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) 0 3 ) 70~200

) 0.96~17.29 , 29.63 , 360 )
700, 90°, ) 10°~30°, ) o
50~200 C  2-4), N o
21.50X10°, 456X10°,
) , 4.15%. )
2.66%, , 1.2%, N N
N [=] 2%’ ( N ) b
( ) o
N ( ) ) ’ <0.2mm, (
2-1) , Fe 46.19%, S  53.4%, Co. Au ,
; €0.1-1.0mm), )
, As , As. Au C 2-1),
(005-05mm) ) ’ ) Fe
44.82%, S 54.6%, Co. Au. Ag. Cu ,
o : (0. 01-0.05mm>
¢ 2-D , Fe 32.19%, S 21.42%. As 45.7%,
Au. Te ; (0.01-0.2mm) ,
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, N ) Fe  29.93%, S 22.47%.

As  47.3%, .
2-1
Au | Co | As S Fe | Ag|Cu| Te | Zn | Sb | Total
1 XTIPZ-2 0.2810.08| 0 [534]46.19| 0 0 0 0 0 [99.96
2 XTIPZ-7 0.27 [ 0.05]0.08 | 54.6 | 44.82 |0.07]0.02{ O 0 0 (9991
3 XTJIPZ-6 0.151022| 0 [53.77|4561 | O 0 [{0.060.12 [0.12 | 99.92
4 XTIPZ-6 099 0 |0.04|526]|46.13| 0 01014 O 0 99.9
5 XTJIPZ-6 0.4210.04| O |[53.26]46.17 |0.11]0.02{ 0 0 0 (100.01
6 XTIPZ-6 0.21 [ 0.05]0.13 [52.38]| 47.1 |0.03]0.03f O | 0.06 |[0.06 |99.98
7 | XTIPZ-11 0.5 [ 0.03 3.86(53.63| 41.7 |0.12| 0 | 0.08 0 0 199.92
8 | XTIPZ-11 0.33 | 0.06 |145.72{21.42| 32.19 | O 0 {0.19 | 0.05 [ 0.05 | 99.96
9 XTIPZ-9 0 0.02 [47.25|22.47| 29.93 |10.21(0.09] 0 0 0 199.97
, 2003
, Si0,  93.48%,
(131%), Au 330X 10°, Ag 11.20X10°; ( )
Si0,  49.31%, (4.51%), Au 8.50X10°, Ag 8.50X10°.
Zn (100~1900%10°), Cu (60~180%X10°), Pb (80~650X10°) .
( 2-1). ,
. ( 2-2) ( 2-3), (
2-5), ( 2-6). . . ( 2-4).
( 2-1), .
; ( ) ,
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2-3 (xt-5) 2-4 (xt-11)

25 (xt-8) 2-6 (xt-9)
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b

2-4),

31

80%, 20%. ¢ 22, 2-3),
, , . (
2-2 (-0.074mm 90% )
Au Au Au
Au 10° 0.22 7.96 0.17 8.35
Au (%) 2.63 65.33 2.04 100.00
( 103, 1996)
2-3
(%)
10° 10° 10°
+710 2.87 1.11 0.10 4.08 7.29 0.27 7.56
-710~+0.095 | 47.34 | 5.70 2.89 0.50 | 56.43 | 35.20 0.12 35.32
-0.095 67.40 | 11.70 | 2.08 1.16 | 8234 | 68.18 0.05 68.23
( 103, 1996)
2-4 .
/
10 /
+710 195.29 0.2721 0.7034
-710~+0.095 61.83 0.1014 0.8389
-0.095 82.84 0.1423 0.8184



( 2-5), N ’ ’ 0.001~0.0lmm,

0.03mm( )s ) ; N
N o 55 ) 6 ( 4 ),
2-6.
2-5
Au Ag
bgl2A-15 44.02 55.86 99.88
bgl2A-15 43.10 56.70 99.80
bgl2A-15 40.55 58.80 99.25
bgl2A-15 44.02 55.82 99.84
bgl2A-15 44.68 55.20 99.88
bg34A-3 47.09 52.77 99.86
bg34A-3 25.63 74.31 99.94
bg34A-3 50.01 49.92 99.93
bg36-2 64.02 35.79 99.81
( 103, 1996)
2-6 .
(<0.0lmm)
(0.01~0.037mm)
(%) (%) ®
19 43.18 19 43.18
1 2.27 1 2.27
14 31.82 14 31.82
3 6.82 1 2.27 4 9.09
4 9.09 2 4.55 6 13.64
41 93.18 3 6.82 44 100
( 103, 1996)
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(PtLds" , ,
; (PtLd5’) , ,
, (70°—80°) .
5~20
, I ,
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QD) ,
I ,
, 1400 200~600 70°—80°, , 25°,
, . I .
I ,
, . 1400 300 , 2—
25, 70°~80°, , 25°, , . .
, 11 .
I .
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) 70°~80°, , 259, 1000 ) 500 , 2~10

