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. ey A5t

M. 1 KEJIJERE (A, - A, - B) ROUKIENZRERE (Mi)

m. 1. 1 #%5

RN R O 7R, ZP05 - VE L (1968) 12 X 0 JIRAF NV 7 2 VA Ko TRBSIT B 2 8%
BRI S 2 N2 b O T, BEGEENEOEHIC OV T, #E LSRR SN TRV, ZD%OR5E
Th, WHE - FHEE - Fr— b7 I35 A b - ROEPDLRY, FERNRAT TGRS A A b
A ba— 21 CGEJE, 1985b ; Chiharaet al., 1977) BREEDEMEEH TH YV, ABJIEREIEZ KT 2
BN IOV TORBUL, 1FLEA LRV E VS TRILTH o7, P2 (1986) 12 LV, KRR
BTN, BHHDIER Y, 540, B ERM SNV, Fio, JE R & oxt A
S, BRCEEOBIFIIEE TH DO T, KM AR Z AT 2 BRI KM @R LT
#

m. 1. 2 KEIIEH

KEENEREE, ZOBEMICEY, K& 255h5.

A, BHISSKESEZ &2, Fr—F T I b (W, 198D AEZEE L T54 VA PR hr—2A
Rz 9 %aE 4.

B. Wa R OB EOHKAHNEB L, Fr— b, WEDT vy 7 25 TeE4H.

A DS, BENLBMMANEROHICLY, SbiZ2nshd. $bb

Al FXY— b7 304 MREZEHLLT, Fy— b BEO7uy 7 2EL LTELA VA PA b
B2 — L.

A2 MRS  EEENLVE - B LR - Ty — b AR - EOT e y VEELA YA RA br—
LFAT, FYr— T34 MESEIE LT 5. HEMROISERE S I L 2L T 5.

AETEE, ARIEJIERGEE ORIy 2 6, BAEEIT, ARIENERCEH O & X 2 MRS S D
LS QO A T

(1) A, JE

BEEE, WaEEEZ 7 I TIRCBIET 2 RAESE R OEEEHER 7 I HRICEIES L5 REaES
(Fx¥—FrT7 374 MEE) 2ERE L, Fr— MEBEZHET L. BREFEPITL, BEEO LR
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X NS
AN N
N

RN

1000

14K RIS e o iU W X1 S OB TR (£ 214, 1986)
1. WPAREE, 2. REENIEREM, 3. RLEMeRER 220 Thwila,
4 s BEBENGE, 5 fERE, 6. Pl vg

HWEAHIE LY, IBRES O A2 ROT 2 WS, EEEER, L ARERE LY, RHHI
BRORYVEZLTWD. F/2, bbb lEFBERLELLEDA2WEBRALIREZZL, T0M%
BEAHERKCATL2O8BEIND. Zhbil, #HEYRAREBREB TOBEEZLND. Zh
B, FRAEOIENC, JES 0.5-1cm OGRS &, JE X 0.3-2cm O B OMAJER, HREE T
WEWRIRES A BAET 2603 5. BIE SN DR EEICIE, IR L, /WE &, fEiket
RAFRPIEE SN TR Y, BRAZIRE, @i T2 BN T, 30 STREET 25403 H
5. iz, WEANEVIERO—EICIE, AL TWIEE13H 5.

GENDA VAR AL, FEAERIREARIKRT v — b T, B3 m-$10m T, 555D 1 OHVE
BICRAFRERT vy 7 & L, ERYIBRETRTROBRT ¥ — bbb iFond. GEhbd 7 ey
J DJEIRT ¥ — PO, AHOEEOME S, HERZTLH, b LT, FLAERMANTH
L. FDNT, DRV, ARE, EOT 0y 7 BRRO LS. AKEE, BERERIC XY KA
WAL LTS, RS, ZEAEHED LN,

@ AJE (A2 ETe)

A, ) & < B L EEE L OMER R OEEEEE T I T RRICETET 2 X O Aka
(Fx¥—F T34 M) 2 EERET 5. BEEBORBORESIE, ¥ 0.5emEE T, i/t Imm B,
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#15 IRAENIZE BB JH D TR (1 24, 1986)

TOLDOLHY, MKIFIMRETH L. HERLFEFICEICEET 260355, &H (198D 13, Z
ORI T AT DEMET ¥ — b7 I A ML LTRE LT,

INOOHEEBOWMEL, L AT 5 2 &< i L @R 5 bR, IZia ik Len b
BT 2 Db H 5. IKAGOEEESHEHNENE Z 5 (1-3cm) TE, ARAIZR SRV 2L T, ¥
M Lo, £, N L DROBEEED, BICHATICERSI LT+ ) x=—a Y E R EST T
WHEE S H 5. KIEHHTR O A IR T, #ils, k- kK G ORISR O E 2\ L L
YREPAET D, AR, KT, BRESALGERL, £0x 2T 50, ERYIFRETIE,
BEJORKRBITEUTERGFTIERL, BAEEZELTWD. BMEE F T, BERBIE, RV I FAienm
PORLTE S - TR Y, {EREDOHANCIY, EERELEZOTbDLEZLND. £, AR,
JERAER, BIWHERIC L 282 5 7 TH Y (i), ARNRA 7 + U =—3 g VTS, SIEMIEE
N3 20038LsN5.

b, KD T + V) o= a R8O 2K 3 EEfE T, HERIRH PR S U Ja B (So) & A 5eiikas
FlEMZasnibo (8) Thd. —MRIC, HFERHITEA S N7 B 8 1R B TR C o 5
0, ATENGEIROEE B IR R A RN 522> TN D,
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BRI TR T 5T v — N T A MEETIL, HERASREICBEEZHEL, BIRF v —

WAL T2E9ICRZ2E A5, HERPEMHEEZRVIKL, Ly DRIZBENRTWDIEEIE, &
S 1-10em FEE ORIRL - RV E D L v X2 E ALY, BR30-40emEEDTF v — b LU X2 BTG A
BHD. EHEEE LIEUEa AR 2— b7 IFTERELIIARRIZR S R 2R,

KN B - BN Btk C1E, RS < IE ST, LU RROWEBER L 25 Sh T
XEN XD RBEPEEINDD, 2k, 74V =—va UKL, N2 SIERICE S S
DThHD (k).

