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Fig. 1. (a) Location of the Sambagawa belt in SW Japan, and (b) map of the tectonic domains of Shikoku Island based on
the Seamless Digital Geological Map of Japan (Geol. Surv. Japan, 2015). Rectangles indicate the 1:50,000 Niihama area
and the area shown in Fig. 2a. In the Sambagawa belt, the four known localities of the Eclogite unit (dark gray; Besshi,
Asemi, Kotsu, and Bizan) and an outline of the Oboke unit (dashed line) are indicated.
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Fig. 2. (a) Metamorphic zonation map of the Sambagawa belt, central Shikoku, with the distribution of ultramafic bodies
(Higashino, 1990a, b; Aoya et al., 2013b; Kawahara et al., 2016). (b) Cross-section along the line A—B shown in (a) (Aoya
et al., 2013b). The cross-section was drawn using data from borehole S-7 (MMEAJ, 1969), which has been projected per-
pendicular to the sectional plane in (b). The map region for (a) is indicated in Fig. 1b. The dashed rectangle represents the
area shown in Fig. 3. TN, HA, WI, EI, and SG represent the Tonaru, Higashi-akaishi, western Iratsu, eastern Iratsu, and Se-

ba-metagabbro bodies, respectively.

~EAREDOHFHEOAL ST, ZIR)IHFOMPTIZIE EN
MBI DEH, IO ERREEONAL AEEDEEES
MRS NS Z & W, 1938 728); BLUQB) ZNHD
FACERED MO — s B O BIEFT, /bbb n
Py A MHTERKRLUZEZE L Tha Z & (Takasu, 1989
38), CWoFEINNERENETONS. R LBTETIL
IO v A MEIEBIERADENT Z 5 W o 7 MACEED A
7257, HEAYHIRL O —R Iz A E O —ERIC Hridk s N T
WD EMHEIL TW SRR - &K, 1997; Mouri and
Enami, 2008 72 &). F7zif4E, WUE IS OFAEREN 5,
HUR 30 km BAIBICIEAGA A 72 TR 2 i A R8s, ks 2
NSDEADHEFICMBEL TWES Y MLy oy SWE (B
EREAEE) 2 RNOT Oy JHEELTIRDIAATND Z &

HHIAL (Aoya et al., 2013a), =) IHAIILAA BTG
HofkaE L THER I NIED T2 (Mizukami et al.,
2014; Kawahara et al., 2016). %2, PHEFREOILERIC
FLES 2 1 150,000 HE B ] (FRI1ED, 2013b;
Fig. 1b) =) TI3, HFRIFZERAEIED 5 b Rikiin
5SERGGRE CIFIFRTEHMHICHE T 250, H-EERE
ATRY M UzyYVREHOTOy 70 5HTH
100 km #H4 O#BE RS2 85 U 72 R a A S AERE
T, BATRERSITEL TWeA G E2 B TE S (Fig. 2a).
AT, FEIRRIEED O =) HHET % Bk a2 mL,
BN S IR EE S A £ TEBRMRICED, TICHEE
BRI J2 IV S 5 N— R 217D,
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Fig. 3. Geological map of the Besshi area. The mapped region is shown in Fig. 2a. Abbreviations of rock-body names are
the same as in Fig. 2. Rectangles indicate the mapped regions shown in Figs 7 and 10.

HrERRIUE RN BT 2 =3 14 OWFFEEE &V O FEIC
DNTIEHRIEFN 2013b) 1T, E7=5rITHT 20 FH OISR
DEIRHERIC D W TR « 3= (2017 @ FlRIH) I E
EHHNTND. T2 CORBTEMI—RAZREA 125
RLHRIENEICEED S,

1. ZRIFEBEREEDRE & Z DR

HhRRIRIREE R ELE SO & I (Fig. 1b) 13 rp o
FREA L CPER H A Z 3 PR 800 km 12> TlliEL TH
0, [HZia-> 72| @Yk, 1965; Wallis and Okudai-
ra, 2016) & L CHIS NS, KFWICIETE2VKILTE T,
TIROBILHAAEED FBANCHEL, BHETHEE FOMT
G, $RbBIRAABHED MEANCHR T2 HDEHRA S
N2 I, 1965, 1994). LR, MEHFRE S E 72 =31
wIESE A, HERE RER A DEREICESTE
ORI AED 5N (Fig. 3), FaHaEEzRE Fv—
L, A, BE S WO MEEREFITHEY LT 5 (Isozaki

etal, 199072 &). KBEEMOEREEDEDED &,
SR &N, FEIRASA A TSR B N 5 72 D 1l
BETHZLEEZOND. =3O K D I R R )Y
EDEDIBRANZ AL THFEEN SR E T EHTERD
MIREWFSHEFE AR 1 DOEREELT, FEED
A S DIE SR (P-T) #RE EARFERICH D E, %
M AL (K9 90 Ma) I Z o 7z R gL iff e D TR AIA B~ D
B, BROEUTHES INEL - IREMEAY, =381 B 05]
ERCHBoOLEVIEMMNEIN T S (Aoya et al.,
2003; &K, 2004; Wallis et al., 2009). ZDEHE, FHo
EEKE ) & U TIFE N SEE SN 50 (Endo et al., 2012
2E), TOMITT Ty IROHMLZRET DET) i
HE OB HN BRI N TV (Yamamoto et al., 2004
72E). 722U, WENOIFRIREIRNZ L IR DM, EE)
FORM, bbb, < <ORHED ORIV TR T
ERVAIITEENBETH 5.

—75, FEEMEICIE B U e — R A TN A T,
I AOEHERNNE, I A8 EHRE AR E,
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Fig. 4. (a) Summary of pressure—temperature (P—T) conditions for the Oboke (Aoki et al, 2008), Shirataki (Enami et al.,
1994), Eclogite, and Higashi-akaishi (Mizukami and Wallis, 2005) units with selected P-T estimates. Chl, Gt, Ab-bt, and
Oc-bt zones represent the chlorite, garnet, albite—biotite, and oligoclase—biotite zones, respectively. Data for the Gongen
mass are from Ota et al. (2004) and Miyamoto et al. (2007). Other data sources for the Eclogite unit include Matsumoto et
al. (2003), Ota et al. (2004), Aoki et al. (2009), and Endo (2010). (b) Metamorphic-facies diagram simplified from Nakaji-
ma et al. (2004) and modified after Banno et al. (2000). ZE = zeolite, PrA = prehnite—actinolite, PmA = pumpellyite—actino-
lite, LBS = lawsonite-blueschist, EBS = epidote-blueschist, GS = greenschist, EA = epidote—amphibolite, AMP = amphib-
olite, GRN = granulite, LEC = lawsonite—eclogite, EEC = epidote—eclogite, AEC = amphibole—eclogite, KEC = kyanite—
eclogite facies. Pressure and depth scales for (b) are the same as for (a). Outlines of compiled P-T conditions for the 4

tectonic units are also shown.

Fra$a R O BRI ORI D 67&6)#%*2“%’@732%?&% b:fggf
E‘é hal 5{1;55 =R A TR S N B E R GROEER, 1
HESAR, BISARNWAETRE ; Fig. 3) 77 km® OHUET
L TV DI =38)H 2R TR T HH R D A T Hh
b, TOWVNOEHREEDS B, ILAA8HEMNNEIC
DNWTIE, ZOEES#EROMNER> TV, DED, KA
FEFRERICIE A BHFEO FTHANICHEKT 25 DRDN
(Aoya et al., 2006; Utsunomiya et al., 2011 72&), L
<UF B0 FEHEN S DA EN T2 6 D72 D (Taka-
su, 1989 72&), HfE/sikEZ R Tz, —F, KREA%
P D FrfREIR T o 5 TR ETET AR (Fig. 3) 23 TR D
WHEMBEEYE THL LR EI ML RBIN TV
(Takasu, 1989; &I - @78, 2002). =L T, ZOAEKIZHE
THIIOY YA MIOWTOELFNRNTN ST, HIE
NS DA S P-T REEE AN T RN A AL
L7=—74 T(Endo et al., 2012), FAFRAEN ST, Z
DUk AAB ORI T E AL, T7abb, ToMmELn—
W78 B FADIL AR BZERAEA KD © 20 m.y. LA ERTICE
Zo T Z &L 72 (Endo et al., 2009). 2D XD
12, HEEHI O K REEII DS < &b 20—z, mifiE
WA OERMEAORRZEL Tn5. Lith, ZORHGE
116 Ma) OZpAE A &2 91 =3 NZSpEM, B L <IEHiIC
AR RRAERH SIS, 772U, WIHIZS R B % Re g L 7= bk

