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& OB Ds IO B Th HIRTIEEIC L - THE
S5, RESTABI= Y N TEHIZED, FORERIC
ONWTIEAEL=y N TFEHOS THERLE., FEFa=
v MIEEE LT D007 R— AR R %2723 (553,
12X b). TOEIIITRBEZ TWiRWZOIZ AR
N, DR EHRNTTI00m L EHS.

FEEa =y b OB A IR I8 7 Ds FrEL
MIEEEL, Ds FEER=C Du fEHIICHT D Cnad Z L igd
20y (853, 27T a). 772U, IRE A A ER e RA .
BE R AR TIZ ULIZUIE Ds 1%, Du AN EIZR X
nn (3. 21K c). —7, WRHEFEIZIEDs fEh<° Du
A LIE LIS D (53, 27K e, ). Ds #4Hh
DI OEBITFE B LTH T 2 L5 Y %
R (B3, 2T c).



3. 260 A=y b EHORENEOREROGTI, KOWA I

(a)

(b)

(c)
(d)

(e)
()

MEAE RSOGO BIREE. WIRTT A A FNDREMZ MR T 72 (AR BRI, Ik
B 4b4EPE 1km [GS] R881911).

T A NBREHOREH HOMBHRER. REDODEDIZHEK L-RAE RT 5T AN, MNERESSHIRT
MR T& 5. ab—p; T/ FERIRZS S, LATRER (B0 HAERR R AT AT o dbdb 3 1. 5km [GS] R88194]).

A S ERSOIRE R SO EE, F—7r=a. DIFEEE QA MR AEOESK (a & F—30F).

S AEHOIEREOHFITE. gt; £ AFA, phgs 7= P A b, chl; fkRA. LLTREE (@R AR
FEIS ORIFETE 600m [GSJ R88190]).

TR NRERHOREREOHFIFHE. bt ; BER, sph; A7 = LITHEEE (b & RI—3EH.

AV 2 L —2AREFOREFEOEAEE (LY [HER) XiEN, %ilgodbdbvs 1km [GS] R88227]).



3 2T hEFar=y FOEMORERHT R

(a)

(b)
(c)

(d)

(e)

(3]

WERE. ElEEZIONTRE. N ~v—0DE ST 33, N v—~y FOE X3 18cnm TULTFREEE (B Rkt
BF- s O 76 400m) .

WERE - RERAERE. MEnCCiR (SRR L -EF O 150m).

WER % (Ps) ZHeteleB A, B Py OmE A I3IEx 72 Ds il THliF o T s, bl Z AW TR (&
I BT R e 0 - L P B OV 350m) .

BEHRE Q 2HelREha P). BEEREICIEZ A MaDs i3 BET 5. - MWE FESOIRE A E 11X Du S
HAFEE L T D, FEALFE 2 TR (IR IRRE R L -EF o PEETE 500m) .

BN . DsWIOREL (Ss) LIRIE AT 2Mhi 27> Ds HEh A =T 5. LHHm, O T EMWTRE (Bl
FAEREAR) A/ DAL 1km)

TE A, Duffih A FiET 5. WEILEAZ MO T (EEIR TR AR NME)T o b A6 TS 700m) .



3. 6.1 BERSE (Np)

AU ALE O e, AR R A NME) T o0 &2
WZFT 5. BEX10m INOESRE s, BEEREEZ L
X UIEEede, £72, TNICES 10n INOWE F A &1k
T2 ENRH D, Ds AL DuFGHh2S LIX LIFRET 2
3. 27X e, f).

ZTOMDER, RERRSEWITREOWE o - TBE A
HBIZRBIFARER AT S. =272, WEHE
CHRBERTHOICHAD E, RV L L XROHA
KOWEBOFRENHETHD (3. 2T e, ).

3. 6. 2 WERS-REERSEE (Ns)

AHUIFALSE O00W L 0, B AR R TR (L
CEBORDIC AT D, —RITES 10m INORE X 721
P TRV & IR S M 0 K3 RS & R (BB 8.
27T b). Mo = FOEMIE &RV, BDERE

3. 28/ hEERa=v NOBENE, REREOWAEH

B WTH ERRORFEITR N (3. 27TRa, &
3. 28K a,b). F7z, FNIWESHnEFTOABRNL
JRAGOEER &2 0855 (3. 21X d).

