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PRI PELLER T BES s Es ihAR . 8) A
WAL AR A A7 AE VA S Bk I e 22 T ek,
VLB B IR BE e, BRI IR A7 7E 10CG 17 IR
BIE 5, )2 R B R AR A, R R AT
10CG ZGEHIA S ERIGHRAL . A6 Ak T A PR Ak % U,

BN AENE-ST BN RErER /N, 9) Kt
(BHRARIA) B4 100G § KA A LI FIA
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RAGF (R D), X IRES M LA 2 MR —
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Ltﬁé & 18R — o . , AERN16~1.5 Ga) AT RE 422 3T LA AR g
=y = 2% .
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B X IRIEIH 3 600 30
B /R 3 L 3500 26
2 5 e e DL 3700 55
AL 475 20 Eigﬁ o0 o
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WNEGH . RSN, P20 RORTR A
PR R R 1) 2 P4 T X 3 7 1l
NS [ %% 7 B AR R 3 o B 2R 0 L X R ek S8 A
[I7 S IR U A WU R AWN A AR GRS (P g
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BT Ry BRR ) S R AR AT L i HAE S (]
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THZ=SRHES R . B e [F A TR 9 7T RE
PE, 3) AR 0 RIS 5 A OB s AR H i
WK, PORIESHEAT 1 200 Ma, 2T 400 Ma, 473
MMhmﬁW%W%,Aﬂﬁ%ﬁ%ﬁ?Tﬂ
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YihE, EERERT FIRES, COs, Ba, Pk
Fﬁ%ﬁwﬁ$z,%1ﬁ%*% JELIG 59
A= s 4) B AR — e 2, — B R A
TR AR ,&%ﬁé AL ; 5) Ak
(CuU-AuREE) #" IR FE2TE b 5T PR 5 P 0
YERIM=1 . AT BB IR 1A IR & 45 K 7 9 KO-
P RGE . HTHSEBURAE SRR A8 1 1
I S E S TS RO

9 TAERW . thonihi U — 2k vEnil G
WElml , ZHE IR L 18~ 14 42 4F 18] 0 i A7 #8 Kt 1
BVERA KRR A, MRER S5 RT
M FEIARL AR E IR XS4 T
B, ANl TSGR . EHER
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SRR LT, T T RS AE Y CurU-Au-REE
AR, BUARIC S0 PRI I 0™ PRI SR 52451

BUBKVC 5 V- 13- BB PRS2 T e SR 7 S8
RURFFBLZR . B IRIE IS R EEA G, 07 R M
JRCRFAIE I JRUPRDE e U™ PR 7 £ JUPKDE s 300 15k
FARER, TERARIC sE U RS s TR A 3 1R
Vs, RTEE e 1) Ry (o
B, kA, Atk B B
SOHE S A AL, B AE TRARERET, H
B ORERGT, BEEAT, WE e, RO, #A,
O, TWAES A1) ZES, &G
SARLE A T 322 R B B kA RDIR A 9+ T
a1 AR, X 3 AL A AR R AR S AR R
BRAMAEENIL, WA LR, MRAS
. 0O AR A e R AR TR 2
UL BRI LAY . R R AA
SER AR Z B By,

WAL FENTH v DL RO A BRI ]
PERBARRW] PO HOK SR EE AR KA
B IR FRINIR G R, ATRERO R IR
TR, 0 A AT AR AR BRI
PSR R A R IR R . A DR
TEIR AR i TSR E AR A A B iR R ik
JEAEHIFTS IR0, AR AR ERE LA Kk = 25
I Ang & MAEDIE I & A Wh I AR . J25 40
B RN e BARDE se U R A 2 07 A
BRI T2 A B L = v R R A s R
JKAGIANR— 2, 75w ) 5o i , U-Pb M AR ALy
MEHIREFERM . T ALVEEHEREE faika b, &

BRI DBk BRI S B A LI T Y

T, Haynes 46 (1995) i1 FHAL b 2415
PR AR KK IR B E ST T2 IR
MR . G5RRMT . PR A G A A
F . 5 BBRIC 5 R A SRR I 58 AR ] PR
I, AT, RS 1 BEENMREGHE
FIATIE R o B 2 TV K S5 HOKIR A A B
HE N, FER MRS SRR B . B i
b ] o A s s = el N I 15 ey
HREEAL , B AR T T UL B 4 3 R AKOE g B
% RIATET IREY LA TP e AR gk + A e+
BratbtHE AW @YHAETD ., &Rt EE
SRE HARE & RS, BIE R, B
BE, ATE, WA, MR A0 (R
HA T rEsREATR ) . R HRT WAE [
I Z eyt s . RV et b, soppae i
FKE o3t T iR A AT AR A VR FH i 3 A2 2
T,

BRR DT 5 300 Af Wk 2 2% e 2 A8 R R -l 40
A, R TIZACE TR S B B S i L
FIR LR AR fil i) 55 1R 7K A4 )2 R B
By, HiFZKAE Cu, U, Au PIRG4S #iz 2] /A %
wAeat . FEARE 5 MR A A K Fe, Ba #ll
CO. MBI KA BN, B, #id Xy
PREFIE M AR, Haynes 25 (1995) #2H—
A TR AR DR B DT v 401 -
SR IRI S . MATIA R, ARIR AR T e
2 BUBRDC v WU -l 4R R B 2L VR

Bh (BT EXLWI) 1996 55 2 4

B2 ok [T 52 100 6§ - & - 3R & BK

1 AR

BAAKDE 52 U8 IR 1976 4F & BHL, 1984 4F-5¢ BLA™
IR ARG . %0 KA 2 Ffk ., &
HIEFER B R Al 350 m; BHTHY N ZE )
W, B2 NW ] EARDC e AR IER @) #
Wil S ARG AR R I AR T A R B
B 2, B A M HOR B ALY, SR 3.23%6 L il
(U;06) 0.68% , 4:0.6X10 ", fhit4f#E 3 200
Jit, i (U;05) 120 T t, 41200 t, %04, 4.
B, R A AR S A AR SR AR

DU AE &7 IR . 2P IMEARK & H TS R
W TR EE LT IREZ —,

BABRVC SO AV e A IV M B 75 B ] b
PP 500 km &b, HPEFRG A BRARIZE,

BRARVC s 05 P A R RRRG R DX, Rl AR IX Y
RIECABTAS TR AR Al , B 2 18] 4 SN ] EWT)Z4HF
— AR 5 BEARIX A VS E AN PE I I . 414
H Pl IR A i 25 G 1 1 i s h S A DU R R S
. JUMKUC ST IR FE R AR L

W IRWRAFAE B R BARDC se UM A R h - (&
1), BEFIE IR 6 km X8 km ., A EBEMAIAER
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7 el IR i

el h

[k

¢ (=)
b [t

WESIE R A AR R BRI A s, o iR E
T R (29 1.5 kmX2.5 km), A
TNHEMFRE T 1 km, BRJE EE R ARERET, A AIE
“EHUIIE R A . FETCR A TRRERET

BT AS B AL e AR ZER 2L TR K
D EME LA AR, JE 10 km, AR H S
{CAFEFT R AR IR AR A R AR ATE R (PR R
wihiash) mEhwhnE , EE RS R
FAMUIBVE AU, Rk A A2 DR
JZ ., PR IR, BRI K Ll AR
o

WX M2 S22 2 384y, JARDC FE -
PRAGFEEIEHZ [ R L, R BUMKIC s 20 A AR IE/R
TEHH N, U TA B, — gl 541,
B S BAR R A . A AR A BUMRIT S A
RS MAERTELLA A D, LR RICH TR A
BB A E SN AAZ L.,

BMPTTEA , H R A 5 B, REAER
ARRARL, JE800 m KAE, EEAM IR A M
BRI 0PI E iR BBk . ek a s
KIURE)E 5 BETREEE B, JR 150 m, FEATEN
AR RN E AR R B
B, SRl MZEERET, AR S 2 LR A
W B LR Z B A BRI, R B
JE 350 m, FESAM R E B E T S MATRE
TR E ALK A ABREMEZ AR, 7 RIS 5 i B
B - H R R A AR Z B A A b A s B,
JE 300 m, FBEME N VAL = R S T K LA
B R R T YRS fa ik R R RIRE S
WS, BEHRA RIS A G . AL
Xk A /DR R s A ARRA B, R
1000 m, FZAM ALK E MRS R/DREEZT Y
WRIE 16 B A R . BLT . 2 = BERR R ik
5, AR BRAE A B AR T AT F AR L A I
B S kA

FEARIE RS, TR B 3 B, THEBANREEE

E1 ERTERT REERREEE [5]FEm T2h (M5 . 1993, ()]

I—UIRBUAZ 5 2—MRME ks s 3—AERA s 4— BT

B, JB25 m, AMELLATE, JRERET N ERY R EL AR
B A AREL G 0 W e S AR i AR i
TEW PN A s X 32 B WA - B 1k
ZBA 4 s IR R A B, R 500 m, iZBEH
JE & AR RS RN, Je—Leii B T e
JEfRRS Z R A . IZBERR A AR WA
by KB, JE 250 m, ZBHREE Z M Kl
ARk A MIBRS . SEZ ISR EILE 2 BB R T K
Bk AR, BTk,

BARVC e I IR 35 2% 480 m, H i oA JEk
IRIRANRE . ZRBER I . JBURIRGRE I b i
INANGR S SR RIS E el Wb =i ol FAR ko N
TEEZRBHHARI A s BN AT ok &
A IZRBT R B A e R SRS AR R 2
AEEE e fih, ZIRBERIA . JE 60 m, 2R,
JRTR R IR,

ML ARATIICAE A BRI 53 1120 FiiA%
MIERIEA A A, (HEERAZZIUR AT,
LR REGRE, MBI RS A, BRMAR Y
REE

BARRVC O £k 37 B BARVC s U A s il . b
HRAF 7 km, FERTF 4 km, B NW 7], 7£15)2
IR AC SR IR AV RT3 /i A s 7 VN | TN NI
NE [, S (1% HE RS B S T 50 1% BLARC SE 3 21 5
VaE VS e B i ol e i e BN i Y Al
Ar I, B R RIS, HiETHGE KA SRR X AR
] BARDT SO [ S i}, AR 15~20° ; TMiAE NW
M ) N B NE 284815 8" X% 6 i) ¥ % W72 A 1)
T RE T2 AT T A A oRn E R A

XK WA ZU R BT DI L (7 BRI R 2
B2 O BB SR B By i ARty 05 T LA B A B2 AEAE

W IXA 2 FhplAR , s P AR 32 50 SRR
EATERISEIAT , ARSI S AR R, Sio,
FIBR R ER Pl ARt PRAE SR BB L X, 3 2 AR e A B
Hori 2 fsRa iRl B, Hp KA mesn
e AR s B 500 6, BRI AR
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Figgle A, FEAE RARIC s g 138 LB R
MAER AL T3 2 B,
BAVCTII A, Bl M. 4. 5 R
1k, BT IIEAER A AL A SN, BARDT e 3l %
FTA )2 AT I AE  (HR B E SR L
LS H R BUMRIC 5 A R A AR R UL T BEA 2
H, BURUC e U IR 40705 2 2R R Lo
LA, BB - B - R o SR
R R RS s A A B, T X AL
Rt KA GA 350 m, 7EA"XVERS . PEALAIZR
(R ez S e v SRt A S R RSV
VESEINZ 3 A~E JRE B . B R IR ek
G, BESTIEeMML, BEEe R,
L BN e T 7 R A A NS B 7) = i) QN
TEREH - BEE 70 A () S HE T K FAS BN 3 5
A L T BEARDC 5 02 14 A - BERN | ERAE B
PR B SR AT R B ) T B REIL B, SRR
L A = W €S Y i o S g il e o
WK 6 km, $50.7 km, # LR KIEEETE 300 m
Db, MIgEREyiesemi g, BEE080, &
Wk AR E /N, —FEARE] 20 nm, S WA EALERIL
YRRk h sl Y AR T
TR DR RS AR th W2 VERTE AR
B NW sz o, A A RN BB & E
JEPERIAR . Bl RS RS- — R A
RET YEBAERAZ LRI e X
B, MAPRE T RE R T Rk IR e
Wi VUL S UR I RN A TR I S0 W TR I K
B, 55 LR/ & AE R DTBUE I, DA
2 BRI ey Bl Y R R
A XU VR T BB A VR R R 1Y 44
WA G, VIZERIR MR- B4R 00 12 )5 B
ICHIZIE A5 3R 0 AR 2 7E 28—k R
FHH B 45 A ) ey 24 R AR s Al TR i
WAk R L 55 5 AN R & 2Rk A R
AR ERZE . KILABRAE FERS , KO
FRBE A . XURI KA FH 2 D R A R ik
Foa RV R AR, 2R E 82 T RefEEh M
IR ORI, P kAT B B A ke 1Y
UORRZE ) AR AR R AW F AUS B8
e TN A B 2 LR A . e
RUOHLBCARZA . gk, J5k X gdae iy
FEARUTRR AR S5 . . BRI &R AT R IR T — Pk
BRI . SRRk ] B FHEE R, RERR
FNERe A b S AT

2 M&ESKH

BUARDE SE 30 U PR A S RIS Dy N4
L AR AL, WA R A B, mTLA
A 2B Bk Y — P

1957 4%, PYESA M2 7 IF IR AL T i A A
B, d AR B R 2 e e
A, WX —#E& &, FEBRAMNE e #A A
TR R R SRE R IR KR
DU R A2 | Bk 3o e S5 22 06 R R
TP A T AR, 19571976 41 20 AFf[a] HL, 48
FIRE RIS ANIE 2 Br7s

AP 5T
G 1.974*1976 -

ﬁ91969“‘\ s i

]
& _

R 30 |
= AR T E R

%20 li _
e s

B 0| — i B A ]

A 4 4
1960/61 1970/71 1980/81

B2 AHTUABDVERKRANTHRTEHEFZFREAT B
(31 H R.Woodall , 1994)
a—FnIH X ; b— KRS (DL 1992 4F O (5D

19571960 4F , FEIEHIZEHbIX (I 25 K T 15
A8 K5 IR T VIR P A0 R X A Ay, HEXAS
I H AR (B 2),

19601987 45, 7 pig Wb DX — 2 0 A BB i
K. Tl FrISE (Moonta) Hilf™ A1 1 £x
T XA —EB 5 A KU T 5, Fr ARG
BRMZ , FSERE I T ERAL A BORE | Rl AT
PORWACIN G, B2 Tk ik, hdfes 1
2747, ARAE (F2),

1966-—1969 4F, ZEVEIRIRAAN (Warburton ) 3
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Xl F ARG AR R BTk, I T2 503t
A, BV RS A R IREORE . (H A AL,

19671977 4F , 75 P4 WS BRI A 2 - i A 7
F— AR, B X AR, AR RRLE T 11
A, F 1977 AL, AT (B 2),

1972 4, D.W. T BT 78 IR A1 11 b X T 2w
58, R TR MRS, R EARAE AR
SR [V v ails b/ 71 VB ST =K A IO N TR 7 5
R KR, HLDIBUE AN E A AR R4
T ENPIE D, Hit, BIEMA LK
BEZ i i AT S RS . IR DIE Y
FEAETEDIRUA TR, DHbIRPISEA BERE . fr
BEZ A5 T 5w S 5,

1972 4%, Vg BHRIEZ A SRR, BT T 4
T AR, & TS R R R B BURAE L JF
F 1973 e EE L AL E BT AL XA, H.
BRFEE T NF HER Y T AR, b A18CF T 1974
A6 H eI IgY . e A s X

TSRS A R, S R 1
S, 1965 4F 1 H, BRI & MA M A 2
PR A ASIE R R S BT U) iE B G
NS (BEE) BEAL”, ik ok X 3885 )z 45 il
TR ER .,

1972 4%, BA7HE LR 4R 0 A8 T 2 1 A4 i
RS AR T PH A i A SRR AL R i 43 A7 v
RENESE, 1972 4 & BT K2R 1L R 45 /R 4 LA
IR BRI 1966 A6 e RSS2 4k
e, IR RS RE A R, B 1973 AR,
PO T —4~ NNW [i1] 19325 B 3 -3 R S K i 7
T AL, KR RPN XA~
AL b,

AT FRE , XA G LM 2 Ho 1 B
bR, B, XA L2560 3 U
wE,

197445 6 H , ARk$E AL LA B, F A
TAESE TR W A AL BRI R R IX . TR Ay
IR 8 0 2% 25 A R RAE Sl b 2 B R H R, Ut
I, BRI F S OTE X A R R ) S e
B I X e S T AR TR T AR DT
FHZ I ZRATERM,

1974 8 H , HER TIKZLL (Gunson) H JJ
SEShEEENYE (B3, HmERYHAERE
SRR T XFIA AR IR,

1974 4F 7 F , B8 B R SRR 38 R R i 4k (&
TR RE 5 Rk 58 B L ¢ 25 7 2 1 A s SEL R TAE L UE B

Y & f52% = MEEE
EE 5 % O iR

B3 “HrEI/R4EFEZE” HIKIE R B NWW @) 21 E R
SE5FEBE &GH R.Woodall , 1994)

TR R = E NWW [m f9 15 8 i, Eg—1
NNE [ (LA DI S, FERMAL NW ] (#2516 0 26
PEAAE R S B A A 2, B DB 00 i 25 0 =S
POIRE B IRIERE) & . Hiitt . FERIREER
(Andamooka ) EIMEHHE 1T EAT X Fh AL i 47 AIE A9 28 5%
HIX,

PELIRBIR MR, 8 NMHBERY B X Hhf 5
BT A S5, PRI, BFLOE SR T AR
DL 5 LB 2 et 94 5 0 L[ ke i 44 Ay il e B B
B (Acropolis)J; 1975 4F 6 H , RD1 &L xE7E HAK
VEsC N E ) -fiiG-t s AL X, T E R
SR T BRI A X s, bR EATE TR
EHIER A IR A,

XE DT E B, HH B2 — T RS
WA T )4 5 S T RE R PR S BT AR
A A kA, oirdi R W, WA T
R, S IEAFAH R, 38 m & O B4R Sl 194,
1975 410 A A% MR M0 21 1F . 2k i 4nm)
AP, AamadE, BBk SRR,
KAFERT R, T PR A, DIECER, &
AR AL ek Bl B SR R AR
PIRBE LKL

R EAN DL E e A R e 1 A BRI
BHANG, RE—FRCITT 8L, FrfTRINA
SEA AT ERNT, WURRARNETE, (Eid A
GURAE SRR R Z AR A Y 7 SR A TR
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AL, Az AR el A, i 5, RD10 fL
AUESLZT IR AAAE , FEIZALHATH] TR 170 m,
Bk 2.1% WA 2 . F 1976 4F 11 H7E 529 m
TRACZAL, WL 4 BB s R ], < B sl i
TERERL, AT Al e R A5 O FF i s Al A
IRAF ST B A A 1) 32 2 b BE RD10 &L 2= /D ik Ay
1 000 m” (R.Woodall , 1994 ),

] mase T
()

T H A Hw(Cu)>5%
m Comcu WAL | FEm | wcw%
>=5mCu 1 33 1.0

A TL 5 92 1.0
[O]1 x# 4k 8 14 1.2
T AR IE B 190 130 ;?
(o] mw

B4 BALENFEHE. EMTEHRRERER
Fl R.Woodall , 1994)
P R AR AL

3 W IR AR AR

D) IEAR AN 2 iy B 27 K R. LR
Pl XA TR CIRIE T, 3 A
IR AT WS IS —BOE I & A
fHERY 3 AR T A MES L . D.W. T iR
HE SRR IR BB R B RN T
IRFEREI A LADURA o A5 a A A3 PR 5 Bk
PR 58 HL R 3T PR 2 R i DX S )
S A DOBOGHR , R BRI e S i X ik
TG M T AR .S, BB LETRR A D.M.
AR RIS T T AT T LRI R R TR E
LA E BARDE SE U X O LS iR H bs . 3 XUHR
AT BARVE SC I X, KO i 1 e Y
B, P8 W IF AR RSN, BARII A SR 550k
St i B A BOR 220, HEM AT A AR
KAWL, EORIFEREAT R, B8k 24

—E S S0 B A SRR B,

2) FEHEYA BUMIC 53 008 PR AR v 3R B R
FEIEHM R S YR EHE A . XIS HE TR
DREURIA TR AT, DX IR DN 45 SRk 5
A LR RS (ZRA T, B
Ko FHHE WA ), PR LI L “Rh#RER
HRHGE”, B 8L (RDD) JE AR LMt
XWNE, #SHEATEN, FRE RDL FLAR
FT7 RD3 FL . (B RFEILR NFT B AR AL
ZJ5 s SGHATERANA IR TAE  flReah R
BESH AL T RDL ALRAL S PG dL 7 10 2 ),
SELEX N AL (RD5), 455 RD5S LWL 5 J&
JEE IR AR R A A A, G 92 m E A
L.oL6 B4k B, BbJa X 7E RD1 FL5 RDS L
Z AL, B S T . @G &, 7E RDS
FLLAR 400 m £fi RD10 fL, RD10 FL7F 348 m IRAMT
FE 170 m, FH1 2.12% . & UsOs 580X 10 ° (5
LB, SR BURIC s I PR s A B R THE Y
KHEEFL, JERAE RDS FLIHI A5 T RD11—RDI15
fL. @M iaE . f i RDI0 FLIK, =i,
FTRN A A0 T3 ) 58 B PRI rE e, S
AIRBSE & AR A A g R . Mtk v BE
] JE BB ) 8 R AR A L R T R S s o R
P e E ) SR TR AR AR AL T R LA 800 m [ B A
fL. RDI16 LA F 5% st , 7EFTH] 419 m TRZAL
ZRMEEIREHN . AER R E ST A, Rk
A978 4% ), X HFHINES] 1 319 m, £& Rk
A FHATE TR AR, RS S A RDLT,
RD18, RD19 F1 RD20 #BFT 2] T A M {E Mo 1k, I
1SS AR % (VA i W o o S | oy [ R A e
FEIFHE I EEE RGO &S0 W E Rk A
A, BEFE A EIERE, PR A T H AL AL
TR LA K BIRETE

FEARIC S U AT T R e L2 e . Sk
37 WA . Uy DU, M IR 55
YR TAE, SR A T2 e 235 SR S 0 5 AR £ i)
o R B SR UL B2 (BT RAFRIXT I OC &R, T A
IR REAIR B DA AT R0, — DRI
L5 BB S U -2 RAT K

3) BUNHRAESEELAREZEORHS B A W R4 T 2 31
ARVC eI RIS DA 2R I BB A5 2 — . e EIUR
FRREHIX , BRI PSS Rl UEF T T X Sk
WIGE o T FH%) DX 3l i s R A A ) S (L2 LT 2 A
IR 7 5 Y=y R g SRR S A Y SR A5 20 A L 3%
SEELRRIE ORI R RIS SRS TR B,



% At BA-EF K 25

K F Al BR A HE 4 = ISR -2 8OIR

1 MRy 5t

BRI RE = H] (Emest Henry ) #i-4: 5 IR T
TR SRR N R AR TR O AR &, R
NNE £ 30 km &b, T4 1991 4E il P4 36 b A 7 &
My, TG 1.22 12 v, “FH
1.14% Cu, 0.55X10 " Au (EP&3HE44y 140 )7
t. & 700, AL, WEER, PR, XER
KA. [ BARVC 5T 318" R & B R B i KA A,

W IR TR I N L2 2R 3R et i e oy i
FAH, BRI S AL NE [ 24 20 km A0 A8 TR 5
et kIl m N A7 41254, i
FIVEE 3 GORHEI K P R == R L A3 A A K Y
TEREIRBCA R, § L AT RRJEAE 15 /24 RT )G —
MRIAE A E IR ARV HVRTERAE B TR B
ZIXHIE I, o R EE Sk, 0 R e RRTE 40~
50 m MR I, BAEwDER, ASIRAEZ
.

