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Abstract

The Kanto Syntaxis in central Japan is a cuspate, convex-north-
ward deformation structure of zonal geologic belts and belt-bound-
ing faults, and its formation can likely be attributed to the Neogene
collision of the Honshu and Izu—Ogasawara (Bonin)-Mariana (IBM)
arcs. However, it remains unclear as to how and when the deforma-
tion occurred. To determine the age of onset of syntaxis formation,
this review summarizes recent geological and paleomagnetic studies,
published during the past 25 years, in and around the collision area.
The climax of tectonic rotation of both sortheast and southwest Ja-
pan during the back-arc opening of the Japan Sea has previously
been estimated at ~15 Ma, with this age potentially representing the
onset of syntaxis formation. However, sedimentary records in the
earliest accreted volcanic edifice indicate that arc—arc collision began
at 17 Ma or shortly later. This edifice, named the Kushigatayama (or
Koma) block, originally formed on the IBM arc and is now present
in the Izu collision zone. Paleomagnetic analyses, which included an
orocline test that utilized early Miocene data from both limbs of the
Kanto Syntaxis, suggest that it began to grow between 17 and 15 Ma.
This is consistent with the age estimate of the onset of arc—arc colli-
sion inferred from the geology of the collision zone. Thus, it is con-
cluded that the arc—arc collision, which began between 17 and 15 Ma,
caused the coeval onset of the syntaxis formation. Hypotheses relat-
ing to the development of the syntaxis are introduced, and these need
to be tested in future studies.

Keywords: arc-arc collision, Honshu arc, [zu—Ogasawara (Bonin)—
Mariana arc, Izu collision zone, Kanto Syntaxis, Median Tectonic Line,
Miocene, orocline test, paleomagnetism, southwest Japan, tectonic
rotation
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Fig. 1. Simplified geological map of the Kanto Syntaxis in central Honshu. ATZ = Akaishi Tectonic Zone, ISTL = Itoiga-
wa—Shizuoka Tectonic Line, MTL = Median Tectonic Line. IBM arc = [zu—Ogasawara (Bonin)-Mariana arc. The arrows
represent early Miocene (23—16 Ma) paleomagnetic declinations. 1 = Niu (Nakajima et al., 1990), 2 = Daishoji (Itoh and
Ito, 1989), 3 = Mt. Wasso (Itoh et al., 2001), 4 = Kanazawa (Itoh and Ito, 1989), 5 = lozen (Itoh and Kitada, 2003), 6 = Yat-
suo (Tamaki et al., 2006), 7 = Uozu (Iwaki and Itoh, 2000), 8 = Takane (Sugisaki and Hoshi, in press), 9 = Ichishi (Hayas-
hida and Ito, 1984), 10 = Morozaki (Hayashida, 1986), 11 = Kani (Hayashida et al., 1991), 12 = Mizunami (Itoh et al.,
2006), 13 = Shitara (Torii, 1983), 14 = Shitara (Hoshi and Ogawa, 2012), 15 = Tomikusa (Sako and Hoshi, 2014), 16 = Ka-
kegawa (Hayashida, 1994), 17 = Kakegawa (Hiroki and Matsumoto, 1999), 18 = Chichibu (Hyodo and Niitsuma, 1986), 19
= Motegi (Hoshi and Takahashi, 1997). The bathymetric contour interval is 500 m. The map was made using Generic Map-
ping Tools (GMT, ver. 5.2.1; Wessel and Smith, 1998) and QGIS (ver. 2.6.1 Brighton), with data from the Geological Sur-
vey of Japan (2015) and ETOPOI1 global relief model.
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WCEBHROIREZ R L0 5. MG DI J’aﬁ@@‘éﬁiﬁ* EZ < DUIAEITHFH T NS L 51275572 (Soh, 1986; KT
RIZEDGEEFTREZRTEIZ DWW THHNT 5. 137, 1986; KEF, 1986; Koyama, 1991; /hli, 1993; Fith,
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Fig. 2. Simplified geological map of the Izu collision zone
(redrawn after Amano and Ito, 1990; Matsubara and Ama-
no, 2010). A = Izu block, B = Tanzawa block, C = Misaka
block, D = Kushigatayama (Koma) block. ISTL = Itoiga-
wa—Shizuoka Tectonic Line.

and Amano, 1999; Akimoto et al., 2002; &3 - =, 2005;
Yamamoto et al., 2009; faJ - K%, 2010; Tamura et al.,
2010; Tani et al., 2010; Arai and Iwasaki, 2014; Saito
and Tani, 2017). FEMIEHITB W THER I RS B
HNCHEZE « AU 72 KILPEHIBE T H 2 &0 S RIS BIE B A
o TWRnWEEZ SN,