FHOOA (Fig. DI, LA TR I < I
Erz,
BESKEEE PSR O =), B em iZED
INETRBHDMMS, FRTS5 X 1.5km OFHZEET 2 H KA
MA B FRET, KRR TISIBEOBESKE AR, 37ab
B> MUVE D RAEL T % (Kunugiza et al., 1986 7%
L Figs. 2a, 3). TLC, IN5O@BESKEEEIILAA
B D R, FREOWTINS BZE INZbDRON
BAESITIIMRLSVWEETH > /. & TAMNEE, HifEE
il & b O O B EREMEE GE R - B, 2009) & HdRE L 727
MIRFFI L ORER, 5 W il S A N A R
(&) 12 BT B RARIERES, I 7ab b ikeaiicid—vn
LisWZ &SN, H RSt =) 155 oy
SEAEEIFEE TR MLV oy DPICHKT S H O
ThadIENHEREREIND XS > = (Aoya et al.,
20132). DXV, REOHOEREENY MLy Y
DS L TULAA LTINS 2 e OITHEE SR EE Z DI D
R, AU EOEEREROEAITY > MY
Ty POWE ETHhAAS, B LOBEHREEHEEIRDIA
WIEET, BIEOMRICETER L TEEDDLEZZLN
2.
2. EfRfSHEEELIZY FRY .
ZPNFFE I B ORI T2 =y b E RO RAET
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Zy hEWI 2DDEEIZ Y MR SN TEZD (Ta-
kasu et al., 1994; Wallis, 1998 72 &), HFXI1FH (2013b)
W, LOEEOERSM:, ThbbnroYy o MUIEL
TWE GO E 7 laME 1=y ~ L3R L (Wallis
and Aoya, 2000), [HXRDHITI=v bZEES5ITHITFTY
OY% A MIZZy bEHBELIZ Y (@ HXR - B,
2009) ITK 3 U7z, ARG TIZHRIFN 2013b) DRI
Oy MIZZy h2BEICZ7OY v FAZy b &ER
(Figs. 2a, 3, 4a). 7z, KDFL <D EHEEELRIEM
ZRigk L7z s vaE Fig. D370 v A 1y kb
INSHNL LS E D ARE D720, foTr/aod vA
~azw MG ERBIT 208D HGEICE, FRIEN
Q013p)ITE W, WHIHRFAALIZY M EWSFEZHAW
5. ZOLXDIT, /Yy by MIFRAIZY b
DIk S AEEE, MRS K ORISR A ik A e 2
BF, FRRISHERERMN 5725 DD (Fig. 3), HHIHHK
(#7 89 Ma : Wallis et al., 2009) D7 O v NMHARASE
ADKRETIE, ILAABERAHETOEN D DI
izl CWEEEZOND., —F, WEEH=E)IHEIZHBN
CHSERE FALCAE L, WWERENEET 2 KE1 Y
NI, FEEHEIC B W TERIE 0 & FALICALE S 2 6%
2= MEFE—HTE % (Takasu et al., 1994). L0 5
&, HURIERER O =BT N S BALAa > T
dIzw b, BELIZY b, T7O02Y%A b2y bAIEICHE
HHEIR> =T v THEE D (Fig. 2b).

3. ZRAER EREHEA

FEMOERST —HIH CIXIRER A OiiAabhE
ICEDE, BRIENORWANSIEICRIEGH, <54
H BEOREMT BIUREEOGRERHTEND 41
NOERRT I THON T E /2 CGRE 1990a 7% £ ; Fig. 2).
O ERER U, SR 2 R S — DA A
MELts, FEREREIER. EHRCHN SN TE /2N
BEHDN S SN OBBAR, TROERIRTHATZLZHE
AHRRA R OB, FRAHD S I ALAHANDERE
BEF—HTHZENHMBENTNS G, 1961 728). 14
TERNHIN S BZEAERSNE, /XX =AY 7 F ) B
MO BB AN S RERAHOB T2k T Aafaiis
MIZES DY 2@ EHHIEETH O @EI, 1965), =70
T v MY OREERICITZE S 720 (Figs. 4a, 4b). —4,
IrOP v A MIZERER DL ERTEAICE > TE, &
ERAERIZZOBDERN, DED#BIBERMOERE A
% (Fig. 5¢; Aoya, 2001). J78bb, = TIEEH WA
MBIEIZ, WIHAZARIER, T/ 02+ MIARER, BX
CEERMER END 3 EBOABIMERNZE#RI NN, =
W3 DRI A TO AR ENI RS D EARMEA D&
TH5.

METER ARFERNEENITRD SN nE o 1
DHIY, AREEREAROTIZ OY v NMIKT S Lu-Hf
EMSESN/Z 1159 £ 05Ma &0 D, L AAEEHD
R TH % (Endo et al., 2009). I DFAIT DM
KA D AELER S N WA VB D ARAR & R C & (f]

2017—7

AW, F K- =ik, 2017 EL Rl A#), 7 D Okamoto et al.
(2004) HSHERLDHEBUA R (Fig. 3) 75157 SHRIMP U-Pb
EICEK D20 O B OREFNA L b IRZEHIPE T T
B, i, TOBT v A MERERIC DL TR b
(B, & OISO s (Fig. 1b) O 2 Hiin 5,
IOy A NERATOIL AHEF 7 7 A E AN
72 Lu-Hf %I & > T, #NFn 88.8 £ 0.6Ma, BLUL
88.2 = 0.5 Ma & WO BH R OARERNFE SN T
% (Wallis et al., 2009). & 512, Aoki et al. (2009) {Z U
ol - v R sl D pCE R A7 FREREF (Figs. 1b, 2a) @
REHEMNSEEO YL O > Z2MH L, Nano-SIMS % A
Wz U-Pb ERIEETo 72, TOREE, 72> I% 1 b
ZAAT L) TN S 85.6 £ 3.0 Ma e s i,
ZOERZRNAGARERICBT 2ZERIEN, $hbbE
ERAEFHOFR LML TN 5.

—F, BEIZy FEAFIZO0P v by MBI
I AAWMULOEERERDO 7 > P+ A b K-Ar %
FREATHD &, FEEiEo Ar-Ar 44803 89-76 Ma
(Takasu and Dallmeyer, 1990), F7=#kk D F7 =5l
T D K-Ar 44%1% 89-71 Ma (Itaya and Takasugi, 1988)
OHIPHZERT. 51T, RERRIROHICET 2 HE R
OHRtEFRIZ Y P S5IEFEE Ar-Ar fFLE L T 77 Ma
(Takasu and Dallmeyer, 1990), F7zPUEHREHDO R EL
Zy iR TP v Ak K-Ar L& LT 73-60 Ma
3 5 31T W % (Itaya and Takasugi, 1988; Aoki et al.,
2008). DD, RFEIZy MIYOHIETIE K-Ar &
FRPAELIZ Y b7 O %A b1y FRDBEHNMHE
M2d 5. KEFEIZy hOE—7ERIREEBBDR
300°CCUFEENTWS(Fig. 4. #->TC, 7z2P %A
MZBIT 2 K-Ar £ O BSEIRE 2% 400°C (300°C BA 1) &
# Z (Hodges, 1991; Hames and Bowering, 1994 72 &),
BEEMMIEESDRDOAICL D E LIS, 70-60 Ma &
WO RBELZ Y FOK-ArFRIZ7 2> 2 v 1 FOSE
ER, TROLLBELEREAOEREMREINS. 21,
K-Ar RERNEIHE THERERT WO MR B FERICE T
HENTHO (Itaya and Takasugi, 1988; Itaya and Tsuji-
mori, 2015 72&), ZOHE, TP v MILELU®ZD
EREZT TERESZRLTWD ZENSG, HENER
IIZERFERE D BENTTREEN D 5. Fl= RKAEHIE TIZ D
WaA>DT 1 yarbIy s OfiNns, 30 Ma LD
HINEUZ X5 K-Ar RERDOEERE D BIFHI N T\ 5720
(Wallis et al., 2004), D»7x< &H 60 Ma kD K-Ar £4%
BZDEEERERERA D DIIERNS LN, HEIZ
SAE KEIZ Y FOE— I ERMEMIL WWEREAETD
Bt as oG oNRkdENFERE2 £ 11 Ma:
Aoki et al., 2007) LD BET, NOEBE N K-Ar R4ER
TH5HK60Ma ETORITH S, > T, HGHETIIA
A=y OFERIEMIZAREILI= Y b &R O EEME
HHD, FENIOENIREESH 2.

—75, ERUWER AR OBEME DL O > O
RO BIFEEERPERIAEL TH D E WD BENS, REE
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2‘5 T T T T T T T T T T T = T T T T 80
(c) P-T-D path [ L / 7
. I -~
> Seba mafic schist 3 __
Eclogite unit i
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Fig. 5. Deformation stages and pressure—temperature—deformation (P-T-D) paths (Aoya et al., 2013b). (a), (b) Summary of
deformation stages and their associated structures inside (a) and outside (b) the Seba mafic schist, based on Wallis et al.
(1992), Aoya and Wallis (1999), and Aoya (2001, 2002). Schematic diagrams of the microscopic occurrence of omp (om-
phacite), grt (garnet), and ab (albite) porphyroblasts observed in outcrop are also shown. (¢) The P-T-D paths of the Seba
mafic schist and of ab—bt (albite—biotite) zone rocks in the Shirataki unit, modified after Aoya (2001). The stages of garnet
growth and emplacement of the Eclogite unit within the Shirataki unit are also shown.