. I .
1Y% 4~8 ) )
; , 200 , 150 , 24 , 80°, ;
20° ; v o
¢ ) 200 1600
200~300 , 70°~80°, ) 10°~30°,
, C ) . . . ,
30 , 2-7,
2-7 C
Agl10° | Aul0® | Pb % | Zn %
(m) (m) (m)
I 400 | 100-250 | 1.52-3.7 | 335220 | 486.12 | 0.81 0.79 1.69
[-1 200 100 | 0.8-1.14 | 360220 | 442.56 | 1.26 0.89 1.60
1-2 500 180 | 0.9-2.02 | 335720 | 542.55 | 0.45 0.99 0.90
-3 250 200 | 0.85-2.4 | 335220 | 214.56 | 0.20 0.48 1.60
I-6 160 72 0.98 | 33520 | 10163 | 2.03 6.02 0.73
-7 100 45 2,61 | 360220 | 29892 | 0.48 0.68 0.05
-9 230 40 239 | 36020 | 15.01 8.27 0.05 0.05
IAg 50-400 | 40-210 | 1.02-2.1 | 345220 | 182.67 | 0.53 1.64 3.14
1T Au 50-200 | 60-140 | 1.58-6.9 | 345,20 | 8.93 4.98 0.05 0.05
11 PbZn 50-130 | 40-170 | 2.15-3.3 | 345,20 | 23.82 | 0.40 0.69 2.25
llAg 80-300 | 70-250 | 0.64-3.7 | 345,20 | 148.67 | 0.3 1.77 3.40
1IIPbZn 50-100 | 40-300 | 0.83-6.4 | 345,20 | 25.12 | 0.15 0.96 1.60
\Y 150 110 1.13 | 360220 | 43429 | 0.02 0.38 0.79
( , 2001)
I : 2 3—I12 . dy’ ,
¢ 2-6. 7). ) ) 10°~30°, 400 ,
100~250 1.52~3.70 , 486.12%10°, 0.81X10°,

34



0.79%,

1.69%,

+10~+200

°

Ptld,’bd

[Pug] 1
[piared] 2
[paa'st] 3
o] 4
[raasa] 5

0 20 40 60m

NS
NN
A 8

[—]o

k8826

35

126 |00 128] 00
2-6 12 ( )
H 2- H 3-
;0 5- ;6 ; 7-
;8- ; 9-
| 124f00 25 00 12700 .
180 o
Ptlg
|
& Ptld,’bd v
AN " L
I-1 Pilg
—
1 Ptld,’slp
83 PG
l : N N
20 40 60m Ptld;’xel
%9122 wes \ Ptld,bd
1 2 3 4 5
6 7 8 %9129 ZK8-
124]00 125]00 12600 127]00
2-7 8 ( )
1- 3 2- ;
3- : 4-
5- ; 6- s 7- ; 8-




I—1 : 2 7~8 ’ d35 ’ ’

, 100~25°, 200 100 0.80—1.14 .
442.56x10°°, 1.26X10°, 0.89%, 1.60%.
+100—+140 .
—2 : 1 25—15 , d;’ ,
, , 100~25°, 500 180 0.90—2.02
, 542.55 X10°, 0.45X10°, 0.99%,
0.9%, +60~+120 .
I : 35—12 , d;’ d;*
, 70°0~85°, , 100~300 ¢ 2-7). 1I
1400 300 NN . 12—11
21—35 s s . 12—11 600
3 .5 ;2135 7 1 .
40~400 ,  1.02—2.13 182.67X10°, 0.53X 10,
1.64%, 3.14%; 50~400 1.58—6.87
4.98%10°, 50—130 2.15—331 0.69%-
2.25%, -60~+170 .
I : 35~12 , d;* ,
70°~80°, , 100~300 2-6. 7). I 1400 500 .
I NN , 12—11 23~25
. 80—300 0.6~3.65 148.67%10°,
0.53%X10°, 1.77%. 3.40% 50 3.44
, 3.28X10°, 50~100 0.83~2.27 25.12
X107, 0.15X10° , 0.05% 1.60%,
“70~+110
\Y : 4—8 , ,
70°~90°, , 200 C 2-7), 150 0.52~1.54
434.29%10°°, 0.02%X10° , 0.38% 0.79%,
+40~+80 .
, 32, . 18 . .
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N ( DEEEEN ) , <0.2mm,
; (0.1-1.0mm), , —