R L BRI D DA M R R I 22 - (L 7= 2 KEF
(1986) 13 f#jZ¢ % 13~12 MatEHEHEE L, © D AMRIIKE -
FREE(1990) & Amano (1991) THRE N/ —H, /Ml
(1993) 13239 15 Ma IR Z 0, T BT HiiE O
FERRBRIE DERIC /R > 2 IR L 72, 2D 15 Ma EWH 4
RO/ (199D ITFFR TN TN D DT I T Tl
IR, AZERTITHI I LB E AN EDRNICH 572 N T T 7
HEHEREY &5 2 5N DO KT ERE O HEFEFELE 16~15
MaBEEMRR L= EMKEWN. 0%, Hith(1999)13/h
111(1993) DRI KL D A H G RED AL A EIL & BB
IBNZ LML, HROARFE—REDY 15~13 Ma EIZHEREL
HREES BB LU, 2N TH HMh (1999) 1M Lt
B2 SRR S D MR L R R AR I AN L 5 iR &5 2 51
SRR ENE £35 2 & (Koyama, 1991; /i, 1993),
BROMIRILTEREOFER 17~15 MatHEHEESINS Z
EZEEZEL, PEUNEZE 17T MaEHIZIZHBED DDH D,
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Fig. 3. Schematic model of differential crustal rotation in
central Honshu (modified from Itoh, 1988). The IBM arc
on the eastern margin of the Philippine Sea plate began to
collide with the eastern part of southwest Japan during the
mid-Miocene, causing differential rotation and the resul-
tant convex-northward geological structure (Kanto Syn-
taxis). ICZ = Izu collision zone.

15~13 Ma IZlERIAREIL LIzEB A= 17T Ma EWH 4
fRIZIT+1 Ma FEE O AT X S S EFIIHENT 203,
R L o e 1 D MR | 2 GG b S A NI Hfk U s C
W ATREEAYE O (Fith, 1999). 723, EZEAMLDY 15~
13 Ma 7o 72 &0 S Hil(1999) O RARITIZ, P HADK;
FHIEI D [H[E£AT) 15 Ma T (Otofuji et al., 1985a), Xflikk
WEODOERLS 15 Ma LAKE (Itoh, 1988; Takahashi and Wata-
nabe, 1993; Takahashi and Saito, 1997) &5 4KFDFE(L
BENEEL TWEEEbN 5.

HERE D SHE SN S BERMEE DR FRIAR A

RE B IS DIERIEI W DR E > 72 2 MTL &2 DJE3
O RHERGEIS S &b CERIRE S 72hY, FEIEZRDZ
B 7 2\ C i 2R o0 pE ) & R & o FE]TC Z B (differen-
tial) 7R [AHRANEE Z o 7z Z & THAE DN\ RIREE AT AR S 417z,
ENVD DML DIMFEENFR DA A—2 b5 (Fig.
3). ZOHRT, EHWEERICE > TNMIZR>ZE NI R
B HTHI R DOFIE CTHGEIRE T H 5. £, RIRZDF
DEAITRLERS N TV DIRERAL D AR ZH S ML TEN
5 Z i g USR] & i B IE W RN, AT
80 FEARLARE, W\ < DO THREERAL AL TR S N7
(Fig. 1). N5 ZFIH U TRINRERIZ BV 2 il 2 5%
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Fig. 4. Lower-hemisphere equal-area projection showing
remanent magnetization directions of Miocene rocks from
the Kanto Mountains. The square symbols represent for-
mation-mean and rock body-mean directions, whereas
gray circles are locality-mean directions. The dashed oval
around the mean direction represents the region of 95%
confidence with a radius avs, and the “ X" represents the
geocentric axial dipole field (GADF) direction in the Kan-
to Mountains (D =0° , /=155.5° ). *1 = Hyodo and Niitsu-
ma (1986), *2 = Takahashi and Watanabe (1993), *3 =
Takahashi and Nomura (1989), *4 = Ueno and Tonouchi
(1987). Note: Takahashi and Nomura (1989) reported a
northerly mean direction for the Chichibu Quartz Diorite,
whereas Ueno and Tonouchi (1987) reported north-north-
easterly directions from the same diorite and associated
ore deposits.

WMCED. TOMER, 93 FEHE TIT, LR I dhAg
EOWREFHE T ADEEINEZ 5722 &, T78bb
PHERLCIIPEEE HARTEE (R E - UE - i) 16 U Tk
FHEIDIC, HE TR HAREIIH U TREHE D I22hF
h@iﬁﬁiﬂi ol T LK MHEER S Nz E W DR
MOEE - T EEbins.

EFIZ D25 FM, AMNOFERZ BIFAESRELT
Mk e & IR D 2 SR 217> TE /2. AETIE

EEDNEIET- R D ED, O ALICHRE Xz
WRANARD S B, kiSO kB IERE T O M2 BE 67
THHHMET—FEFNCELD S,
1. EELh

KSR BB S 2 BB LM ClE,  Hogitt D #7e 2 4
ROBEANSREBEALT = DHEI N2 &ickD, 93
AEYSREICIIREE TR O [BRASH S M2 72 5> T /=, Takahashi
and Saito (1997) 3FEL <L Ea2—LTWADT, ZITid
RN T HICEED D, HRIERR IS 5
TR R S IR E D (D=93.7°, [=52.7°, 0gs=
8.3°, n=11 Y1 I ; Hyodo and Niitsuma, 1986), K¥7/&
PEATTH T ONILHIIRIZ 045 55 12 Ma OKILERED 5
W3ALHRED (D=34.7°, I=51.2°, aes=4.4°, n=9 Y1 I ;
Takahashi and Watanabe, 1993), #EIEFRACHLLIJEDIC
5349 %8 6 Ma DR AEMRRED S13FIE I E D (D
=3.5°, I=64.4°, ays=5.1°, n=21 ¥ > 7 )l ; Takahashi
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and Nomura, 1989) Z& &4t /5 6L Av & & 117z (Fig. 4).
Z OB AN O A SARAIFIEMEDOETH 2 CLUTF
FEH. Zhs @fﬁ%i)\ 5 Takahashi and Watanabe (1993)
iﬁﬁﬁm%’ﬁ?jﬂ:’ﬁi@i’ﬁ*@ 5% 12 Ma £ TORIZHK
60° @, #12Ma 5% 6 Ma £ TORIZH 30° DRFFHA]
D EMEASE 2 o 7= S5 L7z, = U CHiE O |z A AL
KD PE R H A DREFHE D [BlH: (] 40°; &, 2018) &2 &
[l d5 D WIEZZ DK 12 Ma £ TSl Z o 72 R El#EZEc
K BB LI OREFHE O [\l 20° F2E) EGH I >726H0
T, BEODOMERIZ 12Ma NS 6 Ma £TITE Z > 72FE
B2 K 2 B ILH ORFEHE D [FfE 2 /RS H D LR N
7z, TR OHERMFR O MFNE M S 2 izt
FRREIZE > TEDLOTLEDD, 17~16 Matd&EE A
5% (S, 2008).