=y MR HREEO I E BT EANEREINT = bOAZEMHHHY & LU TRIT 5% 2 3R
W5M (Aoki et al., 2007, 2008), T4, HEI=w MMAY LDDbHbd DFED, bbb 2WImOERLILERIEM
OEHFEEED S BB ORI O ND L DI (7 OY %o MAZRIER, BXOTLRRIER) OEMRITE
7207272 CKEIED, 2010; Knittel et al., 2014), K55 B TH 2 ATREENE <, HWEOMZEIE LU -RiE
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A (120 Ma) O RAERISAHROBY, =)D Z<
—HBDRRAICRERS NN TN DI ERL.
4. EHMEREFREOX S (MrRZREREER)

FM DL —/N—T1 > ")XF—> (Stop 3 B 12 EMN S
=) DB IR A BCE RN A E R e 2 LA O L5
%l U CHEBERE DA 2> Tzl Enbn b
BZZ, FR, 2004). N6 OEWEME Fig. 512E&®
7z.

THETOEE Wallis (1990; 1998) 13T FIINEL DAL
Zv N TOWZEZEBEL T, 7ILT7 7 Xy NEOHTE AW,
HWHNSIEIZ Dr, Ds, Dt Du &5 4 DOAEM %
X7 L 7z (Fig. 5b). Ds, Dt, Du & Kojima and Suzuki
(1958) < Faure (1983) T S1, S2, S3 &IFEIX4 7= i #1t
DIEHREEMEZ T2 0 O T8 5. £/~ Duldplzid
Hara et al. (1992) DRENI-RAEEFEITHL T 5. —H, H
W1y b/ OP v A b1y FOBERVDERIES
Fvv TENUEMBERERATHZ ZE0S (Fig. 4, Aoya
and Wallis(199D 13T/ 0P v b= N OFfEG 8k
Bhra (Fig. )ITHNT, A1y F&IFMVIZ D, Dy,
Dy £EWD 3 DOERERZ X5 L. 72720, RELEHEE
MRBNEFRRDTHERIFN 2013D)1ZZN5 % Dy, Dg,
Dy &FrL 7z (Fig. 5a; Endo et al., 2012). Dy, & Dg, &
HiE1=w NEDOEBELURT, TROBI/7 Oy A M1z

MCEH OZEBEE TH % (Fig. 50). £/ v 1 b
2=y FOEAM D, MICEZD, FRICHELIZ Y FD
thAABD Dr T S 72558, M1z y MEEL, £
DM FII MO LE 2l - /= &£ T 5 (Aoya, 2001).
EEBITH Z > 72 Dy 13 Ds & [A—DOZE R Tdh 5 (Fig.
50). #t>TC, /0P %A by FEHEIZ Y OB
53 Dr (Dgy) WAL S 285 Tdp 0, Wi B Cl i
a= v hOEFRIIHO Ds Ho®EHIc L > TH 1 M5
NTW2 (Fig. 2b). 772U, W=y b OEESESLE
I REAEEENR TN TN S (FRIED, 2013b; Kou-
ketsu et al., 2014). —J%, HEF1=vy hEamIzZ v b
DOEFOMGEER CTH O, AR EFEIZY MITDONWTH
[ OEIREMNERINDIRETHS. /2L, W1y
MIFEEITHRN Ds B E2H > TWa XD ICHA, m1zy
N DEEIT Ds O Z 572 B X 55 (Stop 2 &
). FizdhtHI= v N Tk Ds &0 HRTOEBMEE DFE
ENAHETH S 2 M6, HRIFN Q013D ITHE Y, Ak
TP tHRIZy NEREOEBEROAFNIERL TV
W,

HELZy b&HEHEIZ Y bOEEBHITH S Ds M
W, SRR ORE D CTHEAYICHEL, EICTHBEH RO
B2 LD E - Ss 2k L 7= A RE:ME TH % (Fig.
5b). Ds A UZ=#Eih (F) 13 E B Ss S IRIFFAT72 48
i 255D, £z, Z5Wo 7z Ds#Eilic k- TiiF s
TWBHIII Ds 1L D HETOEBEME, DriiTEmkL 7=
St T#5 (Fig. 5b). —75, Ds &k D b OLEHERE (Dt
Dw 3T Ss, L <X Ds #hZzDH D %M T 5 il
W&o Tl g, TOLS 0> 5, RICTHENEHEM

2017—7

Dl &2 £52 B DAY Du i (Fu) TH 0 (Fig. 5b), =3Il
WO iR FLICMET 2 RKBEHEELIZ Y M
R—=LIROEHR DU 7 > F 7+ — L2k 0, HEX FIHh
BELTHELTHWD b0 EEZ5NS (Fig. 2a).

HELIZw b, FEEIZy MIBIFHERHENSs TH

H0IZxl, T/70YVvA h1Zy hOESEEICBITSE
FENE 1 BB S, TH S (Fig. 5a). DD, /03 %
1 Ry FOEEEEIT Ds B OFEETNTERS Z
FFICEWEE 2R L TS, —, BTr/advA b
=y FCHRER A HEREIT Ds MIOAR 25 < o
THY, TOKRMAITBNTERBIZARI= v b, $tEk
2=y b EFFRIC Ss &725 T3 (Stop 5 BA).
HMEEE Aoy b bEERaZy hOERSE, BRY
Tr0PvA N1y NORRESEHELT 5 A I DI
EAER Ds BREH > TS, BIRIE, Tx2Pv A1 b
FRIEA & W ZZARIRSED D RE ML EFEE Ss & IFITHEATIC
BFIL TWa. FEgERahoAaRaESRNAGDE
FHEEFITETICEL, £<0BE, FAHE L THERMSE
EHEL TWD., EERABRESSIIINGE T Ds FH(Ss) &
TAAETHIEDNDHDHDOD, Kifimrid Ds & 0 aiORICAE
UK, Sr< S, 2L T (Fig. 5b). D%, K
o DA BRI DRI Ds OBIHRLARNICEE Z > Tnd. 2
NEDOZ EMS, Ds I EZRAER DR (R 722 5 #%
THERORHNINT GREZ > &R & AH75E % (Fig. 5¢). Dt
DuldZE 5O OERTH 5.

—F, T7OYvA NAZy MIOWTHEEEER A D
il %z [ CH % & (Fig. 5a; Aoya, 2001; &%, 2004), *+>
Ty AR ERTE S, SIFIEETICESIL, £23<A20
DL <IZZOEFNZE S FIRICEZSANETRTEHAET S, D
£0, SLKAAEF T 7 ABEAIE Dy, EFRFEICREL
TWa. 20—, SpIli> THlEHicN <A HES
27 7 AMADOREMD 5 X 21N a 7 G EEEANRE
LTWsZEMS, D Moy oo v A MMED SN
AEABEEMHAN EERGMNELL 2 2 Ebh S (Fig.
5c; Aoya, 2001). FEHEARELZDOZL IS, 26L9
TEBLWEREL TS ZENS (Fig. 5a), BEAHIR
A DRI Dy, BEEICKR T L, BABOIRETH -
72 2 EDIn% (Passchier and Trouw, 1996). 2415 O
BING, DpldEICT 7 OD v A MAZRLE FARR DR OK
T Z - 28] & A7 5 (Fig. 5¢).

EREDOEDIZ, Ds NEICHEABURE R ORELZITE
ZoDIZHRL, Dr= Dy 3EEABREFOBRELD
RIS TWa 2 Ens, HERAMRAREZZUDAEAT
13, IR OBIZIC &L 5T Ss EFN K D EHNESE D Fr
ZXHIT % Z EAMRET H % (Fig. 5b).

5. EMEREBOXS (RAEGI=Y FOBEHEELE

HRAIZ Y MIhASAFREERSET DY T MK
oz, oM —EEOHEMMEAZSDT )L 51
OB S 2 EIRICHED. BEBEHIIR SN S0, &<
AEEZONAUS MERIEAGEBHFEL, TS OEHITE
AR BHGEER DB LS 2 125 U 72 8 A BRI S % &



WEME 123(7)

D2B

P-T path of
3| Higashi-akaishi unit

N
I

Pressure (GPa)

0 T T T T T T
400 600 800
Temperature ("C)

Fig. 6. Deformation stages and P-T evolution of the Hi-
gashi-akaishi unit (modified after Mizukami and Wallis
(2005) and Mizukami et al. (2014)). Reaction curves are
from Ulmer and Trommsdorff (1999) and Bromiley and
Pawley (2003). Abbreviations: Atg = antigorite, Brc = bru-
cite, Chl = chlorite (clinochlore endmember), Di = diop-
side, En = enstatite, Fo = forsterite, Prp = pyrope garnet,
Spl = spinel, Tlc = talc, Tr = tremolite, W = H,0. The
main deformation of the D, stage is associated with a pres-
sure increase at temperatures higher than the stability field
of Atg (D,,). The later stage of D, took place in the Atg
stability field to form olivine + antigorite tectonite (D,g).
The D; stage records chemical and mechanical interactions
with crustal units during and after exhumation from ultra-
high-pressure conditions. The static temperature increase
and the regional deformation associated with the exhuma-
tion of the Sanbagawa belt (Ds) (Fig. 5b) are also recorded
in the Higashi-akaishi unit as post-tectonic growth of Tr
coexisting with olivine (Di + Atg — Tr + Fo + W) and
subsequent D, folds, respectively. The D, stage, defined by
the alignment of coarse grains of olivine, is inferred to
represent pre-subduction deformation. This likely occurred
at a shallower part of the mantle wedge, but constraints on
the P-T conditions have not been determined. The tectonic
relationship between the Higashi-akaishi unit and the
Eclogite unit is not illustrated on this diagram because it is
not fully understood.