WA — KA SE il (iff 30~50) ()4~
SRS R, JEZ) 250 m, 5% 300 m, YSHIAAE
it 1 km, B FEA KA MAS H R ERASTE 1Y
HZUCEHA RWBER K LA, IR
SE R BY I A (1), A0 ARG
WRIREL - A £, FEE AR KIS
FE = ik BB 2R YR, &5 EE
A, WA A BA —FRAEN . HIRAEST Y
OB, BERRE, BRI AR e 5384
Skt gRilef . EASRRR R — A AR L.

2 M&ESKH

TRHT PR A A B LA TR S T BT TR 2 B 1 oy
RSN iBUR kI INDIT emIli D i< g g ARSI RN
R, o T ARIESE R RAY L S A A0l 32 B
T DR B IR T Ben) G N . W07 1A
£E2 LIRANIE; o eI sE 2 ST MR TR (I VA < 1Y
BopZGe s T £, BRI T UL
Y A AR S A 2B M ER e A 5, B, 20
THAE 70 AR Y A BRI BUMK DT SE LA™ IR Sl
LR T TR PR L K 20 122 80 AR & LAY
BT -0 TR ., IR PR — e 5 W e A SRR

459000E

B AN
:;ﬂ 1o .-'é s jf/
RS i 7 AL A B
- )
v o AN TS, Rk
i o

é@% &, AL 3
7739000mN

469000E
<
o
N

E1 #RUT 60 mEEHKRMFBEEE (51H M.Webb,
1995)

TERR N TR 2 MBI, SR SR A AL B
20 22 70 A A AR DX A i A s T g 00
B A= 22 Nt Jm e 20 HHE4D 80 AEAHI MG 400 m £k
SR B RS BE TR . X Sl B 3 S et A TS

Ak,

M o
BT S5EE A T IR Z B0 AL
W IR SRR S5 A L, PE LA w5 A
B R A A T R e S B PR R 7 AP RS
MR AT A A X B AR IR BN A B . AR X
FERAR-40, T2, 1989 4F 9 H #E 4310 A1 =i iR {6
FUURE S 5 L X RS AR ATIE . IR SRR A F AL
SETEEWE , ATE e PSRN & AT
Wi Y 7 ARG SR VR R B B AR

PRI AR X o Shyitt— 2 A R
eSS, 1990 4F 5 S0 T — IR AN K A i
TR, ALHETRAN ) A 5 b T o 000 0 bt T I 2 P
(TEM ) {8, i TG RGN 7 A58 B A g S5 v O
VT 4 DS

B2 7R T A B b T R DU 25 5 . 2Rl 40 m
MRS m, WAMEE ., 58K SE-NW EMm, 7ER
W E AR b, SR 1 S 7 000710 000
T, FATRAY S5 T fE e & Rk 19 S BRR (Mar-
shal) BYYIE SRR, B HIRT bk, S50t
Uity B — A NE [ #4 3 , f 8 by AU A0 %% 1% Wi



26 FEWREAE LRI

2006 4F-

7739 500N
L

7739 000N
L

z

2 45000
e +
on

[

[

500m _H

T T T
469 000E 469 500E 470 000E

B2 wEENEELFEE, SEZKEEE 1000 nT G H
M.Webb, 1995)

2 SO — R A ALK

FVEAS G SR TR LM ENR-2 1
AAEA A R AL A ] = A LR S (R
P, JFRETEM i, —B0RESH N TEM 5508
YERPLAE AR B AR, 1990 AEBEHA . 25— BER
FEAY TEM 258 F Y2 SIROTEM MK I 4220ke#L ,
S LR, MZLHK 100 m, FEEAEE 100 m,
FERK U e H A R BT — A5 S, e s e
THRAR SR, T R,

1991 4F X 82t 7 38 KRR A TEM 31K,
[EAER 100 m (Y EE S IR AEL vk . £RHE 200 m,
SRR T — SR TEM 5%

Bl 3 il X 14 5B i SE(EZR R . IR L
SERTRRESH E AR, A TR TR 5 v
F . EEE IR S, O TR S Y
1 —BEMRBEAE AR . TREEZ R 90~100 m,

YT TEM 5% 5005 % B R Iirp—8uk, 5%
PEI T AEIX TEM 525 S8 — A LALAL A
SEREE—AEEFLIE 88 m WAL LB T 7.1 m SR H”
2, A 4.95% Cu, 0.9X10 " Au, ZH L2 RHFE
AR, B AR, BFLAE T it T 20 mJREAY K
W RALA A AT XATE T 114m B9 )2 1

7739 500N

7739 000N

0 500 m

7738 500N

/\ '/\
T T T
469 000E 469 500F 470 000E

&3 SIROTEM MK 14 SEE (11.8 ms) HEEE (%
{EZREIHE 0.2 uV/A, B3] H M.Webb, 1995)

8 1.75% Cu. 0.9X10 " Au,

GEMALZ G, AT T HufT TEM &t
AZERFEH], TEM 53 0 B L AL Rz,
MESFLET RN B (R UL S TEM 5% . % TEM S5
] SE W fRAZSG Y A KBOW N TR YRR
AL, WO SR R B i T AR AR TR R 4
K, SERAN T YN RS,

AN B AR SRR A PE R, 1991 4F 12 A 7E 2
CESFLH ST P TEM M5, R MBI TEM 5%
a0 TRAT . X R P TR, 58] T S
AR FIBCIRIAR , X5 FRATH AT AR RS R, H
PG FL IR Gt 55 SR — 2D SC T Hb 3R TEM 58 2
R A ks 2R,

YT TEM P X i — 248 A B A E AR K,
NPT 8 AMmAe ap) Mg, W& 5dE Bos S
WAL G TE S HH . (X P UR B ZE v Ui
T HTE TP W R AR R [ R A

W5 . BRI BB LR T s B
T IR R,

3 N 4h

JFSIA A G E RIS 2 S5 B
KAPAPUR A SE A IERIAY, TEM F2 2 S B3R
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AT TR AE AT, AR R & VR
PEAERETT R E E AR AR RIS L T R T RS
BIRT . MK, FA0 RS A0 A7
FELL B RN R B 7= . WS TR A
W, WELARTTREA RAET AT T,

A PRI 2 B DA ] 55 FH ) 8 B A5 AR Sy

R iBUR 7L/ IL WDIT eIl iU i ko g g BB NI TRINA %) e
B, T RSE MR, b R R BRI T
YIRS B IR T B BV . IR 1 A R R A
X, P LA R R A B ALAL AL A B BLin
2GR T EREM,

WA (I eRy R 5 E T H)

BARBRBLFE-€7 K

il

1 b5

bl

AR BV (Candelaria) #-4 8" R A7 T %5 F)
BB R B4, HiAbg R LK . AR
W LARE 20 km, W RZER —E/RBHR S (Punta
del Cobre) A" X A9 VEHPAEMFL 4y, 120 X AL TRl
WP A (E 1),

[0 +
et =%
g = PREE:
T 29 iy 11 L 7
s A 2]
Ao XA BEREEYT
N S R
.f — ...
L2 R R ) R
= SR, PR
S ATIETRN .
- & HP==aa
0 1km '.-. . .. ﬁﬁﬁé%

E1 ‘Eﬂiﬂgﬁiﬂfﬁﬁ%ﬁlfﬁﬁf%&}% Bl 3t X 8 & AR
HaRz (51 A P.J.Ryan 55, 1995)

- At B 2 T LU e MK e
JBERERZINGA A, BIRE—ERAIKAZ
& R APEAR S TR R Tk
OS-GA BO AL . TEPEAN R 1 km A0 HFR A
HEL AP SRR AL, (AR S 1 52 5] T 4 i
ARFASAA N, B, SEURE DR AR
WY PONTER AN BT 55 B g 2 SN A
K HAIED

- RMIERS LR EA LREER, H
TR R R AL 350 m, MG IERSTE/RBLR R
DCHA B 77 A SR8 B PR 2R LU R M 2 mT
RERE RN, B Ol ik, ik, MRty

AR R KL ) 40k 3= e i 7= s, A 1046 ~
1500 RFR R R Bl , LR B D e i B Ak
W, AR AR B R A IS, AR RN 32
BURTE FHB 7000 1A v 53k 7716 1Y 2 = B LA S
R AR, FEUHEAR AT, BE
ApERAE TR AR, (B2 EAEW-4 0 1k
HECEAAXT A FR 5 SR, ZEA BT (Bronce) FIHI
IR (Lar) PAHLA /NS & & 80 & R AR
(E D, e FIRAER &R -,

PAGR VR 0] RAif iRy 3.66 12 v, 4
i 49 1.08% , 4xfbfih 0.26X10 ", FHAH AL
£7.0.4% PBI5%E , 3.66 14 t B 41 & A # 395.28 i t,
4 95.16 v, [FlHOIE A AL o 6121,

2 MESKH

EREAERBRED XA G A = ah T 17 1
4., A9 LR, AILEE R A RITEZ0 X2
BTN S0, 1981 45, 9 /K% il &F
(Phelps Dodge) WA FISET T Hp—ZKAH (B
B R0 A R 6600 BIRAL, 4 4F )5
SOETF A m AR AL, EHA 10000 Atz
J& . PUREWHE AT AR SN NS
TEIR B0 22 8 I TR 0 R P T 2 s — 18R PLER R
WX A A AR & R AR ALY
DARS B AME: 1985 AEARBE O . BT )£ i) JL 5
XALERLRA I, Gzt —/ NI (2520 U7 1) Ak
-84 RAETIR, SV IR (&
D), WEN—E/REEH 2 2 R ¥ 1R 19811984 4F
AR A HEAT I AN R (291800 ©), fH
JERTIEE TZA P, RO Ry AR NE,
1985 4FJi , H/RE I L, JFoEAT 1 bl bl
B LAERIN N 5E A B Rt ) T i B P
1986 £E4E Y, 33 S A FLAET ) FE VR JE 5 Ak B4
#E, 2 70 m BRI LIS, RIGITE] T 20 m
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JERBRAL D) R AL, B A 16,
44 0.3X10 °,

BB, ZERIZRATILLL 100 m £RFEIRI T 3 4%
PORARALEI . B — A P A B AR AR e
(E D), Hit, BEN—E/REER 2 AR T —
BTN, HTRIEZS ., 1987 44, 75
33 SALMRI A FLALAT T8 — 8oL (& 1, W~
JERE=50 m, RIS 220 5 3 ANAA B
WA 4, 7E 33 S LA LLALAI LLsE 4T A9 Al FL -t I
FNTHE ., 2ot RER WS R Bk
Wy,

1987 AFEHHIEIFT T 25 4L, MR 50 m X 50
m, WA T RGO AR, R 4 Xk
A AR~ G 385 2 W0 A 000 e 0 b T R, T A AR R
BT KRR, M T K 215 km LA A
WAL AN b TG0 T AE , DR RN 100 m, A [E] #E
FEFH 100 m, SRJG 42 50 m, I REIEERRIEE Hy 25
m, BACERIR, (B 1) XFREET RILEBE B A K
GXHRA A IRFMRTE A KA S )E N, (HES
HTW KRR AL, X AL TR
40 m MR Z I — ek EE Sk, FHEEVEA MY
— LB HU A e A T IR AE R TR Y
S (B 1), (HERSE f A R fh = b 1 B |
LAY, IR T A% g o o) L e A F LA T
HH B,

WEIZ R Z)G , TR0 XSEM T 16 km' K
1:5 000 BT K], JFAER IRA B SERL T 1:2 000 [
WHEITAE, 1988 4F, fEEANG X AT T — KA #E
W, 87 H KR BV X A7 A -5 0 o 2% SR
AFBL A RS B S0, S e X AR i — N ) Rt A T

TEHR . KT AT ARG FTIR-RIAS §* (Al
caparrosa) AR,

FE 19871990 4F- 8l A 1 [ o2 TR A F7 HL W4 R
HIEFT T 325 ANEhAL . A OB EHER 98 600 m,
AN RIE R 36 600 m, 1A P A Al FL I A 50
m, J I B A FLIE]FE SR 100~400 m, A T HER]
IR ESEIFRER SRS, 7TT 1 H
2 090 mIyAH, 1989 4F . Hf M itk 72 455 t (A A]
W B AR AL R AT B B R h 277
Ve AR, ZEIRIEI , HRY SRR AT 9026 |

1991 AREAE 1, B KFEEE 4 @ 7l 28 /) W 36 T
WAER VAR 2000 BIREGY . 1994 4FJE R KA/7%
eI IR,

3 /N4

IRPEAT HL - 0 AR AE 2 DX Y Rl 9 S it
W A A AR R B . HAEIZA
B, AR B SR IE TR — D EENE, K
N FHEIFARSE AT Rt sl O T A
- 07 R 2 B TCH A AT B R, SEBs b
I BORH BRI TERE B LA B TR 1 KA T
11 AT REAFTE RS — T8RP R TR BLAYH A

PR BN AR AL M ER Y T 14EBh
T HAER A RAY A TAE, sk oA )
BRI PRI #2k . A8 20 b4l 90
AR TR G0 R A TARBGESER , {2
S R BEIB= UL T 8 4F,

A (Be&kyERL5HETH)

AXTEZIEHKR-BL (FEE) TK

1 MRy 5t

WS H = SR R, T4k i Pk 50 km
b, KA TE 7 B AL TAedb L & b 5 NS R2%
GARTRG R WA (B 1),

1.1 3t 2

X el 2 B e Al 2 X, milE A X 5
gt , e BRI RS,

1.1.1 @3R3 X S b X )2 AR 2 K
e Lo et AR 2R T . P U EER
SRR, Foo b AR AR 32 R AR

I R, Haa SR ez, oAU
JRZ I AT —LEREAH TR A

D) mERE, mETH., SRR, 6
IRBEILAE, “IEHEEREA, BATRmE , AL
JETR, ML & IS RIS

2) WGHZEWZ , hE SRR K2
FIRTHE S AR ACHE A AL,

3) Wik M ORI Z , DARGARTE S A & pe
& RS A RRIRER A Y
L1.2 b s X AR DRl € A0 2 e — Sty
HOAARTE Fr b e A R AR K ST
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AT

S AR HREE
Bk
o e
;gggl Q\Gif 2 \&;(?\,3 4 | s

B1 A SAMEETER R, 1992; T, 1991; FXE, 1993 BRZEE)
37

I—fedb il plibe ; 2— A SR RA

4, HIHEEES ., IR O s, Jiif ok
R Z . AERT, TR R E W
DURR A

1.1.3 7 R HENWESCRBILENES
SREERE, FrE A MEREERARE (B 2), i T
Ha9BEREZ T, SEEANEGER, ©/RBILRE

RN ; A—Fomli — Rl AR AR s AR AR

HOABROOER A N RS . AR &
A S, AR R Ak, s 6 s
Y. ARPIRATIAL . RINAL, WAFIARIZARAL. LB
M, AFEFENARA, WEREL, ZARr el
G BRI A, JRLDERE W, e
A R R S A0 A T AR BT A AR B A

B2 AXLEESMESEE-HLIT XEE @ENZFHE—XIEBN , 1994)
Ptos— [ &S0 RE; Ixb'— B H R ILEIRH B, kb xAY, kBB ERISHEZHA B, —B. =B Chj', Ch?, Chj’KRINRER

WigH—Bs, B, =B Chd', Chd* KA P g B, B,
B AL A 2Dy v IR A A2 S p— BB E INKE
(K5 D—H = A RIS ;

1, IR M LS ERERRE R, b
& At RmETE A 6, B S AHAICE , KW
BHL R TR PEDURURR A,

1.2 BAE

1.2.1 EBAREEEAZE WNEHHHBXEA
FOMRALE A 1/3, Hoh Loh gt v, SRR
— MM AR A, BREA D KR ACE RS
AT HRBE IR R R KA, AR Gib e ik
(80 km' ) MBI 4K (10 km®), U-Pb A7 %
AEIS A 2 37072 470 Ma, FHARAT SHILHEE,
Tutr R AE EB A AR B IR i X,
WKBAIHNE A AT NS AR, SR, 1

Ly R P MR AZE; Ly PRI EE: Py
;€ r— TR IER A Py k— b Joily S R AE B A Ch— R IR A
Co—J7 kA7 BTWR TR 4

TOYFEMRKAE R AR s K-Ar 4RI 1 895 Ma, Jf:
b T AR T RET B 5. P8 (NS Xkt
By TR, NS S X —0 R AR A
R ARARAD BRI ECS Fr R i AR ma (A A SR A
Kk (110 km' ), JLORE4RIK Mk 2, A 4%
Fofd K AR (46 km' ). F1 Y A B IR K A A
(30 km"), IPEERINKAE A7 km'), &R
FORBHEAE R 2K (130 km' ) 25, ZERX 2 G X
HBIEMEREMCA = . e AR AT A A AE
FINAS ., SHMETib, MirARIEx A 2L
TERE BHE =507, AR KA A Al
TRAER A, I AR NER NS (250 km' ),
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KMELS ARG p rp BB b AL BT (1988) KIS 11
By, skELER 2 1 K-Ar 4EHE (299.26 FI 247.65
Ma) FIRREAZ BBEE (190~217 Ma), i K|IA4E 1
VUM, KM Fa Ui E AR &, EnSE—
AR AR EZEHOLFREME, a3k, RS, D
JNRUBRR AR B RV A 5 o L sk i E
&, BHUAWRSE . 528 XWTE 20 b k-
L,

1.2.2 =357 REANE M3 XAR
ANARUAERAZN T, BAFLRKERSA T A
=EP A IR . HUOER A /AN AR
TR V| LY SR~ S G S g ey O

) A, 0 XAERA )T, AR
OYARTEARIY 2/5, BRW DX EEHRAY (2 SRIEAL b A 3
Ah A I BT B A DO A AR R X PSR A L
BAR, A =SB R A SR e DX R T R4 fi
WRIPEE AT A A R . SR EHZERRA
P, AR RO TPHDE R SRR AR R A R
kA, YoM, R RIERRRAEE . A= 5PEAe
RIEA AR R 2R AR IR TERE . SR Bk K-Ar % 12 1,
HALZARER A 232.47-339.2 Ma; 44+ Rb-Sr 54
21 1, SRR AERS N (255.18+8.15) Ma (F &
X, 1983), fERAAE 4 RN R (W) EIR
AEWY M 2.5 Ga,

2) MERAIR, FET XML& A o, Z2L0/0
FHRAARE T SH SRR RR A, ek
TeRE RS EE YD, FEAE R T S A B IR Bl g% 2R
K, MERK AR TN, Rb-Sr S HTZRARIE A 316.1
Ma (¢, th4EBr (1979) W75 3 R Rk A ik
K-Ar 4285535108 199, 219, 238 Ma, JBHE VY.

3) Ak, X EZR K, —BIE T JLEK
2 2m, KEKEIARK,

4) BRPEA K, AR A K. FE A a k. A
INATK, EREKRME AN, Sk amey ik
S, 52 ) 2 B e R

5) B MK . A MG DKFN == RHE BE 5 K
B AWKV S0 5 R,

6) Wt ik, AalshA bk, FEAANK, N
KEPANKEE . JEECHEREIEOK , TR ZEfif
VS NN ST ) e =
1.3 #§ &

W IXALA T T ELEEZY 30 km Ab R 1% 2% 52 JIAR IR
Wrgd . RIOMHE— S S AR A, 7 X R
FE DL EW [m] () S R SRR 24 32 . fB A el b
RN RE, SCRYZR —BRmaL, 58

B AT XmEEa, AR R =
[l I N v A o Y L N 1 A AT e i)
RIS LRI = SRR . 1 = SR DX ) APl
2915 km , PEUEACICEL A &, AR RS BB AL 7
2%, HEBEEBER R,

X IR X T L L EW ] W54 K ) 55 D)7 Ay
F . IFBCE A THT NE FINW Wi,

1) FEHEH X, N EW [mEE g7 & H:
MHEMVF 2T EW g . ARSI,
W) TH N, A — il 107~30°, Wb 23
W R

2) ViYW Z, Fh v DR 2 A B DA AR
HPBER AT 9570150 m BT 2AT AT LR R
AWK, FELEA K, TEA A BRORBRER = ki 5t

3) FBSRIEW X, ()4} g 396 2 A 5 D)
L WA . AR A A% e 2 P P g W
5 . TEWrRLH oA KRB G S 1 B AR A TE .

4) NE [l , FZ AL X AR AR e i
X, NE VR AR R T X — 3 T3,

5) NW [ 24, DL 255 s IR i 4 o0 &
HWMA —RIPPATHEEWRL, fEARH A, BilAihr
EHALAETE NW ] 72,

2 WRKHIE

2.1 ERYSHE

Mz 2R X EW K 18 km, SN 98 0.5~5 km ,
i 4 ORI & TR s, 1) 2R A
HARGETIRER, A& AsE., 02 &
PIMCHALRL, # RS2 R—80, R, 1
B 2= SR AT DX B 1) R 3 R B & 1 &t 2)
TR ER K . 2 A TE TSR RHIERIR & 7 K
XS Z T, RS b2 5 ) 1 el R 22
— YL 12 km, KECOK, SMfEE. 3) T
AR RS IS Ak, GE SRR A A
T E AT . RLBEZE LR AR, Ak Ak
S-SR BT SRR A R B AR AL,
4) Hza IR A 548 V8 B4R 5 2 4 fk i e
R R ARG AT A,

H = 5h 0 KA 4l % . AR S i iR 1
JCERAR. . Wb, B ALZEA R RMER
YRR A ., A, KA. A, TAW
WA, BUlk . BYLRRZ .

