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1% GRoCiED, 1976) . KoO/KoO+-NaxO (E/VkH) KU MgO/MgO-1-FeO (/L) 13 li# DRIZE L
WFEITRW. Al0s/KoO+NaxO+CaO (BN ) 13 H A EH L </hEW. ZHITRHIR S & 78> T
DWREENBERAL—-IMHORELV S CaO ICEL T L E ML TWD. CaO DFEE, HB4ERD 6
(CEZLEL) ZRIFIE, MWL X CoORE L RERBEORIKAFE LICONTERXDZLETH
5. ZOEPFEDEIC LD DN D VIFEEEFRAEHORRE DAL D D0nEmnHRn. L,
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FHIR BERAL— MIOIEEO LK

No. 1 2 3 4 5 6 7
5-70 5-208 5-243 5-519 110802 110601 111002
Si0, 68.05 63.67 64.43 63.43 60.82 78.04 72.82
TiO, 0.55 0.62 0.61 0.61 0.84 0.67 0.52
ALO,4 15.75 16.80 16.64 17.22 18.38 11.93 12.15
Fe,O4 0.85 1.38 1.08 1.18 2.19 0,40 1.00
FeO 3.74 4.00 4.98 4.80 3.69 0.07 1.65
MnO 0.12 0.12 0.19 0.10 0.11 0.02 0.05
MgO 1.93 2.37 2.51 2.12 2.52 0.55 1.32
CaO 0.48 1.38 0.26 0.64 0.52 0.02 0.01
Na,O 2.13 2.33 2.18 2.32 1.30 0.10 0.35
K, O 3.52 3.78 4.02 3.93 4.35 3.62 3.50
P,05 0.13 0.15 0.11 0.12 0.18 0.01 0.01
H,O* 1.76 2.18 0.42 0.77 3.15 1.51 2.24
H,O~ — 0.10 — 0.28 0.72 0.17 0.35
C 0.47 0.50 0.42 0.77 0.83 2.66 3.88
CO, 0.07 0.08 0.00 0.00 0.00 0.00 0.00
S 0.06 0.19 0.22 0.16 0.00 0.00 0.06
Total 99.61 99.65 98.07 98.45 99.60 99.77 99.91
(mol. ratio)
K,0 )
'N-azo——!—-Kz—Oy 0.52 0.51 0.55 0.53 0.69 0.95 0.86
ALO,
N O TK.OTCa0 1.93 1.60 1.99 1.98 2.87 2.85 9.77
MgO
“MgO+FeO 0.48 0.51 0.47 0.44 0.55 0.93 0.59

1-5: e (1-4: BRBIERE)IN R » 452 5 HETTHH/A) 6, 7 EVES (6,7 : EABIARE HITH] R4

GHBEH) AR (1976) 12k 5.
WP PR B 3 B B R M O VR IR O ZS BB T S W T b ARE R A3 D (EARIED, 1982) DT, #
FIZ R D AREPER K& 0,

ARG HIE D BEFA L — M OTEE O FERRIT, PR B AN O b4 FURiCE DAL U4,
1961, 1962) & K< EITWD GRITIEAy, 1976). —J5, P AR FURHCE & AR IXIE Hisk o Je 25 i IR o f
IR & 25 &, KO/NaO KO (/L) IZIEIER U TH 528, CaO 13 BB N D72, ALOs/
Na;O+K0+CaO 1F#HENFE L < /S,

HER R L — MO RIS L0 E OREICHAD EF LWVRRERS 5. JREERIEOIR T RS O
IBLILL CELLLBFLLORH LN, ZNLhobo L OMIiE, BERAL— MRS & RERE
EDOMICRD D K 5 RBEE IR EIT R,

D0 BIEIT B EREE AP A RHR A OB, AR08 (KuNo, 1968) IC1Ex X, 4
EKD1E2LFEY LT A NRF, 3177 ) RINTAHY T 5 (NUREK, 1974). Z 0 &5 248 RITFRE
OHRERLTNDEEZLNLD, RIERICT DEEMESEOILET LBBICOVNTRIE-& 0 L7
ZEEmm s,
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FHAR IR BRSO

No. 1 2 3 4 5 6 7 8 9 10
Specimen TN-1 TN-2 TN-3 TN-9 TN-10 TN-11 YN-38 TN-7 TN-5 YN-28
SiO, 51.80 50.26 46.29 83.40 69.54 61.55 61.46 53.19 69.41 62.67
TiO, 3.47 1.83 0.88 0.56 0.66 0.53 0.85 0.82 0.49 1.03
Al O, 10.79 11.16 13.33 5.45 14.15 17.39 17.90 21.60 12.36 16.12
Fe,O4 1.95 1.11 2.54 1.02 0.62 0.31 0.71 2.71 1.38 0.59
FeO 10.76  12.09 8.08 2.69 3.28 3.97 4.44 3.43 2.11 4.79
MnO 0.17 0.09 0.14 0.14 0.03 0.06 0.10 0.09 0.10 0.18
MgO 8.08 6.26 10.30 2.83 1.62 1.59 1.88 2.43 2.59 2.80
CaO 8.33 12.20 11.27 0.94 2.06 0.67 1.68 2.52 1.16 2.67
Nz,O 0.50 1.50 2.59 0.98 2.50 2.77 2.84 5.45 1.31 2.65
K,O 2.23 0.85 1.03 1.77 2.85 5.46 5.16 5.16 4.38 4.08
P04 0.04 0.08 0.04 0.10 0.29 0.01 0.10 0.03 0.04 0.02
H,O* 1.73 1.52 2.73 0.15 0.83 2.11 2.14 1.71 2.19 2.60
H,0- 0.03 0.26 0.35 0.25 0.60 0.25 0.13 0.69 0.28
C — — — 0.15 1.13 2.41 n.d. 0.39 1.50 n.d.
total 99.89 99.21 99.57 100.18 99.81 99.43 99.51 99.66 99.71 100.48
(mol. ratio)
KO 0.75 0.27 0.21 0.54 0.43 0.56 0.54 0.38 0.69 0.50
Na,O+K,0 :
—Nw&——% 1.04 1.29 1.48 1.34 1.12 1.37 1.18
~Mg1(\)4~—-§%eo— 0.58 0.48 0.70 0.66 0.47 0.42 0.43 0.56 0.69 0.51

1-3, ARAGEEMERED (1 1WA RDETIERTAE, 7202021-24. 2 @ WD BBEEHTITER, 7202021-25. 3 : &
EifiRFE4, 6603014-3) 4 ! BEFAME@EAR WORMEEEFMEAR, 720202121, 5-10: BERARL- HER
REFABEREAER). (5 SETEREARER, 56011028-2. 6 : HERNEEALRE, 680602-11. 8 : [N BRI ERATR
B, 7202021-4. 9 : LA AEABIRREBATRHE, 7202022-3)

(HH#E) 1-6, 8, 9 8K (Nureki, 1974 iz %) 7, 10: Ixenara & Fukur (Honma, 1974 (2 & 3)

m. 6 1 B #H &

AR OTRIEREL, B NNE-SSW %K (X NE-SW MBS &> CHITS T3 2 &
b, BETIHABMTHEA, Fr— MEOBINC k> T b HEHES 2k L LCHEICEDD
BRI L BRI S L EAD. HWEBBEATHD 2 L, MM OREIEERITE, Ik
WD L ThH, BERAL— ML, ERNEHR M BN & T RIS - SRS - 5
Wi ORBOREICHRA B 5 0, BERAL— M & B - SRR L 2 KL<
T 5.

Im. 6. 1 BEBAL—FMFOMBEREE
WikgiX NNE-SSW % & NE-SW RENBHEZETHDH. O, E-W % - N-S % - NW-SEZRDWiE b



25

5. —IZ, EEW REfEA NNE RS NE R L0 v, F72, N-S %X NNE %ZWikEIL NE
FUTH LD b, NE I8 ARIEHE R b5 LVBET, 209 bIcs ok & Rl
BN SETOBIENE S5 5.

CEABIGE, SN, TANE, —ENE, MUSE, KB, HAEE, EE s
ChB. TNOD 5B, IBE « KRG - AR R O EW R R Ch 5 0T, %k
5.

BT AR T, 5 65-80°N OBIET, WO = v 2 AHIAHIK 100m HH T 5. £
BRSNS, BRI 1-2mT, RIS L Tu .

TG R NI5-20°E, (ZEREABECT, U071 v 7 SR FICE BT 5. b8
AT PUTITABEARDI A > TW D, — RIS, SR EIEILROME » BT TIE, NNE ROWENRL < R
B, BEAEbOTE, HNOT 0y 2 BFEED, B LTHs bORZV. Zhbok
IS REREAS 0 ISR A > T B BOREBL. 20 & 5 MRS ERND b0 &% 2 6
ns.

— BT 3 NG5-40°E, 1ZIEEE T 5. ~ OWHEIEEAIENE L0 %0 boT, HADT oy
B TFIH LTS,

SRS, AR A 2R R E AT, A 50-60°N OBEA S 5. Zh b1k NE R
FCUI bR TIN5, BB ER L TH 5T, B LU NE SHR KR LT U BUEIR o

AR A 5.
S, BN SR km D b D ETH .