WERAIHNIRTIKARRWLUIKAZRL, BER S
WD & B & RAZ Uizl Tl RICEI N9 (5B
3. 27K a). FLFNHEIZITTTHND ESL2&R1H
5. —F, RERAIRIRCTRKAZR L, FEmICH
STHEIPTV., BAOREMICEDENAAD T =
VA MROARICEDELEI 2m BEE TOHMTA
BB ERnE (3. 28K c,d). BEAEEROH
B R TR S T Ds Bl Du #2dh s LT LR
Blansd (3. 271K, d).

WER A O EEREEMITAYE, TANAL b, T2
x4 b, WA, BREAR, VUEATHY, LEOR
BRI E ST, £z, RBELEMEES ZLR3d 5.
i, BER, BYERORO. 1 ~ Lo BE OFE R

(a) WEFA. A= =a/v. 58 Ds FERFEL, A% (qtz), BEA (), WV EA Kfs) OWBRL 7237 T A b
WRICHAET 5 (B g R 1L & O 7E 400m [GS] R88222]).

b) (@) DrrA=a)L.

(c) RERE. A—F =2/, (a) L RE—FEHEDOFE(GS] R88221). BADREMICETBIX 2mUU TFTOESTT7 2Py
A MZETeJE (phg-rich) LAFEIIFLRORE (qtz—rich) L HET 5.

d) (c) DrZmA=z=1)L.



TEELN, ToOEFEM=y FNOEKRE (5.
I d) L budiel, K= uvr7 TR eld (B3
28K a,b). FHEFA, WU EAIIMERLT & L COHE
T5. BBR I —BICEEEEEZ R L, ZOREDN
B EE S IRIE AT R T AICES 35 (553, 28X b).
TRE A (ES. 28 e, )IXEITARE, 7o Vx4 |,
FRA, TANRAL N, REWHLRD, MITDEORSE
BRI, A7 = %D, REBESIMZES 2 & b
H5.

3.7 i E M &

A EEJCHIIER 0 EAR G 72 MU RS & OIS 2 55 3. 29 XU
Y. EIEWTBIZ oW TILE OFRIE T OMEEH R 2 08
TORLI. o
Ds MADE M AHSEAL B0 I EHLE C I Ds 110>
LRI, TRbbART v F 74 —4, AR VT
d—2, MERERT v F 7 4 —2, RIS > 74—
LANFEHEE N (ES 19K). oW TIEAE=
= N EEOE TR Lz, F AR AR &L
D OFFIEEDIE, A - o=y MNERE L,
RAEEIZ X o TR T B 5 Ds HID BT 3 & 5 23,
ZRZoWTiIFAE=L =y h FEOHicRtak L7z,
DufiDEREE I T Du 4 B 3R Mk fF
TIRFEENICBZE SN D2, HERBIELO Du 48 i
EIT D 7o, DF D, Dufiiic Lo THIiF B
TWDFERBEOEKEE LS WVEFH TIEIEAK IR - T
W5, B EIZ5\ = Du Ml ol - L— A 38 3.
29 XTR LTz, %@¢T$Eﬁﬁ’m%ﬁ<iﬁén
% b DT AR HIk A g, %@%E@F*MHL®T/?7
+— I, /o{uzf?; LATHAD (3. 29K). F-XE
b BRI oD BF AT YT T b HUE IR D Du 78 it 23 225
TX, ZHICk-oCTHBT v F 7+ —L LAWYV 7+
— AT DN AEERHEE L (3. 191K D).

$ﬂﬁ$$ A= N O R SEIC LB+ S
WOKHEER (453, 20[) 13 Du IO WK TH B, =
NIZOWTIHAR 2=y MEOFiCRial Lz, E7205
A& OB THY, A -JIIX=2=y MERZRT
ARG, BB 2N L COSEMHMARE DEDLE/LD
LEDOMNEEZHEE L. T70bb, MllopE=L=y
LTI & A CTRE B USNOBHER R H RN DI
U, FMONX 2=y kTG EUSM R
L L > XK O MU KN R B FTRE 7 S8 Fo e, BERL R,
i EAKE DT 5. o