E77, RRITIE, PR RIR A ORRIEIEEIR S (Af) 28HET 2. AREEROS I F2HELLY,
HOREEE T I TRICHET S, BIMEI T T, A BES - 1 U BAR EORBRESE £,
JEBREARRIO A « RANED L. 77 F /7 BF - kL UF - RBEWR LMD, 74V =—va i
o TEAIL TV D, KENFRIRIZ A0 L, EIEIFHE m-180m T, b HEHF~EAT 5.

KBIZEENDAYARY RE LT, BRRE - BV UA R - BERMS - Pks - Fry—F -1
HPBIT DN, BEEWERIZOW T KR THERT 5. BIRAMS I, 2720 BAER 45> T
BY, WAL N ETRA IEBAEECTODN, FEEHETE D LOTIE, 44 b - HANHE -
APAERET, FFA NRKEODEEDD. X4 ML, rn P EHOAR ) YV a— IV EET.

(3) BJE

BOEAE S EEBEEE OMARE, v — b7 74 MEE R OMRIIETE & BaEH & OM B
TR E L, WO - BRI S g - s - PSS A LSEAET D AREIE, ARE LB LT, HURIM
DEBL, Fv— 7 I 4 MEEPDRL, BIEShAHBEAEETHDLZ LNV, £z, &F
niax7ay s bFyr— b WEHEREERTHLZ LD BRSNS

AL, R OBMLSMNT, HIKL - BRHLRIR A8 & EUR T O BJE b —HBAET 5. SAET 5HEHE O
JEEiL, 10 em 7254 10em TH v, BT, BEE G MICHE L T D, BRI, JE, Ty — b -l
R RIS « AP - LA TH Y, BT, EHRICELIHREL TS, Fr— b - HA - 4 -
LR APCADNETE L, Wify - AT, WIKITEEE K< Ry, ZRAEENE, WS T C, R
E5H0T, MRAOEMRGERDBRD SN L0, MTREAEARM SN TH L. 77 F /(A%
FkL e EOBEBEINTAER L T, BESREIE, KER DR, 77 A MR- ThD. Kfg
ICEAE SN DWAETE - BESEITIE, ABIZR O NRWIREREEDS LIZLITRD bD.

GENDAY A LY AT, AJE & ARERIT D A0S, KSR RTT IS5 A0 T B ASE T3, bk
HF¥y—bhDT7mry 7 %% G, BUICE, Ty — M2, AT Ry 7 I3V BETHD. wEEHE
1, ARSI AT 21§ E v,

m. 1. 3 KEINERERE M)

(1 B

iz (1986) (2 KA, ARMEJ A REAHE OREE)ERE - AT (3, Ab77 CHERAESE LI T AR - T e
T OWE TR S, BT, P ERERRSEE L LR -FTE O WE T 5. i T, 3k
ZERRHERE SR (LAEBUAE LERE - TIEERE) LRt oWiE THed 5. E7z, B8 =R TR e

_24_



FaR®

LTERZLER

K 9 Hb 48 BB Hh 8

HI6X RIEERE OB (7124, 1986)

BITH KBNS FHIR OB A MR (172 M, 1986)

BEL AT, KERSTIEBILR, R ABIR CHET 5. AKEIERCA I, FUSHERIR OB A RIER %
7= 1%, TERE OUEANITHE S B ER & 5 1 - kS T % (Chihara et al., 1977 ; Hayama et
al.,1969). Fx— 7 I A b (M, 198D #a, WEAENLRY, LIXLIE, A7 o TiELE -
TW5. i, Bie R RHMISEL S S em-HE mA—F —DTr v 7 L LTE R, Zh bk
I (BELRAE - BBV - BEPOE) - BHEMES - Ty — b AR - AR ENG RS, BRCEE
D LIV, BYEHUE TRERK S D MR AN TS 5 . MR AT KR | E RS OEANTZ A Y X b X b
0 — S TR B, FERER L RRED 5 WL, B OBIEHERIC X 24k~ 2T/ MG DS RAFIC
FEL TS, REA L REEHE OEENZREMBIRIT, BETITROEHERY. UL, fkESHE
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& UTEBN WS DS EE, SIMUGE D &, EBEANAOKRT 7 F /Al ZfRSnson
LIFLIEBE SN, 77 F 7 AT E, Mokl s LTETL2HE88H5. Z0ZLnb, i
HIE, AP EELVGE (2) T, b &Ik, APEHEREOCERIEMEZ 5 2 bond, Z0tk, fEFaH
BEOEREREZ > T-b0 B2 bNd. I bk, LA D ANCHE S BMARIERZ > Je %
Abibd.

Thabb,
st stage : FPIA ML ETH D & 9 72 BIEH O ZERLE A
2ndstage : ARIAMT 2 T BIRICEANT D & 5 Ak B OB AR (1B A R ER)
3rd stage : $HIRT 2 T BIH DAL E L S BEALZS AR
BRODHIENTED.