ZO—HDOEMD S B, 12 Ma E TIZBEH LA FER H
AROEHRLAIMT E 512 20° FEEE OIFEHE D [mlin 2 21) 7= 2
EMMIEL WS, Z3UIihiE O 12 Ma £ D B

TRk > Tz 2 & & < /R 9 % (Takahashi and Wata-
nabe, 1993; Takahashi and Saito, 1997).

Z L T 6 Ma DABICBISRILHICREEAVEE Z > ThianZ &
BHIELWR S, At DI O FHR I & 0o (.
B OEZI IS BRI EE DR B E RIF X BT

12755 (Takahashi and Nomura, 1989). 7z72L, Taka-
hashi and Nomura (1989) A¥It[a] & 58 i 2 iy L
=B AP A D 513 Ueno and Tonouchi (1987) A3t
e E DR L ERE L Tn5 (Fig. 4). Zodtdbss
Fri3A 6 Ma PARE HREHE D Em kG L Tzl RElE 2R

B35, ZiEE & EREE TR gt LA I R O
[ElHEAYES Z 5 7= (Yoshida et al., 1984; /IMTiEA», 1995; Ya-
mamoto and Kawakami, 2005; Kanamatsu and Herrero-
Bervera, 2006). Ueno and Tonouchi (1987) ® % ¥ #4{t
SRR A SRR A TR Dt i R G hL 2R3 78 5, B
FILHL, =R, BRI Z S O S R O JL W
A6 Ma LABRICIEEHRI D [BR % 21T 7= 2 &icie s, —7, &
ROV A AR ES) 2 5219 (Takahashi and Nomura,
1989), WREEHEI D [HHAIIAHIE b 7L EED =5 L FRE
BB TR SRS H 5. ZOREOMHIIIIR
AR DB OSBRI TH 5.

2. #

FRRAUL B N V3 AG T e~ AT BT O AHIHA T & 5=
ﬁfﬁ&{*ﬁFJHFﬁ%’:TﬁA TR i BT o Al
ﬁ%f%éﬁ??ﬁi&@?ﬁﬁ%ﬁ#ﬁ?ﬁ?é =5 e
RO EEMMIIR~FIR TH 5. BEREH & TEE
B O 5% B 2k 13 Hayashida (1994) & Hiroki and Matsu-
moto (1999) 12 K o T 7205, WibgE OFRERAME S {1
IFARE S #Iz->Tn5 (Fig. 5).

Hayashida (1994) 138 EJg# L0 S At & Okt
HhLzE#HRE L7z (D=4.4°, [=59.6°, 00s=6.3°, n=9 Y1 I,
Fig. 5a). ZOHMNIIEN MM T—5 255, T2~

ICHEH Lz ZOAMIIHLOEREL T2 (GADF,; geo-
centric axial dipole field) Z{&7E L 7z 35E 12 Z Ol THi
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Fig. 5. Equal-area projections showing site-mean remanent
magnetization directions for early Miocene sediments
from the Kakegawa area, reported by (a) Hayashida (1994)
and (b) Hiroki and Matsumoto (1999). Solid circles indi-
cate directions on the lower hemisphere, while open cir-
cles indicate directions on the upper hemisphere. All direc-
tions are corrected for tilt. The "X’ represents the GADF
direction (D = 0°, I = 54.3° ), and the + denotes the ex-
pected early Miocene paleofield direction (D = 5.7°, [ =
53.3°) when the remanent magnetization direction from
the North China Block in the Asian continent (Zhao et al.,
1994) is taken as a reference.

I NS 6L (D=0°, I=54.3% LA'F, GADF i)
ERBITERW. Fiz, 7P7 KEOILHEHBE(NCB;
North China Block) 7 5 5 = 7z gl g s s b o5
fi7(Zhao et al., 1994) &L 7 7 L > A & U 7=355H O i
KA (D=5.7°, I=53.3°, AT, NCB A1) &b KBTE
. Lo T, ZOHRTIIEEER Lo 55
L CORICAL R EMBEIC T 2 EHEAE Z > Thisnh Z &
I272%.