2.2 HESHTHE

2.2.1 wEIF B L BT A= S X R
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RS, EW K#Z) 3500 m, SN $& 2 000 m, &0 KT
FEH B, 5 DR,

) Egu&, EmY EW, £ 1250 m, H%
514 m, P95 245 m, HARIELE 1 030 m, [ S,
fiiff 50~65°, FiEER, BRI A 55 A 5
Yo -k, HORARAG +-8kA , SaA e
i3 A ST | AN R INCS T e w7 B S - S B |
e -k,

2) e K, £l NEE, K 1300 m, &5
390 m, FHTE 179 m, FRIETR 870 m, i S,
ifh 50657, B ARMNLEFACK, hIbimEkix
S A RV HAk A, HOREERE -2k
BTN BB -k R BE A AR

3) AR IR, JE W NEE, K25 1 100
m, Y% 250 m, [0 N, WifAE 70°, i Frhike
WRR , W AR H o ARG -
AR A, B R Wt AYSE
HBELFE . ARERIA,

1) ERBHIERT EA S GRER TR, &R
RN, VU1 AL, EW K29 3500 m, i
P& 1175 m, “FIFEIE 600 m 7] S B}, s 50~
65°,

5) [MRHZIRT 1A, ERY B RHZ DL A
e hE ., FAASE, BAEMASS BT,
EW 42K 3500 m, SN & 600 m, fHiffi 50~90°,
2.2.2 WIEHF B %M B EW K 10 km, SN 7% 1
km 2245, BRI =G 5 b ma AU PR, 1) R B
FERK AN LR AR, B AR EEh
oA TVGE A - R 2 BN I A R -
B, AR SE A RV E T AR AR5
2.2.3 AF;F B AV BHAS AR BICE
H = S RAZ AR 7 R (85 R Ie = A iE B
TR AT,

1) WEkH ARk, EW K 3 000
2, SN $8 70~360 m, T 230 m, IETEEE T
800 m, fili[] S, fiif 50~65°, &k FE M wLke
WA 2 A - F 0 A,

2) IREBEEMNAT & RAA R A TRk, Bk
B3 Ha A B R I R S W2 A s
WA 1, 2, 3, 4 B8 KA & A B4ART
i, B A5 820, 500, 440 F1160 m, HER T
BEAR4 100, 85, 65 150 m, [4] S 5, {Hiff 45~
75°,

3) mIRMZ IR B s M s R A =
Yo 1A, FEDE S S AR LIRS H ERHRUE . 1K 700

m £47,

2.2.4 FARBEFE W ELME 2 km £HA—
PRk S . 2K 13 km, 9% 0.57~100 km, H 4
MR, FHREIER R o Mo T
B Z5hE., S5 ERIE 230400 m, 45 )2
Hz a5 HENHRKIR S S E8ANAHCOR A2
ML, B B EZ P B E s RREAE,
REOMARER WA D, RIEA SR
NERE . SAHaAEEm B EBHER" T
=,

2.3 WARYHE

2.3.1 mLER

D M+ a, TERRFEASSZEDN
i EEREAL T A=A SACE R 0 RELZ
RaEEAR,

2) Hoarte M6 A=A R A, 750
XAt . 025280, MWE =S8 X
Tia) HFN 5 A P& ) b AL P 3L 324

3) HEMREL AR L A, Wt A& EILTHAE
1% AR,

4) BRIRA WKV 06, DAY IA T R
R R RRA T SO B JE b, BRAOE 1) )2
A HERRE . PR BE, kiR — B 30~50
m, K 100 m, BK%E—M 17~2 m,

2.3.2 B LU F AR MM

L wYHE. CLMT Y EHEZER) 190
ZHp, Hp g, e 20 #, B0 PraE 30
P, BRO ) B, SR IR,

2) WAAMEHE . LT YER ST A n
SRR B AT AR A . B X R A S
NIRRT ) S T R [1) Jo A7 17T 2 1A iy A 3
SERL TR AR GERLIR , AER ARk
FrAR L4tk
2.3.3 FaeviaRe WMIEUDHE, Gt
TAaTERT ARE. BRESREN = A BRIk
Pe-Hi + 6 (00BYC28) MU N T EDH AR, %
WA A, MR RS G R
ngt. BRE R E L R O T
FEVFSE T TR . RSB EE R 2O 20 ke, FH T
A el R 118 T A7 18 5 #1028 1ok 9 ) XU I e
5 UCREERNZERI A, TR YR A T
WIrEs, TR SE KB, K& T A
R, 2IREEFARRL, R ARSI TR AR AT
REPEAR N,

XA AT TR R . b EHL R
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PR2EBEY AR U 52 56 25 FH TG KA I W ik 58
B, BRI T R AE 20730 ¢ Z [0, A Hrdh
RULFE 1, HLYHT AU (00BYC31 %A% A M4~
A) 1 Au FEEGE . HE TR RN, Xy
RIOUES T, BEVLR T 2 DRBIFESR , brdhi Rk
AR ) 4 R A B R e

x1 BZBETRPAET HER AuIFHER

a5 7 AR w(Aw)/10 75
00BYCO04 ES N WA 0.002
00BY(28 KH M= ARy A 0.001
00BYC31 KW A AT A 0.021
00BY(32 KW A AR A 0.016
00BYC43 ES N Uk wg g 0.011
01BYCO1 * w7 WA 0.007
01BYCO04 RO EAEWYEA R A 0.002
01BYCO05 K EFEARANENRY A 0.013
0000A ARSI B b 0.028
0000B RPN =R 0.160

F SR PR [ AR B A B, X T80 TR AR A
YRR I —E 8 L, HE, 258
W3 LN AR e A Al e RSN R AW,
I, XA B A R T TAELRIE,

3 HiBRILZARFAE

3.1 Efrx

D R R, ER% Emikyh 6's=
—2.7%0~7.8%0 , 31 PFREERFIME R 2.92%0 5 VEH
K &' S= —7.8%~4.2%0, 99 ke & OFHIE K
0.51%0 (RH, 1979), L5 (1982) M5
PO #k1 6"S= —2.2%7~6.9%0, 14 {FkESF
B 1.36%0; ERTHALHH 6" S=1.9%~
11.1%0, 26 fF#E B AE N 1.17%., B % e
(1995) M ERT H»T FEM 4 1, o Ss=

%x3 B=SETREREMNE

—3. 17000~ 3.46%0 » MEH N —1.16%05 5 I 80"
) 6" S= —4.71%,~0.79%,, ¥JMEH R —1.18%,; 3
PR Y O S= —3.42%,~1.36%,, ¥I{H N
—0.54%0 5 1LFINEET 1 6" S=2.74%,, 13 {FFE M
SERA R —0.73%.,

2) FENMER, ST HB A, B A as i
HJTiRA . 2T, BEIKA . Sffa. Waan
RN E £ 0.703 67~0.704 75 fiklR s k425 58
R, MR A, BERESEET, R A4S
S5 f A A ERIR R R 0.70670.708,

3) mEFIfi R (GR2).,

*2 AzBETXBLERERME
SRS FE 5 2 B SRAE Hh AT 6" Sins2s/ %o
By9308 Hs KA HRRL A B R LA 0.00
By9405 BRHEE EXRURIN —2.70
By9406-M A H A VB9 BEk —0.30
By9406-A R AnE VOB 9 Sk —0.50
By9406-B A H e PER B9 B HA —0.70

4) BRI, A R IR R W] 3 AL 2
. 55— I =0.510 860~0.510 98, SNd (¢)
= —2.40~ —2.63, RELE O HMIE., B4 I
=0.511 252~0.511 278, SNd (1) = —15.9~
—16.9,

5) AR E ., Bk (1987, 1994) 4559y
B RFA R oD . R = —185%,~
—238%0 s RERH = —162%,~ —259%,, #NING =
—209%0~ —256%0, Hz A= —99%~ —142%,,
HRE BE H Ak B (1988) AR 1 = A —155%) ~
—165%, . RERRE R —136.8%0~ —147.6%0; J5H140
Jok e i TR S AR —100.3%, . WA —91.9%0.

6) HFEINI 2, HRkGE AL XS = BRI X
TR A X YIER AR R E GR 3),

i HURE o 2, BERAZFE wPh)w®'Pb)  w " Pb) w®'Pb)  w ¥ Pb)/w (™' Ph)
58-3 B A3 [EPae=y 16.14 15.39 36.23
2303/32 P CKss1s M= 16.08 15.31 36.07
2449/32 e S 17.70 15.38 36.15
3083 FEHPEIE 1 km Hzah 15.95 15.32 35.77
2083/24 KW CKsr200 IES/ N 15.92 15.24 35.78
2083/24 R CKsz200 I 15.99 15.21 36.42
CK-9 T A R Ak N J7 16.23 15.47 36.93
A005 W 1634 /K- I v 18.72 16.64 40.86
A73-5 EA- Tk R 18.17 16.42 40.92
58-4 EX NP AE by MAH A 17.48 15.47 37.73
58-5 R AR FEAE K A WA A 17.57 15.57 37.95
5 i T-2 FEi 4t Hs R 20.19 15.69 37.75
2020/7 b Bt RIEE 16.78 15.46 36.18
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) AR, B AR A s A TR Y
8 0= —1.4%~4.2%0, F¥1.19%0; HeH™ 6°0
= —3.9%~ —2.7%, F¥—3.2%; T 50
=10.2%,~11.6%,, F-3J 11.08%0,

8) BRI %, KBt 6 C szt 160
P s 6 C= —4.5%~1.1%0, Il —2.44%;
T HRPZEEY ., RO, LRy
KRRk 6" ¢= —9.27%,~ —0.6%,, ¥4
—4.94%, JET WA ER PR EL R AL R, Hof
FIE 24009 67 C= —6.3%0~1.62%0 J{E —2.08% s,
3.2 GR&

3.2.1 O EREBRYRBE HYHEK
FRTM VIR . Wik, SR, RAERMZ
&,

D WA, Z2WREE ., WER 0~
50 . HAR 24 pm, B 70140 °C, 20
FEE B IR fhai = A,

2) RWBEEK, ZEFZFRMNNIY. WHEE
& KW Z R 2006 ~ 4000, — MK 510
pm , B —NRAE £ 2507300 °C, 243 LE
A, mAOMESAT,

3) ARk, BHEAE, fAE, BHEZL
1 5~15 pm, H—FMIREH 300~450 C, K£
IR A = SR RN . T F 5
YR, PEEIE T CO.  87.600  (FZENL,
1995),

1) AN, BEASM. WM
WER, RIUIIBESHIE K AE . —Bah kR
6~~10 pm, UL A 204 Zedr, TRUATHNE,
U FGer Ry s fa g
3.2.2 HHOFEARF Ry AR E AR B
WALFT A =S X S0 H A2 M T 2 FA S A,
2 PERERRDT . 2 PR R 1 PR A A A
AMHT, R BB TR K Ca” Mg’ =>Na >
K, & coOl >F >S0. >l ., S8
CO. /7 9026 DAk, BREAEF 2 A A R AR 2 4
G, BRE-A Y EERR CO. 5 H0 MEHE I
{0 0.2177.00, J5 &0 40k 6L 2K 1 CO.
5 O B HAE N 0.037~0.07, LB Hb ik Br
(1988) E - ML AR, &, AFRME, 2
R A=A, BT M AR oD=
—165%,~~137%,, BEEA M A EAR 6 c=
—6.85%~ —5.42%0, 8 0=0.68%,"~6.66%,, i#
T [0 2 i FRHR 3 R AR 0" 0=6.5%,

~8.0%, MG Ak M EARE D=
—100%0~~ —79%.

3.3 AR

3.3.1 A=BHIE HIXHA EW ZERKIT 20
km , IR 500~700 m . [a] DU A ETET AR, 4 ST
B BN A A KRB, Aaaiaaihs
BT S0 DX BRIR ER Ik St A IR ki i) 34 Ak
BT FEAR ML, R R — SRR IE T E . K, Na,
Ba, Sr, P, F & LU A FE B LXK 1 =7
f 335 5, BTIX o w2 R A4 . Sr/Ba
s 1~ 11, Py 2.2, 57 X BT K A FTTR

7o) Sry, Ba b 0.02% ~0.07% , Sr/Ba=0.2
~0.4,

Haf K 2R, Db ankighfe o 5
JEREGRAPRAE 5 3, PORFNR AR &R,
BEARIRFN AR TERG /D, WIS RAE , 2555 AR
(1982) W4 DX J7 i Ar G ER 43R 5 AR . AR
PR, AR, SRR ARRY , RA VTR, A
N1 i B N R D TV A 0 = i 3 o7 B
3.3.2 BH LHEM BT

D BERET AR B S, 2HE% (1959)
FHFRON R OBORIREE R . JF 300 2K, s
Il A a2, BCEFASGERER, 5o L fts
bR TR . A%S . AnaMIRES, £
B —E KA, AR, R
. B SO B A S

2) MEAZE, BHMCE RS LERER
w K0) =706 =160 , WEHR 11% 5 w (Si0:)
=580 650 » AECH 630 5 ZEL Al Fe ik, 7
ARERSBURYCR , 7Y EBRARE T 5 pm, 4
RH A B T80 8800, B ARCA PR Mk
FEAR A IR R = a5, ELIE A Ml , B 1k bk
5. w (NBOs ) =0.003% ~0.3% , 3 0.03% ;
w (RE20;) =0.02% ~0.92% , 3 0.08% . #
FIosFE (1993) 5%, ®HMA T w (BaO) =
0.20~2.80 , WA AT w BaO) =2.8600 ~
6.680 , fAHA B A 2 Fa 5.50 ~13.8%
Sr [RMZWIHA(E R 0.708 9, REFRMVZEEG(E ., 0~
—0.6%0, FHI~—0.33%0,

3) TRAK, R UIIRN IR =Bl 8 3k
Mg LR RHS A IR S & — B LL s 0
A, K2000m, %200 2K, FialRERIEA A x
. BENCE MAENIN A SEA K.

4) YRS WA SE ., AAHRME, AE K&
HFEHW, w (Si0.) =66% ~74% , w (NaO-+
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K:0) =6.06 ~9.5% .

FET H A S BIRCA Z R R, SRR
sEGR . S ARE IR 2, RSB A
BHE™H,

4 AL

4.1 mH B

MR-k, -Gk AR, -k
SR AR MR A R (DL o )
AR M TR PR M AHESCR |, v] LA e
TG A & A S A T W TR B2 R R
AV AR A SSARIE B A R ok 11 55 4 5 ik 1 i ™
W, XA, WERPIRSE TR b &%
G, vtk ss. B Eg =, ok
M BN AL K b A 2k, A UUR IS R SE
2007300 Ma, JERL TIEEEK . 434 IR A Bk
Pet PR, 2R A rh s A 430 =X 240 Jok 1) 7%
BRI AR . A6 Al B i &7 R
FNR A RUEH PRI iR 42 a3
4.2 M HRHES

L) oot A = SR A A WAL TR . Btk
FEME IR s DUV 5T AVERT . 445 R0
AR AR L PR T KBRS,

2) DX B o AR b B A B A
(1994) FEHL S AMURI ) 1 4% B4R v ool A0 4
GHINR TR AW K GOV R A= SR = b L b Vil
PRI & 2 AR R E H R A (894 Ma), 7
DX AL T o A T A 1 R 57 2R A A
BREAINAT 600~ 800 Ma F14 i~ AF- 2 AN 4 - B =0 AF
B8 o LA U Y T AR A A0 B A 118 - A i R A
% (685.91~754 Ma),

3) fEfedb b A S . B SE AR Rt R
T 1SMBEARMAEAT . BB RIZDE, £
TS B AR RN . 2R P 5 A 5 0 2
JK TR B 55 L A B b T R A G

4 VTR PSR iR
ST (RRAIR TR0 e ey i Nl IRl = e S 2O
X AL VEIAAE R A KR AR, e 5 H
A AR A AR TE B T 4 R A BRI R
HAEMGH L A, 7KK, Bahla,
Haa My Rammika, Baf, Astk &
R E -G AR B o AR VE I, TR Ak BT
135 B LT S B AR I SR AR v T, IRt
AT VA 1 2 SR T R AT BH i)

5 PR AT LA 73 A

2= SR A5 -k 2E At b &5 Jb & H AT
H—fl, fEMn W REE SR - SR
80V W ge i, PRk, AREFRERH, ©
S A AR 4 b A 3 7 132 2 R Ay X3
a1 R A P

1) Kby vt 7 B 8 e i 5 b b Eooi R
H SRR R %, fedtih G Abg kR 2T
AR, M A— -Gl R KB EE . el
RILNT LA B EW [MIEBIRA () T e 2]
ETK) N IS A N 828 A B S P L F iR
JE R R POEAER, 2R = SRR A DU
R, KRGS LIRS ARE R, LR PdEn
EW MURBIE LRI, S BhE S 0T R L TH]
AW (B BB, 7EE SRR IE R 4 4
DURRRIWTTE , [RIRSEHH BT V5 A 8 B A S A
i, BT “REE/NET MRS R, T
W PR T2 RR A B A 2 A% 1R] A W 24 m) i il T RER 1)
FERAIBIIIRES , VIR T 2R A B8 A iR Eh
IR 2, DRI R EW MW, 7
ARG . NS Y), HE NS, XTERIR
FERRIE SR LR EREEER (-3,

B3 HxafRERPHEW REEREHE (F), £HT
HRFRKERT ., EFEIETAHKME, &4
TREHHE (EEF)

2) AR, A XA T A s S R
BRI RS Y R IS G GO A 1 1Y TR
FCAGM A AR, 2 AN ) AR, X AL
T2 ZRIRBI A Ac 2 i b 520 IX [ Al
A ZTIE 2 EW mIRER (F), #EAmE
ARG L A0 A ARG A A R 8 B B
JE . CHUIES FUIINGE s 55— &R T A B9
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“lEEE R NE MR (R, 4F Bk

B EIMEIUEA S R TR AR 3 —, BN 5
Ty e X — SR L T L ZEA T R TS L T
] NW iR, KRR L 18 km, IZWTZLE AT
BARY, BAmRKMmh i, AaSR T R
e R I LU ] SW s el bk, (75 A0k i 2 3L D A
] SE M I =SB EERE MRTARh A Frd] 2 L nT
TIREIY) FETEIR 15 km FIFEREIN , BIKEE, B
A N EMETRY <HR Fak, )R 40~ 50°,
I NE MRS EW [ PRI DT X AR AHEE , B
BRI . 5Lk (B 4), 1
FSUIA T T Hi7E, NE [ Wi m N 50 8 R
ST L% G Bl 57 NSl | b2 <5 20 B 3 S B L P i
SRR K, 3R KO TR 2 SR
FIDIBRIRER A (A=A ) . O &858
IRIRER IR K . S 5UEREARmFEER TR
b Rl B (LRI ) MEE SR (E
5), HZIER— Nt “FE" B/ NA S REER 1
IR A A D (A E , 1991),

B4 MEFHEZBEREALMRMEERRERELRE

3) PEXRIH XA KRR A B i il e
Hz A By B 1757607 °C I AR TE
L B BALR 0SS DM, YRR A Ak B
TR, 1 2 5 T, DX RS 1% PR %% B AR R AE 20~
40 km Z[8], ASF R A, 495 R X
HJZHEFORE , 7E SR A Y TIZIRE A A
BB TR, Xt NS R T
HE1S 43 m RS HURE (461 7F) A Frgeit 4R,
it o AT B, SRR RIS L3 R i

20T

HEE /km

30F

// A
REKBE BES RS
T 5
a0t

W ER (FELL

o
+H.
b
=

Moho

S50L

5 eIy EREXE

&, SREE 4> 512k 249.35 <10 ° 1 223.15 X 10 °,
R 5 0 3 B A R AR T M L AR
IR A S, AR T RERY SREE 4351
7 140.66 <10 F1 181.46 X 10, 34k T il Hi
M0 135.00X 10 ° (ZE#)y, 1964), ik 5 NEERY
S FRCL I DRI S TR X, 50 TS
TP A BT RE , H SREE {0k 130.17 <1077,
AT SR LB X R 2026 0.59, /i Lkt
BT, AZEE TR T ER L TR FEER
B JEUAT BB A S R e, R L
. U TR A R R . NS
B R B i T A S R R A A IR RS
ETNE L, B AT L, S A
R 0.1 0% ~>1.1% , WELRR T EEN
B, ATRUACK, 2 T E B SR ERES 2040 km
PR TR R RIS AR EEYRZ —, 1
2 SR BT 7= A A & BR TR ER K K I 2 5 F
TERRE 5 B b I AR B R R A s 2% BRI
o WATREAE G T oe 2ok HERIIRE , Wk
g, =% H IS Tk,

4) H= BRI A i 3 RS2 W B A I R A
W2 T B RERR VRS B4, JE R A DR R R
PR, B[RV RE A 24 s R A v (s IR R B R 10 2
FEi-2 4 B0 RAE 200 _EA Y DU s B A Ay
WAL, BRI RE ST IRKE
2 4 By YA ) A L P ) <RSI TR
EK AR, [ AR RS B B R T . DT
TE R T ¥R T 1y WUk B 5 B oy A 4
FIVTRRIEIWT, EREgdb 2 AN R A WA eY & A Rt
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5 T i B DR R 27 AR A Y, X sk
FRRBL T 2 AN DR ST A 19 36 IS H 7 R AR
B, FECHE EW Wb oo i R #Fa Ul
REERS) i 0 )L 2 T VAR 2 T v A Bl [T
BRI, hlk— “a” B4R, fERdis
INFRHELL I [, WA Y EET IR, Ky
Fas |ty PR AR A AR, ] B FR P s AR T
SRR,

5) Mz SRR 0 i 3 A 8 i L AR
TR AR B S 7 208 019 w0 P Th)
CUPb) [0 25 46 i 248 v U0 45 14 4F 3 B0 H 2 400~
800 Ma, {HJ&iZHb X 88-#5 + 00 LG sh7E b 2 J5
452 TARKAET, WA IR RmR A 2 b
HIFEAE I NE [ W24 () K 935 3, VR & PR 2%
NE WrZdty ., #A A o b ol s £ 7E .
BT = SR R Y & E R X, Bk

AR BAR R . HTHZRA SREE 2 447.88 X
10", hR 4 1l % SREE S 431 X 10 °, ML %4
SREE Jy 668.73 X 10 °, I #%i 8 % SREE H
508.30X10 ", = FALA A A A WA Eu 5,
TR AW (71.8X10 "~190.77X10 °),
it BE S5A A KO0 F S IEFE,

o N U & bae S 7R I Bl e s e SRR
PSR TR R AR BR TR IR R A 0T IR . JR 4
ARTEIAL . TRV R, Bl Bk v ooy Q]
Bal, AR 0 R LR A2
W, SAMEKAKIKS S8 kiR
YA SRR S Ch ) IR GO
YERITE B P AE B8 -H £ IR, L S22l 1o
HARW, PR 1 e 1 FH B 07 58 LR R 1R K
HIURMR LS o, l— R, 2k, 29
TR 22 R H

M Il fr fr 3 -2 -$B-%% £ 0 5K

1 B X H 5k

PRSP R S — XA T
BB B Sk . AT EW [ e VT IR W
L2 1) A 3 S 4 S AL, X3S T i) oAy

NWW [i] (3 5 R R 3. X AIE S2 2%, i EW
[ B RS R RN, TR TR L2, ERERE
il S R FRARHEEFILL B AR AE 2
AT SN [AIGE N T EW Mg b, s
TR v K T RS R RS (B 1),

7 /R

Q iﬁlch

30
Pt,chy

F

Ptlch" o

B 1 SRR Rt R E
o— RS s Nap—BEIRA SN KA s ah—FINIIRE s 7o —fEBES s bi—RAMABRE; Tob— L =S5 AREEA; Pud—K=
W4 ; Py V5K 5 Py ch— KP4 ; Py el %4l ; 1 4R
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LR B R AE Tl ool A O BE (1 700~
2000 Ma) ", 0] R N—EDURAR 52 A0 28 £

BEAZR . BUEREIE 4000 m, 7 F#EH T _L X5y

&1 fhEe X ool i O 2R E R

AREIE (Pud), JEKA Pul), K (Pu
ch) 3, AR LRI 3 ANTUE- KOlmes g
], & X HbJZf 23 1,

% B T o I
EALEEEE Py 1000 Eﬁgﬁﬁﬁﬁﬁﬁ@%ﬁ%ﬁﬁﬁ%ﬁ%ﬁﬂ%tﬁ#ﬁ%ﬁ%ﬁ%
kg
O - FRHTEEE  FRARE R TN SRR SR AR A
R ULIASC IR Le R AN MR A BB IA 5P N A5 5 1 5 A
e o s . o R b S R BRI 7 L T A R P A B A BRI
- LEAMERES  Pul I Ll LN e L Ry =
75 K 4
I, ] / R 7 AR R R TR 7 M A A B A B R 5
FHTBRREE Pl 0 RBP4 B AR ER
THKERER P d 720 N L N T N T
B4 S k1 o s L S S 7 e e s g o P R
KBS nmmm poa oot LI RN o A IR T

WA H e TR RARE R E A w0 KRB

2 WRHLTURFAE

2.1 WP HYFE

PR B BT R—K kR, REUARR
e, PEEEASH , JGEEEAAET , IS
FWE, B ERVER 1960 m, FEILTE 900 m, [Hif
1.76 km', AMESHMEE (A Z R IR, ZEHT
WEAT AR, N, B R AR A A
B, B L, FEHRA T R B O EW
) AR B AR KRR M I A R B A

VRIKERE TRAE T Pu [ J2 7 AT ZLBE I Ak 4k
Kis MHAR A R Fdr . 50 ik
i, H I —V ST R R k2, &
B IX R KA

T2 EH XEEFE~HRKR

L
Wk 1) A ) TR
1 1 960 525 12.27 0.89
Il 1 040 200 26.47 0.90
1 1 360 372 16.79 0.96
IV 1 000 220 17.52 0.96
vV 720 100 14.59 0.94

TR — AN 2R, Bk (E 2),
— A4 LB ARG, BRI AR L
B, 5 R EAR -, TR E R R
NWW 53T EW [1] , fiii[a] S 5f SSW, #KA# &R
W E ) S A A T AR A A, B
AR S i A B K g A, BARE
PER — (H B A8k % 22 N W (B3, — e 7E

B2 wi&dHE ®H

B3 %k 2080 7k F HrEE

O BE A ERT ), 0 SR
TERI A R AL 22 . RLBER
2.2 WAEHMYMRAS

IDIR SN LR 7)) %) S SR TSI
W B 1 IR 3,

BRI A S B -, B
- REBRDT OBFRHE™ ), BB AR BT (3K
B -RERRAT RN AR - R R Sk
5o R W B - - S &R
YIRS St e, AR AT R 1 500
6076 . ANFZEEL A EE Y AR LR 4,

RSN ECE:S



38 N LR Y ST

2006 4F-

£33 UAPTURS R HEE

SBTY Wt e W g % A
FE km TW W DRSS UarEaks

IDES/ LRI

BB 0
o WG wow .
e T hal ppag DAER
e B S -
segkg R B KA 2) K 4
D G m L A
SESAT | ik v
AR eww mma 0 s ssom ] o
g 0 BV iy 9 5) A B
AV BRE WAa Rk
wg e LT i G =
g e O iy DB e
U g WK g

o A
5) B
WG

F4 TERBTAITETYEE

AP R AR R GRS 0

2.3 HAENEN

D A—FARDIRGE ), ek, gk
LA —EAE& ., 2) FRIRESH . gk
W, BERE R IERRSE MY, 3) BRI B A, R
IFEARGER) GEHRT SBERE ERCIREES ) At A
AREEH BRI R e T ASRERT ), 4) 283
G54, WA FAR LR s SR K R A ek
W, M A0k SR BT, 5) s A
F , ANEEHR ARG R BT IEAC A s B R
YK FEIE TR AR s AT R bR AR T
WERRAT 2L B 5 BN A~ B0 [0 AR f b e 8 1
WESRA AR ZS B s BT VIR S R W kL ]

B R AR ESCR IR A

[/ EZ S R A E g J o U R/EA d A E g J A 8%
N 149.8 7.49 Rz 85.0 4.25
W 50.8 2.54 A B 37.0 1.85
R0 93.8 4.69 R 9.4 0.47
WA 77.2 3.86 AR 1.2 0.06

[ RO 327.6 16.38 LN 766.2 38.31

KTy 931.6 46.98 KEgy 791.8 39.59

BRIREL T4 331.0 15.55 IR TR0 ) 228.4 11.42
By 38.2 1.91 R AT 63.4 3.17

Hit R A ER) 2 000 100 IR} 17.6 0.88
RGNS ) 2 000 100

FEHAAN, 6) SANBRBH AR, W BT 52 AR
RERRAT , JeE RO FIE SR SR SRR
JRERWEIRGRE . 7 B WL R Uy
BRI RIBUE S AP 38 /S UM DIS'E
G5 BT SRR R SCGOIRAL

3 W IRHLBRAL A RAAE

3.1 MRERL R IR FHFE
PRG0S (HII T 5, RePHTIIRE R
AT A, REAEMEIX, A EFTE,
ZRIL, A, BilESH, A8 TR SR
i W& a0, B AR, SCAMBERCA.