—, REEI o TEET D IREEL, MR UV A 823, Bl S h Ao &9, Skt hatd -4
FHICEDHEOEMIER% 2 3T 13B 2 b0, SLEOHEEND, BHAWEEPIENEETH
DI LIFEWESND. S bIT, W OB MBI & S C RO 22 W ANEBEN A RO UT B pE
T HIREEL, EICRWETKIERZ O - XA AN &G, ENIZLAAERTHH B
F oo arREMEIE V. Fz, BAMBIE TRO BN D L ) BEkEEF EIRE S OERN D, Th bk
AR, RESAELEE L LT vy Th D AMBEES R, AR IECEEE, 1 2IEr 2 LRI
PR EMEZA L, FEH~60"-70° RUERIT D & 5 T = L5 Y Ol & b o MAHEIEZ TEA L
TS . KM BE B A A AL SR OV 7 T, WRIEENC L 5 7 e » 2 (B33 L. BRIS I )7 T,
BRI & IEBAERERL O N — 2 RS % & DWW TRV R U, SRER O TR, FHER L
BEIBALT D, ShbDZ &b, 10k, LBHOMME & LTE X5 TV K ARSI B
WCEHDHT LI L.

KENNERCEFET OB NEEE UL, Bies - WekE - OAG - ARBEE - BN - JiHUE - {6
A D FET D

(2) SRR

) 1|25 A JE P 5 % A 3 2 8 A O SRR R 2 28 2 R IR T

(3) KM A REH DA IEAH

AR Hi3E o0 HVETRE (X % 25 13BN R 3. K NS e S8, R AL AN T CHRE ST/ [GEE
AVEIER O A AL AR & 82 U, 978 =R IR B RIR T 5 2%, — S ARG BIRCTH 5.

ERCEHEIL, FELTTFv— 7354 b (FH, 1981) Bea K RE A RIFOMREG R afHE2 xR~ L, 2
DY AL - H S AAE RN KD BB E 252 1S TRV 7 2V R E I ol b DTH S, ML
JeZavy LALALS -FERIPE T, PR 503, 7 = L5 0 Y OSRRIAEHEE 2 S > T 5. HED
R E LT, JKEE) I TR AN - R E - BRRE R EDT 1y 7 LM IED L BRI
AT % dr, Fiz, ERYITHE CIEBN AR W LIRS - BXRAEDT 1y 7 5T 2 L3 %T
bhb.

723, K FHRICIE, B A 5T TR W R - MRS R E OB IC B S Tt 5.

KEJNEBEEF O, Fr—F 7 I 4 bHICURXUIEA T RN HEET 503, PO ICHRE
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BZ LD LHENDRD LD et Bigtsns ikl - ¥rzl, 1984) (5 19K).

(DA b7 740 7N RS2 0 BARRARO SO LARO LD LRH Y, W HEE
BEzarery MEE L TERIN TS, JBIEMNICIT tight cose fold T, 27D 1 E - IRiE L &

WZHEemDO b DOREW. HEEO L XA LTCRIEL Z A 7D b Db 6 545, THUTHEREO nIEEME
Lo (F21K).

(2) v = 2% : 5 D & Z AVER)NFRIE TORGED b DI T E . YZWiE IS Y T 2N DR
23 30cm-Im AR, PERIZA R T 7+ U T L ThS.

B 7v=alt—vary ZURyV: KB EROBEEESMIEEDA 2V T 74 ) T EO
ST 5. BEBRIE X/ N Rl O, L7223 - TR ERmE I —E LEEBRE O MFR X 2-5cm 2 CTH 5

(% 22X).
(4) RZ v 7WiE : 51 &30 205 WG & 1 7' O/NETE CREENFBAT IR 2T 5. Wi
AR CHEEIZIT <, FHEE CTOR ST 10-30cmEE T, ZHUCH > TAERND TE TWLEERH

L. WOXL 2R R LNTVWS
(B) FL I NV R AREJHE T+ ) = —2a VOB EELIZEAICELTEREN TS, AFE
HICITWVERDOBEIND L ONZ DT, ZONETHT, T2 7 HIZH D RS oiEd) & X545

HoEk RIS OmIEE

=) = 4 oW M oA %

FE-RER-Ho— Vv A REeANG-GE-REA
HE-AER-RRREA-A3%
hE-BER-RRA-HE-BEL

2 E & hR-BER-RER-AR-FEL
AE-AER-BER-7 o O-LE-BER

hBE-BER- fl”'"ﬁ}‘ R A-FHEAL- A%
AB-BER-Y nL-A%

HRA-#R L P A-h%

FRE - B AR RRA

HIKE & FRE-EEA-F -V AR AR
EEANG- SRR

BiRa -k AP -

AEREO-BER-RR L CA-RRAANA - GR-BER GRE-) > 54 1)
AE-BERZL ARV o A-ERaaNE-AE-HER

AR TR -SRI A - R e ARG -RR A

Bk -BER-RAANG-GRE-RRA

By (2R -V R -ROARG-FE-RIEL

ERO-F2— v o A-BREANT-LR-FIRA

REARRE-L) A Y A-RRA-A%
A a-#EA-Ax
BER-REANE-LE

i
iE]
i
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o BlkE

o Fr—t
A KBS
n BRIt S
0 | 2 3km o wa

H: AW, NS/ &,
TIE=X, Gb: AL,
Gr: it &

B8 KENERBAHFORMM T o v 7 5K (T 2M, 1986)

! 4&7 AV T 7T LR

A
H 2 @ A
Jb=al—3y
3 Sy
0 I 2m 4 By To2ANKE
Y S——

5 4 %y sk

19 ks IRBCE B AIMER S X (T2, 1986)
N:g/ & H:AWL, K 8r&E T Hs=ks

-928—



20K Fv—h7IFA hD Kink band

21 KM IERCEEHICIET D Intrafolial #4dh

_29_



#5224 KR RCESETICFEEET D Crenulation Cleavage

F23k KM RGSEPICHET S Ductile fault
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HAGEIZ L > TARERDEIN D, S OITESMREE L L TITILER - FEATIR - BERMR O b D23 H
D, BHBOHOIL, RROFEIEIC X 2P MEl & KAREE R b Db b 5. ooy RORETT v —
N7 A MEEOBIMEEIE I BT, K& SI1TE 1-2em, &S 10emAlitg D b D2 K HE (524 -
25K).