— 05, WEAMEERRO AL ST Akn (T CALE S 2 R E
(353, 29IX) HEM DM O D EDHFIEEHETE LT,
TREFITE O LM CIEJE & 300 ~ 500m DO EEE A2 5l E
DL AT 50, ZoBEEEOEMTIIEEL, 13
LA EIRERABUSNOERB RN 225, REFEE

@%m TIHEHEREIXIZERETHY, ZoMEE2mM
\IER L7234 FTHE@Aﬁ#%EénéﬂW(
L oo e PE S, &Ua%%M®$%$) ZHBWNWTh, B
BHIADBRBIAT D EEHERL TV D. R
IR, RENEOWENILEAEER TS, E
7oA T OTE KSR L IZFTATICERTND Z 0D,
FREF TR T KSR & LR R A Ol ERE T D

Lo LR LT,
%oﬁw%@ FEEFWTE O AL 4 km 138 THPE ST IS
Ué%%MMF(%Szml)imﬁﬁﬁﬂ@@LMF
T%D(wﬁlD{ﬂ%)Im%@%@?%éT%ﬁﬁ
., AR e, &%@M@%%ﬁﬁ
%6&%@%@&%@%ﬁ_u%T5Eﬁﬁg(
29[%) EEAER ORI ER D, MEl&mhm
OIEWE OB E RO EBHEINDS. b
WriE=e, Du oo - BT I% 30T A AL PR O b
mAEFOWEIIC LTl bnD (3. 29K). 1
DB ZANLRT, 20 o-dbl - M Em oW EEE
D%< | iEﬁi#h@Wum&/\%%o (53, 29K). K
mﬁ%ﬁ%®$%MﬁFi%%ﬁ A A P AE [ 2 O
AWE T, 10knfREICDE > THERTWND (3. 29
X). WrgmdmEIcay., A=y b Ef &R
VT2 MEREEMEICT D L, WEOTEMA R
*LT200m BEHEDIALTNS (MR F-6 ZH). &
RIS (53, 29B) DFFTEN, MR PR
JIKHB ORI RIT 5 AT = > F FEOEEE
HEE@T@Mﬁ%%ELt Kﬁ&%ﬁ%%%ﬁ%ﬁ
- VR P 7 AN %6LAM%Lﬁ(%32ml) Zip-o
T, PHHOEREEROBEANZEDOLND. A
FIEH (1957) HMELTWAEY, ZhbDENRICIX
ERORBRFRD b=, b)UIHEEROTRE) R
HIXPF i ch o= EZ 6N D.

3.8 ik EH

PUF Ol T EFIE A (2000) (ZHE - 7= R D4
BEHWD
mmﬂz IRFHERSWEES. 1K, KD
Téﬁmf%ﬁﬁAbﬁ®%%%%32I_T
gFM%S 1 Xz iﬂimﬂl%/%ﬂﬂlﬁyk
fEEa=y b, ROEHEZ= v PR CRIEAS
RIEEIZE NS, Fl-oARHIKO B Z RV - A=
= b, ROVIBERERILE S, A=y ~ B0
TR b e AR KIEEICE £ D (Nakajima, 1982 ;
#3. 20K). AHROEM o = v b TIEESRE S IS
N —F[ERHTZENTE R0, Bk T
B HUgClI Y —HE SO ESEE N SHRE SN T
W35 (Nakajima et al., 1977, MiHEIED>, 2007). AR
HOTFT—4 (83, 1Ka) bifEdE, KHIEORKRA
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N

4km

T 0 HiE». al270 B g
\
%A/T A \ \ Bis *%
1860 | \ RIEALLL "E/\/># ¢
fEUJl TR \ 21587 4
i rp \ MEREBT 2554,
1763 \
\ ~ s oo ]
\ B T S
n@@ \ % IRRE > 54 TR
33

*ﬁ%\nﬁf‘% L

572
IAERER I ——+—
— |

AL

A
1103

<EZW(DsH) DERABE>

<BR4ZERZ(DUBR) DZEFAEE>

<Duff £ 7z (3 ZN LA D ZERAEE>

}a( GETVF T4 — A X FUFTA—L / S & T OHT S
K wmEryTa—n K vv7a—n 0 RN
/7
BIHFE S S (A kIS )

3. 29K THEHE Husko Mz SRR X

TEARRBEHHE/NS 1A (1956b), EJUIREGHR (BN - ) IAER) 1TaH1EA (1957), ZDMOAFRIIAMIEDMA

IZ&5.

