three NE-SW striking and moderately dipping large
faults, which act as tectonic boundaries of the above-
mentioned complexes were recognized (Figs. 2, 3): the
Kiryugawa Fault (between the Kurohone-Kiryu and
Omama complexes), the Kanma Fault (between the
Kurohone-Kiryu and Kuzu complexes) and the Oiwa
Fault (between the Kuzu and Gyodosan complexes).

Additionally, three major NE-SW striking folds were
recognized (Figs. 2, 3): the Kuzu Syncline, Hikoma
Anticline and Umeda Syncline. Their fold axes plunge to
SW at a low angle.

2. Excursion sites

Site 1 Ban-yama: Lower Triassic siliceous claystone of
the Kurohone—Kiryu Complex

This site was located around the Oikoshi Pass in
Hikoma-cho, Sano City (Fig. A1). The Ban-yama Mine
is a quarry where siliceous claystone was mined as a
grinding stone, and it can be observed (Figs. A2A, B). The
siliceous claystone is known as a pelagic deposit during
the “chert gap” in the latest Permian to Early Triassic (e.g.
Isozaki, 1997). Early Triassic conodont, Neohindeodella
benderi (Kozur and Mostler) (Fig. A2F), has been reported
from the siliceous claystone (Sashida et al., 1992; Muto
and Ito, 2021).

Site 2 Narushi: Chert boulder with folklore

A chert boulder, called Narushi, was observed in Omata-
cho, Ashikaga City (Fig. A3A). According to folklore,
this boulder was carried by wild monkeys from the crest
of Mt. Meido (currently Mt. Sekison) in the south of
Narushi in A.D. 808. According to Ito (2021d), Narushi
(Fig. A3B) and the chert outcrops near the crest of Mt.
Sekison (Fig. A3C) have similar lithology (recrystallized,
weakly bedded, gray to bright gray chert). The similarity
and topography of the valley between them (Fig. A3D)
indicate that the chert boulder of Narushi could be
transported from chert near the crest, as the folklore told.

Site 3 Oshiyama River: Basaltic rocks of the Omama
Complex

This site is located along the Oshiyama River in
Umeda-cho, Kiryu City, and basaltic rocks of the Omama
Complex can be observed here (Fig. A4). According to
their geochemical analyses on basaltic lava (Fig. A5D) in
this site, the two samples (Om-1 and Om-4) belonged to
an oceanic island basalt (OIB) affinity.

Site 4 Mizunuma: Basaltic pillow lava of the Omama
Complex

Basaltic pillow lava of the Omama Complex can be
observed both in the outcrop and as a float block near
Mizunuma Station, Kurohone-cho, Kiryu City (Fig. A6).
The float block with a diameter of about 2 m was observed
on the right bank of the Watarase River (Figs. A7A, B); the
outcrop was exposed on the left bank (Fig. A7C).

Site 5 Yagihara: Occurrence site of Helicoprion in the
fusulinid limestone of the Omama Complex
Float blocks of carbonate rocks were observed in
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Yagihara, Kurohone-cho, Kiryu City (Figs. ASA, B).
These rocks, containing fusulinid limestone (Figs. A8D,
E), belong to the Omama Complex.

This site is considered to be the fossil locality of
ichthyosaur Helicoprion bessonowi Karpinsky (Fig. ASC)
reported by Yabe (1903a) (e.g. Hayashi, 1997, Gunma
Museum of Natural History, 1999; Ito, 2021e).

Site 6 Okuzure: Basaltic rocks and carbonate rocks of
the Omama Complex
Basalts and carbonates of the Omama Complex can be
observed in Okuzure, Kawauchi-cho, Kiryu City (Fig.
A9). At this site, the carbonate rocks interbedded with
basaltic rocks in observations of both outcrop and thin
section views (Figs. A10A, B).

Site 7 Odaira Stalactite Cave: Carbonate rocks of the
Omama Complex
The Odaira Stalactite Cave in Omama-machi, Midori
City (Fig. A11A), is composed of carbonate rocks of the
Omama Complex. The total length of the cave is >90 m
(Fig. A11B). Massive limestone is mainly observed within
the cave (Fig. A11C).

Site 8 Takatsudo Gorge: Pelitic mixed rocks of the
Omama Complex

The Takatsudo Gorge, Omama-machi, Midori City is
known as a scenic spot. It is especially famous for its
autumn leaves. Pelitic mixed rock including several types
of blocks were observed in the gorge (Figs. A12, A13).
Ito (2021b) classified these rocks into four types based on
their lithology and matrix to block ratio.