—7, Hiroki and Matsumoto (1999) 138 &, FE§il =
BED S B 2 & DR RL T — % 2% L 7z (Fig.
5b). Z O TIRBEEEIRL RO 5N TH 5T,
AT 2 MWL T A B BITHONTWRND, [HEEZD
PA MECAAIZRARNICIERAE TH o . TOmITED
WINZ 2491 bOTF—=F DS L, EfET—413iEo
B 2 MH1ET S i (n situ) DIREET GADF AALITEVWH D
MEL, TNOSIERBAL DB ZEZ T TS ReEN H
. WHHET—% DS EAEBEHN 55N 005 <20° D
B MR AL % > TR G T 5 &
D=32.7° 1=583° ays=14.9°(n=6T1 M) kDL 5N
5. ZOEHAE GADF ARB L UINCB AL & #is 5.
NCB Az & Higd 2 &, 2 OISO a g SR
27 27 KEEITH LT 25~30° 12 ERFFHEI O I [Alds b“f% %
L%, ZOKEED lilii ZU%HH@@ BT S
(Hayashlda and Ito, 1984) %Eﬁiﬂlﬁ (Hayash1da 1986), 1t

u%’é‘éf%{ﬂ (Hoshi et al., 2015b)’€°7'ﬁd (Hayashida
et al 199D 72 &OD%%&.:H*HE’TC%ZQ (Fig. 1.

el ODJ: ST, BURTIIEN N B 2 mEEES A 2 D0
THIBAEE L VY. R TH 2 =8 - W) IMEREO =
BT IER~HAE TH 2 Z LIEH L TV S, HiRen]

TIFEBED—ET & 2 FIH RS O H-GEMA LR~

BE SRS TR I D T B

INDIEST=mn ? 809

JEET, AR IR R Z R Y. Lizhio
T, Hayashida(1994) O#55RZ(E LU, HYIN3EGRSH]
WK U TR HEI D 2 [RliR L 7z 2 &1272 0, [lfRaT DR
EDEHR « a]IEE RESRIZ>TWEZ &R, —7,
Hiroki and Matsumoto (1999) DRz E UL, #iE
f"r”rﬁ?ﬁ Y E ORI THMEERNIE A ERN DT &Ik

, BEERDIFIERIUCE 2722 &K%, AH, PEmE

ﬁ@?ﬁ‘%‘%’ﬁﬁ!bbiﬁ*ﬁnﬂ‘ﬁ%\%f% %.
3 EE

EHREGH O E il Tl R #iH T b 2 5 @A
Fr OEME EIEAAEENESITE > TWD. BhE &1t
e A FE D HHE M CER D P IS 3R TH 2. 2D
HIBOFIZIE MTL 2580, 2O FEERIIN23°E TH D
(Fig. 1). MTL QzEMAER H AR EE-CR R LM & K=<
Bizo>TWabd), ZOHOESESZHSNICT2TE
VR HIREE DT D PRI B W T EER B IR 2D,

U E T O FRARAL 5 A (1992) D3I S
DB - 2 Q014) A FERE Lz, A - 2 Q2014) 25
& LRI ST D=5.4°, I=57.9° ay=5.5"n=
2294 M) THa. ZOHMIT GADF AB LU NCB
AL EXPITERN, WlizT 2~ & BT 2 R OFERMN 5,
A - 2 Q0140 1F Z DAk E TR EE R & g HEFEIRE 12 S84S5
INWERIRREBAL TH D alREE N E W EE 2. X
7z, BEMIEEFOBRHERL D, MO IIEREEROENRE
28> C5Dn @ ERERGE 172Ma) Kb i< o>
C5Er @ FIREMR G 18.7 Ma) KD BH LW EFEIR L 7= B
51, BETIZH 17.2 Ma DIBIcCHilB Z 07 27 KFEIC
K BEMREAE Z > T Efbim L7z, Z OHIs ORI
—, R, EEE, AIVEZD STk UMD T 40° 1F
ERMEL=Z &IT5.

4. BBE

&%ﬂ%ﬁ%“ﬂ@ TSR I TR 0 AT RO BRI MTL
R, ZONE AR H AT BT 2 ER KD o
1tZF 0 ® N57°E Tc‘f?)é (Fig. . H##id 18~17 Ma tH
DU 725 ILAE TR & 15~ 13 Ma BEIOBIK L
IR I NS BIAIE, BiEh, 2006). 2K LEEIT N
DO DSWENKIEED A N—=D—D &IN5 GRIF - 3%
BEHURRRTE 7V — 7, 1985; KR - i, 2002).

b 3% fi B 0 TR B WAL 5 713 Torii (1983) & & - /M1
Q012 1Tk > THE TNz WiE OFREHAL SIS ALH M
XLV HTHEL TWDD, FiH D=48.0°, [=50.0°,
09s=14.0°, n=4 %1 ) £%EH (D=30.1°, I=48.3°, atys=
3.90, n=6 Y1 ~) OMITIREAICEHETERVENDD 5.

ZC Torii (1983) @ 30 LA LRI DT — 4 ZEHINEHL
f;bW) 3, EEDREAGTTHIE T > TWAFEICB N T

AR HEREN S Torii (1983) DAL &2 - /NIT(Q2012) DA
0)EPF'EJE’V&?%"”EWUJ‘LL%HD“D%67’_&5136%) (R - 2,
2017). 72P, 2 - 75H (2009) 3t HEEHOMSE T &
ZIUTHED <HEREFRZ#E L.