AR OB SIS Y =1+ 7 7 F ) A
+RENAA R OIS E DERRD L, Zh
D OEEREN R — /T 7 F ) AT OERAE
HAaEfio7-Z L EZR LTS, —F, FRBAH SRS
FOBRERERIIAE =y N B, KOAEH#IRO A
= MO T 5 (3. 1, 3. 201X)).
FERAH IR, KOS AR#HOESKER AT —k
R Ry —mREENT, T8V ANEHRRAA
OFFLAEDOEN LI LITRO LN Z &b, Zh
D DERE TR AAAE O A A O A RSAER & > 72
boOLEZONS. L, TAH VARG HRNVASG
B ELEGEADLAIT AL MEEIRES, T F
ez bas, AROICREREPRRTE 2H5EI12F

T FIRERT ARV AREERY FHATHD Z &5
b, hAGEFOR SHAETOERIMERAO%, e
MzZBEELTND I ENRBEIND. TN, NERER:
#, KOA ) 27 b— A BERHOEERE BT K
ATy RHENAGL+T AN Mg, TAN
A M AAABREFROERIEREZ K- T2b D EE X
bID. 72i2L, EALEHREHREAO—E (53.
23[) 1A T 7 AL DG RRAE E B d AL
TVL R+T A FOERMRR A RO Z L b, T
NA Mg AGABET COLEBRIERADORNICESL A4
+A4 T 7 AR+ A REOEMMAA G DY R R o Tz
AREVENE . Thebb, mru Py A METOERE
&> T Al REMEA E .



AR TR DN ERIERAORE - JE 5%
1% Enami et al. (1994) 2k oTFEH RN TV
D, ZHUT R AVIERRIE A AHRIR S O & R EE 1T B B e
12300-360 °C, ZEAKJESI1E5.5-6.5kbar THDH. E£7z,
XL AAHTIE420-460 °C, 7.0-8. 5kbar, 7L 3A |
AR R C1E490-550 °C, 8.0-9.5kbar, AV I/ L —
A HE R C13580-630 °C, 9-1lkbar TH D, 727°L
BERFED VIXI < A8 - 54 D Fe-Mg 2ZHLRERHZ
Kb DER L. ELRBED DN ER S TR ER

EZERRBOLDEEZOND. BEE T, A0 X
K AEEHESE R A &t &5 aTRerk s Ak B
DrEie ] SN OWIGERER so=/n Yy A hT
W E R O Sk & LT 520-550 °C, 17-19kbar
MNEFEL HILTWS (Zaw Win Ko et al., 2005). &
ERREIT T O%OBIEIICER S TEY, EROA
b P TEZS L610-630°C, 12-19kbar & 725
(Aoya, 2001).
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B 72 3

Kﬂﬁfik%<“7f1)iﬁﬂkmﬁidﬁm
Qjﬁy EMWMMDMLAMu/%h& K Ov3) [RmT
HAK ESAHE, O = 2OHIEIC KA AR B A TED
63/1/6 3T D

)i%ﬂkMH@Ldﬁm#ETdﬁm T CThy
T 2alk (B4 1X¥a) 1%, ZUERNLTA YA b
ThDH. ROV LEBAEZEL, A=y MO
BEFEICEALTVS., fHx OARKIZEZ 10cm-10m
FRE-C, HALHE - FERME S ICIERTWS. fEETh D

41 SERO FEIH S

(a) AfEL=y FPHOREREICHAT D LIE

ik (Dy)

(FFRMEH)

TR A OS2 LIZ LIEETe (354, 1KDb). 75 (1954)
WCBWTSRREA O AA L LTHEEIN TN D

2) E)ERNOET EJJI E53 700 5 BALH G AIZIE D 5
FIJIHESERIB IO T 280k (4. 1K e) X, Wi
aamwb74ﬁ4bfké JLAMRW LR E 2
L, mﬂ: v MW=y FOERGERICEA
LTW%. AROEZIFEkA TH Y, BENHTIEDe<
EH1m U EOBREIZFSLOBMHRIN TS, BN
JIRE SR AL T c R [ RiEE CREE &

R CEAERRRIIAS B/ Nma) 1) . Dy (250K, PB4 BLUF RlER.