N ) ¢ 2-8 Fe 47.38%, S  52.
1%, Co. Au ; Fe 44.6%, S 47.42%, As-
Co~ Au , ; . (0. 05-0.5mm) ,

N 0 ¢ 2-8. 29,
) ) 0.005-0.5mm, 2mm,
2-8
Au| Co | As| S Fe | Pb | Ni | Ag| Cu | Te | Zn | Sb | Total
1 | GJPZ-2 0.23]0.02 {0.07| 52.1 [47.38] O 0 0.0910.05| 0 99.94
2 | GJPZ-2 0.13]0.14 |7.04({47.42144.6| O 0 0 [034] 0 |02 99.88
3 | GJPZ-8 0 [0.07]0.04] 0.96 {0.02| 0 [0.08]97.82]0.120.760.11 99.98
4 | GJPZ-8 0 0 0 (13941023 0 |[0.03(85.19|0.12 |0.41 |0.05 99.99
5 | GJPZ-8 043 0 0 [13.7510.34| 0 0 (85.09{0.03 {0.330.03 100.02
6 | GJPZ-8 0.23]0.05(0.31{15.36(2.58 (12.48|0.07 |43.12| 6.86 | 2.37|0.77 |15.78] 99.98
7 | GJPZ-4 0 0 0 [3425|4.62| 0 |[0.04]0.09|0.06|0.11{60.8] 0 [99.97
8 | GJPZ-6 0.3410.02| 0 [13.73{0.19 (85.69| 0 0 0 10.02] 0 99.99
» 2003
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29 (
Ag Cu Sb As | Fe Zn Pb | Te | Hg S
G4 100 100
g3-1 96.66 33 100
g3 35.15 | 13.44 | 26.75 2.6 | 25.7 19.46 | 100
g4 60.07 23.65 16.27 | 99.99
86193-4 69.3 19.9 15.6 100
2312 87.13 12.87 | 100
2 89.68 10.32 | 100
86193-2 82.9 17.1 100
8824-6A 37.9 40.1 22.1 100.1
1475 25.69 30.12 24.6 19.80 | 100
777 22.76 24.77 30.9 18.59 97
8827—11 71.2 16.8 12.0 100
1596A 77.44 8.59 13.95 | 99.98
1596A 32.06 | 14.49 | 25.54 | 0.7 | 5.4 | 0.30 21.23 [ 99.71
( , 2001)
o €0.001-
0.05mm) , N N
; (0.01-0.2mm) , , N
) Zn  60.8%, S  34.25%, Fe. Cu,
Ag €0.01-0.2mm) )

C 28

38
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N N ; (0.01-0.2mm)- )

b b b

N C 2-8),
( 2-10. 2-11) )
) S Au , S , Au
’ S Au °
Ca0/Mg0=0.06~1.09, K,0/Na,0=3.11~9.50, As. Sb. Ag )
- V.Marching » As. Sb )
- Co/Ni ’
10, 1,
1~5, Co/Ni 3.30~6.33 )
2-10 (%)
SIOZ A1203 F6203 FeO MgO Kzo NaZO MnO T102 CaO
Gl 9.16 0.62 30.09 | 3.80 9.68 0.28 0.09 0.04 (0.05 7.50
G2 82.20 | 2.65 0.87 0.99 4.43 1.14 0.12 0.01 0.07 4.20
G3 33.86 2.35 7.08 3.21 11.09 | 0.93 0.10 0.04 0.10 12.04
( , 2001)
2-11 (X10%

Pb% | Zn% S% Co Ni Cd Cu Ag | Au| F | Hg | As | Sb

Gl 292 | 6.12 | 274 | 330 60 380 | 400 | 234 | 23 | 10 | 0.24 | 100 | 23

G2 0.03 0.14 | 098 10 30 10 60 262 10.76 | 360 | 2.00 | 100 | 44

G3 1.78 | 6.60 | 9.11 210 50 430 | 300 | 120 |1.76|440| 0.12 | 100 | 100

( , 2001)

N : N N ( 2-7~12).
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2-7 (gi-8) 2-8 (gi-2>

2-11 (j-6) 2-12 (gi-8)

(Ch- ) (Fr- v Ar- )
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o ) 12 , 200

( » 1994):
, 10~70m-.

o , 200m o

’ ~
’ ~
o N b b
b b b
b o

) ) 130m.
’ ’ ’ 40 140m.
~ o SlOz ’
) 20~140m.