KE R L LTI, By AMEAED, EIERA D EE o, M B 5B, =
AT ,%7EHEKW%%OWﬂ&,%hkﬁ/ﬁ%%&@ﬁmm%%Oﬁﬂ&ﬁhé.:@

BRI OOIZ, 2ty FU LT CEERERT vy — Mg (=t FYILF v — MNE) (T HEs
T, MERTREEO FICLY, FRAMERNT CHRIZEND.

*ﬁ%lJJH‘ , ﬁ?klhﬁiﬁ’ﬂiﬂﬂ}%bi RELTEEARETHD. ARG EETRILICELMT
I, *ﬁlﬂ&jt &ODF'EJ TR A oMM R S 5.

BRI R O NS, £D 5 BT ¥ — MEORBWNEICIRZ Lo il IHERIR D X T
WED1HLEZLNDD, TEBIC—RICR SN 2 i s I HANER & v, HERTTR O 1 & s
ks bolHWrsns. 2o LS RRBIIEES m BT OMERGT, MmdERETHDS. H
il oD S eix E-W ~ N8O°W T, =R HSLILPE S TiEdivk b, THEMTE & 0 U7 TIEKEIZIEy. AKIY
IS TIE 2 0 & 5 7/ B sn R th D FE DR D THHE 720, 12 AL OB T, B IEE
M C, dbEIEMICAERT 2 Z %0,

A L— MEEBHEN, JEARCHEIRE OEMOBIICHEL TR Y, Z0O RITIIFHNRN OIS bR
DHND. RO, o n L —8T 5. Fo, REAIIHV A LEE A L— HEER
WCRET ML ROND.
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L. 6. 2 RERAESRUERHELEOME

1570 AL U5 C 1 NE-SW RIS 0 36 0 ©, R ORI T b ATl 525, NE-SWH,
NW-SE &, N-S~NNE-SSW %, E-W R FoMEnidonsd.

ENH0S HEERLOW, BRWE, K WE L CEEIE CH 5.

SRR 1, L IR U A4 5 44 1) OO 1M DIFIE 258 L 7= I8 5 (18I T, il ook
A BT HIEED OB k- TR S = BB Th 5 L £ 2 bh b,

W R N20-30°E, |EIEEE T, MHHIHE % 85 TL 5.

B LEE T 50T, Bk 5.

JoiE L U, SETEMMTEEY, < R~ETEAMN L, ZILELED, 8<%
TR & T S .

ST P U LR ©, TR LU T I < LA LT 0, RSB I, i
FIFRR 3T C AR, K A T IR C 0 .

B OB LB I NE-SW A1 0 Rl iz &> 1 > OISR E R LT\ 5. B
BLTHY, AR, KRS A A 5 LR, 2 LCB#ELHTIciE<
AR B RIRITEE LTV D

TR ORIRT v — b ORI T, LT LIEBEY & 5 Filh o B < b 47 Tl 2L 28 (191)
FEAER DT LIRS & =B L TWD. JREEIRO A& I3RS U ESR strain-slip cleavage 73

I8 GEIRMTE DO BUH G (A E AR O BB R, JE T LA E T OBIR O HTK 750m M)
A N70°E, P ~ERE U 7 {5 BT IE 0k S ey

50cm

F1IH ERFEHORT ¥ — FOWEHAR R 7~ T (Nurexs, 1960 12 &%)
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s {a) s (b)
H20  HRREED TRERE I (Nurea, 1960) (a) : ERTE#OMME  MEK 531, 14-12-10-7
=5-3-1% (b) : MU IR 1 o0 Sl HEWTE — ) R O fl s E%L 160, 17-15-12-9-6-3-1%

BETLIERHDD, IS IRERZRE ST Hav7an.

LALRR D, $fEE, ERAERTERmOETELZRLTEFMEL>TkY, Hilliormn
EEATTHD. AFNNLUALORRABREH TlE, F20KIIF Lok 91T, HE&EIEE LWEFMETR
3 - EEUE T, BEEIES < OBETCREA TR, RPELHE.

FRDY 7 2— 7%, ERFERTIE, MG S Em A FE B U TR B s s 33
TR R B DA~ BT O T, FERFRANIC 22 - TIT < (NUREKI, 1960). = Z & 735, NUREKI
(1960) 1%, FEFZEMAEHZFIMOMIRE CERED % E L TIEMMEM L, BHORBOEMRIEMEEL
THEMNEM LI, MHOERMEMICE > TRERA L — MEROERAEHOEANBR S,
B OBERAERNC & > TERFET OB A O—ERHRIRA Rk & o To b0 Liliim L7,

V. SEHFEZR

Iv.

Juy

e

%\(}

A sk X P e A AR D BEF AR OB MO 12> TH Y, BEFERETEN LA & RT.

NS - AT (1952) 1, 1L A REER O AR A IR S BFIE L 72 BRIS, A R s K OVE A s L 2 A %
PR EREB DS E Z DIERE & mA L, SHERE, WEREN DR LHEFIEA &, BERAEH
MR RE RN B AR DEFH T 08— Xy Lz, £72, fEFEH O OPERRITRER) 1R &
L, ZNEHEICLTEMEREHLET L L

Kopma (1953) 13, SEEHF & =ik & O M I FEZ A (intermediate non-metamorphic zone) 23 7F(E
THZERWE LA, HHER L PRIFLRHE & OBESIIBR LR o7,

ZO%, IR REEOEE - BT OEE L, WA (1957, 1960), NUREKI(1960), A - A
(1962) (2 & » TR S N7y, R HIFWT IS HEH 7 7 S — LR & 2 WIEIR s 17 LA D 228
B R OMERAEFICOWTORIZETH 2. 19534ELIRE, AR Mk D FHE S D2 FUE IZ DV T OHF
Felx7e <, HEEm EPEERE L OEZ EZICBLD, HOINE, HEEREEISHTIENEVI ER
LOMER, REROFEEHZINTNS.
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o5& BFRLRAMOSWRLR

5w W | B OF moH - & H
o UMNBIE, 1952)
(. 1930) | (L, 1956) | (0, 1949) | 0 EE | (k, 1960) x g
PR MR BE
ﬁﬁ? - HEARE | BEARE | mp i
——————————— BTG
PR AL =Tl e IE S T
w7 2 VA
EEpw| W B ¥ woB %
RS ps WY B
Fase— o T | RRARRER
AR oA | R B
o | LAKRE | —EEANKE
— A
AR
T | BESEREE | CRERSE | SRS | ORRERE | FRRERE | RIS R

CORIIEEQB) NE 2 E, I - BA(1962) £ — MW,

ek, HEH T R—EoWT OB, “HIREAAL T = VAR, BB R EOAHBAHVENT
WS, RIZIRARD XD BN S, ARRETIHEHAVWARNZ LT 5. “FIRELVy 7 2 LA ot
BE A1, #RTF v — b OARYS 7 2 — 5 ORI (NUREK], 1960) IZ K> TH BB E DI, T2 F
FA R THD. LEN-T, “RAr 7= R” L0 AHRITEY TRV, &I W &) 46T
ITEAZNCERR SV E VRO T Y TR,

COEORNEBREL TARETIE, AMEHIROEZE L “BENAL— M, “BRAEWE K&
O “falR A RREH” X352 8175, BERAL— M EERRAEH & OFITERIKIR—KIG 1L
L L, BRI LA L OSER R R I —EIR LS. BEFAL— MEOLE, T
bbb, SAFH & PRIEERA & OFRE, TRBEREEIC X D EMAERIER O BEER & 5 itk AL
S Lnh, ERCHDS T LR, UL, AETIS & KR & A SRR C IR B
JIT L DR Y 7 2 L A LR B WHBR I BT, TR TS BE B 2 AT I L 7= fkr o
BEMMNRDOLNLDT, ARETIE, HEEHOILREFSE—RKBHRERE LT, ZoERHBITAR
Mg oD LAL G 282, Lie’> T, AKEHIROREFHIZ T X THEFICEENDLLEALN
555 KB,

IO OBEEHMOFHOETIL, RIBEHOBEI L IRE AR LTS, 2o L3, HEFEMME
FOIG B ESCW G, DBEHEORBI ORI HEHEICRE AR LT LItk d. Ll
RS, ARKEHIIZ IV TR~ A1 2o C ML R BT 23 & 0, T A I iR
MU EE SO BBURICH D LWV D Z ENTE 5.
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BERA L — MFOIMOTEIFERTOEAICD, RO AERCRIEADE ML D AL —
MEBINRE L b ORE L, WIRMIZIE, BERFAL— MEOEALIZLALERRDLNARN. F
7o, BACEBIS SN MEMEITHEN TH D, LL, BRERAL— MFTIE, AL — MEBERARIC
BERPMb > TWH R THRERD S,

ER A OMAIN AT T, BRV - VIR L7z X 918, EREMIERBEA T, 1k - fER -
BER - AERREORENREL 2D, FEPLSREEL, LIELEERSEERIC L > TAELRM
WAEEDNHET D, £z, MBEORELHE CH L. EFAMHEROARD LIZLIEAL, RS
FEFAMHEAORE RATBORRRESEA RSN D.

