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(Pt)
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(Pts)
(Pz)
(Pz)
(M2)
(K2)

(1)
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(2)
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1.
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2.
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3. —
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(1) —
( P.ba)
(
)
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(2) : (P.yr),
(3) ; ,

(P.w) ( )

) ; : 20 km
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(1)

(2)

(1)

(2)

(Mz2)

(T)

(T2)

(T:€),

(T:j2)
140km

(T..h),

(T)



(T.lw)

(sty) ’ (st)’z) -
(Tsby') —
(T-9)
(T.ch)
( Tsht) (T:0), ( Tsbt)
( T,bt")
( Tsbt)
(T:9)
(Tsht")
( T2)) , —
( T.ht) —
) - (C_Plxj)
( ) (J)
1.
(1) :
— (&)
;- (J-)
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(2)

(Jir)

(J.n)

(K)

(Kf),

(K2)

(R)

(Lyn)

(N)
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; (E)

( ) (Q)
( ) —
1, —
. 80km, 25 30km,
( )
2, —
, , 400 km, 30 40 km,
( ) 6 136
3. —

, 130 km, 8 15 km,
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442. 5 Ma, K—Ar 309 Ma,

4. — —
, , 250 km, 20 km,
5. —
, : 200 km, 20 40 km,
84 9
Sn — Nd 1084 Ma, , —
6. —
, , 600 km, 30 80 km,
280 18
— Rb— Sr 440 Ma,
K—Ar 490 Ma, K —Ar

542 Ma 516 Ma;
329 364 420 Ma,

: Rb — Sr 900 *
38 Ma, Sm— Nd 2603 £ 6 Ma,
Sm~ Nd 1952 £ 15 Ma,
7. —
— : 440 km, 30 65 km

60 : , ;
Sm—Nd 2127 Ma, Sm— Nd 1297
Ma,

8. — —

: , 350 km, 10 50 km
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10.
(1)

(2)
(3)

(4)
(5)

28

23
3208 Ma)

133

316.6 £18.5 Ma,

12.16 7.66 ,
15 30 km
(K= Ar 1474 Ma)
(Rb- S 684
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, 141
, 3 134 4

142 5 °3 44

779 11

(2) ) -~ -

(3) — ,

(4) ) - - )
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, 1998;

, 2002)

, 1999;

, 2000;

, 1998.

, 1982, , 1990;

, 2001, Hsu K Jetal., 1995)

, 1997)
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20

(2002)

10
11
12
13

14

(C—P—T)

(T.—T,



537 404 Ma;

427 405 Ma ,
; — (C—P—T)

, s

21



22

S’



10

11

, 1998)

386 376 Ma

322 293 Ma
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24

12

13

14

540 420 Ma

260 200 Ma



( , 1990) ,

739 Ma ( , 1986),

25



26

, m/f=8 11,

. 1995) ,

( T2 _T3



25

(P)

27



28

, 2002)

(Z—=9)

, 1997)

( , 2001)
(525 Ma), , —
(428 Ma),



(D—T2)

, 2001)

29



km

30

, 2000)

(Ts—E:)

2000



w

(1997)

2002

(K.—E.)

(Es—N:)

(N.—Q)

25

. 2000)
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13
" 21 11 8 1-1
1-1
4
13
8
( , 2004)
2002 1-2
1-2
2 28 6 22
11 89 5 17 67
8 44 3 17 24
( , 2004)
( ) ( )
: 22
, 2.25x 10° t,
: : : 6
, 56.3x 10" t, 52.4x 10" t, —
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6 , 11 190.9x 10°t,
179.4x 10"t ,
1 ( ) ) )
, , 23
, 1 4 18 214. 4< 10° t,
280. 8 10" t 162. 7% 10" t, 228.0
x 10"t , :
1 ) 5 )
1 ), 4 3.4x 10"t
1 4 1 )
2 11.4x 10"t 10.1x 10"t
1 4 1 1
, 1 . 4047 t
6.6< 10" t; 1 ), 2.34x 10" t;
, 0.24¢< 10 t: , 0.0 10t
, 19 , ,
14 129. 3 t
, 62.2 t, 56.7 t
4008 t, 3551 t
209 kg,
22 kg
3.
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( ) —
1.
2.
, (R R FR)
, 10x 10°°, 33
: (223 3.1) x 10°°, 18
(149% 10 °) (659% 10 °) :
(1996) , 7 44.05 362. 11
Ma, (213 240 +11 Ma) ; ( )
(362.11 Ma)
1050. 00 Ma,
(213 Ma)
3.
(Ptl) )
( 272
: ( )
1150 m, 50 80m, 24 ( ) , ,
26 31 ., 26 : ,
200 m, 8.93 m, ( ) ,

, ('Sn0. 44%) , ,
37
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Fies 3 [2a o [om Jwofe®]n[T]
2—2
1 3— 1— 2
3_
4— ; b— 6— 7—
8— ; 99— 10— 11—

12—

(PP9.24% Zn5.49% Sn0.39%); 31

: 100 m, 8.5 m,
( SN0. 58% ) (S 22.64%)

, (Pb  0.76%),

2000 m, 40 80 m, ( ) ,

, 35 : 18 15
38 18 140 m, 4.8 9.2 m, : ( WO;
0.44%) , (Pb0.33%) (Cu0.35%)
15 : 105 m, 7.7 m, : (WG0O,0.37% Sn
0.11%) , (0.27%) 38

: 83 m, 1 4.5m,

, (Pb3.85% Zn 2. 45%) ,
(Cu 0.377%) ,

1000 m, 20 30 m,
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, , 108x 10 °,
6.5
13.9 ,
, , (2.3 5.8) x 10 ',
1.7 3.9 , (3.4 58) x 10 °,
(3.0< 10 °°) 1.13 19.3 ,
( ) : ;
( )
(2) : ( 1996) , 870
950 Ma 386 460 Ma 200 280 Ma
(3) 3D
- 143%0 - 129%o, 3Dy o - 78.11%0 - 76%o, D (- 30%0
- 130%o) , : 3D
- 71%o, : 3D - 101%o 3D
- 91%0 .o - 29%e, 8 -113% 3D, - 60. 1%, 3D - 120%o
8Du,0 5. T%o,

, , , 20
() 'S - 0.04% +11. 3%, 5's
+1.7% - 4.33%o, 5'S  +11.3% - 0.38%o,

5°0  6.0%, 5°0  9.1%o,
5°0 6.3% 17.1%o,
( ) 5°0 9.9% 8.8%, 5°0

39



8. 9%o, 53°0 5. 7%o, 5°0  8.8%o,

5°0 6. 3% 5°0  (10.5%0 5. 5%0) 5" Ou o - 1. 02%o
2. 1%o; Oy 0 2. 6%o, 8O0
, 5°0 1.5%, 5
10. 4%o, - 3.7% 3.3%
50 9.2% 12.3%, 3 O.o - 1.5%0 6. 6%o,
5°0  12. 0%o, 50 6.1%, 8 Ouo 10.84%o; 5°0
- 2. 0%o, 3°0 - 4. 4% ,
(1996) :
450 360 ; 21.5% 5.9%, 18% 11%;
0.534 g/cm’ 390 260 ; 15%
3.1%, 13% 4%; 0.712 0.830 g/cm’
280 100 ; 4.1% 0.5%, 4% 1%;

0.815 0.974 g/cm

40
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q--_.h N S
S ONE
3 o A Y. m—
4 [ v |
1 [e==]4
=1 w]): B2 s s F7s [Fde E=32 NHs
=17 [ [~ 9 =ho = iz b3 Li M6
2—3
a 1— — 2— 7 3— 4— ¢ 5
6— D 7T— ;. 8— 9— 10— ;11—
W sn 12— Cu Fe Pb 2zn
b: 1— P 2— © 3— 4— 5— 6—
( 228 Ma) , 600
m
: 32 10°°, 24
( ) ( )
1939 Ma ( , 2004)
3.
( Pt, dk)
600 800 m ,
: 535
m, 2 3 m, 9.28 m, 233 m, : : 40°
50° WO, 0. 256%, 0.508%; Zn 0. 76%, 2. 77%, Ag
21.3 g/t 156. 4 m, 2 m, 5 m WO, 0.174%, Zn
0.42%
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()
( )
( ) 1 -
, " g
( ) ()
( 1999)
Rb—Sr 209. 09 Ma; ( 2000)
-1 216. 0+ 11. 7 Ma, -2

235.0+8.9 Ma 200.5+7.1 Ma,
223.3+12.7 Ma . -1

. 2001.