FRE LT DWW TIE 80 AEfRIT Tosha and Tsunaka-
wa (1981) & Torii (1983) I2 &k o Tt & Ot T —4
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Fig. 6. Schematic illustration of the paleomagnetic orocline test for a curved orogenic belt (after Weil and Sussman, 2004).
On these diagrams, the deviations of the observed remanent declination (solid arrows) from a reference declination (D,—D,;
ordinate) are plotted against deviations of the regional strike (dashed arrows) from a reference strike (S,—S,; abscissa). A lin-
ear regression line is also shown (thick gray line). (a) Positive orocline test indicating formation of an orocline (rotational
arc) after acquisition of remanent magnetization. (b) Negative orocline test suggesting formation of a non-rotational arc.

M dE SN, Z D% Hoshi and Yokoyama (2001), 2
(2012), Hoshi and Sano (2013)  [Alk D78 L %
#Hi# L7z, Tosha and Tsunakawa (1981) & Torii (1983) @
Jerm E PRI SRS R I 0 A7 9 B AR KR Ba R
NSRSz, ZOEERNSIZEIFN 2006) NEEDT 1 v
ar e My ZEREREL, TS OMMEREEHEA5.0
+0.1 Ma, n=23) " Z DERDOBRERZ LT H DD &
% %2 5N 7-. Hoshi and Sano(2013) LEH’J 15 Ma D7
JIkEE (Hoshi and Yokoyama, 2001) EREAILEE (N TH

BHEEAIEBEITET ) ORERMET—5 15 D=9.7°, 1
=52.5° 0ps=4.8°(n=30 Y1 ) &S FEEMIL A xR
HLZz. ZZ2TH 15 Ma EWDERIZENR SIS S s
TINZSDDK-Ar F—FIZHE I TWS (BIFh, 2006

2. O & LR E R O JL T = R R
fir & DRITIEAR A1 20° L L D& WAt H % (Hoshi and

Sano, 2013). —J4, ZONE¥EHALE NCB AL & ORI
BRI, Hoshi and Sano 2013) 14 2415 OfEREN
5, B TITIERHEHEOHEREN 5 REEKIIEEDOR E T
ORNCREFHRI D BN B 572 2 &, BL O TENREE &R
KITEFEDI LA Y 27 KTk U TR B7sE#RdE 2 -
TWiRWZ &R L. 2T LZVWOIRES O
TH5. FErHAREITHMT W NG EOTR AR
FALHALMEROT(E, 2018 Z25HH), ZHTIX 15Ma Ll
B, PHEEHAZEBICH U TH KT —% TR TE %1%
EQEMREE L Z > Tz, ZIUIHK 12 Ma DABE B HF
FHEND MR HkGE U 7 B &SRR T 5.
5. &R

et e P 3 D g TR BAA L DA V3R st & bkt s
THRoNLEDBONLL (Fig. 1), N5 ORICHLE T 2 R
AN SIFHE SN TWan-o 7z &il, Hik- 22017)
VI B R S LT B o S AR 2 3 A B i R it L
BRI SRR LA s Uz, EIRREE SRR OHE
BEEEZTNICE AT AHNWAT, HEaHREEEOERN
WEHEA~HILHTH . AIRBEO AT & Atk S

& SN AR IR R LT AL S [FRE, dERImETH o2
(D=51.2° 1=57.9°, 0ys=5.7°, n=31 %1 b). ZDORERH
BHUIEET 2 MTE L, EEOMSTRlA 5 N7z Bl 7
Z b DFER BV ERS BRI TH DR 2 RIE T 2B
DTHo7z. Bl 2QOINDIE, HARMILKRHZ SR E &
HFE 137.5° K O PERIO M3 AT E NIRRT I REGHE
DICHEFR L2 &, BROGTHMEZLIC K S [HHLE 0 S ik
ERHNEARII KA THRNW T &2 L 7.

6. GitHRANISAY - TR

BE SR A I & i B ROV 2 M KBS MTL D\l
ICHE L 2R b L — X TH % (Fig. ). MTL QiR b
L= &d LERIZ SN EDNE, MTL OEM&
JEE 1 DT i fr e I Tl § 2 Z L1z ko Tfig
BTE5LEA NS HEEWIL 80 HRICZORIIEH
U TRt A E O RRIC D W i U 72 (Niitsuma and Akiba,
1985; Niitsuma and Matsuda, 1985; Hyodo and Niitsu-
ma, 1986).

i, 8- 2Qo1D KA sS4 - T AR
(#121F, Schwartz and Van der Voo, 1983; Weil and Suss-
man, 2004) D FiEZ AW T Z OMEZ ERMITHRE L
WG A O 7 51 2 - FANMIDWTIIAAE TE N
FRRINEE AL ND, ZZTHLLENTS. A0r 5
- > (orocline; Carey, 1955) &\ 5 FIEBIZIIZE & ICL > T
RIZDERTHONSN TS A (Weil and Sussman, 2004
DL E2—DFELW), AROFEKIL Carey (1955, p. 257)
IZ & % &Tan orogenic system which has been flexed in
plan to a horse-shoe or elbow shapel, I78H5, HL&H
CHEMRIE o7, FRRITERANRE N T s LR O H)
I & o THERRPRMR R & DlfRBIRIC Iz > 7o &E X o
25D THS. Lino>THOr 51 Pkl
Z{ES. A12 J1 Zid rotational arc % secondary arc &
BN 5 (Marshak, 1988; Zweigel et al., 1998). =i
IR LT, UM SEifRRICHE L llmidd o s 51
> Tl372 < non-rotational arc %° primary arc &IFiEN 2.