LivL, ERAEROIRE S T, RIS ORE L Bl SIERIXEE ClXd 55, MY o
BIEN/NE L, THE LS REY AL NL . — K5, EFORIRA a0 T, WKy
DRIENRE 72D, FEREEENBEIC2 Y, RSN holambRbND.

ERHEMFITBTD DL D ROk ORI, RAESHE IS OO THETH
5. WERT ¥ — P TIHEENERE L RWGERE V. £, BEOAELNBEERFTTYH, BHEIES
DOEERFEECBIRT ¥ — MOBIRIEE XS 0 MOERIEREZ TS Z & LIRES TN 5.

ER A MR A & OBRERE, SWHETICXET AV 7Ty RT, FERRIRLEVEHED
Rz 7= 5.

WK RE I, MRS AR LT B L RIRFIC, BERACI AABNAHICHEBLT 5. Tas:
B OBMERARIAREEN LS HET D, ThThRds, BERSE OBRMESECEIRT v — b ok
WEITE LWELR LICRFESN TR Y, B TADICHNT 2 Z LR TE 25 (15 - 16 - 17XSH) .

HuJg DR EREEIC OV TIE, BFIELT ORRR A S TIEE LVWBRER b LiZE X LR R0
2%, B LA O 8838 (LU 1B 22 f i G A R 3 0 T, ZORBICHEF L RAEO B AR L 12
VTS .

AR I T, SEEZE RRAE A O BN SRS A R S SN R RS B ORI (I IE R IS A
L, ZHUcd LBENT, SEFHUTERSEDERCHEAL TS, & HICEALFTIE, Bia L
DEBRN N BHFTTIE, RRABREHICR O TS, S I RS R P ORI R A 1T RIE L
TSR AR X > & 0 LW, BESCH L RAE A (0 U TR U 7 B AL Rl A AR IS
MRTED.

D%, IKEEREBEOBEANRS Y, BEREBITZIC L 2BMERIEREZEE L T2 7. IKETE
A SRR RS R T, BB R A U O M TS b 2372 0 AFEPHICIETE Y D L HEE S (@R ok 633
F, 1981), ZNIZ K DHRN T =)L Z{GITEFFIIZ KA TS,

FRERAEH OREIL, RIEREHERIR CIRBEMEHOHANMTH D2, KEEMEEO Y ¥
Lo 7RI 86-103Ma TH LD T, A7 &b 100Ma L ixirnweBZxonsd.

V. 2 BHFZRAEN

AR BN HUR O TR H? D5 A 3T T2 eI, SFE AN & IR B AE R AT & 2 e s /e &
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gn2% 1| n | m | v | v |v]|wWw

O R Y PR T0) T~ 25 16 ~ 25)
E & 4

¥ ® A -

ABER] ———— -7

HEERT e — ]

EHAI
EHAN

ERI

arEsIT | | pee——m———

A R
T47074 b

T Sl e e e e it bttt et
(+F73% ; REZDMBNBIK i)

B2 FEALA T K D VR — IR RS Do B AR ERIE T —

Vo VI, AR A GBI 200 2 & 5 BRIV, IR T

AR K D HERZE AR T - -1V
WCRELS AT OND. 2O 2 OOEBIEMILEREINRRY, FUTERELTWDHOT, HFEERE
AEEALNCT 2720100E, £7, JRSHREHEIC & 28MEREROZRE R 2 TR 520,
2 NUREKI(1974) ABEICHE L7c & 91, SEAFHWITE MEBIC K 2 B s E R 23 R A E I R
LTS, ZALTRTOEREMZE, AWVICEBKE - SEROSEYHAEEZELTVWDHO
T, W LUIERIER BT D 00N L.

T I T, BEFLERAEE L oMARER L 2, SEHEAeDED LT, EEMC, —HEOobDE LT
B\, 1 OOERSHER (5821 « 22D I F L THz. H21K TIIARAEA Oni R ITBEHE ST
W5, F, ZOGEIRRE—EROLERGEOIEMHEDLRICE D bDOTHD. KR OHAITHE22
BUZR LTe. 728, H21KICR Lim BRI ofic, Rifoiy e LTa®, #Ka, E56, &
gn, DariERftEbins.

FIKNC R LI K o1, T#idANEHIR Cik bIRIEEZ R T 28 WHEAETH Y, VIR D &k
R T LHMHEETHD.

WIZ, F2ARNTR LIz & # O T & i BB L Tk <.

HEZERT : 529 0.0l mm FgiEOMMAERT, BREHERTHAH. LIZLIXERADOZA

PERFEDHND. AL — MERSLHIUIR > TEMBEST 5.
AEERT : ERAO 00D IR I EEA 01 mm-#M mm OO ERHEL THDHOT, (LM
ROEBHLTNWDIETTHD. 6L, KBSV HERTHA .
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Seinad + + 42+
F+t

+
R Rt SRR R
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[ZZZA
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H221K A [E X Hhsk o> EAE Jeg AR oD 28 Bk 4y X
1 REAERAEE 2 EEHWHERIESE 3 SN 4 Wi 511 SIS IC K 2B Ak
BHEA - BEMIAmICEE. 6 ITH, Af 1+REEA, 6: 14, MEERT +AEERT +HEA, 7: 10
i, AEERT+HAGERT, 8: VA, AAERT+EFA T HA T, 9: VA, MEERI+EFAI+0Y &
AHAAEATL, 100 V'H, AGEEFI+EEAD Y EAHEAL+7 0 7074 bEEfA, 11: VIF, A6E
BI+EFAN+VIREA+T7 07074 bEEHRA) 12 7 070 T A N HERAOFEH

EHLIGRA
X077 M)

(27%)
BEZEI
EFs
axE
SREL

H2X EFAOHWBLTOAT v T
(@) : EHAT (RA X7 TA D) PEt ; 4 E S B ATHAN  EH AT G
R FEHL 5 A ETTEEA 2
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EHL ] RERORAS X 07 T2k (E8BKa) T, FROAE, ARERNT LT, BRER, 85
FRREEDAL, v b v 7 AOWMBERILENTICRA FrT 72 MIEBEATNS.
FHAI : RO H D REHT, FHCBERAR GEBR b) &8> TV 52y, @RWiE—kicdhzu.
BERZE B OB A TN O DTN RR DB ORIBEAL TN D,

AT B G mm-2 cm) OFER A AR TR S, fMmOWRIZES RV LER, AT
oL, BIEERICTRMRAEZERFOESKICE S TVLHIRAITLEA LT, FNICHMO TR
FMEEAABREL VA I35, Ml iliEa b b 5.

AREA LD EAZRTHIZEAERD LNV, HEFTIILROH L RERT, BERAHE (B1-3
mm) & LTROHND. LIEULIEDEDORER, SREAEFT5. 5205 ZAaknPRTcd L.

MO REFIEAER L AR THENR TV DHIR L.

2R B Hh kP TR BRI — RS LR & 0 AL ORI IZ VES, V)8, VIEEER 2. VEE, v/
M, VIH O3 X EFAE A O S AIRICIR DN D . SRR RIR— KIS LARAM O T HHICB T 5 4801,
AHRER O EMBES TEREND LIS, 77 M A FTHHN, ZOEMEZIHE, THFOEG
TENRYELEN, IVEOEA TIZIMEE L TW5 (NUREKI, 1960). L2sL, VH#OBHEEEMEOE A
Wi T OB MBS 72 B588 Hiv D (NUREKL, 1960). 22O EHONAiE D &, WH - MH - IV
VIR AL A O 53R B RE OB R ST b T s, RO IX Ik 5 5. 1
HIXVIICEL TSN, mFTHE, TORNEFIZIHE - I# - VEREENDLOT, EMERSANTH
0, EFEMAEES LW 2.

VIR L IVEOREREZ S X Eo THM LTS, VIFIZIEZIIECIVEOS AT E TR, Vi
DEADVIEBIEREEICET 2 L, ZRNRETABEEZ 2T T 50T, VIFEOEMIME IV
W bElEkRINZEEZOND.

VA OIRE—ERE RS\ ITRHEAICh ) R - EHEAD - A I AEEN5. EEA I LA
FUOERIE, EBROXIIE, ZhEnEEA ] SHHA L OEREE LR, BERITIHO
ATIERM A 3D BHEL, I - IVH - VIFCRUCES T, FICVIEORERITHMTHD. £
2, BIRT ¥ — MERZESE P ORERICONT, BRMAICEIT 2 FHRREH~ 5 &, T & T
O E 0.02-0.05 mm, TMH & IVE I, 0.03-0.07 mm 72 D T LA bIZ /WA, VEOELIC
7% 212 01-03mm L7y, BT OEATIE0.3mm U EIZ#ET 5.

FHR O X5 AR ORHEN D, ARIGHIR O EFELRAIL 1 (=BERA L— MF—ERTET) &
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FEREZT I EiICLo TR INZbDT, D4 - WA - IVEOEAIT L #OE A3 A B RE I
Lo TEMERE I LENZbLDOTHAS .