39

Ar = Ar
3.46 Ma;
236.5 Ma ,

(399.4 439.3 Ma)

236.5+0.5 Ma, "Ar/>°Ar = Ar/*Ar

— (216.5 240 Ma)

(2002)

3.
2—4
1— ; 2— ; 3— ;44—
;. 6— - - 7— 8—
10—
: 10 :
10 , —

7 km

238.57 +
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4.
2-5
( , 2001, )
1— 2— 3— ; 4— 5— 6—
Y — , 5°0
-6.3% 4.8%, 0D -48%0 - 91%o, ; 3's
+1.1% +6. 9%, : :
: ( ) ( )

, ( , 2001)



: , 439 418 Ma,
236. 5 Ma, —

NW
NW—
NWW — , Au
, (1999)
17.1 33.8 MPa,
: 30 MPa, 25 30 MPa,
25 MPa :
( 2-9)
: ()
() ;
( )
()
( )
( )
()
()
1.
()
2.
() ( )

. 2001.
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: ( 290°
310°— 110° 130°)
() (
),
4.
(1) , ()
( ) ( )
()
( 2-6a
(2) ( )
( 2-6b), ()
( _
) ( )
( )
()
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1— 2— ;33— ;44— ; 59— ; 6—
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1
0 3750 TE0m
Ty
F.'
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Ky L
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[y i]13 [, ] 14 ] 15[#Fe] 16
2-=7
2— 3— ; 4— ; 5—
6— 7— 8—
9— ;10— 11— 12—
;13— ;14— ;15— ;16—
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( TFe30%

(
40% )

2-7)



K—Ar

- 14

(309.87 +4.77) Ma

20

Rb—&

. 2002.

(330.03+24.3) Ma,
K—Ar (309 +£4) Ma

(
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| 0

240 m

1— 2— 3— 4—
4.,
(1998)
(1) :
( 279;
(2)
),
(3)
NNE
NNE
( 279);
(4) : ,
Au As S Pb S C H;0O
) , AU—S—As—
9d) , (

50

( 2-9b);

NNE

NW—SE

, Au

, 2000)

NW

NNE



2001)

51



, ( 2-10)

(o] (7] [eels [=d [els [els [l A s [ )0
[0 (2] 0 [N 2 (215 A ] s B s o) n B s

2-10
1— 2— ; 3— 4— — 5— -
6— 7— 8— / 9— 10—
11— 12— i 13— o 14— ;15— . 16—
17— ; 18—
() :
100 1000 m, 0.86 4.45m

. 2002.
52



(2005)

Na"

SO,

53



200

20

4 m,

1

50 100 m,
2 —11)

100 150 m

211



1999)

- 12)

170 m, “

100 m,
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0 100 HNom N 1"1\ ~ R
Ax

2-12
1— 2— 3— 4— 5—
; 6— ; T— , 8— ;99— , 10—
11— 12— 13— ( ); 14— 15—
4.5 m, : ; , 3
100 170 m, 1.11 m, 2.13 m ; “ 3
, ” ; : : 160 m,
240 m, ; 4 m, 1.9 m,
2.68 m, 1.4 m, ; ,
: 300 m, 200 m, 3m, 1.8 m,
2 m, 1.3 m, :
4.
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( VHMS)

SEDEX VHMS
SEDEX : ( ) VHMS—SEDEX
VHMS SEDEX
( )
1.
2.
(
3.
( ) — —
100 : 1 4.5m,
Cu 2n
( )
4. i i
( | ,19;9),

57



2.
— (
)’ ] ]
: ( )
: ( )
( )’ )
: “Po/™Po  17.790 18.542, 18. 018:
P/ Pb  15.577 15. 636, 15.6024; “* Pb/™ Pb  37.969 38.252,
38.1352 5 105 424 545 550 575 601 Ma ( , 2000)
3.
, , ( 2-13)
4.

; , Ag As Pb Sn
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(O] [e=rlz [s.]3 [0 ]a [€4]5

> S™N 0, R
[£]e [E]7 [¥ 18 10 [@&w .
R AN
213 —
1— —  — L 3— L 4— 5— — 6—
7 8— 9— ; 10— ()
(
1997) , (
. 2000) ,
1.
2.
( )
3.
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3 km,

80

50 500 m

60°,

55°

320°,

270°

2 - 14)

(

E 14 |yl 15

=
fu |

F‘l|1|1| 1

-

T

M

1M

1
]

T

1

P

214

i 13—

;12—

11—

;10—

;o 15—

14—
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’ ’ ’
34 34

5'S 1.09%0 2. 16%o, : 5'S
4. 2% 10.02%o : 5's 2.57%0 3. 93%o, :

34

o0 S 1. 53%0 2.87%o,

) , () ! ( 2719

S 4LE1
1 ]

: —
w |1 14 g %

[ s peede [ ] or I [0

I"l

2—-15
1— ; 2— ; 3— ;44— ; 5— ; 6—
7— 8— 9— 10— 11—
; 12— ; 13— ; 14—
( ) (
)
() : : 211 290 Ma,

61



: 50 100 m, 1.55 4.16 m

4.60< 10°° 6.60x 10 °,

5.0 10°
4.
( ),
“Po/*Pb 37.895 38.192, , ,
: ( ) ;
, ’ 6180+
3.6%0 19. 49%o, 3D - 82.4%0 86.7%o, 3 3°0 ,
( )
115 152 ,
( , 1999) , ,
, : , (
)
, 2-16

62



Rb—&

+

i I

. + e el [
0 e e A 3 s [ s [pr |72 5[ @ ofaralio

2-16
2— 3— 4—
8— 9—
(343.1 Ma) ,
( 2—17)

i 10—
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1— ;22— ; 3— C4— —
- (0,tn?); 5— (05tn%) ; 6— —
( ) (O3tnb) D 7— (OStna-Z) ( ) . 8—
(Oztn® 1) ; 9— © 10—
, (Ostn" ")
( ) :
, 400 m
( Ostn)
( 180 m, 5 m), ,
( Pt,dk) (O,tn™" ) ,



C ) =

’ 206 Pb/204 Pb 207 Pb/204 Pb 208 Pb/204 Pb’

3455 ,

5S> 5's>8's> 'S

CO, , 120 254 (

( 161 Ma)

)

35S
),
, 2003)
(179 Ma)
(
. 1990.

10. 51%o

11. 94%e,
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(211.13 +4. 46) Ma,

(

;11—

66

.2004.

i 10—



27 m, , 500 m, 300 m; ()

480 m, 11 m, 40 225 m, , 14 m (

( ) 40 ,

1650 m, 42 m, 44 355 m
() :

( 642. 27 m)

) 1 (

4.
, , Cu Bi Ni
Pb Zn Fe , _

Co Bi Au Cu Pb Zn
, , Co Bi Au
: : ( 2-19)
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2-19
( 2003)
1— 2— 3— i 4— 5— 6— 7—
8— 9— 10— 11— 12—

, 2003.
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1.
2.
3.