WA BB . SR RS BE B A B R AL
Y WEAIIKER , AZ80k, XARGR, ©
A R A K — IR e Btk RITT PITVEAE A R 47
IR,

1) wlE s R S LA, WEk - & .
ZHRER Y 0" S BN IEME . AU 7 PERES A
TE (h7 8.9706 )5 AREAE FISh —5.34%079.04%0
HZHE0m N 1%0~=3%, (5 64.1% ), 3%, ~5%0 Ky
d7 8.97% , KT SYA t 5.13% , s 0
EREE WO, MAFEMGRATWE, Bk
8" SHIME N 1.97%0 5 BHE (19 TS {H 9 1.83%0 .
BEAT 1A 111000, Prbr 5 HAB AT KB Ak )
BB IR 57 2 AL HE T8 6,

i TR L v ZEZHBY
5 G5 S {7 B AR UR/EATS 8*s/%, w*S$Hlw®'s)
1 0 1 25k W 2.97 22.154
2 03 1 55 & LGN 2.21 22.171
3 04 155k R 1.49 22.187
4 07 155k R 1 2.79 22.158
5 08 1 25k W —1.22 22.247
6 02 2 5k R 2.30 22.169
7 09 2 Sk WA 1.40 22.189
8 06 3Tk AR 2.88 22.156
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Zp 3
i3 G T AT B A A E/EAS *'s/%o w®SHlw's)

9 11 3 Sk B4R - 2.61 22.162
10 05 4 Sk R 1.40 22.189
11 12 5 SH A B —0.40 22.229
12 80Jd19 INEER—E WY SRR A W 0.18 22.216
13 80Jd20 INEER— G WY SRR LR 0.00 22.220
14 80Jd22 NEER— G B SRR A k7R 0.90 22.200
15 80Jd21 INEER BB HRT A W 1.40 22.189
16 80Jd23 INER =G SR A T 1.49 22.187
17 80468 /IR K AT 3.87

18 80472 INBRF R R 2.70 22.161
19 80470 INEREY A 2.57 22.163
20 80473 /NEER R A 2.48 22.165
21 80471 INBERE T 2.21 22.171
22 80469 /WNEER K AT 10.49 22.187
23 80474 INB TR W 2.48 22.165
24 IV ZK8-20 BEUR Z m A AT 3.23 22.148
25 [V ZK8-22 BEYR A A 1.00 22.198
26 IV ZK8-26 JEECIRA S A W 0.78 22.203
27 IVZK8-27 2 GRS IS D 1.10 22.196
28 IV ZK8-29 YR 28 o BERE K A 384 WA 5.41 22.100
29 Il ZK96-13 FARRAR A BE A T 6.33 22.080
30 IV ZK96-15 BORH =R K R A B —1.77 22.259
31 1l ZK96-19 BRCR 4 Z S B W 1.21 22.193
32 1l ZK96-21 o YU AR S A WA 2.74 22.159
33 M ZK96-22 JoCHR 1 B 2 AR 1.25 22.192
34 M ZK8-15 A KRR €0 K AT 2.29 22.271
35 l8-21 ) ik IR 5 4 ) W 0.66 22.205
36 MZK8-23 5 YR R AR 6.90 22.068
37 CK465-45 A kIR B A AR AR 0.58 22.207
38 CK465-54 A KRR 5 A B —0.31 22.226
39 MzK-21 1YL AR SR A AR —3.59 22.300
40 K2 YR B R e AR 1.52 22.186
41 % 247ZK3—7 T 2.20 22.171
42 ¥ 247K2-3 W 1.55 22.186
43 % 247K3-9 AR 1.56 22.186
44 %6 T 2.70 22.160
45 % 117K2-17 W 1.59 22.185
46 % 247K3-6 N AR 2.11 22.173
47 1 97K5-8 ARBURAPR G B0 41 Rk 1.59 22.184
18 A 97K5-19 W 1.45 22.187
19 i 97K5-11 HERH 1.70 22.182
50 7% 117K2-14 HkH 1.31 22.191
51 7% 117K2-14 " 4.94 22.111
5 7% 117K2-19 T 2.17 22.172
53 Ch-2 L NS YA Rk L] AR 2.42 22.17
54 Ch-11 K SRR AL T Bk W 0.29 22.21
55 Ch-16 K SR T W 1.52 22.19
56 Ch-17 R AR A B 2.19 22.17
57 Ch-18 B R AR A A 1.78 22.18
58 Ch-21 RA R E Y A A 0.60 22.20
59 Ch-22 PR B /RN 2.56 22.16
60 Ch-27 BRI = A — Rk R 2.24 22.17
61 Ch-31 PR AR 0 A B E 1.82 22.18
62 Ch-37 B A — Rk W 3.11 22.15
63 Lh-1 HEHORET A W 1.00 22.20
64 Lh-3 B 202 YR B W 2.15 2.17
65 Lh-6 BCR 45 A W 1.81 22.18
66 Lh-11 K A R B 1.70 22.18
67 Lh-10 - A AR 1.09 22.20
68 Lh-7 HH A1 gL 1.91 22.18
69 247K3-7 BRI E AR A A E 9.04 22.02
70 -1 e AR ARk DL ) B —2.22 22.27
71 1-22 Tl A gl A T IR A A AR —5.34 22.34
72 1-G HEH 4.49 22.12
73 T 3.17 22.15
74 3-6 WY 3.44 22.14
75 T 2.77 22.16
76 4-3 T 2.41 22.16

77 ik 1.98 22.17
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- 60

50

30

B %

20

10

— |

1
9 5 3 1 -5 -10
5 *'S/%0

B4 WEGRABFESHE

EF 6 B B R TR fik [ o7 2= 28 B EE 4%
. fﬁ% S (SZVIS/%L ™
X - o %o
s o FEEL 511 s BE AME/X
W 26 —0.31~4.94  1.97 5.23 1~3
i fr WP 50 —5.347~9.04  1.83 14.38 1~3
BHH 2 —0.4~2.61 1.11 3.01
L EERET 23 2.5~5.3 4.2 2.80  AfEA
F ¥HH 10 3.8~5.7 4.5 1.90 4 &EfH
. . - AR
L GR 12 —3.40~11.6 3.1 15.0 =
S Raiad ’ R Y
HHH 40 —3.30~12.41 4.38 17.71  5~8
iﬁ ﬁ m [~ 1~ [~
N Y 5 5.097~6.88  5.89 1.79
= ﬁ%%fr‘ 25 5.37~9.7 7.?9 4.4 7~8
WHH 23 5.2~10.1 7.77 4.8 7~8

2) BRIRAFIG] , PRI IR A ok IR 2 Fh
ZAER, FEAOHIE . MR AR e AR
ZE RN W) FAIRIX MR R B e A I ) B
B B TS R L R AU BIT . Mo 6''S
HHEGE T 05 OMiFeht . HFe¥) BT h HugY) 5oy
S RTUBYWERT, 2R, Al shiie 2
Eugd e, JUHIERAEET, AR
FRER BN , PRG3R A LEARKAE M L flidthe
AAPBR R R AR, 0'S AR,
A AE s ORGH . 2 e a7e LR A
WYY T HL T BT AL, WERIRGY 1K Bt
MIBRRERER . IRABILAES WIFIE ; MRS T
PERER , IRAHAES MAHIE, M 5 nT A,
PiRse X 0'S ZHh 1%0~=3%0 ., SMA R,
AR, WARIT O, TR B RET, RE ik
BRI, I 7 437 ) R L e R
7E H M s L R E I

3) HHLRMIH R oS ML . P S
BRI PRBL R 7 3R ALY L EILER 7,

H 7 AT, RIS R U MEIZ AL, 6'S
EATEM , WA, mHEZEER. MR 'S
A . I EB RLTIE, frfr o'S T
fE }1.86%0 .5 WA BUGR S 45 0T L i U HL L Mg

x7 i 5 E RSN LRE RERE AR AR LR

R 8*'s/%, v Iy
VRER Toemm g v o R
AR iTA —5.34~9.04 1~3 1.86 14.38 77
Keili —3.40~12.41 5~8 4.10  15.81 52
/NG 1L 3.83~6.88 5.55 3.05
% i 5.2~~9.8 7~8 7.73 4.60 48
AR 2.5~5.70 4 kA 4.12 3.20 33
[ —4~4 8.0
| —2.0~16.7 3~8 7.10 18.7 A4
SRR —3.7576.25 10.0

FRIE, hrbr5/hEIL GEZ). 250, FR) AL,
e RN IEAE . T H B 22BN TR R A i
i, BmERK; HE) BRyeREm b rR-E , &
Tk F KB ERE ; 2R AR R, B —1b
U8, VOB EE WA fUE . (382 LR R/ NS
Z, &'SPIEMAREMEYCEZMN ., AR, K
Zrily, Pidi, PIPRAR, K 1.86%0; EHE oS
B REVNRIF B2, NEIL, AR, KR4
W, Fidr, RIFERRR AR, SFh 1.97%05 M
&S MAET , 2fhfess . Prfidd, #id Bk
O G 2 B A R o = I 1 0 RS 19
3.2 R IRESYE

B SLR S 8, WAl F I REER Y
PRILR I — %k 3107~380 C, &k 442 °C, %
Bl 292 °C,

ALY R SR (PR RPN, 1984) . B
B —h 310~370 °C, 55— R N 250~ 260
°C, AW R 250~270 C,

x8 WUMBEREE

SREEOLE Y4 R ORI C|| SRAEEOLE YA Bk R C
FEy A 3N 332 a e R 292
FEy A 3N 350 a e R 352
PSR X 3T 392 AR R 292
fk WEERET 374 ik ANA 282
[SE <IN 310 @O ZEY 294
X W 442 ERE W 380

M R 430 |BEEIFRE BERA 460

WY AR Y — LR 45 S o 190~ 300 °C
(F 9, BEERLBATE ., A0 850 , HiP <R
FeZ s 1006 ~ 1506 . e P& R 19 NaCl 7
Wy, A 2800 ~ 3620 Z 1], T BGR R R
JE . RS S B, FEWOAH A K CO. BR%E
SHEAREM . LIRRHER, AR X sl
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DI AS R ER R AR,
3.3 R RMAEIER
TR AR AL 4331 T 56 10, A0 2R A% 3= 2 A%

A O, HWE Co., CH, C1 , SO , HCOs
SELF M (R 0.001 X 10~ 0.009 X
10) FHEFAEKZEZ Na BRK , G .,

x9 N ET T MERENRER

3 %

1%

k5 FHE T ¥ —ig g/ C H—RE
’ KR KN pm Sy AR A e
I BN . . .
14 3 AR T 3~9 120~140 W
L ST Va3 WAk PRI i
TN TRAR TR P 0 ) A4 6~~25 BE A 150~190 WA
2 M P I 3 7~32 ;e 2507300 2
- EE DB SSRITIEOE 20N 4~25 B KCl % 70 SIIE R 120
BN - " .
24 i W A H 2~5 5B 320~~340 W
L ST Ao Wik HO R bl
YR " N .
27 i AR 2~19 5 90~14 &
L ST Ao WA B i
i A 7Y 4~10 T A HIOS, 2307300 WA
SEE VRS RITIEOE ZIN 2~15 A KCI % i 90 S 2k 230
Bk EEOE SR 2N 6~19 o NaCl % fi# 310 IR 370
131 ﬁgﬁj}a a o KT MR 6~16 MOk NaCl ¥ 210 S SR 460
- EEDESERITEOE 20N 7 B NaCl %5 fif 380 ST 2% 500
SEE VSR RITIEOE I 12 o NaCl # i 260 MR 210
EEOE SR 2N 6 o NaCl % fi# 400 AT 180
1=/ N o 170~ 250 N
: 3 W WA ~ 5 WA
L39 ST A LT 2~12 B 320~390 i3
S B0K i 5~25 130~220
RZ e I A S
143 ST VI A A 6~12 HOR AR 320~340
B
2R IR
" 4~8 e 110~190
147 - pae AR 5 HOR AR 100 WA
T A
H¥-H . 3 RN 300
3 bidl WA
L122 S Ak H= A AR 914 P 310~350 WA
F10 SHOEFENKFERS w (B) /10"
e E H;0 CO;, CH, K" Na© ot Mg s0iT al” F~ HCO; pHOKEE®)
S4 Vol 2.00  0.125 0.096 0.18  1.732  0.13 0.00 0.18 0.36  0.009  0.35 7.04
S5 Fa 1.50  0.125  5.250  0.125  2.412 0.0l 0.00 0.15 0.40  0.002  0.28 7.04
S6 Vol 1.25  0.100 0.130  0.135  1.142  0.00 0.00 0.22 0.22  0.001  0.11 6.65
S7 o 1.25  1.125  0.282  0.174  1.173  0.08 0.00 0.22 0.36  0.001  0.11 6.53
S8 Fae 1.75  0.150  0.073  0.974  5.772  0.34 0.00 0.31 1.14  0.001  0.06 6.22
89 A 1.25 0.100  0.282  0.117  3.922 0.00 0.00 0.81 0.92 0.002
S10 H b 1.00  0.350 0.073  0.231  0.524  0.03  0.009  0.22 0.08  0.002

4 AR T

4.1 XEETRIEA

M T#oe i URE Ti23h (1 0007~850 Ma),
T AR ZURE 4 MR A R rp L 30T R M2 P A Sk
AR . WL T &2, THCAE . B,
SiRIA . ABFUKLESE, KN RER N 3%
TR A X BE GIE EW 7)) Ko A B4
YER . ARIEERT WS AXIERAR, —#
R, JRERIs Ak B A A B TN Bk

AR . FZE VP R BAXHR U 25 2 ik =k
bo (IS8 0.902 3 nm , A FRAEHE S8 P
T Y NEieE S P S L N 1 S R o g E|
CE¥Ih 3.27), RAZEEA R EMLE (4%
IREE, 1976), IFEHE SR 378 kPa, IR RS
k49 °C[kPa, RIS B 7€ 150~400 C Z [A] 48
b, TIRAS RS FAREEGE R, AR X R —
AR R IX
4.2 F-REEEITR

PEHE RPN EE s CINVEE 8 —
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Wriad), AXZT T NWW [0 8725, EAT
) L AT BB AN T X AR i (s AP,
Sibson (1977) T\ Bt 5 1)1 B D145 i) 43 S IR
KR 15 km, PRI X ATEE , 7RG & A4
PIEsy, WiE LR G Tissh AR
). BREANETE R 2 E INTE RIS VI L, 4%
J.G.Ramsay (1980) 4325, J@W-Watksyvlny . ‘Aa
T RWEHEASTESN , 8k I — AR,

A DX - 1 B AR T G A AR 3 A AR LA,

L) BRERIREER MG, UEE T LUES], B
e IR ER A s, H W AR ER A0 0 A
MR . AINA. A%, ATA . AfTFAN
RERFA) 3 A S Y I S JEHER: . A R ERIRIR
Bk, LIREAAKFRIRER , KEEERY) K =0 )
BMAIELT IRk, REKE oBER (LhE). &k
BA SCHM, S-CIM—Mh 307k, Rkt
9 0.870.93 mm, FEFURAEHR 0.0270.03 mm,

2) BMSEEH , MUBHR A HRER (FRBE) S Rl Bk
BEEMRH A FIa e 2, JFEHSMNEA EAS
Y2/ INUR

3) ARIEGIRNSE G LR, RLmE (BY
VI A IR D,

4y JESR . AN HRER P A R T

5) WRZAGE R SR P X e E B TE . il
KEBAENIVER TS, HBRAS S AL, V&K
WX AT A, AR L2 R, R
RSB A E A S o,

6) WEBELEHY , MK ARG, MR A RiRH
RHEBELE Y

7y BRRIEE R, WK A SRR A Y B R AR A
BRI . B R S AT AR kL
FERRDIRAN A

8) FATRLEEHY . KU TR A TR B LB A
WA . FATREUATF I WA

9 St N, SRR A
PEMBEG ARG . BRI, TR . STUIPEM
TERUE WA s A iRt . RS2, i,
4.3 TRIEAFMF-IEEHITRS BT

TEX AR B E S R, R TUTRUE LK
IRV S &Rk, B FERRLEIK, 5F7K . W
KL BBK, DLRIER G, ZRTTRE 152
WA, T ybbT i, kARSI IR SR
A RIEAETR AL 2 . NI R T A8 A ;s
PR SSRGS RS R ks H] 254

BYUVARIE o XA XA PRI R B Py

PR — BRSO T o 01k 3 U0 AL AN SE PR ARAR
K METG B 2% . B YT AT AP 16
FiE%, S EEGRAE T ISR, AT
FIPRERKEEAR, SR ERENETESTE . IniTE
B A . WVR e R, FEORMETE R
R B IR 28R TIREBE S . XS] T 34
A BEA AR SLBUE R RIE I, &5 Rz
TEA RIERALTE R, T B AIR JUIRE™ 41
B VCR— R o™ 7, EEE A, A
PR, BRI i 2 2 T PR B
B BB U SR AN, IR e AT
k. 90 XA BAAUR SiAE , ing R E A
IR A, ALY S & A R E SRR
ORI Wt T B SR O, e T BN
S T G 2o Bl TR £, 48R oAy g
AR P 0 B U0 BRSBTS B A SO
11,

5 Fla AR5 s

Pl A 5 BT S DA OG R B BB R B
A, AKX FEA AR S AR L5 R 1 R A
SR AT, DA RS R brads . AT
WhRa . XTHGE AR UL, U PR A AR B b B A
SR, B HBLR IR Z R A R A B, (H
AR A AR A T IR AR TR S
WA RIE L, Bl Z A=Ay, & e
K B0 A T 2 o ol b P TR B AR AR
R AR AT BT, B, REL, T
A2 BRIBIE . EIB KRR bR, Blast
B AR, B AR B MR A I,
AR ) Iy — A T R A IR AR B SR AE
FH o 3K R TR ST R 2 ) L AL 1 4 B
BB, RS HEA A AE

SRR PRARE R AT R A Y
PIVE R PR sk, HBWR (s i
PURAE W A LL HO S FE R, IF& A
SIBBETMEMSER CO., S, CHi, B4 SOi
Cl %, RFZME IR . X R i 5 Ul i B s
B, EEEA P AR RIRT , SR EE &
(A R UTTERE

AR X5 AT S E AT S Bk, ke
wAfe, WK AL, BB KAk, Ak, fEk,
WAt AP Ak, MRS AEEK A
WAL, &=t b-EA s A, B AR IR
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b, Gt at-rife- @A), Bk
e EA-ERAAE G BA-H A B K
At Ak, -G s R At ke s
At &= BB IR ER LB K A A A5 A 1k
T A1, BER AR A,

5 VE R R R EVIR RSt R
Bt MR Ak, St ERRRTYImN
BB AUIR AR SO R I iR 2 T I
Gt O, I WA B BT A R BE R A 2
U, BERCA FRR TR B IR,

BA = A R R BT AR ) SEBAE
O TEIRCAR AT L, BRE s AT Stk
(X 2 Pl S 7E ) — i S U ik 1), TEE
HRA A ST IC I

WAL B S R I E B O R
Dl BelA AT SEALPIE Bk . WK A4 = 48
A -BRAPIIK I D A0 S A BOY B KA L
11 BACHIB SR AT S BAC A B K AT A i
1, EAEERAME , FS5mmR, &atk
R — B A UA RS IR QLR E 0 1, X I
AREO, MILRGOE ST a BRI

6 A PR LA Bl B

D) &0 HIEAETE . 4l W.R. Henley (1973),
K53 R SRR T KB, BRI AT RE SRS
R SURTR I HAR , AS R — A AR T
ALK, SRR L R Y 2 Rt Ui B
SR, o DR BTV E 7 A R T ;
JEHL N K TE S AR R A TRLVE R TR it #
K EHABRRNERAENEES) . R AES
AU I, TR IR, H=, AR E
WA R AR AR R A R . TR
AR HAT AR AT, T /K BB R 3 4
WORTR.,

2) T V) MAAZA, AR BIPESY
IVE FAIE B 40 1 o B e 2 A 2 & T
Grntib, A ath, BRAk, FR AT, B
fb. AR, WINARET Aa R —&