NUREKI (1974) 13 i1 ) 1| AL O PR s — B IR A a B (V) O —ICEREE R L7 1 7 u 74
b, 747074 b ETHNICHMOBERARHBTE5AR DL L, ZOBOEAPEILRE (58
FHTERAS) A THRICOMTHZ L ICHEBE LT, 74 7a T4 bERAY IZWERSICL 58
PR RAEIC X o TR S NI LR LTz, ZOMROMITERE TV HL LTRRENR TN, L

) 74774 MEHERA, HDVE, 747074 MPERAOLEL LM, LD EK
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L7en b, AMEHIEOVHEOBEAZ L RELIMERICEDE, 7407074 MERAEEZ0RRS
— WG IR T R R T RAE i OFE MU EEH 5 2 E B BT i o 72 (221K), F 6 D% < IHEE
FHTEREEIC X D BEERE & LTI LIS WIEAI S LEHLTWS. L, BfED L Z A,
T4 7 uTA MNERAEGLAEAORAIL, W L LTELOONDIEMTRVWOT, FE2KITITE
HMOBZHRLTHBL Z &L
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T47aTA N ERAEETEAORFIIRAD S ZTMT, BRI ENTRERS.
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AARHIRES, MR AR A PIEICHEY L, VESHIRE, VIS EIRSRETHA D LHftgsh
5.

V. 3 RKEAERAEHIC X 2 A2t ER

SEIEU O MBI, RO R 3, T - T - VARSI B TE RSB & 5 B T, v
DR DS R (A BRI ) 25 LD, VRO — b ILATHE T | & S50 1 78 1B
B8, N YRR LR, VHEORE— B R R BRI L 25,
IR T, S ROBRAEN - BER - GBS R 5 UIEHAE LT B, VA
S AR AL 2 5 U BRI RBIEELTOT, VEOREIEE AT AL
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SFECHIET, TR T - I - IV BB I AT 5 DI, W b B RO TE
WBES 72 ¥ OB IRO RIS IE L b OTh 5. £, BEMA BN 5 AFTE ~mF T oMK,
IVESDE < A9 L, T & M OB A AN LTV B, =00 = b X A B TR A 0
N—T o TVNDHZ EERRLTND.

SRR DAL & T ~2F T DM T, | AR, L, L, St Rl
VORI e b B I BA, ARISS, VAR, TARINTEIIES, AT, EINHE s,
R, 87 P LTS A, VDA b AL,

SR OB C I R & B8 LT 5 R ITAEC, 8 O IV A1 M T T 70 6
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FIHEPES SMHHEAE#ELTWD & TRIND.
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fi, HIRES, —RIINMI TS50, Z<R6ND. HIEDZE  ITEFLEMEAZO LD TH
D, —HBIXEFEREMAITOLOLH 5.
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VT B T BRIRAE B PO NS ICAEAE L, AR & I8 07 eiRIE PR s o2 — & L Tw 5. [f
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TAETEREPIREA X, MURAKAMI(1971) D38 & (3 F 570, THEMEELM L CHh T, FARTE
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HIXEICZE DI/ L, MURAKAMI(1971) DT 77 A NEAEREICIEEH YT 5. P ILIAS TM
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BMOHDLObLH 50, BENIITTER OMAOILBIERER L KETRL, 1 FERYRboL
frEns. —F, HEFERESEOMEITAEERESEOZA LY b/ &<, MEEOEABKROEIE
BRERETET 2. ZOREZ, HFEMEEOEAN - EEORY & GH - BEBRICEIT 5 Ar OfF
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HHFAEREEDO I ) o L - T AR

K (%) 7;;1 It‘:l‘z)qlﬁlad Atm 1?&’ ‘§0 Rad| 4 Ma) ® i #
7.28 2.61 92.1 89.5+4.5
6.71 2.35 90. 8 88.9t4.4
7.08 2.43 91.8 86.3+4.3
7.71 87* g - (1966)
7.38 2.53 91.2 86.6+4.3
6.85 2.40 91.8 88+4
6.87 2.8 92.7 1035
6.92 2.73 92.4 99+5
9.12 14.2 96.8+2.9*% SuiBaTA & IsHiHARA (1974)
7.59 88* 7 - K (1966)
5. 36 1.83 85.7 864
4.34 1.63 89.8 94+5

* FILSMIMIE  Teledyne Isotopes US.A.

28 KRB RRIRAE PRk P ORF A Y (MFIIRM) WAk e s iR AT
BLHI LTV D

CREEE AR SRV, AL 5-6mm OMUIBHRET, —RICE LWEIE e R, BERIE
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EEAHT L. ATEAE 3mm wik DM T, B REEWLE R
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AGENE, MR ORFEWHOEFH PR EEHO 9 b TR IEWOMEEZ b %A (FF, 1957)
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AT T OB HUSE C IR R H O BB B RE IS, £ OB IITITTRICEAL TWD. AL
AHJEHE L OB IE—BRICHECTH Y, KB O IRIEIXE OB mICIZIEEATICRET 5. @EAE
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FHREMED b DORL <, AN 60°N, EE THD.

KBTS 45 0 BRI B RE BT/ B UL o0 HENT RTBHC 7 C DM CHE, A1
E L THBL R ZERAMNRE N DR D, AEIT I REEDRENT, SHEIZZ LY. £
fatk i S OO ERITENIC LR SN, BRESID RV, AET, FKE (1957) A3 BRIk B2 REAE i
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XA A E OB 2B PTRE v L h—TJ L E L, E & U THEEMIBIZ M T 2 ikiEE 053k
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RREE OB TRWIERNRES 1L, Fe UCREA, A%k, B IRAKRCERERNNGRY, I<4P
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MBS %R, AN IERERR 0.3-0.5mm OF:HEHML T, 525 BERHIHE-> TS,

V. 2. 3 HREHEA
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SRR B mm BBk B E T L, S A

B2 AL I OB TS O — AR 7L, BOREHEE T, 7B
Q, P, A: BUMERU 1: AR 2: R
3 HEAERPIRE 4 )RR B1-15mmOMEREmER L, N—HA
MEEEZ S o, BREIF02-1mmop
HEfdae L, REVHY - AR2E67T 5. BERIFR0S5-1mm OYHABME TRENLMHES
EMRZ.

HAEIRAE CIRERADEENEL 2D T, AXOENEL 125, HEARNFHENMVET
AN EIETO%EMT b0 bH 5. BEAERAEOARIIIEREER, Ba, LK Aca%E00f
MEGDLOLEERNLOLERH LN, ERENRRRIE 25120, T4bb, REASLIIE
FRHMT DIZONT, SEMEELARPBDT 5.

RH—ATIRAE CIREREOEAENREVE CIHIE RS ERHEOMVBIC S, RERORENSE

AN
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H3BXK AT ETFOENAIRT 7~ 2 A & (FRFIT/IMEHT)
V. 3 AR REEE

V. 3.1 KR

I PR b T IE f I T 5. 20l EME TSRS RbNG. A8
DL BRI O BE R LT, FAEIIT 57 U 6O RHREESOFEC k> THEST bR
D, EREDEIIIA Y BARREEIEE A EE TR ORR—RAE DI D . AE LT B IR AE R
B, SRR Ty B3 T~ 54 PR TOD. AERRERLOS U E 7SO E RS
£ BRI 2 o, PR, S RILE O R T, JICHR L, AR
CHERIEEAT, HEACTHS. LivL, SR CE RS S IR C A =i, O
B SR £ 502 5 DDA, RISEARHILLR, WIS BA
ARV EE%:I»7%$%(DEE%NT/ I;"-E’C;‘c TEEm OENEET 7~ %4 bR L5 (F3BK). =0
7 e 54 MAABOABA RS O AR £ Y], 7072 ) B4 CHAL LTV 5.
AKETFEELTHIEA, A, FEAROCRERNLRD. TV EOAHEREZHEI ZER3HD.
RIS & LT b IR, o R OSRBIRE & 5

7Y EAILER 5-10mm 0 AHHEOBRBHEREERAER T, 505 h—A 25y FREERL, /S
— A MEENRET D, BV EAIIFICRED - v - BERO/NEREZSEOET D, ARER 1
Bmm OUIGEERT, HEHMRCEEBIES R, AHEARE 2-4mm 0KE RS T Lo L,
P8 1-15mm OERERFRERT L0 L Rb Y, EIRBATET 5. REMEET. I ADS
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FRRONDZENHD. BERIIE 1-15mm OFAFFKEROESET, RALAKOEHEZIY
B EDITRET D EREL.

T~ A A bR S ERE A O Z A FENRE T, T TR I b, ik E
AN, wEgaala, BREN, SR E0FAHEMPROOND. ZOT7 7S MEbLb Ly
G RAN AT RMEREDEIRCTH -T2 Th A D LHEIND.

V. 3. 2 BiEEa

A TR LoD 1T R B RME I TR BORRE ©, RO A 0 b RS T T 5.
P BRSO PR A BT Y, B 11T S 5m - 30 m O (B A RE LT 5. ik
T CAR LA A L PO R DR R B TR MR & B LT\ B, G 1L BB B 0 AR WAL £ 5
R O FrARHEE D R B 4%, TS (B (1 BT AR R 3R

MR AT AERRERERS MRS, EE LAY, AR, 0B, BENROA
ERILARD. oI PROS ATEND . HEREEELC L bb5. MRAEME LT, HKA,
DN a R ORENE I E G,

AL 02mm KO b DG 5-6mm O bOETHY, BOWBENE T, FHEAIIE 055
mm ORRESR T, B BREHEE AT, b EARAEAOAEE D b HT, LIt LIEE 5
mm BRI B2, 85T b BIRAIC b EEREE I F ST A2, ) B R A R S %
WU FThD. BERI03 -2 mm OMIF—kH R OEAET, EERIIT S LR
2., BERIFIR 1-3mm OH O & 02mm FiEOLDOERH L. MALO AZRIIREAST Y BA
AT ST S, < AFIE 03-1mm 0 HF—EATREST, AAMIHEE A LR b,
EERR TR 27 L, RO —EORE R O — B E R LT £ 3 ICBbIL.