(

(  2-20)
(1.23 18.75) x 10 °

(Au, Au,

(
4,

(

Aug
(

) ;

—

)

80

1100 m

0.5 40 m,
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Lo v [em] 2 [en]3 [cegls [e]s [sele  [me]7
(618 [ele [w]iw [Sn [Ss]iz [ei]as [ e
2-20
1— 2— , 3— ; 4— 5— 6—
7— ; 8— 9— ; 10— ; 11— ; 12—
13— 14—




250 S0 m
—t——

Fd
Moo 4
Py : QE]-I:II—I:ZP Py

I i il i T B T R X F|

12—

71



72

182. 3 Ma (

K—Ar

53's

SEDEX

) .

- 1. 1%o

- 8. 97%o,

- 5. 98%o,

, 1993)



Lo v e [z [e7]s g sl e s s o[ d |7 [ ]s

0 250 500 m
[
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3.66 m;
1.99%:;

0.24%

9.423 9.545, K

260 275

74

M,

455 m,

(

0.15%

1290 m,

0. 840%

0. 32%

(1993)

, 1993) :

50°

3.919 3. 988,

0. 14%

80°,
0. 1%

195 345

SEDEX

0. 51%

2.32%

50°  73°,
0. 05%

544 m,
0.14%

1. 79%

300 m,

9.50 m;

0. 29%

0.

04%



H. H (233 448) Ma,

(219 231 Ma) , , (345 Ma 448 Ma)

( 2-23)

w1 [l

M

s AETIE

P4 | Ao
y (B ]s[Sn
\ [Pl

a
I

75



162 (111 )
1 2 MZ
165 450 m, 960 m,
3.63%, 1.07% M, M,
2175 m,
12. 40 m 1.27% M.
90 m, 215m, 1 14 m,
; ()
4.
: ( ) ;
+2. 35%o, + 0. 05%o, 8. 8%o;
0. 41%o, 6. 02%o; ( 6 )
0. 46%o, 4. 74%o; (2 ) &'s
3. 79%o: (3 ) 'S - 4.85%0
(1 ) &S 0.59%0
) (
(8°C - 2%  5%o) :
8. 4%o) 3°C ,
( , 1993)

76

58 490 m,
’ M2

51. 49 m,

(11
5'S
- 7. 47%o
5. 57 %o,

(20 )

) 534 S

- 2. 58%o
- 3. 68%o,

- 1. 25%o,

5°C (2. 6%o
5°C ( - 5.2%o

: 2550 m,

0. 36%

1 10 m,

7 35 m,

475 m,
0. 78%

5*S
- 1. 36%o
+ 2. 16%o,

- 5. 58%o,
10. 42%e;

- 6. 45%0
4. 66%o,

5. 2%0)

40



304 ;

(340 ),
1.
2,
( ) — : —
()
(1998) (245 Ma) , (1997)
(247 Ma)
3.
, ( )
( 2-24)
] 5 )
1000 , 200 300 m, 30 40 m,
Cu 12%, Co00.05% 0.11% ,
, , 550 m
; ( )
4.
, (1996)
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SIS

Piiay |5 | & |6

a |7 | wic [&

oo 9| p=ic |10

Ar o] 1 [is| ] e
224
1— ;22— 3— 5— ; 6—
71— ( ); 8— 10—
11— ;12— ;13— ;15—
16—
: (1997) :
(1998) _
, 1990 1991 ,
— 12. 16 : = 6.76
(1996) , _
: 10. 25 :
— ( )
: (
)
1.

78



( 2-25)
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80

211 Ma)
( NmOs)

(Ty3;)



6.11 m

- 7. 14%o,

SEDEX

50 - 14. 18%o

173 207 Ma,

40°

- 16. 35%o,

50°,

'S - 4.07%o

SEDEX

81



t( , 1993) : 1 (298
Ma) Rb—& ( 232 Ma) 5 (222 210 Ma),
3.
; ()
( )
4 , 10 3
2 , T, °
600 800 m, 1.56 14.20 m 0.30%
0.88%, 0.02% 0.07%; 0.03% 0.89%, 0.6% 0.86%),
0.05% 0. 24% «C ) 1500 m 300m, 0.53m 7m
50 2161 g/t, 6400 g/t; 40 1320 g/t
4.
, — (1993)
(1) H - ] L] []

82



(2) : ,

, SEDEX
( ) “Pb/™Pb  18.369, ' Pb/*™Pb
15.606, “*Pb/*™Pb 38.393; 5 “Po/®™Pb 18.245 18.332, *Pb/*™Pb
15.539 15.612, “°Pb/*“Pb  38.147 38.373, ,
(3) :
SEDEX :
, SEDEX , 17 , 2
) 8'S -1.33% - 3. 91%o; 15 &'S , 5
5'S  1.95%0 3.87%., 3 'S 1.90% 4. 42%o, 3 5's
3.08%0 4.05%o, 3 'S  2.53%0 6.79%0, 1 5'S  3.95%0
( , 1993)
( )
( )
( ) ( )
( — — )
— ( ) ( )
1.
2.
3.
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) ( 2-26)

(o) (2 (0 B « (0 e
gl el

2—-26
1— 2— 73— 4—
6— ; T— 8—
11—
8 km, 700 1000 m ,
(
, 30 750 m, 0.27 6.70 m,

(1) :

(2) ,

d°C - 1. 3%, ,

;10—




(3)

(4)

(5)

2005) ,

1000 m;

(
Kr—Ar
( 2-27)
5 km, 3 km
0.2 19.33 m, 2

oD - 95%0 66%0 (

143 360

(218 +3.2) Ma (

29
80 3240 m,

. 2002.
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1000 m

[G]1 12 (3 : " |
]+ E=ls s AR
i [l s B A 07
I?::q? hal]| 31 53] 53 173[54]
227
( , 2003)
1— ;22— ; 3— ; 4— ; 5— ; 6—
; 1— ; 8— ; 9—
4.
( 2~28a)
Sb : ,
: Au :
. 2004.

86
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i
[ v
I{,r"
2—28
2004)
1— ; 2— 3— , 4— 5— ; 6—
( 2-28b)
Sb,
( 2-28¢)
1.
2.
5% 40%,

C )
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( 2729),

N\ |1 :I-.' IlI ]1—I 2
= | T
Lsh s, T T T - SN
"T_":‘-j""m. \_-:""_—I | I:. Lsh ._,_,.—""{J:j
T=1- — P Sib== b T _J o
) - E‘; o\ Lsh B ST wyLsh
Lsb™, Y 5 A —
— I___"ﬂ-.. r_*LSET‘H, L"h LY H II"-LII =T ot H-FLE-]'.'I
- |_-;|-_. I | A s IS
-., | —— "'- kh i - T e Hes )
S 3 -
Lstg?"l E?Hg:l%:-— Lsbh II |.I‘:|I'5hr:' Hf'ﬁlﬂ-!‘:_ ""1-] "IFH ‘; '-.ﬁ
T H Fipty | B g ————pia— S
g W« A [/ —y I S
- BI___ - -
e — |I 'H.\l N
/ \ Tz
n:!" A 0y [
I.-"d_h““x B ..___.-'" ! .
| — .
| 0100 200m -
! I |
(@ W[5 2freh [ a[S] s[ Lt [ 7 k] s[ide [ O] 10
2—29
1— 2 4— 2
3— ; 4— : 5—
6— ; T— 8— 79—
10—
, (31 ) (7 ) 15
4 40 60 m, 150
m; 1 2.5m, 11. 37 m, 130 m
4.