WEM 124(10)

60 T

Dr - Do
s
s
s
40 + 7
//
"~ Tomikusa
Shitara / 7
20 1 7
74
P T J 7
Ichishi Sr—So
-60 —40 20 J 20 40 60
7 |
/4 Morozaki
/ 904
_ 20
/
s
Chichibu , 7, Sr=168.8°
7 —40 + Dr = 46.5°
z
A RZ =0.89
s 1
7
60+

Fig. 7. Diagram showing a paleomagnetic orocline test for
the Kanto Syntaxis (Sako and Hoshi, 2014). S, = reference
strike, S, = observed strike, D, = reference declination, D,
= observed remanence declination. Error bars on the ob-
served strikes are the standard deviation, and those on the
observed declinations are the 95% confidence limit (see
Sako and Hoshi, 2014 for numerical data). The dashed line
is a best-fit line calculated by linear regression. The solid
line represents ideal “oroclinal” bending (see Fig. 6).

HEARRICH O B IE IR A O 7 T 2 InE D IS E %
WIS D FIEIC K > TRETE T & 72 (Schwartz and
Van der Voo, 1983; Eldredge et al., 1985; McWilliams
and Li, 1985; Tait et al., 1996; Zweigel et al., 1998;
Lamb, 2001; Hnat et al., 2006; Cawood et al., 2011 72:2:“
250, WIZEEHIE Sussman and Weil (2004) D sCEEIC
LI T2,

Ei’ﬁ’ﬁﬁ’%ﬂ‘uﬁﬁfr > T AMDOE % Fig. 6 1TRY.

IR L 728U 0, ok L — XN FER

’Cméh’(b\é. AR EN T A U BT 2 & 1A D M
S, 2R, EERRENI ML T S DT> 2 FFER DT
HuulRfA D, TH 5. ElmoL 7y L > AEMS, &L
7y L2 EfA D, BERICHREL, FHETL 77 L2 A
EMEEBOEMEDE(S-S)BLUOL 77 L > ARAE
KR OERBRAbRA & D D~D,) KD, il x % S—
S, fithhy & D~D, &9 B x—y BAMEEIERT 2. T—%
MIEDHEZFFO KBS E L TEREINDGE, EILHEEsE
B bEERICBI L7240 r 1 > LHETE S (Fig.
6a). HEN 1ITHEWEEA O T I3d EH EHEFR ”iﬁ
Mol &b, —F, T— ﬁfﬁxﬁﬁi AT AR
(= 0), EILFIIFRERAESRHTIIBHTE I/'Cmt
non-rotational arc &I TZ % (Fig. 6b).

B RO A& o L L NERIC A U2 E TH 203, 41 -
£Q014) 137 DR ORI kA 0 51 > -
TAREREEZ AT #ol3—E(—EE, MELE

BE SRS TR I D T B

INDIEST=mn ? 811

(R ERE), s LR fERD, EH (EEERD, BRAat
GRIEJERE) @O 5 HUIFIC DWW, 17 Ma WD BB AL
(Fig. 1) &iit5%8% MTL O &M Z W TT A b Zids
Jo. ZORER, HEN 11ITELZ>7/2 2 &5 (0.88; Fig.
7, 1513 MTL 2 17 Ma EIZIXERRIRZ o 72 S L 7=,

7 5 DRSS S 17 Ma &0 BRI/ I N
Tl EERBLTNS.

15MatEiZES 7?2 NEIZHE#E L 72 MTL &30 TH 15
Ma ORI RS S T2 Ok G TEE %
BT TS, ZD® 15 Ma EO K S OIK 2 1t
WRAOT TA >« TANIE O THND Z EIZTERN.
L/, L, MTL ERNIEHDOERZITHBNWT 15 Ma LI [E
HRIEEIAVE Z o TR Z &5, Hoshi and Sano (2013)
IZPEEICHIT S MTL O/ BB D 5 5072 < & HERHAS
VORI (PR H AR 5 SR HE] O AR ElR) 23
15Ma £TIGEI o= EfEm Lz, T TIRRAZXDITHE
HOBHRILM TS 17~16 Ma tEH FRRZHIFRSEERD 558
12 Ma (NI D kIS HE) £ TORMIC 20° F2E ORFatE
O EHERAVE Z 5 /2 & 2 5401 TH O (Takahashi and Wata-
nabe, 1993), ZOREIHEID EHEHFEHE EFE U< 15Ma £

IZHEZ o = ATREMED & %

7. £&0

WHHIRR T — 2 D MU LR K 0, BTG o
FERRIZR 17 Ma 26 15 Ma £ TOROH BRI E >
=R E L. ek kD Cﬁ*lfﬁf’““‘“@fﬂ?ﬁ?"ﬁﬁ?%
DFFFRN S IIFEINEZEAY 17 Ma EHIZIZBEE DV DD H 0 (=
ZLU+1 MaBREDOARIETE SN 5 EEHIIHND, otk
BRENPARE L T2 EE Z 5N 5 (B, 1999). HET—4 )
SHEE SN A HEMN & TG T — & 0 S HEE I N B R0
BITHIEMNS, H1TManb 15Ma £TOR OB 2
ANCAMNIN &R EANDEZEDMGE D, W25 & R
s DR B IhE - 7= LEF ISR 5.