(b) (a) 31T 2R & VR OHEfES.  SREND SE I3 IR A O

(c) M= = F D EJUIREEHRIBVICEAT 2RAE RV LT A A MEAR GEJIERONORT B\ _E535EAT) .
APARE OFIFNRFEGEST D, N ~v— DR S 33cm.

(&) THEAMEN ORE A I HAT DAEERAE RS (F)EROORTEAK T 43k 2 ROALHHY 1. 5km) .

N —OF 1 33cm.



F4. 2K BIROEFEE

(a) Z%E (EE R LR IA B/ Rl [GST R88199]). A —T v ==/, RIFHEAIIAEL, ARGV LE

fEAPA (amp) ICHESHZ N TS,

cpx: HfHEA, pl @ RHEA, rut; LTl

(b) Wikcs (EER TR RIS A R [GS] R88212]). A —F v =z, FE (qtz), B VEA (kfs), REF

(pl) DOBEMEELe.

(0) MRIBEIRAERS (BB BB ORIVE K T o 2 ROILHEA 1. 5km[GS] R88225]). A—7 v ==1. HBE
RAZELTELEE BN AER (ns) OMKEASAENBO 5D, chl @ FREfA.
(d) (c) ®»rmr==a)L. A (qtz) EREA (1) OBEMEBBOHND.

noan, [FE] KENIZS REIEOEIREEA 240 LT
% (EHED, 1957 5 B ENEDS, 2007).

3) BINEBNDRTIEK B4R 7 ROALHIZEET 5k
(4. 1K) 1%, MRBERIERESA CHD. AL
KABZEL, A==y M - EmOEKEETE O
RERELZHEIEFIICENTWS, BESIRAERD 2
<ELImBEILLS.

Fio, ERSRIIRNOKBEREERFTICHEI 1~ 2n,
& 100m 2> T MABCE A IROBEDNH D
(75, 1954).

LREOENREIZ R T, ZOERSCEMOEMEND,
AR LT AT L T ik oS ISt & v D (55,
1954 ; AHIED, 1957). AHIR D ARIZ OV TITHS
FERBELNTWARW, FEEEO TGP KIEICHE T,
EIJNEERRIA WO EE AT AT 2 BERRECS I

DT 15Ma D K-Ar 2EFERBZEH LN TV D FHEFIED,
1991)

ERIHE
D) Zila (4. 2K a, BEERRIIKA L))

BEdE & UCRG LA, WA A, REAEET. 220, &
FHEAITEEI L > TRIBE L, KB ANaRw LEEA
RAICEESHRZ b TV D, ZOMICEIR IS & L TLF L,
FfEf, RERSDLIROLND. v 4 7 afiibE oA
FAE50 ~ 100 u m FREOFRAR ARSI ED LD,

2) Wia (354, 2K b, HAERSEAERTEGR)

BiimE LTHE, BV EA, REAZED. BERIAEIC
LoTRgbL, MtEMCEEZHZI O TS, ZOMICH
e LCA7 =, R bROoNd. v~ (71
MRBEOARITARE, WY EA, REA, AERNORDS. A



EOREAITERI00 u m BEOHERTE B E 2T BEZRU L AR RE L fkle ORI S R BEA IR DR 2 2T 5

3) HRRIBEIRIE RS (4. 2B ¢, d ; BJIERVOHBTIEA N, THIERERMEEIC L > TEEBRIONEZLDEEZS
Tk ) ROILEHI 1. 5km) a5, B~ 2m OEELBEAD DD E SE o FLE
BEG R OVIEBER: & L TR, REARRD NS, £-AE DT T I MEANRE RS .



5. 1 EXEHEREY (v)

A OB AR, AT LU, s,
S, F - mE PSR o) I, BT & v o 72
DWIBIZ DTN/ T HOHLTH D, B, B, RO
B0, EITHEHEHEEY BRIl THD.
WORTIE K B BRI O TR O 5 & B2 590
T 5B HEREIE, VEECRA LTEREEICHRT 557
ERHEREHTHY, FFEO LI OERIENsEIII
EESTHBICETELZLDEEZLND (FBeESR
).