(1)
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(2)
(3)

(4)
(5)

(1)

(TsiZ %)
(2)

30) :

_1-2

)

(TsiZ )

(Tsjz )

1.1 km,

1-1-d

T,z

- )’
(Tsjz),

(Tj2 %)

(Tsjzl—Z—b
(Tajz~
— (

20 140 m

—3 —4 —5 ),

)
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1—  2— 3—
L a—
5— , ; 6—
7_
Tz " ° — : ( —6
) Tsjzl_l_d —
() ( ) 1.5km ( —1
T3J 1-1-c¢c , ( _2
) Tsjzl_l_c —
( ) ( ) 800 m
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(Tse

(

2 -31)
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300 m,

92

-
IHI

Lo | [® ]2 paEds rl3s [mhEds [rhfe [Ta]7 [T s

i 100 200 3 om
S —

(3 5); 6— ; T— ; 8—
. 10— 11— ;12—
13— 14— . 15— ;16—

, , 500 m



4.
(1)
(2)

- 6. 01%o

(3)
(4)
(5)

355

- 30. 11%o,

34

114

93



(%)
(37

(%) (%) (%");
(&) (%) (L)
(£ (£7°) (E°) (X7
(E°); (%)

, (%)

(%) :

(%" % 3
(%5 ( 2-32)

L P s s [ ) s e [ ] [ ]s [ e 25 Jiold5

LI a0y s o il = fis{ e g Po |17 Ce [18] M |19 Fepl2o] T |21

2—32
1— 2— ; 3— 4— 5— 6—
7— 8— . 9— 10—
11— 12— ;13— 14—
15— ;16— 17— ;18—
19— 20— 21—
70 km’ , 2
1

94



, , 3.5 km
1 5 5’ J
0.8 12m, 1.5 6.4 m, 100 m

Pb0.43% 15.2% Zn0.22% 9.75% Cu0.03% 0.68% Ag8.9 370.8 g/
t ( )

TFe 45% 55% Mn2% 5% Pb 0.26%

4.47% Zn0.04% 0.55% Cu0.02% 0.03% Agl7 29 9g/t, TFe
60% . 2km, 120m,  Pb1l%
3%, 31%, Ag206 426 glt:

4.

(1) :

(2) ( ) :

(3) 3 -z,

() —

1.

2.
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200 m, 14. 17

23 m,

(1)

(2)

96

23.37 m,

100

(

: 5 12 m

2-33) :

30 m,

38.21 m,



O [E]2 B3 3 B8 +[]s [&le @) 7 [ s [F]e

2~ 33a 2-33b
1— 2— 3— 4—
1— 2— 3— 5— 6—
71— 8— 9—
1.
2.
( ),
, ( )
( 2-34)
3.
( )
: 4 ( )
4 ( )
370 m, 30 50 m, 17 o (1.3
14. 13 mx 200 m) » (0.93 18.98 mx 190 m),
240 m, 40 m, 3 ; ( )
1200 m, 200 m, 4 ., 1 : 2
200 , , :
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Lo lcrp [ofp [anz]s [y s [v]e [&]

(e |8 [a]o [ o [e ] [e=hz [m i3
234
1— ;22— — 7 3— ; 4— ; 5— 6— 77—
9— 10— 11— D 12— 13—
: ( )
1.390 g/t; 0.795 g/t;
0.26 g/t
4.
2~ 35, ;
: ( , 1995) (1995)
, ( )
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36)

E b AL

B _—

. . —

T MY -~
"~ e — -
HAE e e SR
e == V————— R

2—35
2— 3— 4—
5— T 6—
: , 442 Ma,
442 Ma,
: 2 — ,
3670 m, 25 420 m, 300°, 84 knv,
; 2800 m, 20 700 m, 0.56 km',
( )

52 : 41 : 11



ALdf

e, Ld 1 feld|z e peaa feals [Cha ) s -______:&__ ~—E

236
1— 2— 3— 4— 5
6— 7— ; 8— 9—
10— ;11—
: : ( )
: 2260 m, 30 155 m, : : : 1 2
33 34 36 37 38 43 : 1 2 (
56. 03%) , ; : 3340 m, 20 215 m,
: : 3 16 19 20 30 35 40 16 :
34. 4%, ; ( ) :
1795 m, 5 80 m, : 14 18 44 6 : :
5%:; (21 29 31 32 10 ) :
900 m, 90 280 m, : 41 42 44 53
11 : 2100 m, 450 m, ,
, : (1 2
5 6 41 ) : 1470 2260 m, 2.2 79.1 m, 100 549 m,
50 1548 m, 2 26 m, 49 595 m,
: ( )
( )

100



),
1.
2.
; (
) ( ) ( )
3.
: ( 2-
37), ; - (
) - ( ) - ( ) -
() ()
5 34 —1 -1
—1 , 91%
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120 240m

Lo |1 [E 2| |3 (€14 [€dad 5 [E:1d] 6 [€aa) 7 [Fron] s [ v | 9|rmx] 10

Lo |11 e Jizle |13[ew |14[ds [15]5c |16 Zsc |17 [Zes | 18] £si | 190=7 | 20

2 ~-37

11— ;12— i 13— o 14— i 15— ;16—
D 17— ; 18— , 19—
20—

(1) , ,

(2) :

(3) : :

(4) : ;

(3) : ;

(6) : , ,
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(350°

(?)

360°)

( )
, (30° 50°)
(80° 100°)
( )
(ymp)

(49.4 37.2 33.9 22.0 Ma)

(

( 20°

2 - 38)
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- &=
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+ I

2| ey | 5| ap

1]22

els

1

0y

o |eefad |2 | eelak) 3]y

V]

38

11—

i 10—

i 13—

;14—

;12—

;19—

6 17—

B

;15

;18—

;22—

;21

20

(1988)
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()
1.
2.
; (
( ) : :
, (V&) ,
, ( ) :
: Cu Pb Zn ,
Zn 0.0027% 0.0046% 0.01%,
, 1996)
: ( 1996)
(360 +50) x 10° (210 £25) x 10°
3.
( Ptijn)
(C)
, , 400 m,
30 m, Pb 0.06% 1.49%, 0.62%; Zn 1.13% 6.39%,
0.01% 0.28%, 0.14%;
,  350m, 31.81m, 85 m, Pb 0.09% 5.41%,
1.13% 6.57%, 3.62%;
, , 50 350 m,
( 6 , 350 m, 10. 38 m) Pb 0.15%
1.82%, Zn0.17% 6.89%, 3.38%
( )

7.34 m,
3.33%:; Cu

0.56%, Zn

: 11
0.92 16.02 m
5.28%,
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4.
, (1996)
(360 £50) x 10° (210 +25) x 10°
5°C - 2.5%0 - 2. 7%o,
1.
2.
_ , 300°
320°, NE, 55°  70° , —
3.
(Ts€)
11 , 56
, 100 308 m, 50 210
m, 3.00 8.12 m, (TFe) 28.43% 55.16% 225°  330°,
NW—NE, 41° 87°, :
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, TFe51.18% 55.16% , 54. 75%

TFe28. 43% 35.25% : 45. 25%
4.
()
1.
2.
’ ’ ) 1 ( ) 1
3.
(P.bq’),
’ 1 (Tllnl) ’
: 50 m, 150 400 m,
0.36 9.45m ,
: : ( 2-39)
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108

0 50 100 m.

2-39 ( )
1— ; 2— ; 3— i 4— ; 5— ; 6—
7— ; 8—
)
300° 320°, NE, 55° 70°;




2 : 8
30 180 m, 50 300 m, 0.84 49.73 m,
(TFe) 14.03% 68. 88% 285° 330°, NE, 41° 87°,
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(1)

(2)

(3)

(4)
(5)

(6)

(7)

(8)

(1)

(2)
(3)

(4)

SO,
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(5)

(6)

(7)

(8)

(1)

(2)
(3)

(4)

(5)

112

SEDEX

19



(

1988;

1980;

1995;

, 1988:
?
, 1985)
20 60
, 20 80

, 1995)

70
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( , 1998)
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SEDEX

()

()
( ),

( ) ( )
1 ( )
2 ()
(1) -
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(2)

Nelson ( 1992)

)
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: Au Ag Pb Zn Au Sb Hg ,

20 70 : ,

’ ; : Gurnis
Murphy , )

1995) ,
, ( , 2001)
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(Z=9

( , 1998; , 1997)

( D_Tz) ( Ts_Ez)

( , 1999)

(Z—9)

119



(1996) ,

—TC,

( , 2002)
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( , 1997)

(525 Ma),

(1996)

MORB—OIB

(428 Ma),

1994)

1987)

MORB
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’ : 3600 m,

] ( ]
1999)
( ) : VHMS SEDEX
: (1996) - ,
logt—Iogd A B : :
(TiO,—MnO) x 10—P,0Osx 10 MORB
— ( ) ,
, , : , Co Bi
Au ;
. 1996.