Lz 5TE§J$UJ?@H%’C I E R OIR BRSO
FENHSNTED, T”%PT*“A (KA - =ik, 1990) ST
NTND, ZOREEITDOWTIIFEIEZRICEE L TEL
FeMTREMEDMER S N T E 72 (5iF8, 1992). 2000 FRUTHE
SN BRI T—I G, TONESIIIHEEA L
hibAERF O N.8 #F /N.9 w44 (15.1 Ma; Gradstein
et al., 2012) DRI & A 54 (Hayashi et al., 2003; &iff -
#k, 2004), BRI SBAT /0 A0 S B gk i Fk O BEEAL
GREFNSIEIBLZT 153~152Ma EH#HEINTNS (F
&« MR, 2004). Z OHEE I ENEZE & KBRS R D
BIIAAYI 17T Ma 25 15Ma ETCTOMOH 2R ET 5 1
FLOEH DN EBET 5.

NeRmDIL L DI /=L 512, HAFNEGIZBIT HaiH~H
MO T 7 2y R EKRIEBI RSB A D & &, HER =
F NI & IFIEF CALE I H o 72 (Bl 21, Yamazaki et
al., 2010) SIKET 27, TN & BIFHE =EH AN HRICKEH)
LTz (Bl 21E, Kimura et al., 2014) EAET DA EHEE
RIS, FEMEED T U E T L — b EARMN
L ORICE DK T L — b (Hibbard and Karig, 1990;
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Wu et al., 2016) & % Wid~ 7 07 L — k (Yamaji and
Yoshida, 1998) WFEIEL/ZEBZZET N HHD. DM
FETH, 15Ma lldd TIHEHZER THEALm AN
IMEMEL TV E2FHETE T — METLHRETH
5. 74 VEHETL— 2RO O [liE (5] 21,
Hall et al., 1995a, b, ¢) & U [# # 4 9 K (Okino et al.,
1994, 1999) WHHE > THEMMNHEEL 2L LTH,
I5Ma ETIZKTLTWzEEZON5.

SRR T NEME

1. ERMiEEDFRERIR

RE S S 254 17 Ma 2> 5 15 Ma £ TOM D b %
TR S N1, SEIX ED X DI L THRIEDZ
WHELTELRDESD ? ZHUTS BN TR
DREZEBELFETH 5. FHRHIBLO X5 7k Lmg R ()
DTOMFILIR KL DOEZE - (HNASKHhigIE DL - Fei#
WCEERBREZRZLZETDHHRESH D0 (Bl 21, Nii-
tsuma, 1989), EFITRDKDITED ﬁji’& LTWws., &
AN 22 35 C D b A 0 55 AN D R AR 2 T 1T VK i A i %
(Suyehiro et al., 1996; Taira et al., 1998) ERFDEIIA Y
IN—(sliver) D& 22 - ZRATHZENEHETHD. 2ZAT D
KEEPEEINA ) N — D Hh% ERIZHE > TW DL kLS
g, ZOEHYORE NS ERORE BEOF G
JLH8T 30 km i ; Kodaira et al., 2007) O%k53 O —F2HE
MENLARTH D, BIERTIZ/NS 2R 2— A Uiz
BN D Uiflil 4 O KIS O®ZE - (g,  FEE
MR DRI 59 50 (Kimura 1996; Taira et al.,
1998), SAA 7 —)L OHIFRET i&:/ué:%’@bf;blO)
TR WN ? ORI, ﬁlwi FHR, 2L THE
Fe B & D R O KL A D Wt i 72 2 B2 - I CR
%7 1986; Amano, 1991) 12t U Tkt it o Jir AT i
H’J ZHbINZONES ﬁﬁéﬁiﬁﬁﬁ FOFETHET D Z

12k > THRGEFTRETZ A

a_O)i‘ﬁuﬂi ZIEVTC, Elliqu%ﬁﬁuw@ﬁfiéﬁifﬁ@%Eﬁ\
SRR AT 2RSS 208038 5. Kz, MiikEOTE
i (cusp) & BHF A B EHERPTICHMT EP%E% HARED,
1996) %, BIMILMALf~ALH AR I 40 9 5 ikt (KA -
G, 1990) IFEETH 55, £/7, £ 6 Ma O A5
fkE OFRERAL A M 2 BHRE L, 6 Ma LI ORISR L Oy
FHED FEEOEMEFASNICTHZEHEETH .

B B S D FE AR I B L C, OtOflglj]l et al. (1999)
DIEE btﬂia&ﬁ%*ﬁuﬁﬁw\ﬁ’(% %) TEZ 5 i{%ﬂ%{mﬁ(za Ex
DAL ]}?ﬁ—a—éjﬁﬂﬁﬁ”—lﬁﬁc‘:J/ﬁ‘ m(;uu%izi@ﬁ‘%ﬁﬁﬂi
HIEFERICEDE, BEREL OMRAE R H A RFRITH LT
SEFEHEID 12 20° FRERER U /2 EHEE L /2. #8513 MTL
7&43}%’5“{%'13 ) Eo)’zﬁ A2 N IGERDHE~HALH), FE)

Lo mpaN b*%ﬂ%?kftﬁﬁif@?ﬂ@t TA2 R (iEF'??MIZ
ﬁ), KEMEL DILDE 7 A > b HTGERDEALH) ICX
L7 L T(ZhEh Ichikawa, 1980 Dt 7 A > k IIIA,
IB, HIC IZ®&), KOXDRETINZER L. EBRA

2BV % 20° FEEE O [ IRFE RO A RIER S T vE e H

[LE3 2018—10

AOKEHE D FEHEORMITHEZ 5 72, Z O RKEEHE 0
HRld, REREET (ATZ; Akaishi Tectonic Zone) &2k
ﬁiﬁf%%t’ﬁ%/]\ IIiZih > TEALE 60 km BA 1T
YD LEMTNBIEEREZ D, FIUTk o THIEEE
(7 A2 D O AE R ZEERNIZEETD
BREZ TR THS.