(FFRIER)

5. 2 AIEKHHEREY (v)

RHIEAN ORI > - FEB 1L, HIRIERS - %35
TRHI 2 & ~DHITE KA T X 20 B USRS/ N 7
O, FLBITIIARERHHER & LT L7z, mREO
EJUIIL, Hsisi S oI, RO & 0 0
EE) & W o =T OFEEIC DTN T D DR TH
5. HBEOIKO BV BEECBIEE L R L, BE
HEREW) L CHED Y BEREAS .
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6. 1 #Hig~D

TR HCR M 1 ) | R & =) s —
OEFBCEFAN AL TN D, =R~y - K
ﬁ%%®§%%ﬁf&b(#ﬁl%@,%#« 2B
LCid, /b (1963, 1964), HFS (1966), A (1967,
1968, 1969, 1982), ZZfk- KAk (1970), Furuya (1972)
Furuya and Yoshioka (1976), )il (1969), HJIl « 4
SL(1975), ‘Al (1972), FEM (1976), Fujita (1978,
1980), FHEMIEA (1976), [MIEA (1978a,b), 5k
(1980), ik« BN (1984), BRI - ik (1991)
FKHES (1991) 72 EL2 L OB H Y, BEAITHEE
L7AEREEITIHEONE ER W, £2, &I,
[H R #3054 (1/50,000) 2385 5
BHEHARTIEFT 2 D FIfT S e (B SRR A B 28T,
2007). TNHOFwHI - |EEBOFT, £ OWmAIL,
FERIZ X D HEEH & B (my 23y hr—)L)
DEJNHFOHT N OMERRE L TEETHDL Z &
FREFELTWD.

SN TR R0 (N, 1955) DR vk
LCHLHELTHD. Lnl, HRE M-I <Y | X
/N (1955) NEE THADHIZY ) ORNTIERBL
7T XY OMEFNSEO—2>TH DM, FTHTOE
Bins, OO EELIERE T~V OERICE
LTk (B, 1978) LIRELAE & T\ 5. filfe i
T 045 HAEE, HFE Tebr) - T s~
D1 BALELIRNHBESOERICK LTEA S, B3
ORERE P 0 MG O ZRMANEBR O £ £, W
HWHT R LW IO IR~ ABE LTV DETH
2% (B, 1998, 2007 ; BEIL - HEH, 2003 ; BEILIZA,
2006) .

/N (1955) ASEFR L 7o M~ 0 i3RIz
EHEE A R TR R Th DS, F£iz, TWiEZ
DB DITTe A AHEE TIX 2. A LIRO IRV I 72
DL, BrEAE L hEER L LV D BB E, B D
VIIERENTE D, 20X 9 iy, 7= & 2 g
20 ~30miZhOlo TCTELEWETH-ThH, ZTNET
Td@éhﬁﬁ%fi@ﬂbM@%&@&%%%&PJ
(7N, 1955) & —EEL TWA XL 51, /M (1955) |
X DR OERITS B — I DI TV 5 I E
DEFRENVTRA D, /I (1955) SEREE & Lg%
A HOMBECHRT S &, A% CIE, FEERD
BEROIE A T Y o, SEALOFEEE U TR RCE,

H
=
i

(BRILRTR)

BINLOFEE U 7ot 2508 (BILNE Dy, 2006) 232
Wb h. Fiz, I (1955) BRI - 2RE) Ry
g L anic X, FER oMM IR ETT, BBy
— MBS (BRI - MR, 1996) AT LPTTHRAE
LTWHZ EnD, /M (1955) 1TE7 )V —7I1ck b
EREDRE TR A S Lo b o B HESR L7 (B

(i, 1998, 2007 ; #5(lr - $HH, 2003).

6. 1. 1 ZRINEHALTL Yo RDEBENE
ARG, SRR & S v S — O
ﬁ%;&mﬁﬁj/7Vy7xk%L,40®J#\

IX LTS, HEKIZHIT Y AFX % Ei T A
5&,Em@@m_;of,%5wmﬁﬁm%%&ﬂﬁ

DO EORERICE - T, HIT D OFAEBE IR

HipoTWD Z ENFARND.
TH%EJ%W@%Jﬁ/Fikk@ﬁﬁkﬁ E%

E®mh“ﬁ%ﬁb ﬁﬁ@% %:ﬁyb MRJ

R I

W5, Biiz=y FEJIIX==y b2 ZIJIEEZA I

HiEL=y h&htFa=y MR =307 v —IZH

“9 5. K=y FOAMER L EE, ABEOMIOR

BEMEIZIR O X 9 7255z Rio. 7pd, IMEOILEHRIZ

T HHhEEL=y MIKEE 50 5 S 1 %I

720D T, LT OFLR Tlidam L.