122



VHMS SEDEX : —

VHMS SEDEX

( D_Tz)

123



( , 2002)

(1) ) -
( . 1996)

, Ag As Pb o
Au Ag As Pb o

(2) ) —

( , 2000)

— ( )
(Leeder. M. R, 1988)
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(3) : — :

( , 2003)

( Songer A. M C,

1981) , |
( , 1992, YungJet d, 199), _
( Songer A. M C, 1981)
, ( , 1999)
2. _ _
( , 2002)
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126

2000 km

(Pt),



( , 2000)

(1998)
(
( , , 1988) —
)
( )
(T.—E)
( — )

(2.3 ) — (1. 75 )
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128

As S Te S Hg Ag Au

Pb Zn



(1997)
(K,—F;)

( E3_N1)

(N,—Q)
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24 () 50 ( )

1996)

Cr Fe W Mo ., Pb Zn
Ag , Cu Au
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(

, S0,
, 1993)

1990;

m/f

, 1982)
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, ( , 1983)

5.
, W Mo Be Li ,
6.
, Ag As Pb o
: ( 3-1)
( )
, — ( )
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EW

o,

A e
SRR
Rt

> #iHhiE e

W, Sn "

L
-
et
o
KK
HEE

ot
o

S0
=,

it

Mb, Ta
Crs Cus £in

= JEdhiEe
Ptl\ En-. A.g'\ Au

o

e
L EmmEED

A
e

%
7

,

[Es] ot
[ a e
e R

(

( , 2001),

NNW

, 2004)

, 1998)

EW
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. 2002)

1. —
(1) : ()
()
(2)
(3)
Au Ag Pb Zn AS S Hg
( , 1997)
: Au—As—Sh—
Hg—Ba, ( , 2004)
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(1)

(2)

(3)

(4)

(1)

-+
AR

PRI

( 1996) ,

135



(2)

~3)

136

<,

. 2001)

. 1998) ,

(

, 2000)

( 3. OMa)



g Fe—F
(p Cu—MNi
P Cuddlm

Cus Aus Ag

fii
i#
IJ-I Fes Crh P
£
g
i
I

REE

0,

, 1996)
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(1) — — : Rodinia
(800 600 Ma) ,

O0—S

(2) —

Condie. K. C (2001) : (
) : Ontong—Java Solomon

(3)

139



( , 1999)
, Pangaea (235Ma) ,
(224Ma) ,
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(Hou Z, 1996)

( )
, Bischoff J (11989)
Co Bi Au

Fe Co Bi Au

2.

(1)

(2)

[13 + bi

142

Cu

Sedex

Fe



Cu Pb Zn

143



144

(1995) , ( 3-5)

1]

NW . . o e T SE
&8 #.HM P i

T T awn

Ex B e 3 B BEEs R le[F 17
Foe = =k [ =l 1nE===h e i

3-5
( , 1995)

; 10— ;11— ;12 13—



Cu Pb Zn S

H,S , ’
: 55%
( , 1992; , 1994)
, Cu Pb Be & ;
; Ti V. N Cr
Cr Ti Ni Mn V Cu Pb Ba Sn
: Cu Pb Ba &
()
(2001) : — :
1.
( Archipelago model of orogenesis) ( 1998)
( back-arc spreading)
( ) : :
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146



147



( )
( )
: ( 3-6)
Wiidek | WA | M| EEeER
HE i Fe K Cu i
# il Ag i ppy i
- . jr‘ll.

s\
| qu N ) P,
3—6

1.

2.

— : (
), ( )
3.

148



149



2001)

1979

150

16

1665

(

, 2001)

( 1995)

1986



(1997)

( , 1996)
( . 1999d)
: (
1999a; , 1996; , 1998; . 1999b)
20 90 ,
, 1996 1999
( , 1999c)
( )
( )
( , 1999c)
( )
( , 1998)
(
) (
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)
( )
( )
: (
: ( ) ( ) (
) ( ) ( )
(1999) ,
: ( 4-1)
4-1
1. - ——C Cu Ni 2Pt Ti V Fe
2. —Fe Cu Au Pb Zn Mo Sn
3. —W Li Be S Nb Ta REE
4. - S Nb P REE
5. - —Cu Au S U Ag
: ()
6. —Cu Mo Au
7. ( VHMS ) Cu Pb Zn Fe S Au Ag
8. ( MVT ) —Pb Zn Ag Au U Hg S
9. Au Ag Pb Zn
10. ( SEDEX ) —Pb Zn Cu S
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11. —Fe Mn P Al
12. ) —V U Ni Co Mn
13. -
14. —Sn Au
15. Cu Pb zZn U
16. -
17. — ( )
18. S
( )
19. BIF ) —Fe-Si Fe Au
20. ) —Au
21. ) —Cu Fe Pb 2zn
22. —Ni Al Cu Fe Mn
—_ , 1999c
21 ,
: ( )
(1999b) , )
20 70 (
(1973)’ [13 ”
, M. N1 (1985)
B. M. (1987)
[13 ( )
- " Jaques A. L. (1994) “
( 1998) , “
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(1996)

1998)

(1999)

, 1997)

1999)

154

(1996)

(1999)

(1979, 1983)
( , 1998)
, 1998) ( , 1998)
, 1999) (
( , 1999) -
( , 1999)
( , 2000)
( )
( )

SEDEX

(1997,

1999)



, 1999)
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1100 m,
1500m;
3500m;
2000m;
) ,  Uc2

( , 1993) ,

156



(

, 1995)

2

157



. 2004)

158



(BIF),
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( )
() ()
()
() , ()
() ( )
( )
( )
( )
( )
( ) ()
() ( )
( ) ( )
)
()
VHMS ; ( )
( ) ( ) —
( )y— () — ()
VHMS
( ) VHMS
~ ; ( ) VHMS
( )
. VHMS
: ( ) VHMS
SEDEX , : ( )
()
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VHMS SEDEX ( )

( ) VHMS SEDEX :
( ) : ()
VHMS SEDEX :
: : — () ( ) :
1948
Albatross 1937m :
; 20 60 : ,
: Fe Mn Zn Cu Cd Pb Ag
;20 70 : :
; 20 80 : :
(RonaP. A, 1983; RonaP. A. , 1988; Rona P. A., 1993; Meylan M. A., 1986)
1958 , Ch Oftedahl - : “ Exhaative
sedimentary” , 20 70 :
: 1973 , Rider -
, 1986
, SEDEX
(1997) : -
(SEDEX ) - (VHMS )
(MVT ) , : ’ ,
( ) (SEDEX );
(MVT )
SEDEX VHMS  ( VMS )
, (2001) :
: : : ( Sedi mentary
Exhalative) : ,
: ()
() :
() :

161



162



( BIF)

- , . 1980.
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( ) — ( )
( )
( )
( )
— ( )
( ) — ( )
) (
— ( )
(
— ( )
( )
( , 1996)
(
)
( )
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— () VHMS SEDEX () (

Cu (Zn) —S
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SEDEX
)
3 — ( 4)
( ) (
(
SEDEX (
( )
( )
4 — (C—P—T)
( — )
, ( )
SEDEX ( ) (
( )
S ()

167



) () ( )
( ) ) | )
6 — ( 7)
( ) ( ) (
( )
7 ( s)
(
) () ( )
) -
( ), —
() SEDEX
( )
(),
(
) )
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)

(

SEDEX
) VHMS

(m/f=8.1

169



170

10.