Zn 3—5 ; v Zn

41



’ N s CaO>MgO’
Zn. S ) N N
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18° 309, o

b b
°
b b b
b
°
b o
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b o b
N b Al b
°
b
’ ’ N

N N N ’ 171.11(1’11 o
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b
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0)
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113
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V

s 7
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113
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50~200 , 05—
Sm. Zn (
) 22%, 6%,
10%; Pb 7%,
2%, 47%; S [ Jil&2 ~=
27.5%, 2%, —3
0 6m
8.58%. , Zn —
Pb. Zn. S 29
Pb 1 s 2-
Pb. S
o , ZIn
. 30—400m,  1—30m.
1.01%, . :
6404 300m,  15m, Pb
: ( 2-10B).

(

Pb

Pb

2-10A);

, Pb
5.87%, Zn

~

442%, Zn

1.51%,



, o ) 0.1lmm,

o Pb ; ’
; Imm, ) Iem o 1:1
, ( 0.01 ) , o
¢ 2-12) ) Fe 41.66—15.54%, S
44.14—50.68%, 41.66—52.73%, ,
, Co/Ni 0.6—1.38, S/ Se 9643138—350071.41 ,
H ~ AS CO\ Nl ’ Cu\ Pb\ Zl’l\ Se
, ( , 1994) .
2-12
% 10
Fe S Zn Pb Cu | Co | Ni As | Sel0” | Pb/Zn | Co/Ni | S/Se

41.66- | 44.14- | 557- 526- | 104-| 42-| 4- |0.76-| 0.14- | 0.12- | 0.6- |96431-
(19) | 45.54 | 50.68 | 64285 |422144|1560| 159 | 16 | 1.70 | 0.51 | 50.60 | 1.38 |350071

44.13- | 38.33- | 20- 1105- | 160- | 1.4- | 3- ]0.51-| 0.14- | 10.96- | 0.46- |92363-
(10> | 52.72 | 50.80 | 573 | 61000 [3080| 38.5| 54 |2.55| 0.55 | 452.1 | 1.73 |315286

42.05- | 47.37- | 20- 421- | 415-| 3.5- | 3- |0.65-| 0.21- | 1.67- | 0.46- |50640-
(14) | 46.02 | 50.68 | 671 | 21212 |1053|29.8 | 31 |1.25| 0.19 | 114.0 | 1.62 |414167

; » 1994
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zn
; ) 0.1lmm.
Imm; ( 0.01 ) )
C ) ,
) o ¢ 2-13)
) Cd ) 1.3—1.6, Cd (
, 1994), Cd , Im , Ga/In 1,
Cd , In. Ga , Ga/In 1,
2-13 ( , 1989)
X107
Ga/ln
Cd Ag Cu In Ga Ge
4600 234 3400 5.5 15.1 2.6 2.75
4940 58 1740 6.0 11.1 2.75 1.85
3500 25.7 3700 12.0 29.0 1.0 1.67
3170 52.0 350 24.0 21.4 1.5 0.89
3960 53.9 390 124.0 28.0 1.0 0.23
4350 105.2 500 30.0 16.0 2.0 0.53
3800 116.0 350 121.0 41.6 1.95 0.34
3530 130.9 15300 855.0 108 2.0 0.13
Pb )
) ) 0.01lmm, )
“ 7 | H )
( 0.01mm) o N N
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b o b

’ ’ 0.001lmmo.
Ag. Ga. Se( 2-14). a,

b b N

Cd. Zn. In. Se, Se ; (
, 1994), Cd. Zn. In. Se , Au. Ag

b o

2-14 ( 1989)

(ppm)