T R T R BT AR R B R

3) W VEFAPLE . WKk £ L A e
BLEY . WA E Y. AR A [Me
(S:05) ] | BRMRERIC G WS i ATiRiE, WAl
RO PRI — 3L W 2R IR 190~
300 °C, MZHEMEEE b 5 CE¥IHR 9.034X10 7
m), JELNE B iR S B TR GRSl
3.2, R ZEEA MR (4E/R71E,
1976) , R BB R 1R 378 kPa, I BEAS
h49°C/kPa, pH fEK 6.227~7.04, BUH" ¥ 5 K 55
Mg S5ttt 55 UIAE LS GRER iy A i Ak ) iz
B, S PRI B U I B s A, DO, X
SERLR AT R f B s AR, WA TR T RN
KIS S —WEBES , A AfLBREE RIS, A
FIT- WA IZ R AN . TE = YRR R

B LT IR S PR IE A Ie A . IHgE kL
FrHA B R E R DT T 3 B -

D) wIEEIE B B .y ool AR v i L
RAERT A YT, RIANZEAABES 2R BT R B K
W AR A (AR Y i), ATE A
X AR 5

2) HR)ZE (AR MEEAE-K A2 Btk
BYUIASIE AN X AR B/ E R B« T2 R R4 E e 5 S
AR AR 5

3) Pk A, B B B . AR A
W, MR K, AR MR R) 15y
VI AR 2 s e, 52, TR sl 71728 i
P IR, Prhr e o) s B Lr A A 5,

2 7% I
WU

(BT

FEIR-AE R
FE A
B 5 RHEe e R ERE
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KREUDEIE-€F KR

Wk -BE KA RN B IR KAk E A
TUHR- 8 RA N T — DI R L m i A . —
FBORASE o AE A 531 Ml X R BRI A A R B 5 4 114
BRI e [a] 5, R i St 4], Rl I
A RAE BT X3P B b AR A A2 R 14 B B B
SRR Tk AR A A TR - PR D B 22 3R B
NN, R TR BT R R B oot R
ZH AN, KRB PRI AR T L
F 3 Bl “Zum i 7 M SORMERE . 1) Bl i
INFHRIERT ;s 2) BiNARE AT 3) WSk
Bl AT SRR bty BRI, XS S A A
HEAY KIS, k8 LT B T e S e AR A
L R A 3h AR A A IR (R K
L UUBUEAL (8O AR ] AR —LEHIXA
AR TR BRI AH R R B 5 R 1Y
RAMEA B AR kA A R 07 R U

SRE RAMENBA BRI R AR, Ay
- B R 2 B TR OR W SR [ A v — AR A JEE 52
Wi oA, BREAR)-S-GB R AT RETE N 250
FERe: 1) BA SRR W KA 5 RAH L —
MORAREE SIERT 5 2) SIB RGBT K AT 0 PR
A VRN, B, < B0 BRRRER TR A AH DL B — Rk I
PRAHEAERT s 3) —Fh 518 mURE kA -0 KA1 IR
GULRR A, FAREEAR, &Mt , (HRAL
PEE AR R B R A Al AR LA A
IR Ma 0 B G830 T3 RSB MG )~ Y
ZHAE,

4% B£ 3% B Porter T M.Hydrothermal Iron Oxide
Copper-Gold & Related Deposits ; A Global Perspective.
2000, Australian Mineral Foundation , Adelaide, 9-25.
E R

THEHGKELYERE M- HFLT K
MRHFERHES =

X R ) S g 40 B DG 5 0L~ 4R 0 IR
JINEEKE 25 # X ) Wemnecke LA BR A BIE PR, Fit
it Kiruma 271X, 56 E% 058 R0 XA BT 5T
Koot C A B Te i HAD & B Y PRSCER Y 25 5
B, R R PRI 7 RS 8 T — AR AR ] 1Y)
WORZERY , JE TR, IRER. A AT E g
R, HAWAH R SRR ROE AT . I RPEILARRY
Great Bear F3¢ 4 HIOH IR, T EM = SR IHEA IR
FIRRCR A MEAL R Redbank FifRA 4, HEHZET IR
PR TC i A B -l - 7K, IR
PRy HEEGIAY BT RN R IR —
Je. XRPRELE R Y9 AR A E A LU LAY
Il

D) 4, CHBRZEW IR, JUH R
PRAY Hl o 4F i 4R h e —h oo AU (.1~ 1.8
Ga),

2) TR, 0K TR T AR e Y v
POE KRS, 200 Sk E A A —
SE RS [A] RN ] G £, R 22 B0l IX iy Al i
e 2T IRAE ) 5 XA i AT, L

AJREA KA BT 3 — L0 PRIRAE TR LAk
BRI kAN, A, TER i E . —Le
PR B LA AN 8 B 5 TG 3 6

3) WL, 00 FELEREAY) (iR
W BARERE) NE, B AR A 0 EIR,
CO; ., Ba, Pl FH ¥R H -+ F5 . 5 KN
BB REE B4 P23 AS B0 14 1) 2L 22 35 5
) REE & 4.

4) FIAMAS , FBIA AR AR RS A Y i
ARE PO A B TR, (AR R
AR SR AR M 2 M N R AR, e YR R0
JE B FAS AT R N 48 s B R REAL
M. 54b . BEARAEA THRERERAEFER .,

FRUEAFAE S SEA ), (EAE AR TR X Bl R — b
X Z MUPAFAEF 2 AR 2 Ab , e s RS L
AR TFARLEHOIR A A, AT PRI A DR iR
FEAGUIR . X HB SR T A AR A A5 R
2 W2 . BTYIAE AR AT (B B ), 8k
ZBIEHZ, NSESSEE RS, L, Hsi
AN T AT DA i L 4 ) i by 3 42 1 K A g [
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BE . 500 BOBER L2 (0 R R T A 0 T P 4
Y, L STEMERERER] Py T K fo 2

O B R W) BT B M FR R (<46
k)« TR o M M s L 1 TR
VRSP HRRSE . e BN R 7=
20 1.8~1.4 Ga, BLHIAT—Fh 5 2Bkt

A RBEN E Tl R 22
T RMHhTE, HEBERAGE I EIVE IR LR 1 RS
LA E FH B8 T8 BUAH W] 28 HUE B AR D iy 4
K.

FEREE B Precambrian Research , 1992, 58 (1 —
4y, TEHER

TREGEUW ARG PEBRIRNTRLY
WEeEMMETSR

h T AP RGP 0 AL . xS
JEREIN 24 MREAY) (Cu-Auw-REE) B K MAHEZ
Geh i — PR ER B AL AT T b, AT —
ARG EET YN S
Co (As) MIBRALY. WA &) MEA, Bk
W, REE & EMBRAMEA ., a2 A,
B A R R A, FEB BB [w (C) =
5.600 1 A (B FEMNA [w (C1) =2.9% ]
V2NN S rh B R, AR R Co B
18y . BLEIRA R [w (Co) =4% 1, WEHEk
W [w (Co) =0.500 ], ¥EEET SR MR [w
(Co) =8% 1,

KRB FI A N A AT o R S N A 5
BN A, ERPEAE B KO R, (Hax st
RGN TN A RN A 20 22 3 55 2 el 1
#,

SR AR A R AR Y ORI B I R . N
M A Se Bk 550X 10 " [ LHMAINA w
(Se) =1.500 1, A T & B &AT A RLE A
[w (V) =0.57% ], iy REE & EHZ WA
B, W ATED IR oy FEEA U A
FETE , B IRA R A

SEEYEL, MEITR, SFRERE. ME Co
(As) MBI B A2 AR E AL AT AN ) B 4R
XEAERPMBARG NFEERG) R 5N E
LTI SR AR T Y L R (Ui R
FIRZE VMS RG0) TERL T SEUIXS L, X ] AE 2
H TR AR Y R B2 AR B A R B L, TS
AR L PR ) R P KR P

AEREF B GSA Annual Meeting , November 578,
2001, ZE4ER

& %] dt &8 Coastal Cordillera 55k Cerro Negro Norte
BREWLDER-&H KEFIE

BFIALES Coastal Cordilleran 553N 512 A A XK
[ Cerro Negro Norte (CNN) k& Ak 4 RUAR-4: 7 K
WRAF T b A2 LA AR A AR AN
AFUNRBE R 515341 T X I8Pk NEE [ Atacama
Wity (AFZ) By R JE o SO 1 XY
PeAmE 100 Mt [w (Fe) =65% 1.

SRR, BERA . SR N PR
A9 Na-Ca B H S AE A4 . SAkEa . TF
o, B A, tAMEa 4, NaCa BUilAZTEZ
WX ZAEAE 4 km' ), S ERINK S S
FRALAE . CNIN X g ok A% 2% A6 4 4 Ak LA
o CRIWEFIERS ) 58 s K IR A Z [H] 1Y

FE L OWE, o Ie R Z 8] B AR B A R R
fIE, HFARAAER = A (IR AR AFZ A 5%
oA, TR BERIEF IR A N A K a8 &
K, BEEIRIRERL (Fa) MhAS T NE [ W2
Gaii
SEMABAGMHEIAAEB N (A
) HIERINEK A SR miskleq-J5 -
SA-ATEH A WS B - S 0-ARERT A -4
WALEEYIADG, RN WA+ i A iR £
MR A . A, B-SREES 1T Mt [w
Au) =1X10", w (Cu) =0.25% ], Maiphss
HAETTRE S AR K AR ST, SR KA
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KA N B WK S TR R R A 7= A
HURBEHA 1 AEEAE A Na-Ca (A8 20 A 78 2 1
TULEL (==5007-600 ‘C), FHHBZAMR A HARMLT
o, (IR RCH LA A JE . B ., R
K-tk ik + A ey BAR T R,

i NW [ ¥4 365 P TR 3l . JE A0 NINE [ Jfg 4 7 22
MR AR, B ('S BET = —1%) L4&)E
e A=

AEREEF B GSA Annual Meeting , November 58,

2001, EE4RE

EF h &8 El Espino it X 555 Rt T4 4 /Y
HELMBHE-£€ (I0CG) ¥ ik

El Espino £k AL W) R H-4 0 12t 52 IX A T34 F)
g LK . AR R 0 i 2k A B -4
PREYREFR. H 1990 478 1% DXl 4 6 2 Ry Bk AL )
RUE- G40 PRI S X &, K HLZE T
WD MK IE R E T, s fg i 32
WRAF- T DI SN ] W 3% B TR E . TIEAR
EALE LT B . Wb RS KA A Y
LA, TIBUATIELE— K I HE A B AR RN
AN (R 7 km), ZEDURRE FLK LS N Rl
R HMAE BE . XN B R AR I s
JURAEAE FH AR B A XUk, fh A8 A 3222
P THER AN . BRI LIS 4 ) ERE5 5

TEHAB RGN WA R, AR AT A s R
Fi A SRS AU AR, B A RS il A2
BB IAEAN AR b SRJTORIER o i AR B g
WS 2 A% SO i AR S, 8 o ek bl L BH A A -
arllefn- GO MRS RIS G- a - (g
Jesq) MASHAL, TR TR T Bk B b
R IR R A & . B
B SRR RS . BRE R R
YA NNE 2 NE [0 W7 28 &% NW [6] £3 307 fif 1
Jk oA,

AEREF B 2004 Denwer Annual Meeting (November
7710, 2004), EEIRK

& F) Candelaria-Punta del Cobre & = 1L 47 &Y
Hl-&- (3%-1R) K

B Copiaps 1 17 4 B AR I & o A A LA
EYEMAT-4- B TR, IPER T —4
K25 20 km, Y24 5 km (YW, X0 FE Punta
del Cobre i [X Y Candelaria K BIH 11 & E L2 3
km Ab ) —2e e/ NES L, PEAL T, 0T A b T
PR A 700800 Mt [w (Cu) =1.026 1, A LA
Fk. fBkE AR LK 5 2 PR — B3R
TR= L, TR EZERAF T Punta del Cobre # 1 [
KALZE R LR E ST S0 AR TR AR L
R Chanarcillo 21T 38 A9 1L 8 T J2 )2 19,
W N RS 43 KB REB AL T NW ] Jfa P2k i 2 5
AR B K LR TS 254 fk T P AR . NW 1]
Wi % 1 2% NE [ 35 Y0742 7 Candelaria 7K
SRSV a

B R H M — IR T, B-E
ALUE SRR (80 ARERONRRS L IEH Ag,
Zn, Mo MM+ 0 R RBE 4, Candelaria /' RH™

A F WA T 5 B BB A B BT AR TN A 4
A RMASE F, 7E Punta del Cobre b [X , ¥RERA
A EARRUN AL , By AR T 5B
BEBIR A BN A -2 = 5 A i ks

WA AR IEBGIER] T Candelaria-Punta
del Cobre i DX (8™ 1k 7= A FAIX AAL B 4514 . 5
HuIX RS IR U REsk B AR R
WA G AR B U™ P 1] 30 it 1 i v Ui 2 R T A
BRGS0 98 R 500~600 °C, EEHLY)
W B BIE IR RS 5 e A B 0 I IR — 3K
(328~=>470 °C), M), WL T ARG Ak Bk
W RN T T R, BRI 7 M A0 AR it A 0
RE Y — Ry 236 °C, RIPURRGLE: T
A,

AT 2% N . 0 i 2 BA 7 = 50 A A 48
], A AERRER T 1 A A SR R A
BN 7T EEAER]. SWIT 0 TSR A AR R
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BRRINLER o X R HAE B shs iR SR A K
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Overview of Fennoscandian shield metallogeny and tectonic evolution
with special emphasis on Fe-oxide-Cu-Au deposits

The Fennoscandian Shield , one of the major base
metal provinces in Europe , is composed of an Archean
nucleus, largely unmineralized , in the northeastern part
of the Shield . This nucleus is bordered to the southwest
by Paleoproterozoic rocks . At ca. 2.5772.3 Ga sedimen-
tary and volcanic rocks were deposited on the Archean
basement during an extensional event . Further rifting of
the continent at ca. 2.1 Ga gave rise to tholeiitic and
komatiitic lavas and dikes . At the end of this extensional
event MORB-type pillow lavas were erupted . At ca. 1.9
Ga the tectonic regime shifted to compressive and subduc -
tion related volcanic and sedimentary rocks were deposited
in a terrestrial to shallow water environment . Southwest of
these intracratonic complexes , 1.957~1.87 Ga old volca-
nic arcs were accreted towards the craton during the Sve -
cokarelian orogeny . This orogeny involved voluminous
early calc-alkaline magmatism and ended with migmatiza-
tion , S-type magmatism and large batholithic intrusions of
A- to I-type granitoids .

Mineralization related to these Proterozoic early ex-

tensional and later comressional tectonic regimes include
VMS (including Outokumpu Cu-Zn-Co=+=Ni type ) to epi-
thermal VMS, sediment-hosted Zn-Pb, porphyry style
Cu , gold lode style deposits » BIF’s , mafic and ultramafic
NiT=Cu=PGE deposits as well as Kiruna type apatite-Fe
deposits , epigenetic Cu-Au deposits and syngenetic Cu
deposits . The latter three types of economic deposits are
included in the diverse group of Fe-oxide-Cu-Au style
mineralizations: The Kiruna type apatite iron ores are
hosted by 1.88 Ga felsic alkaline porphyries emplaced
during compressional tectonics . The epigenetic Cu-Au de-
posits is a diverse group of mineralizations including vein
style structurally controlled Cu-Au, probably both 1.87
Ga and 1.77 Ga in age, and intrusive hosted , porphyry
style Cu-Au=Fe, related to both calc-alkaline and alka-
line magmatism in a compressional regime between 1.97
1.8 Ga. The syngenetic Cu==Zn deposits restricted to the
ca. 2.1 Ga greenstones , formed during extensional tec-
tonics in intracratonic rift basins .

GSA Annual Meeting , November 57~8, 2001

An intrusion-related origin for Cu-Au mineralization in

iron oxide-copper-gold (I0CG ) provinces

Major Cu-Au deposits of iron oxide-copper-gold
(I0CG ) style are temporally associated with oxidized , po-
tassic granitoids similar to those linked to major porphyry
Cu-Au deposits . Stable and radiogenic isotope evidence
indicates fluids and ore components were likely sourced
from the intrusions . IOCG deposits form over a range of
crustal levels because CO:-tich fluids separate from the
magmas at higher pressures than in CO:-poor systems ,
thereby , promoting partitioning of H.O , Cl and metals to
the fluid phase . At deep levels , the magma-fluid system

cannot generate sufficient mechanical energy to fracture

the host tocks as in porphyry systems and the IOCG de-
posits therefore form in a variety of fault-related structural
traps where the magmatic fluids may mix with other fluids
to promote ore formation . At shallow levels, the 10CG
deposits form breccia and fracture-hosted mineralization
styles similar to the hydrothermal intrusive breccias and
sulphide vein systems that characterize many porphyry Cu-
Au deposits . The fluids associated with I0CG deposits are
typically H»O-CO:-salt fluids that evolve by unmixing of
the carbonic phase and by mixing with fluids from other
sources . In contrast , fluids in porphyry systems typically
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evolve by boiling of moderate salinity fluid to produce high
salinity brine and a vapor phase commonly with input of
externally derived fluids . These different fluid composi-
tions and mechanisms of evolution lead to different alter-
ation types and parageneses in porphyry and I0CG depos-
its . Porphyry Cu-Au deposits typically evolve through po-
tassic , sericitic and (intermediate and/or advanced )
argillic stages, while 10CG deposits typically evolve
through sodic  (-calcic ), potassic and carbonate-rich

stages , and at deeper levels , generally lack sericitic and

argillic alteration . The common association of porphyry
and IOCG Cu-Au deposits with potassic , oxidized inter-
mediate to felsic granitoids , together with their contrasting
fluid compositions , alteration styles and parageneses sug-
gest that they should be considered as part of the broad
family of intrusion-related systems but that they are typi-

cally not directly related to each other .

Mineralium Deposita , Published online ; 28 March
2006

Modeling the role of sodic alteration in the genesis of iron oxide -
copper-gold deposits , eastern Mount Isa Block , Australia

Liberation of iron and potassium by widespread post -
metamorphic albitization of country rocks was one of the
likely contributing processes in the formation of both bar-
ren and mineralized magnetite 1= chalcopyrite + biotite +
gold+-hematite+-clinopyroxene+ actinolite + apatite iron-
stones in the Cloncurry district of the Proterozoic Mount
Isa block .

Whole-rock geochemical data indicate nearly immo-
bile Al, Ga, =Ti, Zr during transformation of a variety
of least altered rocks toward albitite . The data indicate
that the addition of Na from a brine to the rock accompa-
nied the loss of Fe, K, Ba, Rb+Ca, Sr, Co, V, Mn,
Pb, and Zn from those altered rocks and enrichment in
the brine, but that Cu was not systematically stripped
from a variety of wall rocks during albitization . Converse-
ly , the formation of metasomatic ironstones , the immedi-
ate hosts to some Cu-Au ores , involves addition of most of
the same elements that were lost during albitization . The
correlation between intensity of alteration , its distribution
and timing (e.g., in breccias cored by ca. 1 530 ™~
1 500 Ma granitoids ) , and convergence of all rock types
toward magmatic stable isotope values provides strong evi-
dence for a substantial component of igneous-derived flu-
id.

Simulations of the albitization process were carried
out isothermally at 550 ‘C and 350 MPa and polythermally
from these conditions down to 400 °C and 200 MPa, us-
ing the Gibbs minimization method with HCh software and
the UNITHERM database . Both simple fluid-rock mixing

models and more complicated reactor-style algorithms used

a range of input fluids (from fluids equilibrated fluid with
two—feldspar granite through to Na/K ratios consistent with
fluid inclusion results ) and geochemical data for initially
unaltered wall rocks . The apparent paradox of widespread
albitization resulting from fluid released by two-feldspar
granites can be explained by relatively small shifts away
from the K-feldspar-albite equilibrium curve, and even
isothermal model fluids derived from two-feldspar granites
produce albitites in calc-silicate rocks outboard of granite-
proximal K-feldspar-clinopyroxene skarns , matching field
patterns . Those models with fluid Na/K ratios similar to
those of fluid inclusions produced the most realistic alter -
ation assemblages , dominated by albite , for both isother-
mal conditions and decreasing temperature , which approx-
imate those observed in the field . PIXE and microther-
mometric data on fluid inclusions from quartz in two-felds-
par quartz monzonite and pegmatite at the top of the
Mount Angelay pluton indicate bulk Na/K molar ratios in
the fluid of between 10 and 20, considerably higher than
our thermodynamically calculated values for fluid in equi-
librium with two-feldspar granite of around 3 (at 550 C ,
350 MPa) . Such shifts may have been attained by admix-
ture of magmatic-hydrothermal fluid with small amounts of
NaCl brines trapped along grain boundaries in scapolite-
bearing calc-silicate wall rocks , by fluid immiscibility due
to high initial CO: contents in the felsic intrusions , by
contributions from mafic magmas , or from dissolution of
saltrich layers into the intrusions prior to crystallization
and fluid release .

With increasing amounts of fluid-rock interaction in
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the models , the fluids were enriched in K, Fe, and Ca,
approaching compositions observed in fluid inclusions in
the ore deposits . These fluids , reacted with pelitic rocks
(which are common ore hosts ) , would produce magnetite-
clinopyroxene - biotite-actinolite alteration at high temper-
ature , similar to the proximal alteration around ore depos-

its. We infer that precipitation of sulfides in the Cu-Au

deposits was the result of mixing of Cu-bearing brine , of
ultimately magmatic origin , but modified extensively via
albitization, with sulfur-bearing fluids or reaction of the
brine with sulfur-bearing rocks . When Cu was absent
from the initial magmatic fluid, barren ironstones may
have been the result .

Economic Geology , 2004, 99 (6)

Time-space relations of hydrothermal alteration and Fe-oxide-Cu-Au

deposits in the Cloncurry and Curnamona regions , Australia

Clusters of iron oxide-rich Cu-Au deposits occur in
the Curnamona Province (ca. 1 600 Ma mineralization ;
South Australia/New South Wales ) and Cloncurry District
(mostly 1 520™~1 500 Ma; Queensland ). In both cases
mineralization broadly corresponded with compressional
deformation, regional metamorphism and granitoid em-
placement. Both regions contain large volumes of pro-
foundly metasomatized rocks with multiphase sodic and
sodic-calcic alteration assemblages , some of which pre-
date the syn-ore deformation structures . The Fe-oxide-Cu-
Au deposits are in deep-seated (brittle-ductile settings )
and display close time-space relationships with distinct al-
teration styles . Common features amongst the ore systems
include one or more phases of sodic-alcic alteration which
was invariably succeeded by 3007~500 ‘C . Fe-metasom-
atism in the immediate ore envrionments . Cu-Au- (Co)
mineralization either overlapped with this Fe-stage or with

later carbonate deposition . Some major differences be-

tween deposits include ; substantial bulk chemical varia-
tions in the Fe- stage ; relative timing and temperature of
Cu-Au deposition ; more and less complex paragenetic
histories ; and variable degrees of complexity of ore-stage
element enrichments (in respect to ¥, Ni, Zn, As, Mo,
Ag, Sn, Ba, LREE, W, Hg and U) . Cu®Au ratios also
vary and show a distinct relationship to the nature of the

stable Fe-phases during mineralization (e.g. T-fo,-fs,

conditions ) . These features suggest the deposits can be
regarded as a genuine class linked by a single fundamen-
tal genetic process but that there are variations reflecting
different fluid inputs , host rock interactions , and mecha-
nisms of metal precipitation . The general genetic model
must account for, a) evolution from Na- to Fe-K meta-
somatism , b) source and cotransport of Fe , Cu, Co and

Au, ¢) low S-content, and d) presence of carbonates .