(

, 1998)



11.

SEDEX

171



12.

172



SEDEX ( ) ( ) ( )
(
)
— - ( )
( 1)
( ) ( ) ( )
( )
) — ( )
( )
- ) (
SEDEX ( ) ()
)
( )

173



( ) ( )
2 ( 2)
1990) ,
739Ma,
(
( ) ( )
3 ( )

m/f=8 11,

174



175



176

SEDEX

20



)

(1999Db)

( 472

(

, 1993)

177



(1) — ( ) ( )

(2) — ( ) (

(1 — () .
(2) — ( ) () ; ( )

6. ( ) — VHMS ) SEDEX

(1) — (BIF ) ( )
(2) — ( ) ¢ )

(3) — ( ) — - ( )

178



) ( —
— )
( )
, ()
) () — ()
: ( ) ( )
() — () —
— ( )
— (
) ( )
( ) -
( )
2. —
(1) —
( )
( ) ( )

(2)
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(3)

(4)

(5)

(6)

(7)

(8)
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(1)

(2)
(3)

(4)

(5)
182



(6) , : (

(7) —

(8)

(10)

(11)

183
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(12)

(13)
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(15)

(16) —

(17) —

(18) — - —

(19) — —

(20) — —
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(1)

(2)

(3)

(4)

()
188
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VHMS



(6)

(
)
(7) —
( )
( ) (
) (
)
( ) ()
( 15 )
()
()
( )
(8) (
)
( )
(9)
)
( )

(10) —

189



(13)

(14)

(15)
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(16)

(17)

(18)

VHMS

SEDEX

4 12 km’
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) VHMS (
)i ( —
) SEDEX (
),
) VHMS —SEDEX ( CU—Pb Zn—Fe—Mn)
, VHMS (
) ; SEDEX (
), ( ) VHMS —SEDEX
(Cu Zn—Fe)
VHMS ( )
SEDEX ( )
( ) VHMS —SEDEX (Cu Zn—Cu)
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VHMS

SEDEX ( ) VHMS
—SEDEX (Cu—Pb Zn—Fe) ,
() : ()
, VHMS
( ) SEDEX : VHMS SEDEX
— (
) SEDEX (
) SEDEX ( ),
Cu—Co Au ; ,
( )
() ( ), SEDEX
Cu (Co —Fe — —
VHMS
(
) ( ). () —
— VHMS ( )
: ()
()
()
( )
( ) ( ),
( ) SEDEX Ag Pb—Co Bi Au—Fe

( ) ( ) SEDEX
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VHMS —SEDEX

) SEDEX

VHMS (

)  SEDEX (
)
VHMS SEDEX ( — —
, VHMS (
SEDEX ( )
VHMS SEDEX ( —
() — ( )
_ | _ VHMS
) — — SEDEX
) —_
VHMS —SEDEX ( — )
— SEDEX ( )
VHMS (
) — SEDEX (
) ()
( — ) ()
()
(
( )
()
()
) ,
VHMS (
SEDEX ( ) (
SEDEX —
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() VHMS  SEDEX (),

( ) (
) ( ) ( )
— ( )
( ) ()
( ) —
( ) (
) ( ) (
) ( ) ( ) SEDEX
SEDEX ( ) —
, ( )
— VHMS ( ) SEDEX (
) , ( ) VHMS —
SEDEX ; ( )
, ( )  VHMS ( )
SEDEX ( )
( )
( ) SEDEX
( ) ( )
- ) ( )
VHMS ( ) SEDEX ( )
( ) ( )
VHMS SEDEX ( — — ) ; —
3 ( )
( )
( ) : ( )
( )
( )
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VHMS (

SEDEX

SEDEX

SEDEX

VHMS

SEDEX

SEDEX

VHMS

¢ )

SEDEX

) SEDEX (
VHMS —SEDEX
( )
( )
— VHMS
) SEDEX
VHMS —SEDEX
()
( )
()
VHMS
VHMS
VHMS (
()
VHMS SEDEX ( )
(
: (
)  SEDEX
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VHMS SEDEX
(2) ,
( ) (SEDEX )
() SEDEX
, ( )
VHMS SEDEX ( )
( ) SEDEX ( )
( )
(3) ,
SEDEX ()
VHMS
() ( )
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M etallogenic Laws and Prospecting of
Metal Depoist in Qinghal Province

Abstract

The Qingha province is located in the northeast part of Qinghai-Tibet plateau, which is also
situated in the junction between Paaeo-Asian tectonic domain and Palaeo-Tethyan tectonic one.
There exisged various types of orogenesis happened by subduction or overthrusting of oceanic plate
and cdlision of arc-arc or arc-continent since Proterczoic. It formed complex tectonic-sedi mentary

setting.
Regional strata

The drata from Proterozoic to Quaternary were al developed in Qinghai, and mostly Mesozoic
and Cenozoic ones. The drata of Qingha province can be divided into two stratigraphic regions,
I. e southern one and northern one along the southern Kunlun fault. The northern gratigraphic
regons consist of mgor Qilian and Eastern Kunlun, which included the south slgpe of Alytn and
Caidam basn. There exis widespread Praterozaic and Paleozoic strata, which recorded geological
hisory before late Paeozoic. And the southern one is composed of mgjor Hohxili, Anyemagen and
Tanggula mountain. There are widespread Mesozoic-Cenozoic strata, which recorded geological
hisory snce Cenozoic.

The magmatism started from Proterozoic to Cenczoic in Qinghai, the volcanic eruption and
magmatic intruson happened alternatively for many times.

There exist various intrusve rocks in Qinghai, which are mgor intermediate-acidic rocks.
Acording to distribution characterigtics, intruson epoch, isatopes dating as well as interluding re-
lationship each ather, the magmatic activities were divided into six epochs, i. e Pre-Xingkai an,
Caledonian, Variscan, Indosinian, Yanshanian and Himalayan.

The volcanic eruption occurred frequently form Proteraza ¢ to Early-Cenozoic, especially the
marine Early-Paeozoic. There were not only marine vacanic eruptions but also subaerial volcanic
eruptions from Late Paeazaic to Early Cenozoic ( Tertiary) . Then there were al marine eruptions
from Tertiary to Early Cretaceous. And there was no volcanic activities after Quaternary. But there
are prominent differences from scales, intensities of vdcanic activities and volcanic characteris-
tics.

Geotectonic settings

The Divisons of Geatectonic settings played an important rae in metallogenic evolutions. Ac-
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carding to recoganizaton to the evolution of Eastern Tethys, The evdution and orogenesis of Tethys
were interpreted from the® two continents” ( Laurassia and Gondwana) and‘ one ocean” ( Tethys
Ocean) modd td* three continents” ( Laurassa, Gondwana and Pan-Cathaysian) and‘ two o-
ceans’” ( Tethys and Paaeo-Asan oceans) one, the later is the oceanic-continental transformation
model of Tethys multi arcs-basins system, i. e the multi-idand arc orogenes is model. Based on
the theory, analyzing the sysematic, hierarchical and spatio-tempora principle of geatectonic di-
vison, the Qinghai province can be divided into two tectonic regions and 21 first-order units. The
tectonic evolution cans be divided into three stages: the Pre-Tethys sage, which appears as the
basement and cover drata of microplates were formed; the Tethys evdution stage of multi arcs-ba-
sins, and the formation and uplift stage of Qnghai-Tibetan plateau. And the Tethyan evolution
can be divided into three stages, i. e Proto-Tethys evdution stage (Z—S), which appeared as
the separation of the Pan-Cathaysian and Laurassia, the formation of Palaeo-Asain ocean, rifting
between the Laurassia and Gondwana, the expansion of Palaeo-Tethys; Palaeo-Tethyan evolution
stage ( D—T,) , which appeared as convergence of Pan-Cathaysian and Laurassa, Paaeo-Tethy-
an evadution from expansion to compression; Tethys evolution stage ( T,—E,) , which appeared as
convergence between the separated blocks ( India-Audralian plates) from breakup of Pan-Cathay-
sian and Pan-Cathaysian, and transformation of Tethys plate from oceanic crust to the continental
one, and the stage of continent- continent collisonal orogenesiss.