Ag | Cd | Zn In Ga Cu [Au | Se As Pb

2885 | 64 278 | 4.8 0.1 415 [0.22 |4.05 | 76.42 | 81.98 |[3727.5

2585 [ 44 |271 | 4.3 033 | 50 |[0.36 |0.63 | 29.64 |84.19 (2974.9

1590 | 18 2 3.2 0.2 50 [0.11 |0.70 |45.42 | 85.57 |1709.6

2295 [13.5 | 4 335 | 0.2 [4.20 |0.55 [0.43 |31.16 | 83.5 [2768.2

o Zn o
, ( )
o (0.0067mm~0.0135mm), )
(0.0145mm), (0.0143mm).
( ) .
; ( ) o ,
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° ’ 375
o ) 53 )
-90m ; -180m ; -270m
Pb. Zn, Cu. S , Ag. Au. Cd. Sb. Mo. In. Ga. Ge
) »  Au. Ag. Mo , o Hg-
Sn. Sr. Co. Ti. As. Cr. V. Mn. Ba. Ni. W, B ; )
; ¢ 2-15) .
2-15
, 1—3mm, N , ,
15u
1200
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1.
538 -17~+20%o( , 1986), (1984)
s -6.0~+20.5%0, (1994) 53 5.40~7.3
%o+ 6% 5.8~6.5%0- 6 s 3.1~5.0%o> ,
, (6 34S) . §634g
> 8§ 34S > 8§ 34S , .
, 258°C, 363°C  377°C, .

( 2-16) §MScpr  -1.2
%0~15.98%o, 5.590% (127 O, 17.180%.

, . 6% : §Scpr 3.215%0~
15.98%, 7.195%. (44 O, 12.765%o; §*Scpr 2.415%~11.520
%o, 5.688% (27 ), 9.105%o0; 8 Scpr -1.2%0~9.620%o,

3.759%: (40 ), 10.460%o; §3Scpr  2.280%0~3.232%s, 2.519
% (5 ), 0.952, , 6*Scpr > 8 **Scpr > 6 **Scpr

> 8 ¥*S , ¢, 1968;
, 1969) , . 5 MScpr
C 241D . . . 8 **Scpr
; . 8*Scpr

49



2-16 8 ¥s (%)
8 34S%,
QXX-13 49 12
M305 5.729 1.429
M307 8 .146 4.621
M308 4 556
M309 6 .415
M604 8.146 1.292
M901 5.173
M902 6 .831
M903 5.504
M9031 6 .382 2 351
N 12032 228
N 12033 1.170 3.232
10.156
N 15036 3.280 2 233
5.013
N 15037 1.393
6 .384
N 18038
3.215
N 18039 0.823 2 233
6 .096
N 18037
6 .869
N 18075 3 .825 2 617
QD-4 2 7.7 6.7
QD-18 320 53
QD-19 320 5.7
QD-21 321 5.6
QD-14 321 7.0
QD-14-1 321 7.0
QD-15 321 6.8
QD-23 3- 43
QD-28 13- 53 48 3.3
73210 8 .605 4 840
73213 8 .836 4 647 2.007
7632 7 247 3.944 1.755
76210 6.042 3 .541 3 .414
7891 7.042 3.819
732892 6.134 3.661
7328914 7 .683 5.133
762892 8 .489 1.468
762897 6 .064 5.041 -0.263
792011 6.128 2914 5.041
792012 5.779 2 415
763206 6.997 3.158
76188 9.121 6 .885 2.098
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2-16

8 38%o
76189 9.102 0.919
76-1 2 .857 1.758
76-2 3.336 2.979
Qz-23 289 6.3 3.7 4 .965
QZ-20 289 8.0
QZ-16 2 7.8
320-2 320 8.6
320-4 320 8.6
320-5 320 6.4
82213-1 5.6 5.8
82212 5.4 3.1
S$S-36 6.4 4.9
R26 5.5
Y13 YM64-31 7.93 1.87
Y7 YM64-27 8.43
G5 ZK7-1 8.45 7.73
G8 ZK4-1 10.29 3.14
LG13 7K20-2 9.85 9.69 9.26
Y17 15.98
CH3 8.24
CH11 I 8.76 7.05
CH108 II 5.77
CH6 II 7.22
CH21 I 11.52 5.96
CH24 I 6.63
CH28 I 6.59 4.52
XDB-1 6.3
XDB-2 5.6
SDB-2 7.0
SDB-5 7.6
QZ-2 9 .4
QZ-10 132
QZ-25 11.4
Qz-1 9.1
QZ-24 0.5
Qz-161 0.4
QZ-26 8.7
, 1986: , 1983; , 1982: , 1984; , 1994
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. HLBARNES(1979)

°

( SO, / H,S )
-Sangster(1968) 8 *Scpr
8 **Scpr 17%0, H,S(  HS)
., HS( HS) .
2.
(  2-17) , 2Pb/*"Pb=