(6) I F A PV R R 1-10emBED S DOR, KLy 7 VA EZIT TS (526 - 271XK).

PA LD X5 2228/ IMEE LAIMC BRIER F CRIE S DR & DL TEMUIMEE S & 5 2%, ZHZHo0n
TITAEMET 5.

IR | R HE IS FETE T D AT /IMEE O AR RBUTE ERNADIIHHT D Z L BFRETH Y, Th
5 O ZEMMEFIRIUILEE 19D £ H 127k 5.

N

m 1. 4 XBINERSEFOEMETO VY

(1) J\HEILFERRAL I 534 9 D A8 BE N Ve

K ZE R S H DV PoE T iE, AR A IR ZEBEh O, ARmBEn e, R, B
PRI, R, WEACE DT 5. b 0EAIE, W OPOERMER 25> Tk, BT
b, WMUWERERZ 5 2 b DI, 13 & A ELETOEY R O % 7 L TR,

a FRIRAPIA LB S (Gh)

PIRAIZIE, FRIRAE S DNGR B DIk — k% B3 2 PRl - HLUKRBENL OV TH 5. 8i T T, il
AL, BB E - AT R, RICEEE - TH D, KRR KD mm R E T, Y 0.5-
0.8mm#Z/E T 5. Cataclastic band 23 L TV 5 28, T OEMF AT - T, BERRmASHEL,

F24 KEE)IZEBCESHIZ R ET D monoclinic kink band
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H25X KM ZERCEEPIZ3ET S kink band, sinistral & reverse type

26 KENERAEPICHEET S ductile mylonite band
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2T AKIENIERGEERICH =T S ductile mylonite band

ERIC2 > TV DO LI LIEBIEENS. F7o, BFE 5 i boix, MEhEtERd. £, B
H, FINER Y EDM, ¥ 7 N0 PR R Imm, #EIE 1.2mm class IB-1C (Ramsay, 1967) F2E
ORI AFRS B b . Cataclastic band O & BHCTIE, BEBIHNIZIR 9 slip THOIRIZZR > 72 b D28, #HIRK
DANAICBY, oI, #HROT 7 F /AR ESNTH 0B8R SN, 77 F /7 R, #%
ko - M, RIFEIT 0.3-ImmAREE CERR 2 B3 5. EERICIE, MKIOSRRE S Ttz b 7= 31D
E2E5ICRo T2 b0 L, TlANA DKL EHRIZRNRT 500200 H 5. FHRA TR FH
0.5-1mm, fr K L.8mmARE T, LIXLIET AL MR E R T D, BEMICEY A Mtk
HEBENTVD. FBmNICKSERS LED LN, MNTERCX 7 N RRBIERESND. XU o
YR, VAR 2 A TDEONREL, GIETVEMES bDOBFET D, kX7 FoLE, —
RRACIARBIWIE /42 6132 0 > RTHD. REAFLORIENL, LIXUITHRGROBEEZRLENRS, £
NENPBEL TV LONRBEIND.

b. APIABEILVA (Gb)

PIIREIZ I, kG - B, dok — RIS Th D, BEIEE T I, Ml A PIAa L, R 7y
0.5-0.8mmMPEE T, Pk - KBz 2L, HEEE 7T b0 LRD LS. BOER (EREM) & -
TEEBIRICINO R R 2 U, BCRISAN T N T 12720 T D OW UIE LITEIEZE S, BEBR ISR kTR
FELTWDIEERH D, HEHL - JEdh - F 7 AN RO BN 5. Fiz, cataclasis# 9 (72l
ROBICIE, FRARE Y oA R ER L TRY, Sk@idfalaoke T 7 F / BankfiL, o
JAM Z#Rle a2 & e L 9 ICERLTWDHELH 5. fikl A1, cataclastic band PN Ok E
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%28 A A2 B FE I FEE T D A JENROIE folow (T & AT

R

NIZHDIED XD CHFET D, Tz, IR, v a4 - BRA - FERETCATEIHO L,
BLUVABIZEALTRTATHLORD Y, BEDOEE, kL A OFEEOME I IRL, IR E 71
CEZRTHIENLIZLIESH S, BICEMENE LWL O TIE, WIRMIC, FFRRAPISZE N LA S
BRICRZ 578, BEMREIT I, AARCE OMMRITE L TR O, AMALR S35 -> THARVS, AT
MAH LTHEZ L EDTED, JERRE LY. IKIZE Y I A b - ea EofLimcgi L <
BY, WARLOREHWER T TAL TS, BV A b READEANT 4V =— 3 U EFHS
FTWAB.

(2) #ktas (Gr)
JHEILA D HICELBRBEOZEN LV FEHICEZ < 0L TV D,

a BYIAE - I ENEER

PIREYICIE, Wk -fkfEax 2L, MR CTH L. BMEE T CIL, #7277/ A - kL oA - BEA
PIFET D, F72, ROSMBEDHA « 7 0 AAERANLRIEEWE . WAL, Uiy
TV (ZFA B T, BOBMERIER TR L bDEEZ NS, ZOEGHO/MRITREL a5
FETALTNS.

b. ZP3fkE

R TEHB O @A P a ST ICESI L, 727 F 2 PaR, WEANaoRE LR LEZY, HDH0
X, BMoOHER E LCTEET . £, aRiGEE Thnh, U Ths. SmiaE, Miks
D, PRERIE L HESNS.

(3) BHEERES (UD)
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29X RIENIZERCE BT RET AR AT NN

HHEEILFTICHH L, ¥ FA FREDO DT, < ITMERCE I LTV 5.
(4) Wi (S HHE, M- FhiobonL.
(5) Fv¥— b (ch) JREBEKRF v — FRET, —RIZHMKEEL WD,

I 2 FEZRRP AR — Tk

m 2. 1 iR

I\ IR 53 A7 5 2 R B i AR FUL R B ISR L, ALPERE oo /K 48 1 el ek & b SRR o
WAL AT, 370 AR AP 54T 5.