NTW5 (Enami et al., 2004). EHEABERIZI=Y FD
FERESE TH DA S Atd, BIUNIKEISAER T H
27 FTT74 FOIRTHMEEICE DV TR INS.
Yoshino(196 D37 > F T4 M kAR AR T AGE
FiR% 1 & (foliated dunite) &L, 2A 5 A hviGEEIR
Bl 1A (CPO) /R T ¥ F A ~ & XBIL 7=. Mizukami and
Wallis (2005) 13 &4 O#MitEEZ X 51K LT, D, 75
D, £TD 4 DOEBEMZER L. NS DUEEERE
W& URR A & 4612 Fig, 6 ICRY. ZNEN, < b
Uy Vi EHTOER D), HEIESENDILAIA SR

ZWIH DTN R IR A D S R A £ T 499

mixed rock

Fig. 7. Index map of Stops 1 and 2 based on 1:25,000 top-
ographic maps from Geospatial Information Authority of
Japan (GSI), Besshi-dozan and Hinoura. The boundary be-
tween the Nakashiciban and Shirataki units (Aoya et al.,
2013b) is shown by dashed lines with triangles on the
structurally upper sides, and the associated distribution of
mixed rock is shown in gray.

DOEWD,), BEIESMEN S R FESE TO LARBAE
Dy, BEXOFERMFRTO LFRFER (D, © =3)IH28Ic
T SEAT Ds ITH) EERMT S 2 EMTE 5.
BHiEWD IF=y FHNIZE A IIZIE S mm KON A
5AADEINC L DEEFE S NS, RO D, ATy b2
RICEB 2 IFL TR, ZOBNERERICE > ThABA
AIX 100 27 0 RICHB{EL TWad. D, hAbS A &S
1792 &< A0 ERVGIEA QI E D S 138 S e G
(Fig. ) ~"DULHABPHEE SN, /o D, TGRS
W7 > FdTA MEEHIEED Z &0 5, D, IEAIA R
W37 > F d714 MEESRMFE TIRAARHENEHIL Tz
ZEDHAIIND (7 o FIT71 b bR nERZE D, 7
>FATA EESEEE D,, EIER; Fig. 6). D37 >
FIT714 MCEOBENAUS AGAICEDED mm K TH
JEEATHIREE THESNS. ZOLFEE, fRaa
= OIS OFRDIRAZZTTY >F T5A MER
FET 2R THRIEL TS, D, DR IRMEE A FALIC B
THII/OY YA FAZy hD S, ICHLIND Z EMB5,
ZIWNEEOFET Ds K0 B <, @EIESMEN S Hs TR
HETO EFITHINT DA EABRED. T ORBEORE
13, 72FIT7A MEERFIIBITLY Mz ERX
Z T DI - ACERIRHEIEH 2 B3RS % F CHERERE
FIaLEZONS. %ITH DTS, Ol EICEK S
Tada &, vadhsim o HALIEFEO Ss EHRNTH %
AT, FRGIZY MBI 2RELAORETHS N
EIRAIERER AL G EHET D) DREX D BHED
ERTHHIENS, THMGETO RARER (C/ma
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(a) Nakashichiban unit

(b) Shirataki unit
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Fig. 8. Orientation data of schistosity and
associated stretching lineation measured
at 22 outcrops in the region shown in
Fig. 7. (a) Data from the Nakashichiban
unit, and (b) data from the Shirataki unit.
For the Shirataki unit, mixed-rock unit
data (triangles) are shown separately
from data of other regions (circles).
Equal-area lower-hemisphere projection

mixed rock | others

pole to schistosity O

stretching lineation W pole to_sch!slos[ty
stretching lineation

was created using Stereonet 8.9.2 (All-

RDFAEN D)ITHILTE %,
R DA

Stop 1 Ht&BKESB) 1=y bOWERS

(HiEEd] 1 2 250001 H /3] (B8] & o8, Fig. 7)
(hr ] B R E% (33°50°117N, 133°20
01"E)

(i BAIEZR - #1LQ009) BLUFXRIFEN (2013b) D
IZEahtHRI= Y OB ERE htEFI1oy bR
WA T BEIR 10 m REOWER AEBENEHL T
%. Fig. 2bITmRUTw TiEEO & PR 272 L, 255k
=3 TR - (RIED/N>RY—HT 7 F /A
MM TH 5. PT SMHIERERD SN TV, HE
FECOMSITH D RBBELZ Y b TIE, WHREEDES
ERIENT N S 0.40-0.45 GPa, 240-270°C M HAES 51
TW% (Aoki et al., 2008; Fig. 4). 1 : 50,000 #EH[XCTD
MBI RYERE - RERSEE] TH D, BT —&ic)E
& 10 m AN ORYE ST &R ERAYE 0 R I RS2 T6E S
5. WERAMMIAIETRAMARNUREEZRL, BoF
WIRE R AT e D & B & R15E U 7T TR IR E N
g,

AFEFEEDITIZ R B OTUKEDN 510 2 WL ERIO g
SRR EEAREEL TWD, M RITIEEITEK
mm HBEOATRESEKR(GIEY R ) OFIRIT L > TS
N5, \ZFHAE ISR ) & A1 72 ACEER O EAR
Wl I N % (Fig. 8a). | FITHFEHAIOMHIEZEPES K
SEEAOFETH B I EMS, TN FMIZ kI, =
W —B LU THET HEHH Ss LRI NL2HDTH
% (Fig. 5b).

Stop2 #tFI1=v b-REIZvY MEREBORES
Bt 1 25000 (5l (Fig. 7)
[hr & BRI LB (33°50°417N, 13320

A o mendinger et al., 2012; Cardozo and All-
A Ld mendinger, 2013).
31"E)

Bl eIy bEZFOLMOEEIZ Y b OBEREL
IZALE 9 BIRFEA DFEEE T (FRIED, 2013b), W12y b
DOERZRHEAAT DEMEMRIN TN S, 150,000 H
BB B MPNERER S - BB HE - S AR
FITHY, HERMCAEIZ Yy PO TEBICED SN T
% (Fig. 7). AHBIETIIIREH S EAORESR D LA CLHE
D I ESRE B BB ORAATRHETE Fig. 9, 51T
AT CIRIERRESE S ON XY —A T 7 F / A
WYMEMT S, DED, HHEAAESORTESZ RIS
JBEAED FRE RS, INEBEADE, ABHEENT
DIRIEAEOEIEIZ 50-100 m EEEEZ 5N 5.

RIEE S CIEBERE, H20idd > 7RI BN
THHELIZ Y FOFEMEH TH 2IRE A, HE
H, ESREREDAORZ U HERDEER I NS, T2k
B AESORMEE T, HHEAEOREPICHEAEN
L > RO 2EIRE R 515 (Fig. 9. Z5W-o 728
&, HEREOL > XA lE-—S I A s S M S n
ET—F 4 UREEERLTHBD, ZOWENS, RS
M Ds BB R DMNHEHEREH S22 Envbnd. £k
AR DIREEDE, BIOZFO AT - FIES
HHELIZy PEHERIZ Y ML FIF B L FEER
D Ss & HE 5 M D EMRHEENFEZEL T 5 (Figs. 8a,
8b; 7=7ZL, Wi#F DT Ss DFEEREE ICHMIZZIZRD 5
Nz, I5I, RIESERIIAESHRONS LD H
IRASKEIC/ET 5 (Fig. 9). ERdl/z7—F 1 HdEICH
WIS, BIEBiSNZEEREL > XORRE AT - HiRa
RS DTNDE Z &S, IROERD Ds 2% & [ H T
Hol=ZEMbnG. Tiabb, W Ds BRI TR
IRFRRIEEIS B > 72 Z EAVRBI NS, T 5 DEIE - B
M5, HELIZ Y N NEMOREAERIEERIE, B&
OFElE D O H ELE R (F 2% - 81l 2009) I2BWTH, Ds
BT LB SRR N TS, 7B, HHEN AE



WEME 123(7)

ZWIH DTN R IR A D S R A £ T 501

Fig. 9. Outcrop photograph of mixed rocks located at the boundary between the Nakashichiban and Shirataki units (Stop 2),
taken looking to the NW. Rock hammer shown for scale (length = 33 c¢cm). Ss = Ds schistosity, M = mafic schist, Q = sili-
ceous schist, P = pelitic schist, and QV = quartz-rich vein. The boundary between the pelitic-schist dominated (lower left)
and mafic-schist dominated (upper right) parts is indicated by the white dashed line. The mafic-schist dominated section
contains siliceous lenses of various scales, and this lithology is located in the uppermost part of the mixed-rock region.

WOHEHEL > X (Fig. D BRAEBRNLUIRBEEREL, —
BRI N L L > RO AT 4 IV T ) AL EESZ2E
.