Biar=v bk
K=y b, BT LT s, e

BB HAVEBT D BUCEFAS 23T T oo fhls, THELE ) X DAL

BTV &, BEREOPIR» b ERNCAHF L3 ) THAh

L, AXEO K TIES. 5km THh 5. AXIEICEHD S

HAERIINA. 5% THD.

Ra=vy FOEMIL, ZRT v — PR EREFA% %
5, B TIRE THUE 28 28%, 28R ik s K e K
AN 6 %2 5D TND. EBEREAOHEEERD L,
WW?%~Fi@ET% W< JRE RO T BRIC

Mo TENLT L, FHEICIIMEm A IEE A ERZELT
wtw:k#%wt W2, IR REWTm SR S LS.
IRk LA A K DR T, TOYER ) IR o B\
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RECHTDI|PUINKRE <, FEITIB S FBEERZ L
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OALEE S HER T OTE AR, Iz <o
Mg, [HHE) KIENOME TV &, MEEBOF Rk
L0 HEE Y OMLENS B = b oAb fl o Hidk iz
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(ABSTRACT)

The Hibihara district is located in the central part of Shikoku Island, and whole of the district belongs to the Sanbagawa
metamorphic complex, a high-pressure-type metamorphic belt that stretches ENE-WSW about 800 km in southwest Japan. The
district is fully occupied by mountainous regions and, roughly speaking, these can be divided into northern, central and southern
mountains by their arrangement and topology. The northern mountains, which contain the highest point (1860m) of the district and
define the border between Kochi and Ehime prefectures, is mainly composed of mafic schists. The central mountains have plateau-
like topology and cliffs mainly composed of siliceous schists surround their gentle peaks. The southern mountains have gentle
peaks and mainly composed of siliceous schists and mafic metamorphic rocks (Mikabu greenstones). Yoshino River flows from the
western end to the eastern end of the district and borders the northern and central mountains in the eastern part of the district. Along
the Yoshino River and its branches, 5 dams (Omorigawa, Nagasawa, Ohashi, Inamura and Sameura dams) are constructed making
use of the gorge-like topology.

1. Sanbagawa Metamorphic Complex

The Late Cretaceous high-pressure and low-temperature Sanbagawa metamorphic complex is divided into Omoiji, Kawamata,
Shirataki and Nakashichiban units. The Shirataki unit occupies the majority of the district. The Nakashichiban unit structurally
underlies the Shirataki unit and expose as a couple of windows surrounded by the Shirataki unit in the northernmost part of the
district. A shear zone that formed during the main deformation stage (Ds) is present at the bottom of the Shirataki unit forming the
boundary against the Nakashichiban unit. A thrusting shear zone (Kiyomizu tectonic zone), which formed during the secondary
deformation stage (Du) and is characterized by strong development of north dipping secondary schistosity, is present in the
southernmost part of the Shirataki unit, and its southern marginal fault forms the boundary against the Kawamata unit. The Omoiji
unit is located in the southeastern end of the district. The boundary between the Kawamata and Omoiji unit is mainly defined by
southern end of the Mikabu greenstones, which is contained within the Kawamata unit in this study. The Kawamata and Omoiji unit
stretches in WSW-ENE direction.

The Hibihara district is divided into 4 metamorphic zones based on appearance of key metamorphic minerals in metapelite. In
increasing order of metamorphic grade these are: chlorite, garnet, albite-biotite and oligoclase-biotite zones. The chlorite zone is
further subdivided into lower-grade chlorite zone and higher-grade chlorite zone based on disappearance of pumpellyite in mafic
metamorphic rocks. The Omoiji, Kawamata and Nakashichiban units belong to the lower-grade chlorite zone. In the Shirataki unit,
the metamorphic grade increases from structurally lower to upper parts (on the whole northeastward) and the Shirataki unit includes
all metamorphic zones up to the oligoclase biotite zone.