I ILHEEALPE 5, 372 b/AMEE O RS L LTS T & o AU, Bk T v —
b BUETE THIEOT b BHEBUR LB HE & MIERIIC BALIZ< 54 Y A B A b — AR THRHEDT B
OB L 225 3N D (Prz W, 1986 ; MIiEA>, 1985 ; ¢, 1986c) . ARIIEHIEIZIZZ D5 H
FUBRED LD 345 L QD BB R L P BRI B R O EUS AL & £k & L, fkE
A BIRER Ty — b ETry 7 L LCEA Y A MR br— A TR D ARRERE
IR O FHEBR A ILERED AR AMICRET LD LB HN5.

THERHI T O RESFRIE & ELOZAHREE & ICK Sy Sh b KEFBIZTMICENT ¥ — K
JE@ ATy, EERIE RO A Y 2 R A b r— AME TR S s, BariR R TR EUE B O M AL g
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FOBERHAEE T L LC BHIMEEREHE ) EETHEREOMAE 2 kL T 25277 H0
T, BICEL L bOTH D, KRFERE & BEMIUBITEAERTH D,

m 2. 2 XERRE (0K

WEE B (WIRIED, 1985).

W FROATE BT RS T ORIB V(AL B ) .

S AKINE AL TE O FHERDT 5 & R EFEENIZ A3 TR < 204 LT 2 . B SR 1A X itk
WNOEARLERHRE THm LTS,

BE 1,100m +

BFER A0 TS A RETE IS & > TOKEIERCEH & 3 LT 2. LB 5 B s ¢
FAEICE > THAISNTND.

B KREFRBABIIERIZL-TLE-F - THO=MEIIXSIhD.

TEEIE, HERDILIRE TR T ¥ — & ERE L (F30X), 2-3cm A — & —CTRICE A O#E %
T4V BRICERTe. Fi, LIXUIRBREESREEZHATHD. WEDO L v X a8, LIE LIEREIHIZ
WS 2 295, FHCE D AT U FRENRREEL TV 5.

HRE /N HE R R 0 13 20> & RERF B, S S\ LA i s b7z 0 IR 4347 L C
WA, B OEFRE & 1T NW F1a O KREFWIE THET 5.

PEEITEE LTRAEENLRY, BIRF v — b - A - fkEE R D7y 7 Cm-+Hm) 25
oAV A MR MR —AMHTHL. BRAFEILT I THEPHEISROOND. SoMICEEEDO L VX
WHBEHA THD. CXTHCEEDO L DOEH FTBISRT 5 L, MEaOEER & RARER & 235 <
HELTWS. JeEMIEEE LTHERGTMEEZ oA T A F ORI B OE SN GRY, A
K RMRADHIZSTMABRHAELTND, EZALZAILRBAEZIRLZ DARMANORDTF v —
NEES DD DUT L RRITHEN TV S RREEEEEITA Y - RRAOMA2Z <, BRieA K
OO EDOA T4 MREOMEFRIEL TN 5.

BRF vy — b7 a2 %, Htmobons 12mO b0 F TRE S 3L T, THEaAZ®EL
TEHEENLTVWD. AHABLKRO b OCERO b OE TR LA LICE T, —FITTBERT v — 1 bH D

HOTITBIR CHUBL R AR A 295

FREET 0y 7 EAREO ) B THRICZ O T (B RTT, REFALHF) 1L, Znbidl-$m
DNEERE LTHEEND. AEITRGMALE TELRAETHS.

AIKET By 703, RERICHERE D 5 B TH RIS FE (BRI ICE<EER TV D, RE ST
MAER O H DAL, GITHIK - IKAEE 2 URSRE T, baidEd L.

EEEIE, —RICT ITEED K RELEBEIENOHR I TV D, HIEMENEE L & 2 AN
2. PRI TRMMET vy 71307 0R, Fr— b - BEEE - ks 7y 7 20 EEAT
W5,

BAEAIE, LEUIEAT I ERRO S, —58 AR ) TIWE L BB T 5L 25080 5.
7 I T HEDOE LWES (BOREF) 1L, 8T CILIRES L EEEH & OMAEN L0, MiE ST
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(Abstract)
GENERAL REMARKS

The Hakkaisan district is located in the southeastern part of Niigata Prefecture, covering
the area from lat. 37°0" N to 37°0’ N, and from long. 139° 00" E to 139° 15" E.

Topographically the district is mountainous as a whole, belonging to the Mikuni
and Echigo Mountains (Sanmyaku), and their main ridges run from north to south in the
western part of the district. One of the main ridges extends from Mt. Nakanotake (2,085m)
to Mt. Hakkaisan (I,778m), the other running from Mt. Usagidake (1,295m) to Mt.
Hiragatake (2,139m). The Tadami River flows from south to north along the east margin
of the district.

The Echigo-Sanzan including Mt. Hakkaisan, Mt. Nakanotake and Mt. Komagatake
(2,002m) is a distinct uplifting mountain scince late Miocene age.

The Hakkaisan district is underlain mainly by Paleozoic to Mesozoic rocks of the Ashio
Belt, the Nakanotake M etagabbro and upper Triassic Okutone Group of the Joetsu Belt,
Paleogene granitic rocks and thick sequence of Miocene pyroclastics. Pleistocene and
Holocene deposits are scarcely distributed. The geology of the district is summarized in
Table 1.

Tectonically the Hakkaisan district belongs to the Ashio and Joetsu Belts. The Joetsu
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(Metamorphic) Belt can be divided into the Katashina Belt composed of a complex of
metabasalt, metagabbro and diorite, and the Tanigawadake Belt consisting of serpentinite
and crystalline schists. The Katashina Belt is correlated with the Maizuru Belt and the
Tanigawadake Belt is correlated with the Hida Marginal Belt in Southwest Japan, respec-

Table 1 Summary of geology in Hakkaisan district.