BEEEDL, PROE S AT AERERAT, BLLCHE, 1) ER, HEARCAERD
BRD, PROBEREED ZLBbS. 505, KK, HRAKUCHEEREEATEY, R
G b LRI, Uy R OSREIS A 5

TR 1-3 mm OMGEERS T, BOBBEART. » ) EAIAE 03-3 mm OMEST
PR - HER - G- K< AT EEAAT S, HETIHE2-1mm Ok E RS T, B0
RS T, AERHIR01-1mm OMIG—FERR T, LIE LIEHREA 2 B L e
15252055, SLAAEE 03-1mm ORREER T, AAEMEITEAEEE . EERA T
RaA L, BRI, ENAEAERYEETS D EREL, KRBT MELTHS.

V. 3. 3 MEETmpIRe

AR 0 & 0 D4 TR R AL PO C, B RO HLAE s B> BRI B 47 C 7 L7 — o o
CHEOT- B R AT REIE, ALk I LR B O AR TR Y, AR
BEL T D, KB LR L O BABMRI, FIHOBMESTER T 2o biEo % ) Lk
B, AEHEOIT < AT ITEHE AR A 72 5 = & 2D HIE LT, A RSB M A B0 C
WHHEDEBZ LS.



46

F34R HUETCRDIRS & IR BAE AR CRASRAERE) & st (8 $T L)
R : AAETERIPORRE GID  H : A B 16 A58 CRLRD)

AT ITERE LR D7 <, REBAYIE, ORI A MO A ok & RHR A ORI H A SIC K D
55 WBEPRHA R 2 Fr oM AL R PRS00 5722 5. REBNC PR Z £, 4L, TR ok A B LR
HbRBND.

AE I REROFEEMEINIC L2V AIREEENTET S, FkEEE, EmiZIERE T, 2MH
FOHLONRZ.

FETTEL LTREA, A5k, ) RAROCRERNLRY, DEOANAEMES. BISRSEME L
T, KA, BhAah, A7 =y, UharRORGHIEY E &

FHEAITRE05-5mm O¥HE—HB/HM T, REMEREZE LY. SOEARMERT. LK
ERRRAMHRIT, BEHEEORELILDSOVRRARBEZAAETLIILRHY, AXSLRERLOA
THZELbHD, LIFLIXREMEZ O 2R AR ET L. ARIIR 1-7mm OMEHRST, —&
BN ELL, 77 L Tnd. U REAEFRE 1-5mm OIS TUELIERER
CHERCGEARALEEAET DS REAEOMICIESDI INADA IBRRLND. BRERIR02-3
mm OMFE—FAFMRET, LIELIEF 2 v RN ET S, BERFTIEA KL R L, TRESIZR
FTZERZV. ANAITREREZMHST, I<KAOREDLND.

V. 3. 4 E)N{EERRE
ﬁ%@%ﬁ@ﬁﬁ%ﬁ%gﬂﬁﬁﬁﬁﬁﬁ,%%W%MHE#E%%KWWTQ&?é.K%%ﬁt
L FRNTABEREBICEAS N TR Y, BRIFE TO LA TV S, REITREROBEERE
FNC X DHIVRIREE S RE T 2. RS EMIZERE T, 2EMNTHS.

AL, —RITEMAZERR D, KEDITAE L BEAOCMBLORE ST K 259V BRIRH A 2 £7
OHUEAERIREE 225720, BB R EAERE 2D .
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AEDERGIWIREA, A, 7)) RARCRERT, 2EOAIAZEY, BSHSE LT
WIKE, Yray, Bhif, A7 RORGBAEm A LS .

RHEAITRER 05-6mm O BMEOROEREES T, —RICEEHEORENE L, BRI DR
ERE L. LR 1-5mm OMEREST, FLOVERBWLEERL, P77 LAl TS, B
U RAIIA 03-1.5mm OftE— AT, MARAEELRT. RERIIA 02-25mm OfftF
—PHBREL T, BERE R LRSI IIE ATICESI 5.

AU OBEAFRRBIIAAEE RN S 0T E LTS, WE LRSI EEICET 2 TARE
AL PILIEA SR EITHREN T L TBY, oRIE—HOEKRTH o7 b DN NE-SW RIEE
CEEWE OV HIER) (2 8> THW - BizEhic b O Th D rIREMEN R,

V. 4 RESHEFAC A

R B HUER 0O B T AR IS 50 AT 9 D kA RS iy O RBIJERE TS, iR S 2 Fr o fEMAa O
ERIRA2 WD LENRIRO/INERR LITLIER BND.

Thbom o b, AEISNVZHIEES O/NERIT, TR O RIS 2 505 4 P70 R R fE Dies
ZELTDLOT, WEMNIEICAS 2 W BRRAE R RS & BB 2R3, BFEREARME LD
IS 2/ NERITE S AAAERBERERE T, BHOAREEZAL, L UITERA
REHFAzEL. ZNDITIREREOEIMBITBU TV D, ZOMEE R ERP A, KB
~Z A b AT T DR A TISIEZE OB RK 2V LY — MRoBEREERESEN R b h
5. INLIEFPOARBEEZROE S < A A AERBERTERE 2V LIERPIRS T, W2 BRIRTE
PIRE SRR 7y B 7~ 2 A P LI LIER S DRI VB S ICBITn D

5350 BERGHIR RS 2 B <R RRIRAE R PO S B AR (ki oL )
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V. 5 JREAEREHE

KT, AR, AR
BB, LI R R 7
FAEPORER SN TS, Zhbix, TA
U2 L WA £ 205 LT B Bk
HIZHMN LB R E LTOfmMLTWS. o
DEw, FAESK, TR - WSSk,

\ L 128 T R R A T2 0 A i B
X7, 57 RIOR L K-Ar 1%
B RAE, LRI, WA,

- EEAERAE, FARERE, P)IEes
A
TLoomE o3 erd e @6 DIEFD LS Ths. Lil, BBEAE
H36[X A AL A OB RE I DT — R T » o
QP A BURERMU 1: HAETEHMEEEDE 2 FTARIERS &0 S RAO LS ke
FIEAAR 3 FTARIERS 4 SBEASE 5 il RT L, HIIEA S OMITE RSB O

A 6 HETERHE
MBEEDETHEDT, 7 FD K-Ar &

BEDEE, FAEMEEOBEAOFI#REMGZ RT LITZEZONRW. 2, MFHOETHIE~RZLD
2, A EROHEAN - EEE Ar OBREOKR E OBICII TR H D RSN D. Lizh-T, &4
ROBEARHIIL, HIZHE LWWEITR<, 100-90MalE 2 6 5.

V. 5. 1 TEEHERRE

A ARRIFHR O S E N LA B LI, RE7EH 5 km, FHTH 3 kn OEELIEA L
THAAT 5. AEITBEERPIC, Z2OMELE > TEALTEY, FAEOSAICHEMERIER % 5 2
Tn5.

AGETFEER & UM LIRSS,

FE AR T TR O B EREAE i Pisos — B RS T, AR IR BER A DA BERAE R MRS Th
. JEARIE R AR 3 e 0 IR < AT A, HUE IR L O ey, BRSO Z < —#
W2 b A & BABIERE & OMNCHR A3 5. F64H & JEHE & OBMRITIREA T, 18 m LU T O
WENLCHICBIETS

FEM & 2T Ak B ERAE R M os —ERAE 1L, FEE LTRER, A5, ) EAKROCEER
NHRY, BIRSEEmE LTHBIKE, Yray, 27 RORGHEMEZ LS.

REAITE 05-5mm OHABHET, —RICE LWREHELZRT. B ) A LT 20D
HTIEINVADA FZEEHKL TS, A3 1.5 -3 mm OMFHESS T, SHWEECE2~T. U E
AT 1-5mm OMIEHEE T, & EICHRFEAEREZ RS, N—H o MEERRET L. BERIZ
£ 02-1.5mm O¥AEHEMT, SAPICT X LTBIET 5.

JEIDFR 2 T ORI BRI A PO BRE R PE 12 R A 0.5-2em DO RMEMRANABERIC X - TR
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FHONDEAT, —MICERHLYZBOFAEMEGT. ERSEWEIMER, 1, 1) EA, B
ERLCANT T, RIS E LCTHIRA, Yrvay, A7z RORGBHEmZFES .

MEAIZESR 02-6mm OYAFMRERL, 529 MOREEEEE R, A 1.5-3mm Of
JEREEEC, BWVIEELEZRT. 2V EAIEE 0.8-1mm OMEMEET, MEBELENTHS. BEMIT
PEIX0.5-3 mm DFHEHEET, HATICT X Lo mT 5. AN BERERS S LTHEE
RPIENT, HEHOERIITIFAR05-35mm OHHEHLE LTEEND.