Stop 3 EE6RERIZOL v4 bREIEC2001) DEE
(] 1 25000( 2634 (Fig. 10)

(Rr ] 2t W7 Je v i ) L 85 80 10 11 (33°51° 127N,
133°23"26"E)

(i S ERER A0/ 02 v h s TES N/
B6ETY OV v MR (7 RIED, 2001; Fig.
1D. WSS gRE R A (Fig. 3) ORREHDORTEFMIET< A
AR AGANGH A Ol AGARNGRETHO,
Ir0Pv AN, TROEILARITMATA > 7 7 AA
EHEODEMIZTHTHS. 2L, EHEEIENHOD, &
{AL+F 27 7 AADHAGDEERF DI/ 0P v 1
BREE, WSS S QILEIFICHIE L TW 2 A,
Aoya and Wallis, 2003). T3 5134 > 7 7 Ak DFEIR,
7205 Dy, £ (Aoya and Wallis(1999) @ D, £ ) 1T
KDEWEITERL, BBBTHNHN SRV G AMH - T
R (random) % -1 7/, 1(intermediate) % 1 ~/, L (lineated)
ZA4TDO3FHFEoNTHD E - FX 1997; Aoya

and Wallis, 1999; &% 2005), Ait&fIIL Y1 7, T
RO BHKL « $HRDF > T 7 A G A (SE) 123 > 725
WEMASIZRT S A 7 Th 2 (Fig. 5Sa). Lu-Hf iEick->
T88.8£0.6Ma &SIy O v MIZREMDEMNR
R EMIRESO LY 70y v+ hTH D (Wallis
et al, 2009). £EWHOLY A T 70 v A MEH-
T AERIRIZE & LTI Aoya (2001), Kabir and Taka-
su(2010), Weller et al. 2015 72 E3H 5. Aoya(2001)
WSS SR A Ol 5 72 P-T-D #& &8 L, H—0T
7Py A MAZRORE, HEAEERFICBT S ZRIE
ERAEFAOEEINIEZ > TWizZ &&@m U7z (Fig. 50). %
7= Kabir and Takasu(2010), Weller et al.(2015) 2% &5
ok E—VIENKOPT 13NN 1.9-2.0 GPa,
570-600°C 3 & U8 1.60-1.65 GPa, 600-610°C T & %
(Fig. 4). 7238, Kabir and Takasu(2010)1% 2 Eo T/ 0
Py A MAZEBIEAZEEL THY, LRl aoi3ss Off
RIcEk52EHDPT &M THS. £7= Weller et al. 2015)
DR UIZE—2 FEJRO PT &:1d, &HRIEN 2013b) I
FoTRIEE N7 02 v MMIZRD PT &2 55
i - AREMNCHEZ > TW 5 (Fig. 4. 2BMoz oy v A
NMHZR O R, E7z Weller et al.(2015) @ PT 4O
20 DEKEWIT, SEOMGREETHS.
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1:25000 Besshi-dozan

Fig. 10. Map of Stops 3—10 based on 1:25,000 topographic maps from GSI, Besshi-dozan and Otoji. The boundary between
the Eclogite and Shirataki units and isograds for the main metamorphism (Aoya et al., 2013b) are shown by thick and thin
dashed lines, respectively. Chl, Grt, Ab—Bt, and Oc—Bt indicate the chlorite, garnet, albite—biotite, and oligoclase—biotite
zones, respectively. Abbreviations for rock-body names are the same as in Fig. 2a. See Fig.3 for corresponding rock types

for lithological shadings.

WHEE DB AN SED &, Sp EVWISHHEIZA > 77 X
HEOOEMES, BLOT < AEBHRE RO ZF R 2
FERICE > TR o, Ak O@Y0, WSS SERET
WEEREED, 2RO ER# Ss K DI B
FrETdH % (Fig. 5a, 5b). FL&MARICHYL D DIFmAE
7 mm ICRSFHRO I AHATH D, FHCREMEIZHN-> T
Ao BRRLE T, MBS < AE0A > 7 7 2GS
ARNAICEOREENSFE BN, EEICHEEmEEZHLT
W5 (Fig. 11d). £/, 202500, Dy
OB EMEL Z2RIHBE LT, TOMmMFIIAETHIES
NizEH T v RO %MES (Fig. 11d). —F, Fl&ER O
B £ TR, 30 Dy, loslEMidlickoTELREE

Bbihbd 7+ ITA3>T7—5 1 > (foliation boudi-
nage; Platt and Vissers, 1980) &, kS, £&LT
AL THREENZHNT =T 1 >Ry J 2B TES
(Fig. 11b). —J, FLaMERICHEELE S, 13, 0%
Ds 1 (D ) 0B D E BN B TO 5 <HiFs i Tn
% (Fig. 11a). F£7= Sy, SIFTEATRM 255, Dy, #iC
R ERBEDY A M LERNROWME, Fp, 2%0a
IEMm DL TR (Fig. 11c O FHE) ICBR I N, ZOWE
iz &> THIFS N TV S EBED S, LR 5 (Fig.
5a). Fig. llc Ok LANSEHTAIRESEHZICE, 0%
A MEH OIS KD ICFE LRI 0, 2D
o TR EaDF > 7 7 Affa, BAOMmIIa, HEme
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Fig. 11. Photographs of the monument for 6th International Eclogite Conference (IEC2001) made of the Seba schistose
eclogite (Stop 3). Si, = Dy, schistosity. (a)—(c) Photographs of polished surfaces on different scales. (d) Close-up photograph
of a natural rock surface in the right-hand side of the monument. SB = shear band, ap = apatite, ep = epidote, ttn = titanite,
amp = amphibole, omp = omphacite, and grt = garnet. Several quartz aggregates filling boudin necks and strain shadows in

(b) and (d), respectively, are indicated by black arrows.

DN AA E WS T EEMBIETINA, BROTF Ak
B (Fig. 11b) BRIR THEGE TE SREEICRES
RELTW5,

2B, HARAILEZLOT 7 02 %1 MME 2016 FIEEE
DF CEA) ITEE SNz, E7z Stop 3 DHEALHEL 2 km 12
H5HTILSD S L] OFERADIIL, ZO&EET0
H U 72 BR O B DA BEAS, W 2 W U 7 1RHE R A
WERINTHO, W& ICET 25 I/RHH b SN
Twb.

Stop 4 BIBEHNOVE (LR EBIBEHREREDRAER
(T/aYvA b=y bA)

[ 1 : 25000( 34 (Fig. 10)

(67 (] 2R IR Jm e ol i 7 L5 5 10 W (B3°51°417N,

133°22°40"E)

(7 PH]Aoya et al. (2006) IZE: DWW /= Stop 4 DFEFE D Hi

BM% Fig. 12 1R Lz, BBAOFIKICH > T iEEin

IEERTBEHLTHY, b SEANECHES R A, 16

BhE (EE 30 cm #i12), ARERBEFIRFENHEBT 2
S (EE SmAEE), B KOG AR 1WA (central
metagabbro) 2SBH L TWn%. WHIRTA > 7 7 Affif 2k
5 DIFEEL WA, LG OWES S S A IR ATYIC
R@(random) ¥ f 7O/ 0¥ v NERENEENS. D
F0, EHERAICREL ZEALEROREL, 42Ty
ABFAERI LK AANENEET Z LR <#HT 5729 (Ta-
kasu, 1984), FEIZINSHIWORRERICE U Sy &M
=05 (Fig. 5a). —7, ®MEIZ5~10mBEE LB T
WIS ABEN WA (1 1 50,000 HEK TOBNI[E< A A
BAEPRVNA]D T S NMTESKE A L 0 SRR kL
EMREL, LFCRFEARITAENL > AROT/ 0D v
1 2FETSD IO 0V %A b Tkt >
77 AMGERIECHNTES. DT, ABHEICEDDIR
R DRREZ/RL DD, HAICDWTOHRMZMAS.

I02 %A MAERBED PT &4 Takasu(1984) 12 R
Y170 0P v A NEREIZDOWT0.7-1.7 GPa, 630
—650°C, E-EHNWEDOITZ7OP v A1 MIDWT 1.2—
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7] Chl-rich schist

[ | Zo-rich rock
EHE Mafic lens
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Fig. 12. (a) Large-scale geological map of an outcrop (Stop 4, see Fig. 10 for locality) at the northern margin of the Seba
metagabbro (northern shear zone; modified after Aoya et al., 2006). Sample localities used for bulk chemical analysis are
shown. The bulk SiO, wt.% of each sample (Aoya et al., 2006) is shown in parentheses next to the sample names. (b) Co-
lumnar section along the line shown in (a). Abbreviations: omp = omphacite, qtz = quartz, chl = chlorite, zo = zoisite, grt =

garnet.

2.0 GPa, 720-750°C &W5 E—7Z&pkD PT RiEH 0
#ZRL, BENARICERTHAHIEE 1 DOEREL T,
WA OIS ER NS D EE AT 2L, WA
HNWAEDOIZ 0D v A MO I < AAITITHE S 2 Bf
DR TS Mg I8 DT E Mg ITZ L Wik 2158

D5, WINDERGHT > T 7 Zffia EFETH S 72
RIFRDI=D, 2DOLr O v A SO PT FMENIZIZ
FA—TCho/WREndH%.