Geologic age Stratigraphy Volcanic rock Plutonl%;;la%yssal rocks
Alluvial deposits
Holocene
& Landslide deposits
[
g Talus deposits
b
2]
é Pleisto- | Old fan deposits
cene
Terrace deposits
. Arasawadake Dacite- Dacite~
Pliocene Quartz Porphyry Complex quartz porphyry
2 (4Ma)
]
g % Mizunagasawayama
&} ] - Welded Tuff Formation
| o [ 2
S| 5| % .
Z 31 Z | Okutadami Green Tuff Rhyolite
é Formation
B : |Hakkaisan Conglomerate
] Jonai Member|
@ | Group| okyra Andesite Member | Andesite
Younger granites (34Ma)
Paleogene
Dike swarm
Older granites (57,58Ma)
Cretaceous
° (Joetsu Belt) (Ashio Belt)
3 Jurassic
S ey
17}
§ a | Myogasawa
§ Formation
Okutone &
Group S
Triassic E Okuwabara
= Formation
Nakanotake Metagabbro
; ?
i) Permian Mizunashigawa @
§ Metamorphic
@ Rocks
= ?)
A | Carboniferous
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tively.

The Triassic Okutone Group is one of the important constituents of the Joetsu Belt.

The westernmost part of the Ashio Belt is composed of the Mizunashigawa Metamorphic
Rocks derived from the Mizunashigawa Group and the nhonmetamorphic Himizo Group, the
latter being widely distributed to the east of Koide Town. Only the Mizunashigawa
M etamorphic Rocks and the southeastern part of the Himizo Group are distributed in this
district.

The Mizunashigawa Metamorphic Rocks grade into the Himizo Group in the western
edge of the belt.

The nonmetamorphic sedimentary strata of the Mesozoic in the district are lithologically
divided into two units; the lower unit consisting mainly of stratified chert and the upper unit
characterized by olistostromal facies. The former can be correlated with the uppermost part
of the Kamigongendoyama Group (Uemura and Takashima,1985) and the latter is the
Himizo Group (Takenouchi,1984).

The nonmetamorphic sedimentary strata generally show a N-S to NW-SE trend, dipping
southwest.

From the stratigraphic relation the Mizunashigawa Group may be assigned to late
Paleozoic in age.

ASHIOBELT

MIZUNASHIGAWA METAMORPHIC ROCKS

In the upper reaches of the Mizunashi River, the Mizunashigawa Metamorphic Rocks
are composed mainly of schistose “chert-laminite” and pelitic phyllite. The rocks have
been considered to be an element of the Joetsu Tectonic Belt (Hayama et al., 1969; Chihara
et al., 1977). However, as the result of detailed study by Takenouchi (1984), it is assigned
to a special facies of the Paleozoic of the Ashio Belt.

The Mizunashigawa Metamorphic Rocks consisting of pelitic schist and schistose hornfels
are distributed along Mizunashigawa and Sanashigawa rivers and in the so-called Echigo
three mountains (Mts. Komagatake, Nakanotake and Hakkaisan).

The Mizunashigawa Metamorphic Rocks are in fault contact with the Nakanotake Meta
gabbroic massif in the south and with Cretaceous to Paleogene granites in the north. Their
relation to Tertiary formations is fault contact in most places but unconformable in part.

The metamorphic rocks are represented roughly by green schist facies derived chert-
laminite and pelitic rocks characterized by olistostrome facies including exotic blocks of
sandstone, chert, greenstone and basic to ultramafic rocks such as metagabbro, metabasalt
and ultramafic rock along the Mizunashi River, and metagabbro, diorite and metabasalt
along the Sanashi River.

In the lower reaches of the Mizunashi River the pelitic phyllite to semischist without effect
of contact metamorphism are distributed and separated by a N-S trending fault, from the
metamorphic facies.

There are the following deformed and related structures of mesoscopic scale in the
Mizunashigawa M etamorphic Rocks.

1. The deformation facies of the Mizunashigawa Metamorphic Rocks consists of five
groups lying within the domain of “Moderate to lower high grade (Moderate contrast
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facies)” .

2. This deformation facies is divided into six stages and four zones forming a regular
sequence in time and space; that is to say, the deformation grade deceases with time and
with distance from the axis of a major syncline.

3. A model to interpret such deformation sequence is probably that of the uplifting
process of the massif under the increasing tectonic stress.

UNMETAMORPHIC MESOZOIC

The Mesozoic comprises the Himizo Group in the northwestern corner of the district and
undifferentiated strata in the northeastern corner of the district which are the southern
extension of the Suezawa and/or Kurodani Formations developed in the neighbouring areas
along the Tadami River.

The Mesozoic Himizo Group is represented by chert-dominant facies in the lower part,
whereas by olistostrome facies associated with chert, greenstone and limestone blocks in the
upper part. Conodont fossils from the lower part indicate Triassic age. However, radiolar-
ian fossil evidence from the neighbouring areas suggests that the upper part may range up
to Jurassic age.

The group is lithologically divided into two units; the Okuwabara and Myogazawa
Formations in ascending order.

The lower member of the Okuwabara Formation consists mainly of bedded chert with
thin interbeds of black shale and sandstone, measuring 1,100 meters thick. The formation
isinferred to be of the early Triassic(?) based on conodont fossils. The upper member of
Okuwabara Formation, conformably underlain by the lower member, is characterized by
olistostrome facies composed mainly of black shale containing numerous large blocks of
bedded chert, greenstone and limestone, whereas the upper most member is made up of
laminated black shale with a small amount of allochthonous blocks. The upper member of
the formation is about 850 meters in thickness.

The Myogazawa Formation, about 800 meters thick, rests conformably on the underlying
Okuwabara Formation and consists of thinly bedded black shale and sandstone with rare
blocks of sandstone, chert and greenstone.