GSA Annual Meeting , November 58, 2001

Mineralogical and chemical evolution of the Ernest Henry Fe-oxide-Cu-Au

ore system , Cloncurry district , northwest Queensland , Australia

The Emest Henry Cu-Au deposit was formed within
a zoned , post-peak metamorphic hydrothermal system that
overprinted metamorphosed dacite , andesite and diorite
(ca 1l 7407~1 660 Ma) . The Emest Henry hydrothermal
system was formed by two cycles of sodic and potassic al -
teration where biotite-magnetite alteration produced in the
first cycle formed ca (1 514+24) Ma, whereas parage-
netically later Na-Ca veining formed ca (1 529 & 11)
Ma . These new U-Pbiu.i. age dates support textural evi-
dence for incursion of hydrothermal fluids after the meta-

morphic peak , and overlap with earlier estimates for the

timing of Cu-Au mineralization (ca 1 54071 500 Ma) .
A distal to proximal potassic alteration zone correlates with
a large (up to 1.5 km) K-Fe-Mn-Ba enriched alteration
zone that overprints earlier sodic alteration .

Mass balance analysis indicates that K-Fe-Mn-Ba al-
teration—largely produced during pre-ore biotite- and
magnetite-rich alteration—is associated with K-Rb-Cl-Ba-
Fe-Mn and As enrichment and Na, Ca and Sr depletion .
The aforementioned chemical exchange almost precisely
counterbalances the mass changes associated with regional

Na-Ca alteration . This initial transition from sodic to po-
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tassic alteration may have been formed during the evolu-
tion of a single fluid that evolved via alkali exchange dur-
ing progressive fluid-rock interaction . Cu-Au ore , domi-
nated by co-precipitated magnetite , minor specular hema-
tite , and chalcopyrite as breccia matrix , forms a pipe-like
body at the core of a proximal alteration zone dominated
by K-feldspar alteration . Both the core and K-feldspar al-
teration overprint Na-Ca alteration and biotite-magnetite
(K-Fe ) alteration . Ore was associated with the concentra-
tion of a diverse range of elements (e.g. Cu, Au, Fe,
Mo, U, Sb,W,Sn,Bi, Ag., F,REE, K, S, As, Co,
Ba and Ca) . Mineralization also involved the deposition
of significant barite , K (-Ba) —feldspar, calcite , fluorite
and complexly zoned pyrite . The complexly zoned pyrite
and variable K- (Ba) -feldspar versus barite associations
are interpreted to indicate fluctuating sulphur and/or bari-

um supply . Together with the alteration zonation geochem-

istry and overprinting criteria , these data are interpreted
to indicate that Cu-Au mineralization occurred as a result
of fluid mixing during dilation and brecciation , in the lo-
cation of the most intense initial potassic alteration . A
link between early alteration (Na-Ca and K-Fe) and the
later K-feldspathization and the Cu-Au ore is possible .
However, the ore-related enrichments in particular ele-
ments (especially Ba, Mn, As, Mo, Ag, U, Sb and Bi)
are so extreme compared with earlier alteration that anoth -
er fluid , possibly magmatic in origin , contributed the di-
verse element suite geochemically independently of the
earlier stages . Structural focussing of successive stages
produced the distinctive alteration zoning , providing a ba-
sis both for exploration for similar deposits , and for an

understanding of ore genesis .

Mineralium Deposita , 2006, 40 (8)

Geology of the Raul-Condestable iron oxide-copper-gold deposit ,
Central Coast of Peru

The Raul-Condestable deposit , located at around 90
km south from Lima , has a cumulated production of =25
Mt with 1.7% Cu, 0.295X10 " Au, and 0.194 0 Ozt
Ag . The ore consists in a chalcopyrite-pyrite-pyrrhotite-
magnetite assemblage . Magnetite is often massive . A
broad correlation exists between Cu , Ag, and Au grades .
Associated minor elements include Co , Mo , Zn, and Pb .
The country rock consists in a Lower Cretaceous shallow
water volcano-sedimentary sequence , crosscut by Middle
to Upper Cretaceous intrusions of the Peruvian Coastal
Batholith . Previous workers interpreted the deposit as a
volcanogenic massive sulfide , whereas others favored a
skarn type mineralization . New field and laboratory evi-
dences indicate that the Raul-Condestable deposit can be
attributed to the iron oxide-Cu-Au class .

Mineralization is predated by andesite-dacite porphy-
ritic dikes and sills followed by a small granodiorite stock
which is cut by dolerite dikes in originally subvertical
fractures that grossly follow the NNW Andean trend . Most
of the ore replaces porous (tuffs, volcanic breccias) or
chemically reactive (limestone ) beds and was generated
by hydrothermal fluids flowing laterally from NE and NW

trending veins .

Alteration and ore assemblages display the following
sequence; 1) albite and scapolite (marialite ); 2) Ca-
amphiboles; 3) hematite-magnetite- (= quartz-feldspar-
sericite-chlorite ), with widespread pseudomorphic re-
placement of hematite by magnetite ; 4 ) main sulfide stage
with  chalcopyrite-pyrite-pyrrhotite- ( &= molybdenite-
sphalerite-galena-quartz-chlorite-sericite ) ; 5) late minor
carbonate-sulfide stage with calcite-pyrite-sphalerite-gale-
na-marcasite-bravoite-chalcopyrite . Whole rock geochem-
istry on andesite-dacite porphyry samples shows that stage
1 is accompanied by Na-metasomatism (up to 8%0 Na.O)
and moderate MgO enrichment . Unlike in other iron ox-
ide-Cu-Au deposits (e.g. Candelaria , Salobo ) , no strong
K-metasomatism is recognized . Very saline fluid inclu-
sions with halite and sylvite crystals occur in stages 3 and
4 quartz . Late stage calcite still display salinities up to 38
wt %6 NaCl eq . , with most values around 13 wt %6 NaCl
eq . Presence of vapor inclusions suggest boiling in this
last stage . NE dextral wrench faults and subsequent tilting
of 307~40° to the SW postdate mineralization .

GSA Annual Meeting , November 578, 2001
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Controls on hydrothermal Fe-oxide-Cu-Au-Co mineralization at the

Guelb Moghrein deposit , Akjoujt area , Mauritania

The Guelb Moghrein Fe-oxide-Cu-Au-Co deposit ,
with a total resource of 23.6 Mt at 1.88% Cu, 1.41X
10" Au, and 143X 10 ° Co, is hosted by an extensive
metacarbonate body . However , it is restricted to up to 30
m wide tabular breccia zones developed parallel to dis-
crete shear zones that transect the host metacarbonates .
The Fe-Mg clinoamphibole-chlorite schists represent up to
1 m thick interlayer metasediments and localized viscous
shearing in these shear zones . Siderite of the metacarbon-
ate body was deformed into a breccia and was replaced by
an ore and alteration assemblage comprised of Fe-Mg cli-
noamphibole , magnetite , pyrrhotite , chalcopyrite , graph-
ite , Fe-Co-Ni arsenides , arsenopyrite , cobaltite , uranin-
ite , and Bi-Au-Ag-Te minerals . In contact with wall rock
amphibolites , the metacarbonate body is enveloped by an
alteration halo up to 40 m wide , consisting of biotite , ac-
tinolite , grunerite , chlorite , calcite , albite , and quartz .
The Guelb Moghrein ore body is structurally controlled by
shear zones that developed in the footwall of a regional

thrust zone . This thrust separates greenschist facies quar-

tz-sericite schists and biotite-garnet-quartz schists of the
Sainte Barbe volcanic unit in the hanging wall from am-
phibolite facies metavolcanic rocks , metacarbonates , and
the Guelb Moghrein ore body of the Akjoujt metabasalt
unit in the footwall . Peak temperatures of the latter unit
are estimated by homblende-plagioclase thermometry at
(580440)C . Thrusting was retrograde for the Akjoujt
metabasalt unit , but prograde for the Sainte Barbe volca-
nic unit at P-T conditions of about (410430)°C and 2
™3 kbar (garnet-biotite thermometry ). Structural and
petrological evidences suggest that the ore fluids migrated
along the shear zones and reacted with the siderite in the
metacarbonate . This evolution and the setting of Guelb
Moghrein in the fold-and-thrust belt of the Pan-African to
Variscan Mauritanides (Mauritania , West Africa ) resem-
ble Proterozoic Fe-oxide-Cu-Au-Co deposits such as ex-
amples from the Tennant Creek and Mount Isa Inliers ,
Australia .

Mineralium Deposita , Published online ; 21 March
2006

Geology ., geochemistry , fluid inclusion characteristics , and U-Pb age

studies on iron oxide-Cu-Au deposits in the Kolari region , northern Finland

Several iron oxide-copper-gold deposits are known in
the Kolari region, in the western part of the Central
Lapland greenstone belt, northern Finland. They are
hosted by clinopyroxene-dominated skams that were
formed near to contact zone between ca. 1 860 Ma
Haparanda Suite intrusions and =>2 050 Ma Savukoski
Group supracrustal rocks . All deposits are located within
or next to shear and fault zones forming parts of the ma-
jor s NNE-trending , Kolari shear zone . Three of the Fe-
Cu-Au deposits , Kuervitikko , Cu-Rautuvaara , and Lauri-
noja were studied ; all contain significant amounts of Cu
(0.1% 1o 4.5% ) and Au (0.1X10 " ~6.6X10 ).
At Laurinoja and Kuervitikko , Cu and Au are hosted by
ironstone and skarn . At Cu-Rautuvaara , the host rock is
a magnetite-disseminated albitite . The deposits have a
distinct metal association of Fe-Cu-Au &= Ag, Bi, Ba,
Co, Mo, Sb, Se, Te, Th, U, LREE . The wall and host

rocks are intensely altered and display a deposit-scale
zonal pattern. The distal alteration zone is characterised
by albite + biotite , K-feldspar, and scapolite and the
proximal zone by clinopyroxene-magnetite = amphibole ,
scapolite , calcite , and sulphides . Mass balance calcula-
tions indicate that Al:Os; , TiO: , and Zr were immobile
during alteration . The calculations also indicate that sig-
nificant quantities of Fe:0:; , CaO, CO:, S, Cu, Au,
Bi, and Te were added to the proximal altered rocks . The
main gains in the distal altered rocks are in Na: 0, K:0,
and Ba . Fluid inclusion data suggest that the fluids which
circulated in the rocks during the main mineralisation
event and subsequent brittle fracturing were highly saline
(< 56 wt .26 NaCl) H:0+=CO: fluids . The temperature
during the main mineralisation event was between 450 and
550 °C and the pressure was 1.5 to 3.5 kbar .

Based on U-Pb age data of magmatic zircon from al-
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tered hanging wall diorite and granite that brecciates the
ore , the age of the deposits is between 1 8645 and
(1 766==5) Ma. The (1 7974=5) Ma age of zircon in
skamn , combined with the 1 810 to 1 780 Ma ages of the
metamorphic titanite in altered wall rocks and skarn , sug-
gest that the deposits were most likely formed ca . 1 800
Ma . This age has been interpreted to be broadly contem-
poraneous with the Ds thrusting event in the Kolari region
during which the Kolari shear zone was activated .

The data presented in this work are inconsistent with

previously proposed models for the Kolari deposits that

they are metamorphosed syngenetic iron formations , or sk-
arns related to ca. 1 860 Ma monzonite intrusions . In-
stead , we propose that the Kolari Fe-Cu-Au deposits are
of metasomatic replacement-type , and are controlled by
the Kolari shear zone structures related to post-peak meta-
morphic D; thrusting event in northern Finland . Our data
suggest that the Kolari deposits best fit into the category of

epigenetic iron oxide-copper-gold mineralisation .

Ore Geology Reviews , Published online ; 19 January
2006

Regional-scale Proterozoic IOCG-mineralized breccia systems
examples from the Wernecke Mountains , Yukon , Canada

A large scale Proterozoic breccia system consisting of
numerous individual breccia bodies , collectively known as
Wernecke Breccia , occurs in north-central Yukon Territo-
1y , Canada . Breccias cut Early Proterozoic Wernecke Su-
pergroup sedimentary rocks and occur throughout the ap-
proximately 13 km thick deformed and weakly metamor-
phosed sequence . Iron oxide-copper-gold == uranium == co-
balt mineralization is associated with the breccia bodies
and occurs as veins and disseminations within breccia and
surrounding tocks and locally forms the breccia matrix .

Extensive sodic and potassic metasomatic alteration occurs

within and around breccia bodies and is overprinted by
pervasive calcite and dolomite/ankerite , and locally si-
derite , alteration , respectively . Multiple phases of brec-
ciation , alteration and mineralization are evident . Breccia
bodies are spatially associated with regional-scale faults
and breccia emplacement made use of pre-existing crustal
weaknesses and permeable zones . New evidence indicates
the presence of metaevaporitic rocks in lower WSG that
may be intimately related to breccia formation. No evi-

dence of breccia-age magmatism has been found to date .

Mineralium Deposita , 2005, 40 (5)

Geophysical and petrophysical study of an iron oxide-copper-gold

deposit in northern Sweden

A geophysical-petrophysical study has been per-
formed in an area WSW of the city of Kiruna , northern
Sweden . The sub-regional tectonic setting is dominated by
two important shear zones , which define the boundary of a
granitic body . Many Cu-Fe-occurrences are located in
proximity of faults related to these major deformation
zones. Particular attention has been given to the
Tjarrojakka iron oxide-copper-gold (I0CG ) deposit . Here
the bedrock is characterised by intermediate to mafic me-
ta-volcanics , metamorphosed intermediate to mafic dykes ,
and gabbroic-dioritic intrusions of Svecofennian ages
(1.96~1.75 Ga) . The major Cu- and Fe-occurrences
are hosted by the meta-andesites . The aim of the study is

to put the deposits into a tectonic framework and test exis-

ting hypotheses for their occurrences .

Glacial deposits cover almost the entire area , leading
to a scarcity of outcrops and inferring that geophysical da-
ta are fundamental for geological understanding . In addit-
ion to this , petrophysical analysis is vital for the interpre -
tation of geophysical data (gravity, airborne magnetics
and radiometrics , very low frequency ) and for the defini-
tion of geophysical signatures of the deposits . The anisot-
ropy of magnetic susceptibility (AMS ) was also studied
for the tectonic analysis . More than 150 oriented samples
were collected in a number of outcrops along a profile in-
tersecting the major structures in the Tjarrojdkka area .

From the airborne magnetic data, two major linear

features are interpreted as deformation zones . The strike
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of these deformation zones is approximately NW-—SE and
EW , respectively . The same trends have been defined
from other geophysical data such as airborne VLF and
ground gravity data. A third important structural trend
striking SW—NE has been defined by K/Th data and
ground magnetic data. Very good agreement has been
found between geophysical lineaments and AMS direc-
tions . Magnetic foliations determined by AMS measure-
ments confirm the existence of three major trends in the
study area ;: SW—NE , EW and NW—SE . The major Fe-
orebody shows approximately a SW-—NE strike direction
as defined from ground magnetic data . This is parallel to
the strike of magnetic foliation determined in outcrops 1
km NW of the deposit . The epigenetic nature of the Cu
and Fe occurrences in Tjarrojakka and their spatial rela-
tionship with deformation zones suggest a connection be-

tween the formation of the deposits and a tectonic event .

A later tectonic episode resulted in EW trending deforma-
tion in the central area, affecting the orebodies them-
selves . Other, probable, compressive deformations have
been indicated from petrophysical and geophysical analy -
ses .

Thermomagnetic measurements indicate that Fe-ox-
ides (Ti-magnetite ) are common in the area , while Fe-
sulphides are almost absent . Multi-domain magnetite has
been identified as the most common Fe-oxide in different
rock types , while an unstable magnetic mineral has been
detected in metamorphosed volcanics . A good spatial cor-
relation has been observed between Cu-deposits and high
K/Th values from radiometric data , values that are ex-

pressions of potassic alteration .

Ore Geology Reviews, Published online ; 12 Sep-
tember 2005

The Salobo iron oxide-copper-gold hydrothermal system ,

Carajas mineral province , Brazil

The Salobo iron oxide-copper-gold deposit (estimat-
ed reserves at 789 Mt @ 0.96% Cu, 0.52X10 ° Au;
Souza & Angelim , 2000 ), northern Brazil , is hosted by
the Archean Salobo Group . It is formed by a sequence of
amphibolites , banded iron formations , metagraywackes ,
and quartzites , deposited in a trondhjemitic basement
where a continental rift basin was developed . These rocks
were affected by ductile-brittle shear zones between 2 581
and 2 551 Ma (Machado et al., 1991). Predominantly
Fe-K hydrothermal alteration is associated with the ore
stage. In host amphibolites , an intense alkali metasom-
atism is expressed by incipient Na-alteration with super-
posed K-alteration . K-feldspar, biotite, and oligoclase
are the main alteration minerals . A significant increase in
the FeO content (up to 35 wt¥6 ) accompanied the alkali
metasomatism in amphibolites and was marked by the re-
placement of Ca-amphibole by Fe-Mg amphibole . The
Salobo host “iron rocks” and metagraywackes also under-
went important high temperature K-Fe alteration . Areas
affected by strong K-Fe metasomatism host most of the
copper-gold mineralization (Requia and Fontboté , 1999,
2000) . Principal ore assemblages are magnetite-bornite-

chalcocite and magnetite-bornite-chalcopyrite , with mag-
netite dominant . The iron oxide copper-gold ore shows el-
evated concentrations of Ag, U, Co, As, Mo, F, and
LREE . Trace and REE geochemistry shows fundamental
differences between the magnetite-rich “iron rocks” and
the barren banded iron formations . Fluid inclusion data
for quartz veins and apatite associated with the copper-
gold ore in iron-rich rocks indicate the involvement of
high temperature , highly saline fluids in the deposit for-
mation . Sulfur isotope analyses of chalcopyrite and bornite
show &S values ranging from 0.2%0 to 1.6%0 . The cal-
culated "0 of the ore-stage fluids at 485 “C (tempera-
ture from fluid inclusions , isotope ratios from magnetite )
ranges from 6.6%, to 12.1%, with a strong mode at
7% . These stable isotope data and the very saline fluid
inclusions suggest an important magmatic component of
the fluid . Preliminary results of Re-Os and Pb-Pb geo-
chronology in sulfides (molybdenite , resp . chalcopyrite
and bornite ) and magnetite indicate an Archean age
(around 2 550 Ma) for the Salobo mineralization (Requia
etal.).
GSA Annual Meeting , November 57~8 , 2001
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arEs . RIBR THESA ey i gk sk, X ik
AVFZ R 20000 L8 BRI IR . InZER
BORERRAT IR . B MR RS, AERIPi 7 2k
FVERB e e . HA “ LHTFE ARk
B BEANAT RS o KL Rt il 15 2R iR S 4L
R, S RBD — Bk 1000 ~ 200
BRFEBE R v b A 2~ 4 £, (H R e Th 4
M S RIEARE . BEE R 14010 ", (U hH7E
Prva (it 2 5%, ULRAAEN R X, Jalimsg
RAR T EEE R, AR R R RS, 2)
AR RE AR HIE UK . VAR DA SR el X, B
FH Re-Os LA AR 7324 1 0051, 1 001+
1, 9831 F1 (9284£1) Ma, FKHHHI-EHA LA N
1 Ga ZeAy . ] FUREIRUA AR B B AR 430 1.6~
1.7 1 1.2 Ga, W ULERW A8 Lo inl R SRR A
ARJRME , JE— UM RS, 3) BT AT
W, 5K Cu-Mo, Cu-Au, REE-P & I & 1F
FHE L 1M Cu-REE ANHEARSEH: (B 2), B A
B 58y &8 E MK s B CuMo, Cu-Au
Jyla—HAw4k , 1 FeREE-P b % — 1k,

0.1 . 0.8
*
x 012 AR ] « 0.6 .
= . . = *
3 0.08" o o) =04 .
§/ - 3 <1 : ‘e
0.04 waky yo® | T 02 }o, .
34 *
e . N
0 1 2 3 4 5 0 1 2 3 4
w(Cu)/% w(Cu)/ %
*
* *
x 0.4 P 3 > 4
= . X
o Ad = .
%) e 5
€02 42g T2 .
H . 0N R ‘o’ * . -
*
. ¢ ‘}““éo .« o
. o, ¢
0 1 2 3 4 0 0.1 0.3 0.5
w(P,0,)/% w(RE,0,)/%

B2 HuKILYE-EHHLT K CeMo, CuAu,
RE; O:-P,0s . CuRE; O 1HXE

ZEERFTT . AT AN R 458 . 1) fifia iR
() L STRRAE 55 2K 48 Ak - 4Bl # T IR 8 4 —
/., mSYCRELYIRE T R 2R, HikE
N VA& TR E A4 - TR, 2) B
WIRZEDZTT 2 WS 1ER . IR X AR
R VR, BRI R VR 5 I B Fe-
REE-P 54k , WEH°H Cu-Mo-Au-Co- (U) #1k,
WH (FihE e FEIR) 2002 55 4 H
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Wl &R AT RS SRS Rk ST

7

. 2R A

(1. RARE L3, Wl A 610059; 2. THHs B FHwbRIN, T &\ 450000)

FIRCHRA PR H 20 20 50 ARAORI A BUF s
B Lk, BATIFR 30 R, 0 ILBRA =450,
B[] EZARSE T ORERIA . BH L BRSEET R, FEAE
PR R AR R PR A Z R AR, W
&, WA, Hl Tk ARG, AFARPTT . XHS>
AT L AP RS AT, AR e ™
AR IR BN RS o S Lh4ssE
LIRS UK . B W R £ 4k
FRAE B oA UL TRAPIRAS T . AT T
FURGEAER™ PR B0 A L S IRAP IR SRR, 3G
W BRI IR ZR BRI, &TF R R
PR R E R TR X,

1 BRSO

Prr e RO, TREE A h B sk, 0 X
MR F 2O T A SRR A, Bk
IR A R, RIRFd 2 RE M ST, Tl
TR EEMAF TS0 @k iyrh B, mXanT£
WM Z ) . 9, Bk E . FEMEL T M
Al43k NW, SN FI NE [1] 3 24, SN, NE [a] 14 i &
INFRHIE R NW [a iz b, TR X N &2 4t
BRI RS J, ARG sh BB R B SR (1 700
Ma) KILZAIRIE S, 4y 2] 1 40 b )23 1 32 2
MRS . SHIRCREY], B RR ™ H I 152
ZIEA AR, TERDUZIR S E ., ks
FLA T IREA -2, HSRBA2HEEENCR,

WA R 1 2 T S 0 e SR . AR
TAVEH ZIPE . & A2 PErs il 70 A i i 26
b, WA LR YR, SEAR, BoR . IR i
R WA ERR . AERIRIIE S . BT A4
FEA R SAERITE S BT kAT MEH .
D EEH B ARNE I B — RN SRR AR 544
W a UL Ry £, HIEE, SREl
Y, & ARITE R EHRITENREY .