BT (R AR AL DRLE = ERE A O ANICIIE S
30 cm AR DIREF G L TWah, ZoJeEbhasm
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FHOEBRNNWEIZHENZES SmiFEDEHMEL, SiO, AL
SN 55~67 HiEE Y% LD, Tl O RN IR B LA R
ERDBEA (AEERERRA S, MECBER A ICE>TH
»H5NTWS (Aoya et al., 2006; Fig. 12a). K/ ek
HEALSTEEL, LT badbdfraiidb R ons 2
L5, Takasu(1984) 13 Z Dl 2 Byl LR L, W
A EAERNWEEN T AHBERRATDODDEEAT. —
7, Aoya et al. 2006) 1, Z OTIWIHICEEE ICHET S
WS, T72bBHEKE 10 cm ML LIC R SMEAAEREE
OREDIRL 2% EMITED L3R EE 2, Zhs 244
MRS ICHRE T B DEE A, DED, BHNWE
DOFEFETNHOYLAFY A M) ZDLSRERTOy 7 ELT
THEIRICHERE L 72 © D C, TR A & DR O il plreis e
RS ICE > TAELCEEWSIMRIRNTH S, 51T, HE
RRAEIRIC FEE U 7= FrBE s & < A A O P 2 i F |5 5 FER
5, ZORMES, TROBHEETIHHKEFETD S,
FOBHLUWHFEEMIRL, £/ ZOEEN DL, BED
S (B LTx o 2RI AR ERER A OWEER &
1269 % ERENE (incompetency) 123K 7=, 72720, (KIZ
AL - IR FRRE O S D ORI & > TARBE TR SN
DI BEHE RIS EZER TELDOTHNUL, HITLD
Z DFRIRZ R D AT I TR0,

EEREDSESN PT &M Kabir and Takasu(2011)
IIARGEIRICET HIEE A OERIERTS Yy, 97505 FHmit
2% 200 m D #&5H (Takasu, 1986; BFi#, 1992) DilkHZD
W B G AIRET 2170, AW EFO I A
AIASND DD E XU 2 BefE O kA i G & 5%
L7z E£-MgIlB8OIA2AH0EAME L CERA
EFRLT 20 LR, GHEMOIEMHEE, TRbBER
G+ AE+F Ty AaE+NO 7 A+ AA+ A
WEHWT, 1.94 £0.16 GPa, 821 £ 32°C &\ S & f
AT O vA MEHYD PT &b b7 ZOPT
GAFTERIFN 2013b) DIFFICL 2T 02 v 1 MEARR
D PT &AEOHIFHN S &l - EBICKE <SR- THD
(Fig. 4a), TOEKREVWIISHOMEETSH 5.
REREROIL 2AXMICET IR LidlL oI,
REAAEHDOE < A AKEMNESARNWAEDO T/ OV v A
FHOI < A A E K< Pz Mg R ERFD Z & 5,
Kabir and Takasu Q01 DIZZ DI < A AREAY, SIKETIC
Mo AR, BRI E I S EERIE ST L o
THOLINEEEEEZRBL TS, 220, JRER AT
DXL A AP ERAZEAET 2010 L, AR
BEPOEALOEREYE L TIREFERAIZROM> T
VAN

Stop5 BEKEE7/OvI/28UBREHRERELRE
REDERB(T /AP v4 b=y kW)

(] 1 25000(z63#) (Fig. 10)

[hr ] BRI RIS AL (33°51°52°N, 133°

22"28"E)

[ BA] Aoya(2002) 12D\ 7= Stop 5 OFEFEDHIE X %

ZWIH DTN R IR A D S R A £ T 505

Fig. 13 1T/RU 7. WSAORKITH > TEIFEGHI S
MNEHLTHBO, b sENECRER S AEEhs
(REWMZEEEBWIRER A O5E, BXONESRER
ADEEH L TWD, AEJeE Fa Sl Ko k< >
NVIE, b blEESEEEO T Oy 7 EE>TnS 2
EMS, Aoya(2002) 1 3AFEE = KREEMHEE R, DEOT
70y A by kGEGEHES) SAK1IZ Y B0
REEAT. LEIAMNZEDHE, Kouketsu et al.(2010) iZ
FoTAREZEHDOARARE R & (ZWK2), BXUE 51T L
DIERAENS DT O v A MAZRDFHAVR S N7iE
B, ATHEHIEEERA TEH 2022y MERDO X S 72 KH
B 2D HOTIIRY, EWSEERMTbNEZ., DF
DABEHARAKN I/ 0P v A F1Zy FNIZH D, £NHD
MEH O R T dH % (FRKIFH, 2013b; Kouketsu et al.,
2014). F/-AHBBEICHENT 2EEHREEHEIT Aoya et
al. Q013D ITEL > TR MV 2w PDORF EINT=/NR
BTy ZIHS T 5.

BEREICBIF2T /02 vA4 MEEBORHE AZEN
Aoya00) IZ&> Ty MEREABEINZHBIE L
T, URHIRFAREAENS T 0P v 1 MIZEROFELZ
BB FENELINTWiRh>722 &, FHEERELT, £
DFEHUDTH 51T 5 X< A AT OMHIEEYT LRI Tn
BN ENFETEND. T, RERETIEA 7y
AMEA, NTdF 1~ B A Kouketsu et al., 2010;
Kouketsu and Enami, 2011), BXUY T L1 (Kouketsu
and Enami, 2010) 27257 02 v 1 MAZROIERESRY &
752 ZEDURINZD, TNBIFE TSI Aahonias
MELUTORFET B0, ZTDO#R#IZIE EPMA 12X 5 ET
SHEET S, iz, I<AAIEASINZATNS S
£ 77 % 3853 % 457 (Enami et al., 2007; Mouri and Ena-
mi, 2008) B, RIID T oI TR IT K 2 R
BYO HiaEET 5. DED, HEMEHEE TOBRDOAT
RERENS T 02 v A MEAKRONESES Z L1358
AHEETH S, FWZANT, JREHEOEEDIWGE
X, OBORERER REZEHE TIIEHRARERNT=RNA
AAPIAEHMY) OF—N—T1 > Mok > TIRIFELRICK
BLTLESTWD., ERBRIEMI T >Pv1 b A
e, A, WA, <54, BER BIOREYTH
5.

B 2 EXPEDO R IBE (Se, & Ss) AT OESE &
WCHET LI, RFICET 27020 v NER A
(JSB28 72 &) 34 > 7 v ZMEA DEMESE S L&A 7
(Fig. 14d) TH2Z EM S Sy, HIWTE % (Fig. 52). =
FEPHCHET D, HERAOMIRARZSURNAAANRGHE
(SSBD) itz o &, EEAMNID S, ZiLT I &
IR HHELTNWD ZENS (Fig. 140), S, FEEADME
RIORE LD S, —F, BEHTYA MAhIEEL T b
HEJEE a7 Ok ZWK3) Okt i Tas &,
SSBI &EERICEARIRD Sy, 2 0lF LB RAFCRA R 2 S
DHEOD, ZTO S, LT DI AEITHRZE R O/l
FERy T <L TW 3 (Fig. 14b). D0, FEHSy
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SSB4 (Fig.14a)
*Pelitic schist. Albite spot as illustrated in Fig.5b (right).
9 IIO 210 3Pm
Ss

*Omphacite-bearing metapelite
(Kouketsu et al., 2010)

ZWK3 (Fig.14b)
*Pelitic schist.

Albite spot as illustrated
in Fig.5b (left).
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of the eclogite unit 47
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i schistosity (Fig.5a).
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Omphacite showing strong
alignment along schistosity
(L type: Fig.5a)

Fig. 13. Large-scale geological map of an outcrop (Stop 5, see Fig. 10 for locality) on the northern margin of the Seba mafic
schist (modified after Aoya, 2002). Samples used for microscopic identification of deformation stages (Aoya, 2002; open
square symbols) and for P-T estimates of the eclogite-facies metamorphism (Kouketsu et al., 2010; star symbol) are indi-

cated. Location of the area shown in Fig. 15 is also indicated.

FERAREUROL OB ZZIT TS, LT, #&H
LT DIEE Fi (SSB4) Tl E RATBEIRZS & D EHHR N AL FT
H(S) 1ZH 5 T/ B ERIZE T %729 (Fig. 14a), 4t
A B S, & DB — BB L W Ss & Ik T & % (Fig.
5b). H/-EREH CHIE S N7 ARG O AL A E Fra
TIXF LR DI U, JEE A TERPE A 78> T
5Z &% (Fig 13), INSORENRZIBEROEDTH

528, BRUOBREICHETDHHENSs Tho & &
MTHh2 DED, DsIZFEMERLIRITEZ > AR
DT (Fig. 5¢), ZOEBITHED kRO R, JBEFED
HENSITBED T 02 v A MHZARAERH OREMANIE T
BLTNBEHDEEZ 515,

HEEREE AR SR EESRIIL— N BT, Mk
BRI A ENMERCE 70y 7 B0l G & Ebhn
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Pelitic
schist

Pelitic
schist

=Sp,

— o s eem
= S = e o - -

amphibolite

Fig. 14. Photomicrographs of samples taken from Stop 5. Locations of the samples are shown in Fig. 13. Traces of the Dg,
foliation (Sg,) and the Ds foliation (Ss) are shown by dashed and bold white lines, respectively. In (a)—(c) (crossed-polarized
light; XPL), Ab represents albite porphyroblasts, and in (d) (plane-polarized light; PPL), Omp, Grt, and Qtz represent om-

phacite, garnet, and quartz, respectively.