The undifferentiated strata consist of deformed chert-laminite and black shale, abundant-
ly including huge exotic blocks of metadunite, hornblende metagabbro, metabasalt and
basic metapyroclastics. The shales are partly schistose and phyllitic and have undergone
thermal contact effect. The typical mineral assemblage is graphite-sericite-muscovite-quartz.

JOETSU BELT

NAKANOTAKE METAGABBRO

The Nakanotake Metagabbro is one of the important constituents of the Joetsu Belt, but
the age of intrusion is not known clearly.

The Nakanotake hornblende metagabbro mass is widely distributed in the Saguri-gawa
valley, occupying an area of about 15km wide and 10km long, and being the largest body
of the gabbro masses in the Joetsu Belt.

The metagabbroic mass is in fault contact with the Mizunashi-gawa Metamorphic Rocks
in the north and with the Upper Triassic Okutone Group in the east. On the other hand,
the gabbroic massisintruded by Paleogene biotite granite in the west and south.
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The gabbro body has a stratified structure gently dipping east as awhole.

The gneissic structure develops in the gabbroic rocks especially in the central and eastern
parts of the mass. Generally the gabbroic mass is strongly suffered mechanical and
cataclastic deformation. The gabbroic body is cut by several distinct faults trending
northeast.

In the lower part some cumulate rocks such as cortlanditic rock and pegmatitic rocks are
developed.

The non-cumulate metagabbroic mass consists of coarse- to fine-grained hornblende
metagabbros, gabbro pegmatite, leucocratic gabbro, metabasaltic rocks and amphibolite
from west to east. The essential mineral assemblage is pale green hornblende, clinozoisite
(to epidote) and sodic plagioclase, which show that the metamorphic condition of the gabbro
belongs to the epidote-amphibolite facies.

From the fact that the chinopyroxene and brown hornblende relics are sometimes found,
the metagabbro is considered to have been derived from a hornblende-chinopyroxene
gabbro.

Two small masses of dunite and peridotite are associated with the gabbro along fault and
shear zones. They are more or |less serpentinized, showing remarkable shear structure.

In the central part of the mass many dike rocks such as granite, porphyrite, quartz-
porphyry, dacite and altered diabasic rocks intrude into the gabbroic mass.

OKUTONE GROUP

The Okutone Group is one of the important constituents characterizing the Joetsu Belt.
The western margin of this group is fault contact with the Nakanotake gabbro and is
intruded by granites in the east side. The group is strongly folded as a whole.

The Okutone Group is divided into the following four formations in ascending order.

Okutone Formation: massive black shale, 200 to 500m in thickness.

Oitsukkui Formation: alternation of sandstone and shale, 400 to 500m in thickness.

Kengakura Formation: black shale intercalating sandstone, conglomerate and limestone in
the basal part, 300 to 600m in thickness.

Hontaniyama Formation: alternation of sandstone and shale intercalating conglomerate in
the basal part.

The limestone and a part of shaleyield

Monotis ochatica var. eurachis (Teller)

Monotis tenuicostata var. mabara

Monotis subcircularis

Monotis ochotica

Monotis zabaikalica

Those fossils indicate that the Okutone Group is of Late Triassic age.

PALEOGENE GRANITES
The eastern half of the district is widely occupied by the so-called Cretaceous to Paleogene
granites, which are a part of “Tadamigawa Granite” intruding into the Ashio Belt in the

northwest-southeast direction and occupying a wide area of 50 km long and 10 km wide.
The granite complex is as a whole in fault contact with the Mizunashi-gawa Metamorphic
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rocks, Nakano-take metagabbro and Okutone Group, in which small stocks, necks and dikes
of granitic rocks are distributed.

Chronologically the granitic rocks are divided into two groups, older and younger.

The former is older than the dike swarm and the latter is younger than the dikes.

The granitic rocks are lithologically divisible into the following rock species:

Older granites: coarse-grained leucocratic biotite granite and porphyritic coarse-grained

biotite granite

Y ounger granites: coarse-grained biotite granodiorite, medium-grained hornblende biotite

granodiorite and fine-grained aplitic leucocratic granite

The coarse-grained leucocratic biotite granite is widely distributed in the central part of
the granite complex and the porphyritic biotite granite constitutes the peripheral part of the
complex.

The granodiorite intrude into the biotite granite in the northeastern and central parts of
the complex. The Fine-grained aplitic granite intruded into the older biotite granite as a
stock extending northwesterly in the southern part of the district. The northern part of the
stock is highly brecciated and looks like granite porphyry with porphyroclastic potash
feldspar.

DIKES IN GRANITIC ROCKS

Dikes are widespread as parallel dike swarm in the older granitic rocks. However, the
dikes are very scarse in the younger granitic complex.

A wide variety of dikes consisting of diabase, dolerite, porphyrite and rhyolitic rocks are
recognized. Along the upper reach of the Kitanomata River, the dikes show a northeast
trend. On the contrary the distinct parallel dike of rhyolitic rocks shows a northwest to
north-south trend along Tadami River, and basic dikes show a tendency of east-west trend.

Age of intrusion of dikes is exactly not known, but presumably of the late Paleogene.

NEOGENE

The Neogene in this district is divided into the Miocene Jonai Group in the western part,
the Okutadami Green Tuff Formation along Okutadami Lake, the Miocene to Pliocene
Arasawadake intrusive to effusive dacitic complex in the central part, and the Mizunaga-sawayama
Welded Tuff Formation.

The Jonai Group, the lowest stratigraphic unit of the Neogene in the district, shows
“green tuff facies” and is composed of lavas of andesite and basalt, their pyroclastic rocks,
and thick conglomerate.

The group gently dips to the west as a whole, and in the eastern part it abuts on the
pre-Tertiary basement, being partly in fault contact with it.