Ferrous metal deposits

Ferrous metallogenic epochs varied from Peoterozoic to Cenazaic, mosly in mesopraterczoic
and early Paleozoic. The sedimentary metamorphic ferrous deposts were formed in the mesoprot-
erozoic, and marine volcanic ferrous deposits were formed in early Paleoczoic. The manganic de-
pasit was formed primarily in Cambrian, late Ordovician and Permian, which were related closely
with volcanism. Finally, the chromic deposits were formed in early Paleozoic, which were associ-
ated closely with magmatic differenti ation.

Norferrous metal deposits

Nonferrous matallogenic epochs were from early Paleozac to Cenozoic. Copper deposts were
formed mogtly in Ordovician and Permian, which were associated with vd canism. Lead-zinc de-
pasits were formed primarily in Ordovician, Carboniferous and Per-cambrian, whose genetic types
were Sedex and skarn. Cabalt deposits were latest found in Ordovician, Carboniferous and Trias-
sic, which were associated Sedex. Nickel mineraizations were formed in Cambrian, which were
associated with magmatic fusion and infiltration metasomatism. Tungsten and Tin deposits came
into being in Caedonian and Variscan, whose genetic types of mineralization were associated with
contact metasomatism and hydratherma ones. Mercury and stibium deposits were formed in Trias-
sic and Permian, which belonged to infiltration metasomatism and contact metasomatism.

Noble metal deposits

Noble meta matal logeni c epochs varied from late Peoterozoic to Mesozoic, especidly in late
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paeozoc and ordovician. The metalogeness belonged to Sedex and god quartz vein. Slver de-
pasits were distributed mostly in late Pal eozoic and early Mesozoic, which belonged to associated
deposits and related closely to volcanism.

Regional metallogenic laws

The controlling role of dynamic evolution to the formation of deposits

The Pre-Tethys dage, i. e the formation stage of microplates ar continental blocks, in which
the pre-Cambrain metamorphic formation was the i mportant ore sources for nable metal metallogen-
eds in the Qinghai province.

The are-controlling epoch could be divided into fdlows according to the affection of Tethys
tectonic action from Snian to Triassic.

1) Sinian-early Cambrian

The Northern Qilian orogenesis was characterized by Huashugou-Liugouxia Fe metallogenic
series, which belonged to Sedex type. The Caledonian metalogenic sysems in the continental
margin were characterized by Taergou-Xiadiugou W metallogenic series. And the Caedonian
metallogenic systems were related to the Northern type” tectonic basement, which were charac-
terized by Baiyin-Qingshuigou Cu, Pb, Zn metallogenic series. This metallogenesis belonged to
Sedex.

There are different gdd mineralizations in the structura alteration belts and structural altera-
tion type of Au, Ag, As, Pb, Sh metalegenic series related to brittle-ductile deformation in the
Cambrian and Ordovician volcanic rocks in the northern Qilian orogenic belt.

2) Middle Cambrian-Devonian

In the middle Cambrain, there were many vadcanic eruptions in early Paleozoic oceanic ba-
sin, rift valley, back-arc basin and inter-sea in the idand arc belt. Many VHMS, Sedex type de-
posits were accmopanied these. At the same time, many mafic-ultramafic rocks were intruded and
formed many magmatic crystallization type Pt-bearing Cr-lron depasits.

In Ordovician, there was anather strong volcanic eruption, which were formed Ordeovican
vacanic-sedimentary rocks. They were the important ore-bearing strata in the Qinghai province,
which were fomed VHMS, Sedex type deposits. In the silent stage of volcanic eruption, there
were subvolcanic activity, which formed subvolcanic hydrothermal depasits.

3) Early Devonian-late Triassic

In Bayan Har trench, some turbidite were formed, which were gad-bearing strata. After col-
lision, the gold-bearing fluids migrated and deposited in the inner continental convergent stage.

In the back-arc basin with continental basement in the north extent of three-river regon,
there were carbonatite Pb-Zn deposts and metal enriched beds of flysch formation. And there ex-
isted VMS, Sedex type Cu, Pb-Zn, Ag deposits, and some basat Cu deposts were formed in the
Permian basalt flood due to back-arc expending.

4) Eocene-Quaternary

The porphyry Cu-Mo metallogeness happened in the idand arc type vacanic-plutonic rocks
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belt in Gangdese, which lifted because of northward subduction of India plate following intermedi-
ate-acidic vdcanic eruption and magmatic intrusion.

The metal metallogenenic models in each important metallogenenic belts

Metallogenenic models in the narthern Qilian area: the northern Qilian block began torift in
the end of Neogproterozoic, and extended to form Baiyinchang type Cu, pdymetad VHMS deposts
in Cambrian. In the middle Cambrian, the rift vdcanic rocks were digtributed along tow sdes of
regonal fault belt, and vdcanic magatic fluid circulated during strong eruption in advantage envi-
ronment to formed different type of VHMS meta depaosits.

Metallogenic models in western Qinling orogenic belt: this area became to rift strongly during
affection of Paleo-Tethys. The sediments really developed in the late Paleczoic basn and dissemi-
nated gold deposits were formed in Triassic drata, which were affected by intermediate-acidic
magmatism; and skarn and magmatic hydrothermal type of nonferrous metal depaosits and associat-
ed gold deposits in Mesozoic.

Lajishan metallogenic model: Middle-late Cambrian, mantle plume induced continental rift
environment. In the extensiona environment, mantle plume or hotspat were upwelled and formed
high warm current background corresponding lithasphere thining. It would induce to formed mag-
matic liquation depodts and Fe-Ni, Fe-P, Cu-Ni, Cu-Polymetal depodsts. Since late Paleozoic,
structura and magmatic acitivities made deposts were formed in favorite loacation and became
more enriched.

M etal metallogenic model in Eastern Kunlun area:

1. Caledonian metallogeness

In the early Caledonian, the abortive rift was formed in north part of Kunlun area, this meta-
logeness made metallogenic elements enriched firgly. The trench-arc sysem was formed in the o-
ceanic basalt plateau in south part of Kunlun area. The long-playing and large scae of sedimenta-
ry exhaative deposts happened and abundance of Au, Cu, Co became higher to form industrious
depasits.

In the late Caedonian, the North Kunlun underwent regiona sructural deformation, and
then deep hydrothermal fluid migrated aong the interbedded structural fracture zone to form skarn
and enrich Co, Bi, Au etc. metallogenic elements.

2. Hercynian metallogenic stage

Late Paleozoic-early Mesozoic, the granitoid magmatic intrusive action and concerned hydro-
thermal fluid vein type depodts, which were related with oceanic subduction, happened in north,
middle and south Kunlun belts during Bayan har ocean plate persisting in subduction.