%), BLXUHBRERATICEEND TV F /HAAED/N
Ty I BETES (Fig. 13). ZN 5 O@ESREEH &
A O AP F O A ORISR ER ORI R XN C
Wb, X MVIEERT THEOMOMERL ARL
AR DHEBRAL A28 8) 2 S0 T B 720 T < BRI 281 b
ZEEIL D570, EAABTHROMHIIEE 252 % LT
BHELH5TH 5 (] 213, Hirauchi et al., 2013; Endo et
al., 2015).

10 cm KOIRT 7 F / A A O/NEBIZEIC AR
B AEPICHIES 2 (Fig. 13). ZO#ERIZ Fig. 15 12R7.
70 F  REAERE, BROBEROEZ, ikt e 2T
LEELEL U 2 FEBARATE O PO 2R3 RRTHRIRGT
DR (R4 1020 cm) V50 W A iRGE 2R TR i
JEMELD BT, 7 F  BaE ORI Y 7 F B+
WA+A%ET, SR LRGSR ERA+7 o>
Ty MREENIIDS (Fig. 16a). BB TIET 7 F /MW
A (R ETHAIGEWRZ AT %) ORI E
SR em ITEL, BOPROSMECERZEIRT. ERT T3

100 um K (E#A ) ©7 27 F 7 BERT D789 (Fig.
b icLTr7 o> v 1~ BER, HERAVKA T
IRy ZIRELTWS, JeEEH T, BSOS
o CTHRA DRSBTS, H5M5 30 cm #
N5 EHEARIRERZDE— R 5% BEDOHERATH
HERD, ILAZEUNDTT 1 TP Ca iiZiZ &
AER SRV, FDa< LB S 50 cm ETOYE
BREZAGTREMNE L <Dln. 7o F / BaEintE
oY IF WA, FeA, ERA, T Py A b RER
DOWEIL, Si, Ca, Al Na, KOBE &L ERET 2.
7T NEESERENETULOER LN EDAIS NS
(Kunugiza et al., 1986).

—%, WERCE 70w 7 (Fig. 13 @ Toose block ) 1&7 27
T/ RO AT ANTTERIE R ORREE RN 2, IERCa bR
F1X100% T, ERIENGEIZY >FI51 N Tho. 5
Wi (35 & CBIWIAR) 25 AL WIZ AL EE U TG R/ ik S & 73
U, Z OB > T A & RBIEIEMATER L Th 2
(Fig. 16¢). FRZHIBIARICELD PR LN 7=557 DIV BHR D
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(a)

Massive,
actinolite-rich

Ac-t-inollte rock
(serpentinite)

Qfz-mica schist
(pelite)

|

v.Schistose, partially albitized
N,Z
o, m— — iy

-—
—
T e

Fully albitized

Fig. 15. Occurrence of actinolite-rich blocks in pelitic schist (Stop 5; see Fig. 14 for location). (a) Sketch of the lithological
relationship around actinolite-rich blocks. Massive actinolite-rich rocks with centimeter-scale radial actinolite crystals are
enveloped by schistose and partially albitized actinolite rocks containing varying amounts of talc, chlorite, biotite, phengite,
quartz, and albite. The main porphyroblasts are actinolite in the core whereas it is talc in the mantle. The outermost parts of
the actinolite blocks are highly albitized and are in contact with garnet-bearing quartz—mica schist that is relatively poor in
albite, and almost lacks mafic phases, Ca-rich phases, and carbonaceous materials. (b) Close-up photograph of the albitized
zone. The size and abundance of albite porphyroblasts increase towards the contact with the schistose actinolite rock.

REBHSIDEC TS, 7o FI51 SVEMEAT 58]
Wit (Fig. 160) 29T d 505, WA mIBEIM DR %
5 ZRIEHEHE T (Fig. 16d), HIRGLZw b OEES
BEICR SN A EIHE &E OMHITTE a0, Zolekes 7
0w 7 OJLE T, JESE cm OIFA - X7 3P 1 MR
EHIRICHET 2T TE S, 50K, KICE
DRI & LT CO, % SiO, DAL, Ins &
FEE SRS O RIS TA DB BRI IR > TEfT L7z 2 &%
RLUTWS, [RESEIY OB OIRE S D S pCE YN
b TNEZ & EHHINTH 5.

Stop 6 EHREI=Y bDT7UFI54 MRED, BLT
D.s BiDZERAEIE)

(] 1 250005 F4RL] (Fig. 10)
(B &) BRI R L (33°52'35”N, 133°22°09"E)
(Fi BAIEREIZ Y FOR MLZHMT 2 D, lor > F
TI54 M Yoshino (1961) RS FA M) A3, HARG
L & S B~ DR & T OmRHIIC TS5, 2ol
BCIRPEEMDIZIFHME O EA B L T b, RiKMRT
3, ARALEE (B 1550 m) 2> 5 /W& LR (Stop 6 ¢ R
1645 m) NAIN D BRIGEICH 5T, 2= v hO RAL G
NS AL (D ~FEB U 722 5 BREEBIR 217 5.

D, OHifEEIX, 7 FIT710 MBESREDA S VAKTF
OB EER IO > F TS5 b ORIREFNIC L Bk

FrEE TR 51 5 (iR s OBEMET 5 B & Fig. 16e &
Fig. 16f1R7). EILERITHRNT >F T51 kN EAR
IZEFNADAS A DR MIIZ L D mm BN S m RO
JERSEN R T E 5. AL OMRGEIFA ik A EE & OB
TIE7 >FI510 bOE—RDEL, 70% ITET L. —F,
BN 5 WEERMIETIE, DAL AGRERE (T > FI5
1 ME— K 5-20%) D ENE . T OV E FE O ik
IR = NS OFRHEIC K D IEECA LG Z R L,
OB N SEIITL TR 250 m 1L 9 5 /UGS LR
557 D, Bl O rescsE b 7 0 > MY 3 % (Mizukami
and Wallis, 2005; Fig. 17a). 7=7Z2L, HE505NHAD
7 >FAT740 M E— ROBUTHEFRA T2 <, R
B (IR 208D, DD, ZEMANITRESEIC SOED
AT 2505 D, HOWESCE LIS DR T H 2.

MAS WARTF BT WA B (D,) OMES 275%
INTWD, JUEBILHETIE, MkINAS AR EMEDT >
FIT4 F D729 D,y DILWFREE & HHEEDY D, ORE &
R T BERAREITIC A SN 5. BEO7OLAAERIWIN
IREIRNAES T, BADHEAMOIWEERELRS. BEL
TR ORI, BIERY T v 7, PSR T OFRRES & 0>
TR R TSR AL OB L DR CTE 5.
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Fig. 16. Microstructures of ultramafic rocks in the Eclogite unit (including the Higashi-akaishi unit). Ab = albite, Amp =
amphibole, Atg = antigorite, Bt = biotite, Mgs = magnesite, Phe = phengite, Qtz = quartz, Tlc = Talc. (a) Albitized actinolite
rock. PPL. (b) Schistose fine-grained actinolite rock at the margin of the actinolite-rich block in Stop 5. Note that this sec-
tion is almost biminerallic, dominated by actinolite and ilmenite. PPL. (c) Sheared and metasomatized antigorite serpenti-
nite at Stop 5. Shear band cleavage is defined by the strong fabric of antigorite. Metasomatic formation of talc and magne-
site is dominant in intercleavage segments relative to cleavage domains. A shear vein at the bottom of the photograph
consists of large and locally euhedral grains of magnesite, antigorite, and talc. XPL. (d) Same view as (c), but at greater
magnification showing the metasomatic growth of talc and magnesite. Antigorite is pale green and talc is colorless under
PPL. (e) Olivine-rich part of layered antigorite serpentinite at Stop 6. Planar fabric is defined by the parallel alignment of
flake-like crystals of antigorite. XPL. (f) Antigorite-rich part of the layering in Stop 6. Millimeter-scale layering is devel-
oped between highly serpentinized parts (top and bottom) and less serpentinized parts (middle). XPL.



510 HR OBEH KL HMT - EEE &

2017—7

Fig. 17. Outcrop photographs of the Higashi-akaishi peridotite. (a) Antigorite schist at Stop 6 showing the D; foliation (S;).
Photograph taken looking ESE. (b) Dunite at Stop 7 showing the D,, foliation (S,,). Photograph taken looking SW.