V.5 2 FAREHE

AL AT REPRRE A B TR « BN T4 8 R A ~C SR ]+ BRI e
AT B, A, SRR O BB R X R C IR EIME R A BT,
o ST C B £ & B LT\ B

A LT REER BRI T, AT FE DMLY ) B AR L, SRR
W TS, HERS ) BT ORI AR 2 dom ThHA, Som EHAST L bbDs. HEN
EARHETRE—ATE, B )RR, ARLBERCAY, ZOBE 2om ICET B, T K
SHECH, 1B A Y REREE ORIBRIZAS 2, BRI OFIRIZAS b Db H 5.

AHICE, LIALIAI, B EARHROBEREREIE L A L bBNERL G ERVEMRD
B. Tk 57 HRURT SR, R AR SRR B 4 RIS A C oMk - SO

y
DI R ETRDOND. WHTRD L, ODEODBERNICIBNTS, BEREHE “FhORAEH 2385
LTETDZ b ENTERLS, MEMMOBLITAMZRZ &b T, WRBRICBERA RO BN Z(L

LT ZeEbdd.
KiEDFEEME R THRBERBERARE L, ELLTHE, REA, D) ERARVBENN LR
0, RIS E LTHIRA, Yrvay, AR KRORERSEMZ LS.

H37X  HRBDIK R ERAE RS (FARIERE) 9507 LR BfmatEn
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AT, BREERTHELH LR, 559 1-6mm OMEHET, BOKRBIWLERT. AEA
13 1-3 mm OFEFRERT, —RICHBOREMEEZ AL, ERANEIEET LS. BR 6 mm #itgo
BERBAERFE R E2 2T bH5. W) BEALOBMETIZINA DA FRFBET L. ) RAIL, &
1-8mm OfERESE L Tom L EOBERFE G E R H 5. BERFE R IT SO I MAHRA T, BB R
V. HRLO B ) BRSO 98— MM AR BERNIE 03 -5mm OFEBRHLT, T4 A
(1 i R

V. 5. 3 HHEaes

ZIKEJ:LEJ%BT%E%L:%Z‘E@“%. HURLFR & ARIAE & 22D 72 0, ORI IR 2 B Y & < K S I0oqmd
L. EROEME LM & CITBEER A2 B, M TARI RS L LTV D AR L TARER
AL ORI, WEOEMEN RWTE IR0 diTo & ) LRV, KA FAREREZEW
TWB KD A d g . MIRIFE & FURidl &3Vl 1 2 0 L Tl 3 2 56 & MRIAE 23 Rz id & 3
BB RE L > T - TV ALEALENRDH B,

AEOPFRARIT T & U THRBRR B ERRRE D DR D28, ARILIE T BERIEME 3R
LD, MRIFIZEE U TR BERER SN 622 5.

HORLAH O TR % 23 iR BER & 4 B A BERAE RS 1E, 529 1om mBiOL ) RAOBEREED
BEATHDICTERWOA, FHCE>TIEER 2-4em OBV EARREL<ELI L bH 5. BRD
URAIIWTROMAIRA T, BEMENRY. KEOFROEMIIRES, 65K, 1Y EAGRORER
Thv, BRI E LTHIKA, Yray, A7 FORBRIEMELES .

RHEAIA 03 -3 mm OFHR—RHRESZ 7231F0, B 5mm figOBRER 272t bd
L. SOIMOVRTHIE A R L, FAMSEEZ T, ARIIE 05-3 mm OIS T, /OEBIEEE
A Y RAIRE 08-40mm O HE—FBIEBERGS &8 1-3 mm OMIEFES &30 5. SRR
IEHARHR A R—F A MEEZ L OD DL, MARAMETHLIN =1 MEEZ LRV LD LR
5. BERNIF 03-2mm OY:HTERM T, HAPICT X DINTT 5.

FORIAH 2 MR 9~ 2 Ak BERAE A 18, AR RS oM, LIZLIET 77 4 b Gk BB AH) %
fEo. F, RPHBTHWERAZTRTHOL AN, JEHICIZRESHEL RO D.

Mk BERILRS ORFOREMIL, EL LT, A%, MRA, VIEARCRENALRY, Rk
N E LTRBIRE, YUay, A7 = RORGHEME LS.

FHelEFE 0.5 -1.5 mm OMIZRLRFER T, FHWVIEEI LA =7, BERIEE 05-1.5 mmoOEAF—H
R T, —RICBEEEELRL, LIELIEI—A 2y FR&EERT. 7 UEAIFE 03-2mm Off
ARG T, S—H A MEESHMARAMEZ R, BERIR 02-1mm OfE—FEF/EST, SA
HFIZT U E DA 5.

V. 5. 4 flIIEERSE
STHDb
ARG TTRE BN/ RATR « JE ST Z8) (450 50 HOK SR 23 C, ) 11km, FEALARK 6 km DHEHH
(2, EARERLTOMT D, AEFATEIER NS kO RS 2 B &, BT



51

P AR PO, 0 LR R R R CRFE B AE R, 2 L C O C IR IR A O BT
B A L OB I RO, ABRITH S, A & M BRARTE DR & B
ST A TR B R R 72 5 = & BV, A BB OB RE 2 &> T, BL
VLA T T 87 Lo RO ST 5 A MEREED T & 1 B 5 B R R R
EEOWTWD.
A L HURLRE & MR & (2K S . HURCR LR SRR 50 5> 72 0, DRLAR 1L RSS2 (7
A, SRCHEAR S REEN L VIS R TE MBS 20 B 72 %
MR E RIS 1, PR BRI E 2T EAT, La0H ) EAEERBARE<, LB
AT B R ORI BB 25 5. — IS A b 7 <, SR T 5
2, M OGO R DR E R A L, BRI R 2 S, e, R
BB Y Y RRERE S S, TAREED ERRIBEARE 7T b0 b5,

» THRE S5 L RE LODEL T
HIPRIAH I @&?@ﬁﬁ% THEREIL - TR~ TR MRS T TR T B 1E 2, ST
i, W#WWWH RIS 72 & T/ 2 m . ARSI —ARISHIR RS2 R AL e & ML B

WEREMEEE E 2 EL L, KRR O A5 L B A DB 2 FF > RERTERBES 2 1 5 B 600 %0
23, YRR D B JE AT FREAE H 2 AT C OIS CIE BEFIE MBS S 4 5. ACE R & ik B
ERERE & ISBERERAEHEZ N LTl T 25460820, LirL, AEMICRT2LE20N5
Ak BERAERAE 723 BERAERMEE AR EZ 72 L COHBERZEREREZEN TS 2L b H 5.

MBI RERERS L, FL LTAHRE, BEA, DVIRARCERENNGRY, BIKSHM L L THIK
fa, Vay, A7z RORBHEEYEES.

AHEIRE 1- 8 mm OMIEHEE T, FHOKENH LA ~T. REAQIERE 1-4mm OFEB/HLT, HH
RS AR L, ARSI REET D, H ) RAEE 3-8mm OME—LHEHET, S—V A M
oy MRAEOEMIMTIIIANADA PABET D, U RADHREHH L ORIITRMEEA
BAELTOAEHAENE. BERIIR 05-3mm OYHAEMEHERL, BATICT VX AIHMT 5.

b BERE RS IE, FE LTAHRE, BEA, DIRARCERENNGRY, BIKSHM L L THIXK
F, A7 =y, PNarROREREMEES . SERO b O T ERSEYORAIT 1-3mm Th
D, BEROHOIXZEOPIZ 5-7mm OEBEOROAEABLE ST, AR BRI VIEEN A
Y. RRAEARO O LEREERTLOLNHD. L HICHVREMEZTT. BARAEVIES
EDOBITIEINANA NRFET L. WY EAEAS—V A MEEETT. BERI-RIDET, FH
B e LT, 74 MIofiT 5.

ERBEEMAOERIL, & 5-8mm OFHE, HVEAGROREROMMALE, Tk - 7V ES - fHER
M OBERNORDMROAIEEND R 5. BEMATIIAE 2-6 mm OILKEHO7-MEH ST, 90
WENEE A RS, I Y RABERIER 5-8mm OXAB—AERKMT, N—9A MEEZRT. SEaR
RAIE2-4mm O¥HB-AFHHET, HORTEEL R, AEOMIIRE 1mm UTFOSRLR
FmESENS D,

V. 5. b AEHIEHESA
AENE, EETHERAARL S S H - A E A~ RIS THABLICHEWE TOA T 5. AaiE, &
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PRTEIIC, EABTBRER BX, FH0C LB AR TE B PR 2 B <

A AL LT R 4 & KUK AG PO B RGN & 2 72 % . ML TR R W2 12 0 301 B
Bt & TR 0 B A C D ISR 0 L, MUK D S R M 1 BRI 327 65 AT
T B, WEDBERMATCHE, AP bET LD LG ERN DO L SIBRERA LICRE
L, HIZHiBT 5.