2 BRI L

2.1 AEREEAHEEH

DX N 45 R A o AN R R B 5 4, AR
36 PEARIZE RS A RE R LA 0T, Has R (kD)
K, Aaan sy, &fEns T8N
AXRAA . HPtDS KRB AR A S SHRE .
AR FABRa R AT SR 2E, BhAE 14 4
FEAEY w (Au) 4 0.238X10 °, HAeSENE
RESAAPEET NS EA BEERR ;s [, &
W5 A AP R A TR ZFE R B UM G, Bl
EHIASTRE R , A AT S E AN,

F1 BREATASEUDER
w(Aw)/10 75 3t

*on R m T b
Bt S 9 0.31~1.48  0.482
EPREy e e 2 0.095~0.14  0.117
R raRatlhs 3 0.069~~0.093  0.085
BRTK R 4 0.10~8.39  2.275 ppamom
AR B A 4 0.25~0.72  0.56 T.2%p
[ = 3 0.066~0.45  0.245 HL5E
BRI 1 0.19 0.19 W=
AR AR A 3 0.039~0.39  0.164
JZEUIR AN A 4 0.053~0.94  0.388
AR 3 0.094~0.24  0.124
WA kA w(Aw)/10 ¢ PR AL
TR -1 Ye-mi Ak W kR 0.41
TR -1 BB Ak bR ™ A 0.274
BRI R 0.274
R YT R T A 3.28
Yok s kw0 A 0.274 o
SRR AT LR 0.411 X;g“
y=p 3 . EVA
B YR 1.44
YOIk 8888 A 2.06
RYCR - TR A 0.206
Fm R T4 0.343
R YRERT A 0.206

22 JZHERTAMEESH

R 11 - md A m S atEar G D
ALUL . SRS s R . AR R AR
SIPE, R JEIRE ERRHE, PR BT
A RYLRERT 0 A, B R-A 0k R
O SRYAT 1X10 °, it £S5 W
W EITRBMNE EE VA, BT &850
1, EEEN e GE2),



62 FEWREFRRE LmBZL 2006 4F:
x2 TAUZEHSHIMER w (B /%
R R Ik SR P B
7 WYCEMRY A WYGEET A WMEYGREET A FE-RET A WA T A B A
Si0; 31.82 55.96 32.49 38.30 39.91 19.48 30.32
Ti0, 0.60 0.37 0.92 0.73 1.49 1.27 0.48
ALLOs 7.35 8.06 6.67 6.96 8.95 11.00 6.11
TFe 13.09 12.14 25.21 17.35 19.66 14.72 14.62
Ca0 13.17 4.60 2.29 7.32 4.67 3.16 24.12
MgO 2.39 0.64 1.16 1.58 2.11 1.70 1.92
NayO 2.51 3.76 1.14 0.30 0.16 0.48 2.94
K20 0.63 0.17 1.53 1.09 3.44 4.41 0.29
P,0s 1.27 3.07 1.56 2.27 0.83 0.57 0.77
MnO 0.54 0.09 0.23 0.54 0.65 0.27 0.29
Cu 0.88 1.07 3.12 2.05 1.57 0.76 4.55
Co 0.052 0.055 0.165 0.056 0.029 0.011 0.002
Au 0.103 0.339 0.699 0.192 0.44 0.257 2.609
Agh 1.28 0.86 2.15 1.62 1.28 0.69 2.56
Mo 0.012 0.009 0.025 0.002 0.119 0.054 0.18
S 6.07 4.10 15.44 6.19 2.90 1.09 3.26
Se 0.03 0.005 0.01 0.04 0.01 0.03 0.06
Te 0.001 0.004 0.006
Ba 0.01 <0.01 0.03 0.07 0.04 0.12 0.01
As 0.013 0.008 0.028 0.012 0.016 0.002 0.002
v 0.004 0.004 0.005 0.005 0.01 0.003 0.007
Ni 0.024 0.044 0.039
Zr 0.05 0.06 0.03 0.04 0.03 0.04 0.03
F 0.17 0.25 0.27 0.31 1.29 0.15 1.40
Ga 0.001 <0.001 <0.001 <0.001 0.001 0.001
Rb" 0.041 0.032 0.071 0.014 0.033 0.17 0.99
U 0.001 0.001 0.001 0.000 0.006 0.003 0.002
ThO, 0.003 0.005 0.002 0.004 0.001 0.002 0.002
RE,0; 0.24 0.45 0.27 0.40 0.47 0.38 0.38
OB SRR . SETE RN . 19835 1) w (B) [107°
S, N, > 4= /4 & 7 4t
3RS B A TR £3 BASBTHAHNEE
BB w(B)HI% W
Au Ag
. P
3.1 BEARAESE B 144 99.43 0.56 994.40
o =% = Py < -
MR A BB R | 45 s PR vus s 2@ o72.10
~ N N . B 147 96.44 3.54 964.59
SPUT . EIRBEIEGL . E 4 E ELL B
A - s T ’ . o " < 93.¢ . 939.3
Sl EFR ARSI, B RSP0k A0 B 142 92.12 7.86 921.38
I, B 234 pm ORI E T i pus o ob 8 o11.50
" T L oL T 7 14-35 90.07 8.95 909.61
B, BELRIYE , SRR, SR, TP R o
M N: =1 Ay /, ot N . J. .
*ﬁﬁt&‘(ﬁﬂt%ﬁj&o %ET&%#@j‘jé‘z\E‘\:@ b i@}ﬁ‘ E“' 1479 ()013 ()85 90148
P, (KA HBIRAH . 74 90.06 9.92 900.78
N - < - 14-6 89.64 10.35 896.49
HARE e FRE i (G 3), Hilif® 4 v
7 14-1 87.34 12.63 873.66

ARARIE L R 873.66~994.40, IR 4 Ry 924.44 ,

SRS, &SRR, XS &NIENRE
T 2 ERA R,
3.2 EET I

ST A TR T B A A B
0, BERET, MR, T A AR AER A Y
WAPIRASA RE—2P 0 T . X ERE ST W
FRAEAS T BN PEARI T AR,

o R PRI S A

3.2.1 kaRay AR XN EZEM TG Y,
ERMRETY . AF AR R E S
PR 2 RSB, TERRIRER . A 9Ll b B BB 22
FIE SRR, S Yk — 8o 0.170.3 em ,
AHIERARATE 1 em, FEZAR, BUZARE PR P i 55
T ZUMIERRIRIE S ™ . SRS IR A iR
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JURSSAPIRE . H B8 1y S 387 1) 8
mHES . B K4,

TEA B T SMEE T (2 500X ) X4 s gkfT
TARSMEES . B THE AR ST LA Au.,
Ag B WIRAN . HATEAI BT Au, Ag HHEMS,
VLR [ 2R & DI B iR 4 R ERAF B 2K,
EEE XA B AT TR (R4, EE T
Y b A SN . AT IESE S 7R B rh

HAIRAF 2R 2L, B AR S),

3.2.2 A FESEAE A PR, bR
HEBEWRET I, WRX N EESET Y, %
HIERRE , SOIE BORIE R /NAT 3 2 P2 AL . —Ffokr
JEHR0.27~2 mm, FEABSITERGE ., &R
25, PetER BRI S , 24005 IR ik o r 72
BEAt, B—FhEekn S ankr , iRk, MR
SEOTIRR LA AR, S AR

4 =EH  BEHRTHHERS w (B %
—6

Zi? Co Ni Mn Se Zn Pb As 7’113 W;g Cu Fe S
0.01 0.014 0.004 0.019  0.0025  0.0012 2.80 18.75 37.508  29.130  32.495
g 03 0.038 0.003 0.019 0.000  0.0285 .00 17.50 36.715  28.320  33.770
0.03 0.013 0.004 0.019  0.0009  0.0008 3.16 13.63 35.523  30.155  33.928
W 0.13 0.040 0.012 0.020  0.0005  0.0228 0.93 9.38  36.244  28.541  34.20
0.3 0.022 0.005 0.021  0.0011  0.0000 5.08 2.75 35.940  27.032  35.768
LA 0.032 0.013 0.019  0.0013  0.1744 0.79 22.25 36.139  29.464  33.551
0.02 0.020 0.006 0.010  0.0005 0.0040 2.76 2.63 35.364  30.366  32.956
0.145 0.104 0.172 0.002 0.001 0.000 5.71 6.7  0.009 15.06 51.82
1.145 0.353 0.206 0.000 0.001 0.312 0.00 0.1 0.795 42.89 53.17
H 0.86 0.013 0.008 0.002 0.003 0.000 1.09 8.2 0.112 44.15 53.02
1.443 0.000 0.136 0.036 0.003 0.108  0.10 0.2 0.000 45.30 53.16
K 0.895 0.024 0.000 0.002 0.000  1.96 0.1  0.305 45.95 53.29
g 0159 0.0025 0.000 0.029 0.001 0.033  3.38 0.4 0.000 44.95 53.95
0.069 0.201 0.160 0.03 0.002 0.379  3.66 0.6  1.093 43.92 53.32
2.44 0.000 0.013 0.000 0.001 0.000 1.03 0.6 2.512 42.14 53.60

BORRUE . DU M ST 77 )Ry 403 M Bt A

7E 1 800 fFHAfl e 7 R folBe F LSS . ARG
SRR AL BB, S B kA
JEH . Au, Ag BRIE ARG FTTEN B A # A WoRSt
Fofb i B3I, BB T AR S
RREEAR G N T, R ARIE SR A S 1
BOTNE (R 4), Hhar &g, v
By o AR AN AE A i HAR A U
3.2.3 vtERsLE JREEMBERT Y, FdR
TR Y., QRSN SR EAE . ot
R T RLEE . PR T BB . R
SRR B 20 A 7 I B 0 OR300 S 2/ Nt
KA TR

4 GRAIRES

PR R AR S0 A TP AR, i
SIS AT R R . Ao LR LR,
4.1 BEESE

F ARG AN IR, BB, Sk, B
=bE, AREET YT,

B R AEARS . AR R AR 5t

MR, RRARA RS, BOEHE TR, Ak
H ARG R 900,78, STkt i H R e (o
hy 873.66, HREEAANELE

WP PR S . ZH AR R
HURPEE AR RS SRR A L TR
PR, Rl 909.61,

AT YRS SENEET Y R
BV, BafE, AR AR
AT, SR ENE R 939.38~994.40, B
By AR e R A, HIESE KRR
fift PR TAT o8 S T 43R . Bk 901.48,

WER SR IR & EEAEER, 880
YRRz, BRI LR, FERRIE L 5,

0 x5 GORGSHEE
ARG EHE R a3 BER
% & KA D faflk b IR AR Ak
’ N N REHR &k
Wik KM pm 814 5~10 2~34 6.5~11
W ff 873.667900.78 909.61 921.38~994.40 901.48
Uk EL 3 3 25 2
LR N2 2 2 23 2
i e %gg”‘ RS SR %
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2006 4F-

4.2 pIEE

FR AR T R Ao AN (] Fob o 9 KL 22 1] £18) 8K
&, HIESZ HHERVR, AR, 356
907.36, FrkBAykla & EEmMm T ARKSE A
B, w05 A e ok [a]
4.3 #HE®

A 2FPHEN . —2 ARE S EY Ny
FUBE R sk MR EIE ;. 51Kl ARG R
LRI 0 W 2R e SR, P4 1TE
BEZ RN, Hifh 896.49~911.50,

5 4% 8

D BRPE TEU ARSI SHEBREGTE
Ao, SRR (873.667994.40), X5

7T 2 VERA X,

2) AREGTET A IRAARER 3 Fh. 2
R4, Wi SRS, KD Re 3, H
JEEZHRE, RN (2~34 pm), BT
A R AR SR AR ARG SR
B MR+ AR A

3) BT EMAYSS], 0 A4 i 0.066X
10 °~8.39<10 ", Win iR El e 4L ndh i, &
FKAEATD, BAFRK R H RS AR AR
ety JFHBRE.

4) &S5 FEIEE Cu, Mo LEFY, 5 Co
Tk, R AR S SR R . ®e
(14 R B 7 R ) B PR LA B R

Wl (FHhEo) 199 F% 2 4

RS aELD-N-€-5H-%F L H K Re-Os
FIfL = Fe kKMt iRE X

Az, FREE NFRE, BN, f2aE, EF, oo
. AR IR, W) A 610059; 2. F BAFRLHACF LT H RIHFNFFHARLLRE,

FOM SR 550002 3. P EMAFFRE 2HMXZARBR, R

PR EE A4 R (R 5,
2002 ; BT AFRZ PP IR ) 2T 7 R i X A
TR -2 &R IR, 48T I E KR Al
FEI M TURAAE . R SR IZ A 28, KBTI
K, BAREEFENELTIF L 2 m eI ., SR
EAH, A RT RIE R AR S 2, 5L
TR, HESE EEA 2 UL 1 AR
TERUEHE 2920 800 Ma (BRUF#45, 19925 BT H,
1980); 2) WA KIERUAFEIE 2R 1 700 Ma; 4
Y TH IR WA A0 YIRS, R Re-Os
[0 2R 76 FLA I T 0 R AT AT

1 W H 7y 5

PRS- H- -0 R (LU AR
PIRLE ) LT TR pYZ, B X ER =
JUHT A AR, R =B R AR, Tl (A0
AT LA K I CA T, EER S AT
H R AR e, SRR A&
(HERRT) $HRAS RS . B XA 70 NW, SN AT

100037)

NE [1] 341, NW s Lh B Wi2 AR, il
THARRA T, I 2 AT BILL B s ol
&, BT T 0 X ARVEA A, DA IR )
FEE TR S AR AVER . BERLHT R F 7Y
IZRHITEK . AR ZERNFA T 4 DI L,
TIRRRUZR, BRSO . =R Bl A E
AR5, @BTYVRSY . B, sk,
VAR R E . HRA R, MR, M, AR
B SE, EERT WA AR, Babk kA, #®
. A EE, 0 AR R s 352 iR Gtk g ik
R LRk BIEARRR ARG £ AR 3t
A RS AEIU WK i 1 IR 53 3 B
RISR S BE-RER B Be ., ATk BoFnm iR £h-
AR B, WEEEET LT A - AR Be
IS B S A ) R

2 ReOs [ R4

M THERIR & S bk . JLPA S e, HA
B4R Re AR MY Os o A I T AR 4H
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Bk, BT A3 A VR I R AR I
ARRIFTEREE T 4 R RER, . 2 N TXHEBEF
Phalis . b B RN BeA T AR bk
Bk R A7 2 S 56 25 FH [R) A7 28 s B2 o T IR TS 0k
1T Re-Os [RIN ZEAEYI5E ,
2.1 SHAE

S R A A R i L 2O IR B S AT
A LIBE R4y A e Os 5L S . IR S5
BRI Rey Os [ 28 7853 384 18 21 P-4
2.1.1 %48 0s B0 i R A T 105~110
CZEM 50 J3%h . 10 mL K€ i1 0s0,, JH
BT IR E Os, LHEW, 0s VD) L
AT Os A5 B -4 T 15 7 1) 568 B 2 3558 50
£ . I FT Os BIUHERGIIE
2.1.2 ZEBRe HFEIMIRIAMIN NaOH % 5 mol/L,
FHNER A HL Re , FE40K4H, JIA CHCL K, %
L Re BKAHH, InFABR LA HUAH . A% pH (A
k25, I PHE AL WAt bR 25 Na, BHVRH 55
BRI E Re.,

FH R, Re, Os A%k 90% DL L,

Re 1 Os {25 FHE 539008 0.07 F1 0.01 ng, M BT
W5 25 5 AT DITESE Re 5 Os B & A RN 24318 .
2.1.3 M L&A W 7E R E TIA A F
A2 Plasma Quad 45 B PR B AY L AT, 409
#<20.6 pm, FAFTTRIERE . Re=184 191 pm, Os
=183 194 pm, WKL 512, FHIEEFEE 100 pm/
s, FAREL 500, REAFESIE 5K,
2.2 OWER

PR RAFESAE w (TRe) Flw (T 0s) K
FRHFRITHE L, 1) B Re-Os IEFRAF T PRI
FAWTE B Re-Os FRIHIAEHE Ry 928~1 005 Ma, J&T
ool ROR I, 2) B YEES T w (Re) A
w O, HASLIE 4 5 116 X 10 T~
12610 °H11 203X 10 *~1 229X10 ', XEEH(H
TS TR RS w Re) Al w (7 0s)
FOSE- B 300 1410 " F122X10 7, T S5HkiRER
FRBUER A PR B M (3 51k 152 X 10 1 994 X
107), MT Re NFEMILE, 0s NEZILE, W
ICHEERA HIX 2 FhOCR M B B0 e, B T
PR B4 SR 5 T M BR VR

F1 WHSEWY S 0 HITH KIEHET Re Os [ H MR EIR

w(B)10 °

FE SRS KOBE ML AR B dh T g R Wy w (M 0s)/10™ AR Ma"
e e
La-21 TRk KF 1085 L& 0.017 04 121.28(8)% 76.23(5) 1282(1) 1001(1)
La-59 7% K2 R R4 1085 & 0.017 04 120.45(13) 75.71(8) 1278(1) 1005(1)
Ld-7 P& 7% 1850 W B 0.015 40 115.88(13) 72.84(8) 1203(1) 983 (1)
Ld-14 V% 45 1850 rh B 0.015 84 125.50(12) 78.88(8) 1229(1) 928 (1)

D R HEAKX KN T=1/2 [In A+"0s/*"Re) ], H'™ Re 2884 A=1.666X10 ",
ZMFREFIFE IR, 5 HJE — R s/ NS SR — B TR 5,

2) FESNECTFRRE o IR BTN E R

3 1 I8

3.1 EH B

FIH Re-Os IEREAE, BR T RS BUAL2EAR PR 32
IERSN . H Re-Os MUR SRR . A IPKE 215 H
RIS B, A7 R BE T IAEF Re-Os [
MREERB ARG, BENATERS, —iR
T, HEAHT Y Re-Os [RIN7 F AR — A Z 5 4
FF AR E R [HdAA — S,
WK 2% T Ja W As fn () 95
M, AlRESERUBRIIER . BT UL, EEVIIENIE
B HE SR AR B R RE S . IR X R AT STk
i T B SEREEH A 1) 2 R34 2H AlsY 2H+ 3R Y,
BT IR H: Re-Os B FIA R, ILAF Re-Os 4%
AT SEFEEE RO T w (T Re) Ml w (7 0s) HY4Y
FrRZ , MEEET w (T0s) <0.1X10 "By, H

SIMTRZETTIA 1000 , AL AT B R AYAFE IR IR 22,
e 1AM, SIILKEOEERE 1 w (7 0s) B>
100010 ", Pt phy 43 B i 22 BT ¥ R AT i 18 25 1R
AN, LRI, ZEHTAFRIMEARE Re-Os 4R % J2:
AIEERY, BT LMRFME T 0 B SARIS . JREDE IR
IR LA,
3.2 HERBE

HIA SRR PRI AR =24 LR 2 Fi
R D YOS S ool AR A A 2R S R B
AR, URETZA B KBS DU K s 2) F
BRIEE TR T B RE K-Ar AEIR 82 T 800 Ma 22
i VURH RAGASRAESE |, 32 R 535 T
FEMEA KPR A AR, W58 A R
W, Frbrw REA W W A GBS R, TRl
W PR AT N 10 T VR A TR ARG L BTG
Frhoodr . FAMEAR RS R A R, BT IX
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2006 4F-

BT WA KRR, R R e
YERIRR 8 T I A 2G5l

AU 55 T 315 Re-Os R ZEAEIE (928~
1005 Ma) S FIFEAYAS BTAF#RE [ (1 006£60) Ma
(Rb-Sr 2R ] tH—5, 2580 REA W 8K
PR HRAE , B PR R 4 o 3 ok [ ] R
BT AR AR B AIR FEESC WU R R
TEZ1 000 Ma B}, AR SRR ATIE AL, Hood AR
TSRO R BSCHSS 10) 25 2 A 3] T ™ 4 i
VI B ERIMER . T 800 Ma B () Pk A3 12 AME
FHXFW PR P= A T — R R B (1) e i ARG R
3.3 WH1EH

MEAF— SR 5 o [R5 22 A A b )
W, e A st ROR 2o s T b
Rodinia 72 K fiti 9 — A~ 464>, HATE £H1EE
Rodinia 1Z K Fifi i PRI 52 1l T2 1.0 Ga B, M 0.8
Ga ZEAFFIRZLM#% . & 0.7 Ga Se2ffik, E AN
—BERIFSY B 2 IES2PEBE Rodinia 122 B (449 U A1 224
R R T BN RVER . I B A T b s
ZAWE LK Rodinia 12 KFERAEA LT fLF

P, RIF800 Ma Ze A7 HYISH 1E . fH 2 Tk = al
SERAFIR R . T PR AFTE S Rodinia 12 K
KL BRAT S AR P — BRI . BRET RIS
" Re-Os AR M I3RAT . U7 T HIHA H 5 Rodinia
R B B A SRR VT, XX A5 Y
e IR TARRRE HA B4R B

4 #5 i

1) frhi A A Y44 -50-F 10 R 1Y
Re-Os [Alf7 MM e 25 R KB, 07 R Re-0s £
THIAFS A7 928~1 005 Ma, X —Z55 587 K 5
HIEAIY G, I EAER TR R s

2) WALAEEY 5 AR B AR ], BT IR
B YIOR BB, ST AN AR B . Rl
s R T8 BT ALA

3) FrPE A LA 5 Rodinia 12 K 4 B
I BRARY , B Rodinia 32 KBl B F 444447 T
R B 1 T A T R ZN R SE A

W GLREEFHEL) 2003 55 1 14

RS aELD-H-€-H-%H-FLWT K
EERH W E B RRBFE

TR, EREE XRE, =W

(1. RAFETKF, Wil mAE 610059; 2. PERF XS EAFELXRFR, LK

A FEEILIHFACF AT AT, STM ST 550002)

BREM- -2 Cl-ER-S - LD 0T RS
AT AR E B — R RO RE L, 1S E XK
WIRP I, . ShELEAR LOoCRe LA T TR
MBTIE  AFEAFIZEN R FHOCR I s SRR L
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B Con Ni A, w (Co) [w (Ni) >
L, K4 RT 10, “F318.17, Hifg4H K LT
RIS B R P Bk AL, B ERET Hh Se & f:
H2.4X10 " ~206X10 ", w (S) [w (Se) ik
8 276, WLI7R AL B I ARFAE

3 JH B

PEANIESFOITT , AR AR A AR

R, w C"Pb) Jw "Pb) Ky 18.103~22.184,
w " Pb)Jw " Pb) K 15.687 ~ 16.731,
w C°Pb) Jw "Pb)H 37.674~45.522, @ B
B, wmw CPh) Mlw CUPh), HIFHTTAERZ
FE A, EORIEA B R R TSy, ol
H TR RESEN w (U) Jw (Pb) {H, XK
PARGERIEI , T DREM)Z T A A 3k 50X10 1Y
U, XN Sz B b iR ) o U5 T LS . &
IR R 9.517~10.38, R HA KRR
X, X RRAFER DB, A A R R Y
K, —BOANEA G L ERERET L,
AR o AEPERTE T T M 7S fn b s, A XY [
RN pfEm . BB, S FEZRET -
5T, FHA BB HIMSEIA

IR KA NGk, Sk o o'S A
—5.9%0~5.41%,, A4k 2 4. — oA i
K., SBRAGRANESERMEEML , KR
TR SR FH T K B PR 7 e TR B i
TR [F) A0 ZAE IS A A AE , Hidh 630 1)
FESAE TR AE 1.5%0~2.5%0, % WA B4 4 — Ay sk
U5, HSaRKARRCS T BB [FAL R A AL . BR
THETRE YR AR, 5 PCR A
IR, B0 IR . ZE B IR X AR i L
IREA AL ABR R 2R AR

ZELPNR , ARIR)E KW DU, AT
YER & AEAE KL A R TR R, VK K LLAL
HmFEsh, Wkilisahikigla HaE . Bl
W s EATTEH T SRS BERR IR PO IR G
HAERIWER N ) Liz sl , IERTmRE K, 7%
TR BRI R, SKIRE, #RERIT
K, S0 W 48 T R M AF R 5y SE s i b
ZREAK, dhdn A/ N BR AL R H R TSR
ERERNRE . WAL, AR TR R AN
G T, SRR EERS , My ¥ Hies
MEUIE Bk . R i, X Rhrhr
Hilar 5 R KL R - TR R AL B TR ) B 22 X )
EFETE, AX ool HREEE TE, 7
XIS T, — 5 8™ 1A 2% A4 4 A Rl
F—J7 TR W e A A . R, [R]ASfeES
S EA TR E L ok, TR AR A,
TEA FIRRALIE BAS B B iR 4k
WA (5 EBRHAEEIR) 2001 54 14
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I )1 & 8B R R AR R S AE R R R

S B 9
(B £ 53 RAR T H = A AHT . vl AR 610082)