Stop7 ®AALZY bDOR—TAAVSRT1vI5F
A b (Do BADZERAEE)

(i) 1 25000( 263 (Fig. 10)

(] B Rl (33°52"32"N, 133°22'56"E)
(i HIRGILHED S ERGILORILEZ b S5N—2F 5%
HBEZEEABET D&, HRALZ Y b IO D, #5E045
BAIRHEHRICAS. Stop 7Tl R—T7 140V IFAT 1 w7
M E 2T 2 DY b ERRROEAEGEDNEHRT
&% (Fig. 17b). I RICEENIUIEAGHE O ELNBT 5
BIfisE 2 —2ZRy R Th 2.

4 bOEALE T, A5 A ORI Uiz HBkER
FEDENDEZDIZ mm DR —7 1+ 07 5 X AT
TRMUTHRZ, ZOENSFRMEZRANDS ZENTE
5. D,y DERHESIIHIRI N A S AT OIFRET FIES TEFR S
N, ZOLAEFR)VBEREEORSBEIRN S, ZOREER
L7= DML OEIBERRE S U TEBITE 2. AL AATR—
T4 07 5 A MEEKIEDN S 12 BN A G E SO -
W, ZRREHIC H,O \ICHf U ZREICH > 72 2 Envbnb.
MAS AED CPO I ¢ lAREN S AE RIBLAS 2 R
BN —2THD, BKGHIT AR a fiEh /XY —>
EW3RRS. FRGIZ Y NI o BEF LB ER S
N5HREFITH D (Mizukami et al., 2004).

MR DS T M2, MEROUSF—F1 MRS
Honsg., KRONAS AVEEST > MVTBIT SR O
FiEE & U CHEIBRGE. AR E LS &, 100 pm KO
P S WEISEE RIS S IERCE LT 2 DI LT 1 mm K
DINS VAR T ZREY) D 7 T 7Skt b L Tn
L. WERCAIRIGHLRI AU S AT DEAIES 2 U)o TRFME 2
KRG ZEMS, RIS AN TR U 7z iAot s
DIEGEL P TV EMRTE S,

BREA AL B SIRRED T 1 T REsric
FOHREA OB SRR N SR R—T 0y 5
AT 1w J kR T. EIEIM IR O AR A & 7

S>FATA M THS. HfiAERB L NEEDYF 1 KT
T FITA MERCEHENE L L, T >FITTA MERICH
FHECHDL U RAY I A MGG L2l L ERET 5.
Z DHRHEAE T OHSRICHR ORI NS — 2 S 5
HOMWHEZREDZ EHVRIN TS (Hattori et al., 2010).

Stop 8 WARALI=Y bDEBRESULDHALAELIE
or =]

B 1 25000(z54) (Fig. 10)
7 ] B R T (33°52"37"N, 133°23'06"E)
[F BHIERAI=y MOEEIEEENED PT B (1.5
2.4 GPa/700-800°C—2.9-3.8 GPa/700-810°C : Enami
et al., 2004; Fig. 6)13, <AV NMASAEBLT
BEAEN SRS N EAFRIERN SHSNTHS. Ly
L, IS DOFEHT SEFNEIBUEM STV 2R 0 HE
WDOBTH B, TLAAEMESEHMIYFTA N, D=L T
AN, Dz TATIAN, BREEGETHD, DAbAAI
KT 2 X< AHE+ WA OHEY R A cm B S
10 cm MBE T2 b T B MG 2 727, HEBRL MO EEIC
FLESRBHNH LD, AR TIILEEEZELT, &
58 o LR AT K 0 Bin 7= #¥E (Stop 8) T D —ii & B
RE D, RO, BN A S VRN
{AGHANMEA R & AET SERIEIERTE 2.

5+ kO R (Kunugiza, 1981; &, 1984;
Hattori et al., 2010) 225, D7e< & 2O —FRIT @B E
JURICHEBRTDREERODEEZSNS. —HT, AlLO,
ICE A, BESRE N SR O ERR & AT B a A
IZOWTH, SETOILAA+HAERBIERICLDETE
& D% Z (Kunugiza et al., 1986) S BEN VAR O FIREME
(L - K&, 197D BRI N TV S, L, hAbAs
& ORINNSBEROED CGRFEZMT 2I3HaFB LT
HIER{L D EHRO AL TN 2.

MEE IR BE C i d 2 A TGS D, M OR Mz 5D,
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NS AEEBEIRS U <I3ERICAA ON—=TZABH) 25
DT ENEL, FEMEORIROSERORIBOESD.
NS OBFIKIY DIERIZBIHBCRITHBNT 5 K E A 2 RET
. HEREEZI SIEFEICEM L TH 0, BEEREtZiek
TLRFRALZ Yy MIT /702 v b2y FEHERT S
BRI REESCE RO TALICAET . UL, Wi
= N OEIEHES ORIBBIRIZ D W T E IV E10 7 fa A
TONTHEST, MHEOT I = 7 EBRISMHEIND X
FHELELLTHERIN TV,

Stop 9 #ERERDARI/OZ v M(EEEHHKET)
BfEEA] 1 2 2500075634 (Fig. 10)
[(fr &) BRI ERT 1L (33°52°407N, 133°23'22"E)
(i W] BIRGEA S AR E T RERPEERE RO BT ik
ENDMHEIVEIRT, =IO EEIR DA RE DH T
3 EbEE - SESRGERLEL T5 (Ota et al., 2004;
Miyamoto et al., 2007; Fig. 4a). fi3ICE A=
T50, —BRATAXTI/ OV v MEREBIFIEN T
7=. U UARNERIZIEFICREE T, ARICEAERGD
BEIRZ R 2 B OB HE /2440 (Bnami, 2000 72 E) 05, &
WEESERNWESREODTZ /O YA NETELTD. £D—
F, BEEHEIDBEOEEEERNTIEE A ERD SN
V. Stop 9 ICRFFARAKET I/ OY v FOBHEMNBINT
BO, ZOBETITESRERLID T 5. F =Bk
GELT, BAaEEOI L AAET 44 THA1 Kinbisb
I AAEREG A B HERIN, JHIAEIZ O
Pr A NEREBEDOYFA NORICNET D HEMTH 5.
AT O YA FOHPHEEE, <A 6+F> T
ZHRA+ERA A+ T 2 DA M HRRNAG VT
T, ARAERA~NOT7HAPEENDS LD D, =
BIHEOIENOLI O v A MIIIASNRNE#EL T,
ELAAHDEIRIN T I DEMBFIF > 7 v XA DA
oy R (Ota et al., 2004) &\ o ZBEHAMFEZET 51 5
Y, EEERHIGEL 2 T EERTEHLIR V. Miyamoto
et al. QOODIIAKEL T O D v N EHERLT 5 2SI DFLEL
AEE LA BbEERL, S<A-F 277 A
W7 = 2P v A NBEEA-SI0, HUENR B 1A & D
TE— RGN % 2.3-2.4 GPa, 675-740°C & AfEH >
7z (Fig. 4a). ZOFMETLER SiO, HIFAETH L. 20D
HEROEER, DIREARY & XiUEE KL EY OB E &
# Z 50T % (Takasu, 1989; Miyamoto et al., 2007).
—7, Arakawa et al. (2013) 138 8K E & AR/ D 12
DY) 2 R & S T miei S IR L 7. e D2 hR
SN, TEAABTGER CTHVERNE Z - 7z nRErid+
SHTHD DB, FELWELFR - MERMEPRRMEhE £ 7297
HILTWARWN.

Stop 10 T/O>+vA b=y bDRERE

(M) 1 : 250000754 (Fig. 10)

[hr &) BRI R (33°52°16"N, 133°23"20"E)
[ BA]RERARIRICALET % Stop 10 OIRE H A HEHHIE

ZWIH DTN R IR A D S R A £ T 511

I70YvA hAZy MNIZH D EEZEZ 5N, EEROLRK
srtn CIEE RARERHNIIEL TWad. ABEOIRER
AT EEFITE I mm IR SR O I AENEZENS.
FOMDEIMERSEMEL TI T 2> P v b, 4% EE
f, kg, FYURICATRONAG, BIOEREDMA
Pana i, BeazrR<. ZORERAICHEST DHH
g, AEFET S, BRAIIORFEELLT &
BT DD S, LHWTE 2 (Fig. 5a). T72bB,
Z DFEFEFAN S ALF OFEFREN S AEERETORIL, B
BHEOIEEIZ Ds X0 BETOH W EIAFEEL T 5 Lk
M2 L Wil T b % (Aoya, 2002; Mizukami and Wallis,
2005). AFEEETOD Sy, FrE O AR A RERN S E A D
MEEERNZRL, BEANTIESDEH 5. Aoya(2002)
VRSN OB AGRHEICEE D E, BB iz
FOBIRRLD Ds #ih (Fs) D7 =)L Y D32 DFEEEN T
ZHICUTC, mATIAL T oV 2y, AMRITIEE T oV
OVENDIEDITHHEL TWBZ EMS, HEREED Ds
TOFTA—LDE VSIS DBEMEICH D EE X
7z.
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A DM - M I BN THRA IR N OZHRERITIE
2 RK12% T ETEWZ. SIRKFOEHEFRKICIE Fig.
16 DEGHEHES 2R L TIHEWE. X8R KZEO N E—
REEBHOEGZEICEIDIAL MZXD, AREIIRE<%KE
Nz PIEOH LB BILHL EIFET.
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