The Jonai Group is the early Miocene sequence of probably non-marine origin. The
group in the Hakkaisan district is divided by an unconformity into the Okura and
Hakkaisan Formations. The Okura Formation consists of lavas and volcaniclastic rocks of
andesite and basalt, whereas the Hakkaisan Formation is composed mainly of non-
volcaniclastic sediments such as conglomerate, sandstone and siltstone. The Daijima Flora
reported from the group suggests early middle Miocene age of the group.

-102-



The Okutadami Green Tuff Formation is distributed along the Okutadami Lake. The
formation is lithologically divided into the lower basal breccia and conglomerate member
and upper dacitic to green rhyolitic tuff members. The lower member unconformably
overlies the granitic rocks and is composed of pebbles of granites and slaty rocks cemented
by arkosic matrix.

The upper member is composed mainly of alternation of pale green dacitic pumice tuff
and sandy tuff, displaying a well-stratified appearance.The formation shows a typical
“Tsugawa Green Tuff facies” which is one of the standard one in the Niigata Sedimentary
Basin.

The Arasawadake dacite-quartz porphyry complex is consists of basal conglomerate,
hypabyssal quartz porphyry and effusive lava. The latter two are gradational to each other.
The maximum thickness is about 400m. The K-Ar age of the complex is about 4 m.y.

The Mizunagasawayama Welded Tuff Formation is restricted in distribution only along
the high peaks in the southwestern area of the district. The formation consists mainly of
dacitic welded puff. The Arasawadake Dacite and the Mizunagasawayama Dacite belong to
the same Miocene to Pliocene volcanic province.

QUATERNARY

Quaternary deposits in this district include Pleistocene and Holocene fluvial terrace
deposits, Pleistocene to Holocene landslide deposits, mudflow deposits, fan deposits, talus
and alluvial cone deposits and alluvial plane deposits.

The terrace deposits in the district are divided into two units, lower and middle terrace
deposits, which are inferred to be middle to |ate Pleistocene in age.

The pleistocene landslide deposits are distributed along the western and northeastern
edges of the district, namely along the left side of Shimotsugawa River and to the west of
Okutadami Dam. They are composed of colluvial soils and rock blocks derived from
underlying bedrocks. The stratigraphic relation to the terrace deposits indicates that the
landslide occurred in late Pleistocene time.

The fan deposits composed of gravels widely spread along the Tadami River.

The talus and alluvial cone deposits are mainly distributed on the gentle slope and along
small valleys at the foot of mountains in the district.

The alluvial plane deposits are distributed along the Tadami, Sanashi and Saguri Rivers,
consisting of gravel, sand and clay.

GEOLOGIC STRUCTURE

The most important structural elements of this district are the Kengakurayama and
Keizuru faults.

The Kengakurayama fault runs from north to south in the central part of the mapped
district and divides the district into two areas. The area to the east of the fault is composed
mainly of the Paleogene granitic complex (“Okutadamigawa Granite”) and the Ara-
sawadake dacite-quartz porphyry complex occupying the central part of the eastern area.

The Keizuru fault runs parallel to the Kengakurayama fault on the eastern side of it and
marks to the eastern boundary of the Joetsu Belt.
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In the eastern granite region, the several faults generally extend northwesterly, of which
the Maruyama fault separates the ultramafic rock mass from the non- metamorphic
sedimentary unit. The Koinomata fault with a NW trend clearly separates the coarse-
grained biotite granite of older phase associated with parallel dike swarm from the younger
granitic masses. Also the Daikurayama fault separates the older granitic mass from the
younger granites.

In the upper course of the Kitanomata River, NE trending faults and dikes are conspicu-
ous.

The Okutadami Green Tuff Formation overlying the granitic basement dips gently to the
north as a whole, but is fault contact (by the Subara fault) with the granitic mass in the
western edge.

In the western area of the district the pre-Tertiary basement rocks are widely distributed.
They are, from north to south,the Mizunashigawa M etamorphic Rock, the Nakanotake
M etagabbro and the Okutone Group, of which the latter two units belong to the Joetsu Belt.

The region occupied by the Mizunashigawa Metamorphic Rocks and the northwestern
part of the Nakanotake Metagabbro are characterized by the prevalence of NE trending
faults, of which the most important are, from north to south, the Komanoyu, Owariyama,
Arayama, and Daikura Faults. Along the Daikura fault the Pb-Zn champion veins are
developed in the Nanetsu Mine.

The Mizunashigawa Group extends northeastward in plan and shows a synclinal struc-
ture as awhole, the synclinal axial plane inclining steepty west.

The Nakanotake metagabbro massif isin fault contact with the surrounding units such
as the Mizunashigawa M etamorphic Rocks and the Okutone Group and shows a gently
eastward dipping stratiform.

The Okutone Group constitutes a synclinorium composed of four synclines and four
anticlines. Those axes are curved and show a convex form to the west as a whole.

The Mesozoic Himizo Group as well as the Neogene Jonai Group gently dip to the west
as awhole and is in fault contact with the Mizunashigawa Metamorphic massif.

APPLIED GEOLOGY

There are three metal deposits in the district, but no working quarry is present.

The Oyu-Okura Fe-Cu deposits are of mesothermal vein type and are located in the
phyllitic rocks of the Mizunashigawa M etamorphic Rock, partly in serpentinite and also in
the andesitic tuff breccia. The ore minerals are mainly pyrrhotite and chalcopyrite and the
gangue minerals are quartz and carbonate minerals.

The Nanetsu Pb-Zn deposits are of mesothermal vein type, and are located in the
Nakanotake metagabbro. The champion vein isintimately related to the Daikura fault and
the mother rock is presumed to be dacite or quartz porphyry dikes.

The Ginzan Ag deposits are of epithermal vein type, which are located in the granite
along the Okutadami Lake. The deposits were worked in about 1662-1699, however the
details of the deposit are not known.

In this district there are two high dams; the Okutadami Dam in the northeastern corner
and the Sagurigawa Dam in western edge of the district, the latter being now under
construction.
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