Site 9 Kanma River: Chert—clastic sequences of the
Kuzu Complex and the Kanma Fault

Chert—clastic sequences (CCSs) of the Kuzu Complex
were observed near the Kanma River, Kanma-cho, Sano
City (Fig. A14). Sequences of chert, siliceous mudstone
(Figs. A15A, B) and mudstone (Figs. A15C, D) are exposed
along the forest road on the right bank of the Kamba River.
The CCSs were repeated at least twice, and sandstone
(Fig. A15E) was identified in the second sequence. The
mudstone yielded possible Jurassic radiolarians (Fig.
A15F) (Ito, 2021¢).

The Kanma Fault, which is the boundary between the
Kurohone—Kiryu and Kuzu complexes, was recognized
at this site (Fig. A16A). The Kanma Fault is considered
to be a fault related to the rearrangement of the Jurassic
accretionary complex in the Ashio Mountains formed
after accretion (Ito, 2021b) (Fig. A16B). Okamura and
Kamata (2001) considered the fault to correspond to an
out-of-sequence-thrust (OST).

Site 10 Mt. Ryogai: Ashikaga Castle remain that
utilized chert of the Kuzu Complex

Ito and Ichizawa (2020a) examined the geology and

distribution of castles in the Kiryu and Ashikaga District,

and found that many mountain castles were built on chert.
Ashikaga Castle, located around Mt. Ryogai in Ashikaga
City, is a typical example of the castles built on chert.
Chert is exposed around the castle (Figs. A17A, B, D),
possibly because of the characteristics of chert (hard,
dense and thereby forming an uneven landscape). In
contrast, a trench [Horikiri] for defense was dug around
an area of pelitic rocks (Fig. A17C), which is softer than
chert, more easily breakable and more suitable for digging
trenches.

Site 11 Ashikaga School [Ashikaga Gakko]: Garden
rocks of chert

Ashikaga School [4shikaga Gakko] in Shohei-cho,
Ashikaga City (Fig. A18A), is known as the oldest
educational institution in Japan. It was designated as a
National Important Cultural Property on March 3, 1921,
and as a Japanese heritage on April 24, 2015. Chert is
placed as garden stones (Figs. A18D, E) at the Ashikaga
School.

Site 12 Oiwa: Chert—clastic sequences and striped
chert of the Kuzu Complex

Chert—clastic sequences (CCSs) of the Kuzu Complex
can be observed at this site (Fig. A19) in Oiwa-cho,
Ashikaga City. They are composed of chert (Fig. A20A),
siliceous mudstone (Fig. A20B), mudstone, alternating
beds of sandstone and mudstone (Fig. A20C), and
sandstone along the road. Jurassic and possible Jurassic
radiolarians were obtained from the siliceous mudstone
and mudstone (Figs. A20E-G).

Striped chert beds were observed at two sections (Figs.
A21A, B) in this site. The stripe chert has a lamina-
like structure within a single layer (Fig. A21C-G). Ito
(2020b) implied that the striped chert beds can be used as
an alternative age index for the Tamba—Mino and Ashio
belts. That is, several striped chert beds likely indicate the
Triassic age, with their dominant interval probably being
the Carnian—lower Norian, Late Triassic (Fig. A22).

Site 13 Hachioji Hills: Permian chert sections of the
Gyodosan Complex

This site is located south of Mt. Karasawa on the
Hachioji Hills (Fig. A23A). Permian radiolarian-bearing
chert (Figs. A23B—F) of the Gyodosan Complex crops out
along the forest road section. Ito (2020a) and Ito (2021c)
obtained Cisuralian-Guadalupian (early-middle Permian)
radiolarians from the chert (Fig. A24).

Site 14 Nagusa: Biotite-granodiorite of the Ashikaga
Body

The Ashikaga Body is exposed at this site in Nagusa-
Kamicho, Ashikaga City (Fig. A25). It is composed of
biotite-granodiorite, and its corestones can be observed
as the Nagusa Gigantic Rocks [Nagusa-no-Kyosekigun)
(Figs. A26A—C), designated as a special national natural
monument in 1939. The chert and mudstone of the
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Kurohone—Kiryu Complex near the Ashikaga Body
underwent contact metamorphism (Figs. A26D-F).

Extra sites: Museums
Several museums around the Ashio Mountains exhibit
geological and paleontological objects. Locations of the

Conodont Museum (Omama Museum) in Omama-cho,
Midori City and the Iwajuku Museum Kasagake-machi,
Midori City are shown in Fig. 3. Location of the Kuza
Fossil Museum in Kuzuu-machi, Sano City, is shown in
Fig. 2.

— 192 —