PEALA RALT U A P e LR A L
GNP, SRBEHIE, RGO AL TR
ERh B, S EW SE [ G PR S 5 TR 2 )
I I S 2R

B IRE Ao —E drt ool (U
JEE K AT S 408 - A - e £, ()
RIRAFIE 2 Ga ity Ji 28 DXBE JB A TR 56 2
SIUIERT . SEUBBRGERA, R, iR
LSRR R R, fEHEAR L AR, AW
Y RA AR SRR AR T AT R
FOA AR, HIE, W, RO,
DY PN S AR LD TTE MY, SEH A TA
AN SRR (RIRAIRAPRD A
it s RPN R ARRE SR 26 F

1 HHACHIE SR R

AFEHACH A, HAANFEPRE, £, 3
BEL AU RS, ANE] 0 R T B B S S AN
[ AR AR B ARG, FERLE . bR, 7
NIRRT B 4y v 8 A 2 A U] ol g Ml s TS [ By
Bt AFEHARPRAERE , Bk, MrEmdis
FITF Tt AREE . AR o s .
BB, %X CE I BCE - i S B . KRB
AR ST R 5 AR, e S — AR R AT IO AR
HE R AOC, HHIREA s 2R AR A
1.1 F—iRORE —BRE

R AR R BOE iy . H a2
FTE TRESR A SN AN K A Fa b i 2
A, BOAE I A AR TR s 2 e e AR
B AR SR, L AR AR AR AR T
. idsk TIRER AR B R e Dy s, 2 &
B LA
1.2 EFZ#HKMRE —RIFEASIRE

XA AR AR T 580 B LA A
W, KA, Astk, Bab, AMTASFESR
TP, FREREE PR, 5
A, CO. AR, FMIREARSE ., BN

DI A T 55 A AR BRIl . AR AR A
KRR, Bk, SRR, KA Kk
AR F R, FEESFRETE . DIK
PRSI R BRI, §RMEEE, Co
RN E, SMEERGSI R 7006 ~900%
WAL S AR I S LR 500 ~40%6 , FIAAS AL
TR EERSAATE., ENEA KRN TE,
JEHRE CO BRI, A4 @It E T A
B R T AR EE A RIS, RIAED AT
BESICVHE, SHEFREQREER Co. 1
AR FE I E T A ; MAHFAL, CO. fu3E
R RIR L & 2, iR RIS 22 A
ferie BRIk S A, ZHAERS (He) #A
L AEEES . AR A ARR A, BT
107~30 pm Z[H], AfE— ML EREES 2 Fin ),
SR BT RE LIS BT IR, PRl e
TERE R S L B R TR B, R R ik 2
—, Hy— R EIAE 427375 “CZ0a], ifedE
BT TR R 420410 'C (F 1),
1.3 F=HRFE —RiReSERE

FEAME OS5 AR, U A
FRPAAHEIE AR, RGO, QRN
WA A TR, SRR R 6006 ~ 8005
TR A B4R () A B U Dy 3000 ~ 4006, R B
PR AN A . O TR
RTEERS i FE I AT LA L BRK At 7K a9 2%
e, SREATIR, AT R F 2R Az
— IR — IR B R 355315 °C,
AR IR Ry 320~310 'C (1),
1.4 FMOHRARE—XBRRE

A LR AWITREN RS R AR N /RN Y Ne o
BELL AT (I R A RN A R A A
F ., PEAAREER, KA S AR =
RIS, R AR RS — R 107
~200% , AL AR SR LA 5006 ~ 550
WA, BT BA RIS AT K 0 A LK R
HURIK RS IR R, Iz A R Y
— RN 2497200 °C , i He R R B W& 250~
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F1 M)A RA XD EEES—FNRER

BOREVRFE R T _ DUERRIS W ek 0 2 O
5B AR 5 =it 5 U AR ) — [ C

61.91 A S A 216,215,210
79.20 TR A AR 320,315 247
82.91 BV AN o 385,375 333
84.50 ST C iy o 415,400 355,350 135,85
95.00 A S 400,395 ,390 332,320
105.00 TARA SR 400 315 246 149,146
125.83 WHRAEK A DB A 420,419 ,415 320 249
299.00 B AR T A 427 425,420,380 315 220,200
338.00 W6 A RS R 415,385 315 248 150 ,148 ,145

240 °C (F D,
1.5 SHRHRE —RERE

XIS AR, X R R B AR L
WA I  HTORAE BRI AT R U E LR, EATRYIE
G EEFE U 15085 'C (G 1),

AR, P R SR Z I R T
Mo SRR IR T 2B B TR, B
ARA IR AR B A R TC 28 12820 4 P e i A A T P o
DU RS, B JTERAE S =M DU AR A
HAREETTIE AT, 25 T IEACA AN B f5 RO
TR

2 R RMAFR

WA TR MDLIE SR A ER B TIAR DG,
TEXHZIX 100 AR A AR SR AT . IRk
MK T Y AR, ZE ISR, T ETE
AR AR T OIE L. AR BOZ IR AR Y
R, BE RN TR, W E R R TRL
02 BRIV R L W A4S 25 1 4 0 B b 7 90 s Yk 2 2R
—20~ —21 °C, M43 HBA FiA)JE NaCl-H. O 14
F, HUKSE =9~ —13 'C, XM ik r
w (NaCl)N13% ~17% (F2), L ES 3k B

F2 NMISERET KSHFEARPERERSER

BhiAL R S i 5 BURE R [m HA @ADL WIREE/C k[T w (NaCD)/% RN N
IVZK4-5 79.20 L Ly —21 —13 17 NaCl-H;0

IV ZK30-5 84.50 TR AR A —20 —9 13 NaCl-H; 0

IV ZK403-10 299.00 BR AR AT A —21 —13 17 NaCl-H, 0

JEARYE Potter 45 1978 41 “NaCl ¥ W A9 VK 5 5k
FERR” RHEEM,

3 W LN R

AT LA ) 5 B 5 R A o0 B L
YIS, XHZX EZ R B Bz — 5 = AR RS
DU TR SR VKSR GREE ) LA
F¥—IR B R INE HEAT R GE . IR LA
%% Ahmad 55 1980 4/ NaCl-H. O R R 1w~ o #H
KEE (E 1), RIZRAFES = AR S i i i % 3
{4 0.8270.89 gfem’ 5 55 DU AR RLH™ i 1A ) 25 i
{54 0.947~0.97 gfem’,

S R AR R BT K £ 1 CO. fL 2
&, EHEFH =M Cco. WK, % CO. HE L
FAHELY , WA TR 18 20.0~42.5 MPa, %
WAL RS AR b R BRI A

Q
&
o o ?( *
NI\

w(NaCl)/%
i)
4
%

A
10 o0
o

]

7

100 200 300 400

1'C
E1 MISENNATAEERTMERGCHNZEE
(o) (4% Ahmad %, 1980)
XARHESE LA WM 5 OfRH5 P B Wi

BZ s PR PR A B AR R AL . R
- 22 1 Sl A A A SRR IR
WA GLREAHER) 1998 F3 7]
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Y. HETHEARFLEXNALT AANE LA, FRIAAFELLTHEZHERIITIAN,
A RBA ARG, B AL BAER, 7 e EEPHAND S TS, FIRLGEAD B 25 R4S,

AR FREFOILRRT &, B5F,

NETWBRIENEAET KEATWEREH

LR NEE

ARz BRI
A. FKRF i EaAFEF%, % 100871; 2.
BFSCHT . Tk By 065000 )

BREAEAYRL (i) B0 KRR A R —3
SRR, BT BIE T et Az b T A
FRPEIREEH (Meyer, 1988 Haauck , 1990 ; Hitzman
&, 1992 ; Davidson 2%, 1998 ; Williams, 1998), Hf
TUR R EZA . ML G Stuart Shelf 3 [X 71 5
MIC T3, B+ 2% Cloncurry Hi X ) Emest Henry ,
BV RHT L X 1Y Salobo A Igarape Bahia , £ Fl]
Atacama Hi[X 1) Candelaria Z58 R, Kerrich 5 A\ B4k
FALY RS0 IRIE R 6 PP EREZELST KA Z —,
JEFAR T HARE, W S b3k s J12# 75 5t (Kerich
&%, 2001),

TSN WMAPNITE X TM7 s i o Ak A i 2 3
B, WA AmiE R L —EmPRE A &R, T
Rl s DL A4k 3, IR B EZE M A 2
R, BRI AR A SR S A T S B T YR B ER
WA, MARZEE GF) BT, H R R .

i o = X

wERE , sy

KEFHAIIER, T 100102; 3. X EF AW

B AR | AR mBstE . D3 AMZT IR
HEANA =55 7 K™ TR —#Ix (& 1D,
WR T KA S R I E R L (R
%, 1993), XELRHIEY S Kerrich 6 A$2 H A
W BIT R RRAE . B PR K M3k 3 ) 2235 SeM AT
H o ARRIFE LB EF X ET TAE 0 R FZE
BRI BB St R 0 B it AT TR I
SC, RBE GF) BT E R, B o) B
T S MHAAIRS 2R e JRR4E . ik
4. WA, RIS R 1 &0 Ak
PR IRFHERIE S . BT D REF L THA
RIS EE 5 2) FRIE 225 X T8k A b P Al
S IRMHTRE T 5 3) BRA B 40
IR E K, A EENLFME, Hik, £
HPRIE ST 18 202 BOR AT 5T vh S i) 25

45

=\ \
R I 0 800 m Sl [y
) N —_ ~ =
7?/8 N ~ 2 N IJZ
[, — \\/jt - / \l\ /
2 N An€ wi Jd 0\ 1
— —

Lé:ﬂi;ﬁf\@f/ = \ S

= NN > 27 + 10 s[> |

|7|\\|s|\\|9| 13 |10| . |11| ™ |12|m|13

1
Q SRR ; An€ wi— HIFERRSPLAE; 1 Kibrd —looh )z

AR BARBAITAST XBREE dagmz s, 199 B0

2, Foe AR 3Rl AR E s 4 AR 5

B R A AR 6l RV AE G T KPR 8 B X I T 2R 59— B K 10— B IR RS S 11— P R TR 12— ok
TR 107K s 13—IRIsT 1A a8 X i [
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1 DXty ORI R BB L (s )
2 BTmN

XA T TV &0 & A Bk (FEA S DZ1),
B AR BASE (DZ2), & & WA A bk As
= (DZ3) 3R bR RIE AR R s . B H BBk
VRPN, W GF) B iy, R
B F o LR A7 03, I Ik ke i B 48 A
950 Lh b, SRJG . FHISESHIFHCRE B e I 2
160~200 H , FEXFHES AT & AL,

D B ICRE 1 g, 3T 100 mL BEARH,
IMATEAK (A+3) 40 mL, #HFAR, 15 min J5¥%
T IE R 50 mL AR, FM EROTE L Xk
R EE SR A K, M B AR S A5 A5 5 40 mLL
BIVRT 5 1. 2) M f5 20 A0 00 0 0 Hh 45 B
5mL BT 5 mL LA, F J-A90-800 #Y ICP ELi%
FEAL B E A, HIXFRE 100, 3) R4
TEW A3 M HERS ZE 300 mL =AM, UK E 25 100
ml, AL (0.5 em X1 em X3 em), 5 I3
TR RG a8 LAY . 4) k%% 30 min JEHUH Y
IS, FHZEIR K M 98 2% 2 o RO R L R
SEET IS A TUSEIA 10 mL YREE K 10 oL BilR
) 25 mL b, 28 KA 30 min J5 B H Y ¥
% B EEIR)E . B S 180-50 JR I Ik
IS 4 i, AR 2E 520, DAL AR HCSE g Fnil
TR R B SRR P SE s . IRAs
RINFE1L,

3 SEERA R R HH T

3.1 &FRHMEMesnmERX

AR, S1ET W RIS A 3 Fh
TR (Boyle, 1979; FE M ¥4, 1992), 1) LU0k
RMSr e GECEARY) TBETE; 2) IRE
TR RS S e s 3) LURF
B FIE R A B, WS A b &
FIRAPIRASZ pH, Eh, BEFIGE, 0 YRR%EL
IR Z B2, B4, Simon %5 (1999) Xf Twin-
Creeks = MRAY G 4 Y BF 58 &I, 250 “C LA L2218 45
mE ) BTG 2 AT s 5 [ (w (As)
=0.33% ~0.85% ] ¥ [w (Au) =60X10 "7,
H AW /Au AEE 0.052, WL FELE RS
FEE TSR S 8™ b 5 T 2007~120 “CR
B Y B EHE B TR AR 1 w (Au) T 5

F1 IMEWARERY, ¥ Gr) HARELIAR

i w(Auw)/10 70 w (Fe)[10° R

T e sk Wk s % %
A SR E A R [0 (Au)=129.75X10° ]

15 0.04  129.13  17.35  30.04 0.03 36.6
30 0.05  129.08  11.11  18.93 0.04 23.4
45 0.29  128.79 8.28  10.65 0.22 17.5
60 1.05  127.74 5.20 5.45 0.81 11.0
75 0.37  127.37 3.72 1.73 0.29 7.85
A YRR T A PR [0 (Aw)=117.48X10 °]

15 28.42  89.06 41.12 15.86 24.2 72.2
30 10.54  78.52 6.49 9.37 8.97 11.4
45 1.84  76.68 0.56 8.81 1.57 0.98
60 1.05  75.63 0.31 8.50 0.89 0.54
75 0.89  74.74 0.14 8.36 0.76 0.24
B A ARl B B BT [ (Au)=254.05X 10 ° ]

15 0.03  254.44  17.62  25.49 0.01 40.9
30 0.16  254.28  12.20  13.29 0.06 28.3
45 0.34  253.94 6.88 6.41 0.13 16.0
60 0.89  253.05 3.58 2.83 0.35 8.30
75 0.42  252.62 1.82 1.01 0.17 4.22
B A Al s o B R A [ w (Au)=197.37X10 %]

15 87.37 110 34.49  20.91 44.3 62.3
30 52.63  57.37 10.24  10.67 26.7 18.5
45 10.53  46.84 3.36 7.31 5.34 6.06
60 3.68  43.16 1.13 6.18 1.86 2.04
75 2.11  41.05 1.51 4.67 1.07 2.73
TR R Y B [0 (Au)=283.18X10 ]

15 0.03  283.15  18.18  28.69 0.01 38.8
30 0.04  283.11  12.03  16.66 0.02 25.7
45 1.05  282.06 7.99 8.67 0.37 17.1
60 1.05  281.01 4.70 3.97 0.37 10.0
75 2.11  278.90 2.52 1.45 0.75 5.38
Tl R A B R [0 (Au)=166.9410 ° ]

15  83.16  83.78 31.61  32.35 149.8 49.4
30 52.63  31.15 19.86  12.49 31.5 31.1
45 10.53  20.62 6.49 6.00 6.31 10.2
60 2.89  17.73 2.94 3.06 1.73 4.60
75 0.89  16.84 1.51 1.55 0.53 2.36

T W Au il Fe S i T BB 0] 1 g REAH R, JFAE
M AR IE . B R = R S BB S A T S RS

159510 " ~1465X10 °, H Au'/Au F+ZE 1.17
~1.78, FH 0 M AR S S & BT 6000 LA
t.

MR 1 FE 2 FTLAE . Bk R A e ik
AN THBARPZ ML, R 1D S Au
Hl Fe 12 s FSEAR] A, B4 Bl 25 2K A Ak 1 1Y) o3
e A TAR s PTG Au Fl Fe 12 H LA 2
SRR . B Au FFHIEA BEE EERET 10 0 i T i T
FAKEW T s 2) BEE RSP, ZA e
) Au B BT RS, IR Au B R IE
WiFtm . SR, BT MR E LY B Fe 1 B
FZE A EAAAF 5 3) wE&%w o, SRR
BRIIE R AN (R D) s Ak,



78 FA MR E ML BB 2006 4F:
80 A 80 B
|
o 60r O ZBRH=E o 60 B O ERYXE
B m BEHE e - mOHBEHE
ﬂmé 401 = 40
201 S 201
H N
0 ay ay o (0] ! | 0 |
15 30 45 60 75 90 90
t/min t/min
30 ¢ 30 D
60 O HBHE ey
1 401 ] 140
™ i
| §
20 ‘ 201
| B .
m- = |
0 N N Fany L L 0
15 30 45 60 75 90
#/min t/min
gof E sob  F
- 60 0 £BREZE - 60
740 [ | 340
i ) i
§
201 . 201
B om
0 EN =N sy Q a4 ) 0 I L L |
15 30 45 60 75 90 15 30 45 60 75 90
t/min t/min

B2 3MERTAPERT R F) % BT YNE, KRNEEE
P A LB 525 B SRR AT P R BT FIRE R BKAT 5 C RN D AR B A B S R R BB R R BRAT 5 E L F 43
S R B AR O Bk

GRFGHREMARIEMG GE D, DI EFIER
B, BRAAALYI A e AT n] ATE T/ IR s
fige T IR Y AR AN AN SZ IR S Y R
s, P R BEE LT 2 7T BRI P R
D) SAEmAY A E A RIRE AR 5 2) ik
AR, BRI B2

UK 4 YRS . s LA AN L
BRI RE  AERAF BT SRl AT
R, I LU R 1 sl e A 1) 7 A AR
FERXFPIEBL S . AFNEF 0 Y] LU B R Y T
iR gk, Wik, K2 Frosige ey ha S5k
AR R BZERM] , SAER X TSI kAL
Py B A 7 AR SN Ay 85 4 e RS A IR o ) ke
BB A G

ARG R B ) UK  AAT 2 ZE 0 )
R[], e PR BRI o e R gk o ik U
ZB/HTEICE 2 AR E R 0 YIR f al
Wi, (AR LSRG H, BRI SR
Hfh)s , ELPRHO. XAMEDLT . AR

H—RE e T B0 W AR, oA
iz, B, 181 2 FoR ik 5 438 il
AL MG , JEHIE Au 2 RTE Fe 12 1R KR
JERER 2 S5 A BT SR GR 1, RUIETE
B R LUK 4 1 RAFAERY . S b,
O Gl B QI P Bk v i S A AR LRRAR
AN

(HUZ , AR A A2 e T rh
P SR IMARR TS k1D K], &
B T REAT TR T AT AE

4 o) B R PO K, SR RV
SBEWIRAR ARG AANE . IF H RGN R
MRRTE . B pH (AR, WHERSEAE S FIFAH]
T AREMEL Wt AR T, ok
BEESCHS (Widler 55, 2002) KB, SfEEHE™-FK
TR ZR AV B2 pH 1Y pREL (1 3), B pH<7 B,
SRV, B L [AuSH ] BLA YA Xk 4k
OISR AE B R A T s A, 5 pH=>T I, 4
FERMAAERRD (FERRIAN [AsHT),
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VAR, TEE/KIEM R R, RTER RS
SEACPERIRRARAA T a s . JUHAFI TR A
RGBTSR . (R, DRI A Al i o 7
A BB G IR R e T R PR LG A LU
AL . RPaa TR T S R B I A
A B AR RS R B T EEAR R 5

%,
100@ ® [ J
80
60

40 7

w(Au)/%

20 -

0
2 4 6 8 10

pH
B3 #HH%H Y [ASH! BRAYWRMIES pHEMNXER
25 °C) (Widler &, 2002)
5 HE 1T BB 43 ) 36 7 4 UM BB R TSR BB 5 S0 28 078 54
I 2T 4 W R B Ak 3R T ANV SR AR VA O R E A L

M E KA IR, IR AL RR S LR
R, (RIS O B R YRR 2 AR, BI pH B 22 T
. XFPIREEAE A T4 i — 2 A AR — A
ff, ICHh, P IE R Fe' AT VA TR B
WA [AuClL ] 1 [Au (SH): | 2B SR
T Hit, FKEBRARE S A i s+
L ol AR I 4

ZE LA, TKBNR SRR, Atk
G F LR T4 s Ak e 4 e R A7, AR
TR B R4 FEUTR SR, K
KT Ao 4 . ISR T2
3.2 MEENX

M HTRR YIRE & (R D) TE
W, EES R OR) BRHAERENE SR, T
H . JeH BB gt fE b dah sk g b
Bk 4, W R S A AR R ok H 4R
& JEIL X RIS RS VLR £ 1 4R
PERE T BB FIER ALY (R FIRE™) e
.

S PR E AT TOTE M & AR IS 2 A SRk 4
WALRLELA 5 R, I 4 S5 TR
S, I H AT DAAS 2 BRORE R B PR S Y B A e R, B
AuVENER ., 5 T5S ,HS ., S0, .1 ,Br

LA HE T, HARIINCEmME (R R%,
1992 ; #3224, 1998 ; Seward , 1989; Widler 4%,
2002), HIREREAY) B LS IR A E WA E ,
A EZ TR S0 B R R e L T
e A MERE A & AR S IR UL TR 2
ARG IRy, IEE R, KEE Sk
FALY) (RERRD . ARERESE) ARTENEMGIAT A4
WA H EE N HUTURRAE , ORI Sk A AL AR
MR IR A IS XA =1, T R
W AR E e SR R AR E D B PRI B
A ERAEAL R AL e RIS (P E R
BN E SR . 1995),

PzEam 2 4 (1999), A R B AR BA
WATRIERS (1995) ZEWF5T . WA A& K
AWIG B WA TR R AT
wHAWHESA . IREASFET YT, #
KAafbsng , &EAEmma; iy Ao i
. MRBRPE . AR BT RGTE S
WINZN YIRS LCRRERAE G AT T 40
AR T X 90T [ N HAB s A IR T T A T
FEEAEAE W) 6 T S RLER S A W 70 4 0 ) i PR A
(Kerrich %, 2001), BLAh. WA IH&T IR S EH
(4 1 2= S TR b -840 IR ™ T W] — 4 38 FROT
B At s pEm AL gk ot R A A R b
% . KIBNABRZAFERCAIRE SR RS
IO WD), FERIRKRWTA AATE RS £ B sk 20
A . AT FREE TR E A B TR AT A L
AR EEMNE X,

ZE L FTIA , WIS VA S IRTERE ek 3l )
WEE K2, B R E @A A, i
WARFEIE CEH. @i, AR, A EE
(B HEADIFH e sc ), &0 A5
J7 4] 5 MR AE AL ) BT RAR S L . IR s
WIREFERARREMEE , FIES G20 IREK
WIEM AR N 45 T AL, AR A & At
EEENEMIREZ —,

4 45w

XU IAT TR 4 3 FhSIE A i s eke™, 2k
ALY REER FIaRE) SR it T 4 . BRI
SEG . ZEREW . PEAY S SRR EER A
B MR, SRR SPR R E T
X, RUEG P04 R BRI A 5 B8R
g, BRERE, BIEERNIEMX, £H



80 N LR Y ST

BRAAY PR R RAR A (0 AR B 4
AT, G5 AWkl A RIE R TR
SR TR B e EL AR AR 0 i R R
A, I Bl WAL B e s ALY

MEAE , RNIAT IS KRR BEY R &R

HUERT

WEH (FRHR) 2003 F4% 3 #

EESEZ M

(1] A8, 205, REF, % . A= 5P 0 Kb 5RFE
FRLHISIE M ], dbaC . Mo iREt . 1996 .

(2] ®octe . RFEE, TR, A% L5 KA
BRI RS R ES R ()], hEPEE O, 1994,
24 (12); 12981 307 .

(3] BRIRSC, FRABae , 246 . W) Rh e s gk br il
FRIERRSE [J]. 7 89a6, 1992, 12 (3). 85-91.

(4] BRIEF7 . 19528, X DA, 55 . REE MG 0 IR W A7
FEpkibz: M. dbat. HUSHRRERE , 1992, 100.
(5] BRfiTst, XUAASR, BRAEE . . hEICT A ST IR K
WA FL K 5 2R 0 TR 67 2 R AE B AT el iie (U], &

FIA . 2000, 16 (2), 233-244 .
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