RO KAEE B R BRI, TR ST, BOAFMR 0T~ 54 ML b
WD T 7. BABIJEHE & O AHE T, FTIC KV ETHEASHOENEY, ) EAICED X
SIcieh, Eie, HREHO M H R BRI O < TR CE IS A B2, —HICi
SE R, ERAEILAY, RER, 7 BARORERT, BN LCRIA, 1
NAK, 27 = ROREREIEES . LR EMORER TR 5mm-1an BETHS. A
BT, TR AR, AHE AL AL RS T, BEREET L, AR SR
5. LIRUIEHRLER YA MELTWD. Y EAT—RICHMIET, MEEA =Y A N THD.
BV RAORER LS EORIITKRBEEAREL TS ENE . BRERTEAET, LEBVE
RBEIZEEL TN,

HUKLF PO BB RGNS, ABIA A ST AR, EROMKMEERIERE & k< PTh s, +
bbb, KERDIMEIE AR R SRR OB EZ R L, ORI~ 2 A MIE bITHD Th7au.
Fir, e FHTRI3 %O ARG H ST, ZOMOMHEMORS - 725 - Btk b EER L T 5,

V.6 &= Wk %

V. 6 1 IR

R, BRI A CRME L 2o T B b0 L, ERERIEMGICEA LR
LB D.

BRI, FR RO b0 L BB RIO b0 & 25 5. LTI b SRS, i
BRI A PETRSE, [R5 MRS T O 2T, TR S E 7= (IR R
WO RN TRAET 5. AEIRARR G, WO EE T, 3RS L, £E LT 0105
mm OB L RERED R D, S ROBEREES . B IR0 A B TR R B0
ORI A F T EAUC L BIS. AEIRETL RS L B SRR o T, £e LT
% Imm BEOREL & ANER DAY, SROBEFEHES

SR R AR 6 D BE IR E T S T Y, K EH SR SR BNS. AEIREEE LT
BEALEANAL PO RDMBEENVENS Y, FRESIEED bRV, KEELERTOH DT
GRS B CEIRT, BRSBTS,

V. 6. 2 EAMEEAREE
AENRHEIE, ARGHURPN T, FPEOHIBICHEE L TRET 21370, HIELTHE S RoNnD. ik
BEITEERS, AREA LK OTEMBEE S EEIC 20, Ry BABZ0 G TET 774 b L
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ELERBING. £7o, AR R AEEILR S, HETAI S, SET R, RO R &
(AL TR R B0 BRI /2 8 5 B L 5

WP IR 00 A MRS, BT/ EJSED 0 B (I 0 B K RIRT A IC 401 C oM, 4 5
BT 0 B 4 17 LT 2 C 00 Ml R O ORT 76 SR B M0 3 0 T C o B, 200 B> 3 MU
SRR, B ORERHA L RS IRO TR L /05, CIEI, FSILEER SRR, A 51 b
BE SRS, N 0SB B REE © 5  2 1o %.

oM, AT, SRELAE, SET AT £ T ORISR S < bR 5.

BEPERIREEO B AR, P b SRR & 52 DD A, AR LB R IR A2 R
8T, B TR (P LIEA) 0 R Ch B, A BETHERBES SRR & /6 505 SEBES S RRE & 1
KB EHSEAAE TH S,

A3 MRS OFTC A5 b DT, RS EIRILE BIERAE L AR, 7751 R
REODUBEEZOND. EHELE, EREERATR b EAEREEEAGO LD ThS. L,
G b A TR OB ETNC & > TR Uz & % 2 b,

iz A B IRBEL > TR

V. 6. 3 ERMEEIRE

I EERAE A R
RAENREENL, ARIE R Va0, @ LT & KAMATE RIS 00 ¢, Fadk 5 km, iR 3 km O
WA 5.

RBIRBEOMRSIRE, R 6, MEOEEAT, SREVTAL, EMEEEE, EEEETH
B AR UREEILARER ARG PR OMES 28 o T EA LT 0, AR B B (L
LS THBR TS, fHx ORIREIEE m B 5300 m A BT b 0EThs. SIRRDHTIE
BT A A MR SR L U052 L 5% <, IO RV IR C A RPN b i R
B OIS NG T L Bb . COL %, HENBOEEORET S — 1, Bk
REHCENRE U LA bk L7 = & 2754 1 SORHLE B2 RS, 20 L5 kY — At 7 4
AR SO AET B = & bbb,

AIROREHEFIT, WIRMICE 1-2mm ORHER & AHONERARD b, MK BT
R T D, IR AT RHE A 1-25mm THHAMS , TR A R, 1R
1-2mm DA BT MR ST 5. SRON U ERRORERONES SR HNG. Fl
BRI, Y A, REERORENNLAY, 505 BERBCEEE AT, LT LI
BT BN,

X TG BB

AIRRE, BT RE A LT, B IR RIS S AL E L FTC A T, el
FITE S ST RAY 11 km, B0 3 km ORI AT 5. A IREE & MR 5 B IRIA2E - SR «
) BB ORI BT RIS T, HEROKE S12555 5mm Mt Th 5. M R Tl ETE
W TR R ORER A L — ORI TH 5. SEIGHE & AR O R T
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FHEZFAFICHS bObH 5. IEEFLZH EROPITIE, BABJERET O NNE-SSW R W& IZih
STEHEALTWS LD b H 5. AIROER AT N20-30°E T, SNREEROME T LIEIE 5T
L. SECIEH L, KEHECEALTMOERS HD5. HROEFIWTAHIZITEETHD. Ak
DOIRITEETERE RO B DIX10-30m Th 5. BEJBHEH OEARILIF20-30m O H 0 b0 Th 503, K
TOIIE 10m LA R Ch B, HEAE RS P OBIRIE, W5 N AR T 2 0 Rk, dbdkR-r R
FEIZIE O D R A TR DA 5 5 .

AENRHEZ RS DTEMBEE 1L, R0 X211, ZEOMBEEZHEATHD. HHBEOKE S/E2-7mm
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BT DT NH AR5 &\ 5, B E boT 05 = L ians. £, BTRe - B
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F AT OD L I 7B/ M~ 5 HEBC LT O IV B 7 P A < R L, 20
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(Abstract)
GENERAL REMARKS

The mapped district is situated in the eastern part of the Yamaguchi Prefecture, and covers
about 425 square kilometers between lat. 34°00” and 34"10'N, and long. 132°00" and 132°15'.
Geologically, the district lies in the Ryoke Belt which is basement rocks zonally arranged in
the Inner Side of Southwest Japan. Topographically, the district is composed of relatively
high mountains which is part of the Suoh Plateau, clusters of low hills and gentle slopes
developed on the foot of the relatively high mountains, and restricted plains. The relatively
high mountains are composed of metamorphic rocks of the Kuga Group. Some of the moun-
tains have a flat top or an erosion surface of peneplain with low relief called the Kibi
Plateau. The terrain of clusters of low hills and gentle slopes is composed of the Cretac-
eous granitic rocks. Most of the terrain is less than 300 meters in altitude, and belongs to
the Setouchi Surface. The plains are developed mainly in the Iwakuni delta and the Kuga
basin where Alluvium is distributed.

There are two of the leading tungsten mines of Japan in the district. The area is also

noticeable by the occurrence of distict active faults.



Table 1. Summary of geology in the Iwakuni District
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GENERAL GEOLOGY

The mapped district is underlain by the Kuga Group of Triassic-Jurassic age, the Ryoke

Granites, the Hiroshima Granites and the dikes of acidic to basic rocks of Cretaceous age,

and the Quarternary sediments, such as, the Oguni Formation, terrace deposits, talus deposits

and Alluvium. The geological succession in the district is summarized in Table 1.
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Table 2. Stratigraphic division of the Kuga Group

Northwestern Part Southeastern Part

Stratigraphic Unit Thz(iSless Stratigraphic Unit Thégsless

Hotoketoge 150-250 Predominant pebbly mudstone and

Mudstone F. subordinate mudstone; with interca-
lated chert beds, and lenses and clasts
of sandstone, chert and limestone

Lithologic features

Ainotani Chert F. | 100-200 Chert with intercalated mudstone
beds (Bedded manganese deposits)

Fujigatani 50-600 | Sorayama 200+ Predominant pebbly mudstone and

Mudstone F. Mudstone F. subordinate mudstone; with interca-
lated chert beds, and lenses and clasts
of sandstone, chert and limestone

Kosendoyama 200-300 | Yoneyama 70-150 | Chert with intercalated mudstone beds
Chert F. Chert F. (Bedded manganese deposits)

Arase Mudstone 150+ | Rokuroshi 300-400 | Predominant pebbly mudstone and

F. Mudstone F. subordinate mudstone; with interca-
lated chert and sandstone beds, and
lenses and clasts of sandstone, chert,
limestone and basic rocks

Odomari Chert F. 100+ Chert with intercalated mudstone beds

Zenitsuboyama F. | 850+ Chert- beds and alternating sand-
stone and mudstone (pebbly mud
stone and mudstone); sandstone is
relatively dominant

Kuga Group

The Kuga Group is composed mainly of chert and mudstone, and divided into ten forma-
tions. The Group has undergone mineralogical reconstruction by the Ryoke metmorphism
and contact metamorphisms by the Ryoke Granites and the Hiroshima Granites. The mapping
and the stratigraphic divisions were, however, made with the original rock facies.