Z® Otofuji et al.(1999) DETIVZL, Phr HARDKFEHE]
0 [RHRRFC BT 2 PR H ARB OHRATRIC ATZ &2 0t
HHETH BT AL b I QLT IER N R/ EEH 2
RizL7=2 &, BRUHHEGEER O MTL / 203
A NI DT A S TIZH LT 40° DLEREEEFR D 12
[FHE L 7272 DI EC DT TR NI EZ2RBL T,
ATZ TIIMEH OIS &R GRRWE T 2 O K-Ar
FABIEN S 15 Ma EHO LR TIEB A WHEE S TV D FF
¥piZH, 1993; Tanaka et al., 1995). MTL &7 A > kI
T, WrfEmieay @*%Li’ﬂ%’f?ﬁ’]uﬂﬂ& K—Ar FAGHIE

5 15~11 MatEH L <IZZNL D bFEWKIEIEENHET X
NTWD EARED, 1991; HFIFED, 1996). LL, PErE
HARDRGHE D B O R HICHM T 5 17 Ma H 5 Wid 16
Ma EHOWRIEB 2RI aLIRE S Tz, £z, &
7 A > b I S O [RS8 OO 314l Cl3 & B RE D AL & 7%
RGO (PR, 1992; I - 2, 2014) ORERAEIC/RS
M, ZOMEHLMICDONTIHSIZATZ &7 A2 R
DIERET N EER) A S O — S 72 RS 222 7= 720
EBATNVNBHEDTH 5.

Otofuji et al. (1999) DETINVDOMGEEIZIE, L7 A2 kI
DTt iR T — & BT EVER) &%%Bh
5, BEERLNT—YNRW). FlzE, S5EIh0mE

TERAEICE AT S 17 Ma EO 82 K 1LE (Hoshi et al.,
2015a) DI AL 2T, ZDOETIVOMEEAA]
EME L7,

2. &R EE DR .

VLA - BE O IHRT R IR Bt il (B 20, SRR,
2002b) ITRER SN 2 JE G2 %2 L T 5. Kano et
al. (1990) I& 23 5 D JE S P [/ D FEHEIC K > TS
NG (XA HF 2 27) T, Z DA R i
OIREFHICEBEL TR o 2 etk 2R Lz, =0
%, FFEF - P (1999) &FFEF (2002b) V3 FHHH 7 e 5 A 1T
o TRMEGE D W < DO NFIFSHE R mliRE 2 5D, HpE
HIEIDIEMEIC L > TR S N BEER TH D I L&KL
7z. Kano et al.(1990) OFFERNIE LIFUE, GHEINEZRIC
tﬂlg;éi&’ﬁ&’}iﬁ&@?é% IHRJE Va5 T & 2 EEEEIHIvE 5
DIHWIBAHE £ TR A Z &1 % 8, 2002a). bz')!
b 787 (20022) HIR X TNDH K DT, rb%{éﬂitﬁfDE\ )5]
IJ.MI:[%E@J: S E O b > P& Y > TH Rl kR
ANEALTWAEIICAAZH»HH D, ZHUIEHNH
HRRLARTIC Ik S 7= ATREE 2R 5. 1Lk - K (2002)
VEBIEAGR O R DRSS B FIED A HF > 7 T, =D
TR R EHIEZIT LN T 2 M ALEREIC K B DO SR T
W5,

Z 5 L7z Kano et al.(1990) % 1Lt - K% (2002) D
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121 80~90 EARICHE SNt T — 7 B SN T
WBA, TG ORGEEE HE & U7 i A e 217
D T LIIPEE SR & B FOM G D PRz K O R < BT
L LETHEHEHEEEZ SN,

#t [

TR F5 1k G (AR R 58 123 AN 8D MTL 2B %
BEDHZIZDWT ZERW7E W, LA O fE%
(Figs. 4, ) ITIIERFHIR FEARE) DV T b =7 Z2ff
AU /N TR U2 S AITEE ORGSOt iR
WFFERRAR DL IEEHKFAMRE 2 T #a et > & —2LFFI A
F72(10A007, 10B007, 12A004, 12B003, 13A003, 13B003,
14A014, 14B012, 15A004, 15B004, 16A003, 16B003,
17A001, 17B00D) OB ZF CEEIN/=HDTH 5. &
gD —ERI213 JSPS BHit 22 (26400488, 17K05680) % fif
AU AFdE OB K CRIRRY) SR G (LR
NERZFB)MB WO A 2 MK o ThimldtkE S Nz
ALFREZ B ORE —H K (HARLESNEL B ARHATIE
DI EBANDOEKBEED TWEZE, E/ad/N\ >
RU ST D3H ESTWEE W LD L5 NTER
BEBIIT IR L £
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