1.1. Omoiji unit

The Omoiji unit is mainly composed of metachert and pelitic phyllite with minor amount of crystalline limestone, metamorphosed
basalt lava and tuff, and metasandstone. Occurrence of interlayers of red metachert and vari-colored shale is a characteristic
lithological feature of the Omoiji unit.

1.2 Kawamata unit

The southern part of the Kawamata unit is composed mainly of the Mikabu greenstones that contain mafic schist, meta-basalt lava
and metagabbro. The Mikabu greenstones are closely associated with crystalline limestone. The northern part of the Kawamata unit
is mainly composed of pelitic and siliceous schists with minor amount of mafic schist, and this zone is traditionally referred to as
the Sanbagawa southern marginal belt. In this area Du upright folds that fold Ds main schistosity is commonly developed with local
strong development of Du schistosity.
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Figure 1. Summary of the geology in the Hibihara district
The time scale follows Gradstein et al.(2004). *:not exposed in the district.

1.3 Shirataki unit

The Shirataki unit is subdivided into lower, middle and upper subunits by apparent lithological sequences. The lower subunit is
composed of mafic schists and mixed rocks of pelitic, siliceous and mafic schists. The mixed rocks are lithologies that characterize
the Ds shear zone.

The middle subunit is mainly composed of pelitic and siliceous schist with minor amount of mafic and psammitic schists. Outcrop-
scale Du upright folds are nearly ubiquitously developed in this subunit, although lithological boundaries and enveloping surfaces
of Ds main schistosity are broadly horizontal. Southernmost part of this subunit is Kiyomizu tectonic zone, which is in contact with
the Kawamata unit. The thickness of this subunit is more than lkm in the southern part of the Hibihara district and it decreases
northwards down to about 300m in the northernmost part of the district.

The upper subunit is composed of mafic schist and pelitic schist with minor amount of siliceous schist. In this unit, in the
northeastern part of the district, Ds overturned folds are developed on a scale of several km. Development of Du folds are rare in
this subunit.

1.4 Nakashichiban unit

The Nakashichiban unit has two areal distributions: northern window in the Ehime prefecture and southern window in the Kochi
prefecture. The northern window is composed of interlayers of psammitic and pelitic schists. The southern window is composed
mainly of pelitic schist with minor amount of siliceous, mafic and psammitic schists. Development of Du folds is relatively rare in
this subunit.

2. Dykes
Miocene felsic dykes intrude into the Omoiji unit of the Sanbagawa Metamorphic Complex along the Kamiyakawa tectonic zone.



Intrusion of felsic to andesitic dykes is also present in the middle subunit of the Shirataki unit. Arrangements of these dykes are in
WSW-ENE direction.

3. Quaternary deposits

Distribution of Quaternary sediments in this district is restricted to very narrow areas along the Kamiyakawa, Jizoji, Hiraishi,
Edagawa, Makigawa and Shichiban Rivers. Quaternary deposits include terrace deposits composed of gravel, sand and debris, and
valley floor deposits composed of gravel, sand and mud.

4. Geohazard

Landslides in the Hibihara district are controlled by structure and lithofacies of schist. Many of the landslides have a characteristic
of translational slide running along schistosity of pelitic schist on dip slopes, and the slope of slip surfaces are less than 20 degrees.
The large-scale landslides slip down from the top of ridge slopes and then form a terminal facet-like landslide landform without
main scarp on the north-facing slopes along the Yoshino River. Quartz schist and mafic schist are poor in landslide, but linear
depressions and ridge-facing scarps are often developed on and near the tops of mountain. However many landslides and collapses
occur on and near fault in mafic schist of the Mikabu greenstones of the Kawamata unit.

5. Resource geology

Bedded cupriferous iron sulfide deposits occur closely associated with mafic schists in the upper subunit of the Shirataki unit.
Shirataki mine in the northeastern part of the district was one of the largest copper mine in Japan and closed in 1972. Motoyasu
copper mine in the westernmost part of the district had been open also since 1972.

Inamura dam in the central part of the district is a rock-fill dam and is constructed mainly using siliceous schists of the middle
subunit of the Shirataki unit.

A cold mineral spring occurs in the middle subunit of the Shirataki unit and operates as Konoka spa in the middle west of the
district.
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