3. Indosinian metallogenic stage

The drong crust-mantle interaction happened and induced deep magmatic fluid migrated a-
long the structural weak belt. It uplifted to form a series of hydrothermal types ( vein type, skarn
type) related with Indosinian intermediate-acidic intrusive rocks,

The Cobat metallogenic model was built in Eastern Kunlun Mountain, it underwent the fol-
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lowing stages, i. e the early Caledonian sedimentary exhalative stage that provided the source of
Cobalt deposit, the late Caledonian deformation reconstruction stage that formed sedimentary exha-
lative- deformation reconstruction Cobalt deposit, Hercynian-Yanshanian magmatism stage that
provided heat and ore source and formed hydrotherma vein and skarn cobalt deposts.

The metallogenic patential of cobalt was discussed by us. The patential of the dominant co-
balt deposit types grade in the fdlowing turn, i. e. sedimentary exhalative-deformation recon-
struction, sedimentary exhalative-hydrothermal fluid superposed, hydrothermal and skarn cobalt
deposit. The majar metallogenic stage of cobat focus on Indosinian and Caledonian, and the ma-
jor metallogenesis of it concentrate in the North belt and South belt of Eastern Kunlun. The pros-
pecting symbols of cobalt in Eastern Kunlun mountain consist of geotectonic settings, geochemis-
try, geophyscs, sedimentary exhalative rocks, black rock series and iron depost and so on. It
have scientific instructive meanings to instruct the theoreticd invegigation and the minera explo-
ration of cobalt deposit in Eastern Kunlun metal logenic belt.

M etallogenic model in the north part of three river region

Late Paleozoic-Mesozaic early multi-idand-ocean orogenesis stage: vdcanic island arc metal-
logenes's came into being marine VMS genetic Cu-Pb-Zn-Ag deposits. Then Sedex deposits were
formed from vdcanism in margn of back-arc basn. And back-arc extenson formed VMS Cu de-
pasits in back-arc basn with oceanic basement and carbonatite Pb-Zn deposits in that with conti-
nental basement. Back-arc extenson induced Permian basdtic flood and late Paleozoic mafic-ul-
tramafic intrusion to form basaltic Cu depasits.

The middle-Late Mesozoic is intracontinental subduction orogenic stage, it caused Yans-
hanian remelting granites and controlled the distribution of corresponding minera resources.

The metallogeness in Cenozoic intracontinental transformed stage were activated a ong paleo-
fault belt to formed different structure and magamtism. They controlled the formation of porphyry
Cu-Mo depasits.

Metallogenic model in Elashan: Elashan region was a structura -magmatic belt developed a-
long southwest margin in the Triassc rift-type basn. It underwent extension rift and thrus-dip-
ping orogeness stage.

The sea water and strata water would be heated by the high-hat anormaly over magmatic
saurce along syngenetic fault or fracture while the Basgn rift developed. Then they migrated aong
the fault to form circulated hot water. In favorite local seafloor valey, they reacted with H2S and
enriched to form depodts; and in disadvantage sedimentary location, the metallogenic substance
digpersed in sand-mud sediments to form metall ogenic-substance-bearing sludge or cdloid sedi-
mentation, which were covered by volcanic rock and formed source bed of deposits.

After middle-late Triassc, the low-grade regional metamorphism happened in intracontinental
subduction-slipping orogeness. Sedex deposts underwent metamorphism and metamorphic
drenched ore bed form ore bearing fluid. The metasomatism-infilling metallogeness happened in
the middle-late of orogenesis, which were formed by magmatic fluid metasomatism, superposed
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metasomatism, or metasomatism-infilling.

Now, geoscience develops to systematic, informationa and globlal direction. Prospecting in-
formation came into a stage of metallogenic and synthetic prospecting. Usng scientific methods to
study metalogenic laws and prospecting become a trend of geoscience. Based on reviews about ge-
netic processes of minera depodts, the metallogenic series was introduced by us.

Metallogenic sysem, often within a certain gedogical time-space realm, is a natura system
with ore forming function. It includes geological factors contrdling ore formation and preservati on,
ore forming processes and its products-ore deposit series and anomay series. Based on the study
of the genes of are deposts, metalogenic system discusses regiona metalogeny in a macroscopic
way by combining metall ogeny with time, space, substance and movement. |ts meaning can help
to know metallogenic dynamic genesis and to instruct ore prospecting. It is propitious to apply
metallogenic information into ather geoscience.

It was suggested to classify the principa types of metallogenic sysems with different tectono-
dynamic framework and to classfy the secondary types with ore forming mechanism.

This is helpful to renew the traditiona research of thoughts, to understand deeply metall ogen-
ic laws, and to raise the precision of metallogenic prognasis.

The Regonal Metallogenesis is a complex branch of geosciences, which deals with the re-
search of regional tectonic settings, metallogenic system and evolution. It can revea the spatio-
temporal laws of deposits and instruct ore prospecting.

The metallogenic sysem could be divieded into the following classification according to the
metallogenesis of metal mineral and dynamic setting of Qinghai province.

Extensonal tectonic metallogenic system——North Qilian late Praterozoic-early Paeozoic o-
ceanic sedimentary metallogenic system, south Kunlun late Proterozoic-early paleozoci oceanic
sedimentary metallogenic system, north margin of Caidam rift metallogenic system, Lajishan late
proterozoic-early Paleozoic rift metallogenic system, Zongwulongshan late Paleozoic rift metallo-
genic system, Bugingshan-Anyemagen late Paleozac metallogenic system, Xijinwulanhu-Yushu
late Paleozoic-early Mesazoic rift metallogenic sysem.

Compressional tectonic metallogenic system——Middle Qilian early Pdeozoic island arc met-
allogenic sysgsem, North Kunlun early Paeozoic-early Mesozoic magmatic island arc metallogenic
system, Tanggula-Zaduo early Mesozoic idand arc metallogenic system. The metallogenic syssems
which metalogenic materids came from inner crust, including mantle-derived mafic-ultramafic
metallogenic system, mantal-crust-derived or crust-derived intermediate-acidic metallogenic sys-
tem, mantal -crust-derived or crust-derived volcanic, subvdcanic metallogenic system. The metal-
logenic systems which metallogenic materials came from surface of the crust, including weathering
eluvial metallogenic system, clastic sedimentary metallogenic system, chemica sedimentary met-
allogenic system, chemical sedimentary metallogenic system, evaporates metallogenic system. The
mixed metalogenic sysems which metallogenic materials came from inner and surface of the
crust, including VMS Sedex metdlogenic sysem. The superposed reconsructed metallogenic
systems condst of regonal metamorphic metallogenic system, dynamic metamorphic metallogenic
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system and structura magmatic ( hydrothermal fluid) complicated reconstructed metallogenic sys-
tem.

Bass on characterigtics of every metallogenic series and metallogenic materials source. The
praospecting direction were discussed as follows:

Whereas mantle materials are abundant and belong to important ore source, which often were
superposed and reconstructed after diageness. We do the metallogenic prognosis about mafic and
ultramafic rocks. There were intermediate-acidic metallogenic prognoss about multicircular inter-
mediate-acidic intrusive acitivities in every complex orogenic belt. And in every metalogenic
belt, the volcanic eruptions were frequent and strong and formed several volcanic belts. The met-
allogenic prognosses was va canic and subvocanic metallogenic sysem. And it had same source
and same epoch vdcanic and magmatic rocks with it.

In the geologic history of Qinghai province, there were sedimentary rocks, sedimentary met-
allogenic sysem and sedimentary metalogenic prognoss distributed in each epoch of strata snce
middle and Neoproterozoic. There oceanic bagn, rift, back-arc basin and interisland sea among
island arcs and VHMS metallogenic prognoss in Paleozoic VHMS sedimentary gedogic metallo-
genic environment. There were metamorphic reconstructed metallogenic prognosis, metallogenic
geologica conditions of metamorphic reconstructed metallogenic system and Paleozoic metamorphic
rocks in the Qinghai province. The structura alterated belts developed in each metallogenic belt,
where dynamic reconstructed metall ogenesis were sgrong. There were dynamic reconstructed met-
allogenic sysem and prognoss.
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