The Group is complicatedly faulted, especially in an area adjacent to the Iwakuni Faults.
Therefore, the exact correlation of beds is difficult. Then the terrain of the Kuga Group is
divided into two parts bounded by the Iwakuni Fault, the northwestern part and southeastern
part. The Group in each part was further subdivided as in Table 2. Correlation of successions
in both parts is made, based on the similarity of rock facies between the Arase Mudstone
Formation and the Rokuroshi Mudstone Formation.

The Mudstone Formations, such as the Arase, Rokuroshi, Fujigatani, Sorayame and
Hotoketoge Formatins are composed mainly of pebbly mudstones and mudstone. They bear
frequent intercalating thin beds of chert. The pebbly mudstones that are predominant in
the Formation include lenses and clasts of sandstone, chert, limestone and basic rocks. The
lenses and the clasts are various in size and shape. They are angular to rounded, lenticular,
spherical, rod-shaped, spindle-shaped, and so on, and millimeters to hundreds meters or more
long. The limestone yields Late Permian fusulinid, and the chert does Triassic conodont.
The mudstone is subordinate in amount, and may be of Triassic or Early Jurassic. The
Formations must be olistostorome.
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The Chert Formations, such as the Zenitsuboyama, Odomari, Kosendoyama, Yoneyama,
and Ainotani Formations, consist chiefly of bedded chert, associated with small amounts of
massive chert and banded chert in places. The Formations alno contain intercalating thin
beds of mudstones. The bedded chert is generally composed of rhythmically alternating
chert bed measuring 1 to 5 centimeters thick and thin mudstone seam measuring less than 5
millimeters thick. Intraformational folds are frequently found in the chert beds.

The Kuga Group is gently folded, and lies nearly flat as a whole.

Metarmorphisms

The Kuga Group has suffered the Ryoke Metamorphism, a regional metamorphism of
high-temperature type, and changed to the rocks of the Biotite Slate Zone, the Mica Schist
Zone and the Banded Gneiss Zone. The grade of metamorphism increases from north to
south.

The rocks of the Kuga Group are, moreover, affected by contact metamorphisms of the
Ryoke Granites and the Hiroshima Granites. The contact aureole by the Ryoke Granites is
narrow, but that by the Hiroshima Granites is very widespread. Spotted cordieritc biotite
hornfels is widely distributed, and the porphyroblasts of cordieritc and andalusite in euhedral
form are frequently found.

Ryoke Granites

The Ryoke Granites are divided the Older Ryoke Granites and the Younger Ryoke Gran-
ites. The older ones have generally strong gneissose structure, and intrude subconcordantly in
the Kuga Group of the Banded Gneiss Zone. The younger ones have weak or moderate
gneissosity, and intrude discordantly in the Kuga Group of the Banded Gneiss Zone and
the Older Ryoke Granites.

The Older Ryoke Granites are divided into the Obatake Gneissose Granodiorite, the
Gamano Gneissose Granodiorite, the Tajiri and the Tengadake Migmatites. The Obatake
Gneissose granodiorite occurs in the southeastern corner of the mapped district. The Gamano
Gneissose Granodiorite is widely distributed in the southern part of the district. It consists
of coarse-grained hornblende-biotite granodiorite to tonalire, biotite granodiorite and horn-
blende-biotite quartz diorite. The Tajiri Granite is fine-grained biotite granite intruding
into the Gamano Gneissose Granodiorite of south-central part of the district. The Tengadake
Migmatite is a mixture of banded gneisses and granitic materials, and occurs as an east-
westerly elongated body to the south of Tengadake.

The Younger Ryoke Granites are divided into the Kibe Granite, the Namera Granite,
the So6 Granodiorite and the Sasugawa Granodiorite. The Kibe Granite occurs around
Kibe in the southern part of the district, and consists of coarse-grained biotite granite contain-
ing characteristic coarse-grained euhedral crystals of potasium-feldspar. The Namera Granite
occurs to the southeast of Mt. Himuro-dake, and consists of coarse- to medium-grained
muscovite-biotite granite to granodiorite. It often contains a small amount of garnet. The
So06 Granodiorite occurs in the central part of the district, and consists of fine-grained horn-
blende-bearing biotite granite. It is intruded by the Hiroshima Granites. The Sasugawa
Granodiorite occurs to the west of Shimokuhara, and consists of fine-grained hornblende

biotite granite. It is very similar to the Sod Granodiorite.
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Hiroshima Granites

The Hiroshima Granites are distributed in the coastal region, the central part, and the
north-central part of the district. The Granites are divided into the Habu Granodiorite, the
Shimokuhara Granite, the Osogoe Complex, the Nakayamagawa Complex and the Iwakuni
Granite. All of them are discordant intrusives, and have no gneissose structure. The Habu
Granodivite occurs as an elliptical stock round Habu in the north-central part of the district,
and consists of fine- to medium-grained biotite granodiorite to granite and medium-grained
porphyritic hornblende-biotite granodiorite. The Shimokuhara Granite occurs in the central
part of the district intruding into the Kuga Group and the So6 and the Sasugawa Grano-
diorites. It is composed mainly of coarse-grained biotite granite. The Osogoe Complex
occurs to the south of Mt. Monomiga-dake, and consists of medium-grained porphyritic
biotite granodiorite, biotite granite, fine-grained biotite granite and aplite. The complex may
be the ore-bringer of the tungsten ore deposits of the Fujigatani and the Kiwada Mines. The
Nakayamagawa Complex occurs in an area between the Gamano Gneissose Granodiorite
and the So6 and Sasugawa Granodiorites. It cuts discordantly the So6 and Sasugawa Grano-
diorites, and the Banded Gneisses around Mt. Himuro-dake. The Complex is composed of
coarse-grained biotite granite, fine-grained biotite granite, medium-grained porphyritic
biotite granite and granite porphyry. The Iwakuni Granite occurs in the coastal region from
Iwakuni to Tsuzu, and consists of coarse-grained, biotite granite and hornblende-biotite
granite.

The Hiroshima Granites are of 100 to 86 Ma or early Late Cretaceous in age.

Dike Rocks

Many dikes of felsite, quartz porphyry and granite porphyry occur in the district. Dikes
of aplite, granite, basic rocks and porphyrite are also found. The dikes of felsite, quartz
porphyry and granite porphyry tend to develop making dike swarms. The most conspicuous
dike swarms are the Takatdyama felsite dike swarm and the Rokuroshi granite porphyry
dike swarm. The Takatoyama felsite dike swarm occurs in the southwestern part of the
district, and consists of N-S elongating fine-grained felsite dikes. The dikes intrude into the
Gamano Gneissose Granodiorite, and cut by the Nakayamagawa Complex of the Hiroshima
Granites. The Rokuroshi granite porphyry dike swam is distributed in the eastern part of
the district, and consists of NNE-SSW elongating biotite granite porphyry dikes. The dikes
intrude into the Kuga Group and the Iwakuni Granite of the Hiroshima Granites.

Quaternary

The Ouarternary sediments in the district are composed of the Oguni Formation, terrace
deposits, talus deposits and Alluvium. The Oguni Formation occurs around Oguni in the
southern part of the district, and consists mainly of gravel bed intercalating thin seams of
sand, silt and clay in places. It is about 40 meters thick. The terrace deposits are found to
the west of Hirata, and consists mainly of gravel bed. The talus deposits are distributed on
the gentle slopes developed on the foot of the relatively high mountains. The deposits consists
of angular to subangular pebbles and boulders of the rocks from the Kuga Group and granites,
sand and mud. The Alluvium is distributed along the rivers, and in the Iwakuni Delta and
the Kuga Basin. The deposits are composed of gravel, sand, silt and clay. The Alluvium
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developed in the Iwakuni Delta is composed of an alternation of gravel, sand, silt, and clay
beds, and is more than 100 meters thick.

ACTIVE FAULTS

In the mapped district, there are five active faults named the Obata Fault, the Otake
Fault, the Hatakitoge Fault, the Iwakuni Fault and the Nagano Fault. They form the main
part of “the Iwakuni Active Fault System”. Each active fault has a trend of ENE-WSW to
NE-SW, and shows the right lateral dislocation with a small amount of the vertical displace-

ment of the northwest side up.

ECONOMIC GEOLOGY

There are conspicuous tungsten ore deposits, many manganese ore deposits and limestone
in the mapped district. Two tungsten mines, the Kiwada Mine and the Fujigatani Mine, are
working. The ore deposits of the mines are of a skarn type scheelite deposits associated with a
small amount of chalcopyrite. The ore deposits are situated in the mudstone formations of the
Kuga Group, and are thought to have been formed by replacement of limestone bodies in
the mudstone beds. The manganese ore deposits are syngenetic bedded manganese deposits
situated concordantly in chert beds of the Kuga Group. The ores are composed of manganese
silicates and manganese carbonates. The ore deposits are innumerable but generally small
in scale. The limestones included in the Mudstone Formations of the Kuga Group have ever
been worked in many places in the district, but now only the Misho Limestone Mine is
working.

The Chert Formations of the Kuga Group are quarried at two places for crushed stones,
and the Kibe Granite is quarried at Taketsune to the southwest of Kibe for building stones.
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