17.35~18.37, *Pb/*™Pb =15.17~15.90, *®Pb/**Pb =37.24~38.94.
, 2%pb/ %Py =16.31~17.217, *"Pb/™Pb =14.75~15.529, *%Pb/***Pb

Pb=33.07~38.082. , 205pp2%Ph =17.71~20.32, 27’Pb/**Pb

=15.556~16.20, 2°Pb/***Pb =35.858~43.22. ,

’ 5

b

Doe  Zarfman(1979) ( 2-12),

o

207Pb/204Pb

14 16 18 20

12
Z(iI)Pb/Z(iAPb

2-12
(  Zarfman, 1979)
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2-17 ( , 2002)
206Pb/204Pb 207Pb/204Pb 208Pb/204Pb o Ma

1 240 17.81 15.34 37.55 0.5993 291
2 270 17.35 15.21 37.24 0.6178 476
3 270 18.27 15.90 3894 | 0.6316 | 617
4 XX-13 426 17.519 15.569 37.765 0.6496 695
5 | Xx-13 426 17.651 15.732 3827 | 0.6591 | 876
6 Oom2 17.81 15.52 3867 | 0.6209 | 501
7 0mé4 17.81 15.33 3826 | 0.5981 | 275
8 17.79 15.79 3857 | 0.6410 | 703
9 330m509 18.11 15.70 38.72 0.6202 500
10 330m509 17.67 15.55 38.33 0.6353 649
11 53 17.75 15.27 37.41 0.5952 240
12 53 17.62 15.49 38.26 0.6318 616
13 60m 17.43 15.21 37.63 0.6116 414
14 330m2 17.54 15.17 36.70 0.5983 278
15 330m2 17.57 15.52 3812 | 0.6394 | 688
16 289 18.05 15.65 3846 | 0.6187 | 487
17 330m2 17.64 15.40 3762 | 0.6192 | 492
18 320 17.88 15.86 3778 | 0.6563 | 840
19 321 18.37 16.21 3845 | 0.6595 | 868
20 | Qz-23 289 17.919 15.736 38.557 | 0.6386 | 681
21 QZ-23 289 17.949 15.721 38.43 0.6345 642
22 320-5 320 17.826 15.578 38.008 0.6267 566
23 QD-4 2 17.649 15.674 37.998 0.6521 803
24 QD-18 320 17.825 15.604 37.810 0.6299 697
25 QD-14 321 17.867 15.631 38.046 0.6300 599
26 QD-14 321 17.932 15.749 38.310 0.6391 685
27 | QD23 320 17.617 15.562 38007 | 0.6404 | 702
28 | QD-28 132 17.758 15.704 38450 | 0.6471 | 758
29 | QD-28 132 17.687 15.574 37979 | 0.6369 | 665
30 17.56 15.28 3734 | 0.6104 | 402
31 18.16 15.43 3783 | 0.5854 | 97
32 17.96 15.65 3760 | 0.6753 | 552
33 QZ-5 19.599 15.843 35.858 0.5429

34 QZ-10 17.866 15.579 38.015 0.6238 635
35 QZ-24 18.091 15.632 38.347 0.6137 436
36 QD-1 18.036 15.661 38.212 0.6210 509
37 QZ-26 17.719 15.556 37.990 0.6322 620
38 20.32 16.00 43.22 0.5213

39 15.72 15.71 3918 | 0.6671 | 932
40 | SDB-6 17217 15.514 38082 | 0.6679 | 939
41 | SDB-=2 16.417 15.477 35434 | 0.7398 | 1472
42 | XDB-2 17.087 15.500 37322 | 0.6775 | 1019
43 | XDB-1 17.031 15.529 37.340 | 0.6864 | 1089
44 16.86 14.75 3656 | 0.5965 | 250
45 16.31 15.57 36.01 0.7651 1571
46 17.20 14.26 33.07 0.5065

47 QZ-28 22.338 16.212 36.525 0.5649

48 QD-31 17.178 15.464 37.666 0.6648 913
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206Pb /204Pb , 207Pb /204Pb .

°

, , , 235U
, 207Pb
, , ( ),
3.
( 2-18) ,
5 "*Osmow , 2.8%0 ~6.0%o, 8 Dsmow
5 "Osmow , o 6.42%0 ~10.70%0, 8.23%o,

8 Dsmow  -48%0~-85%, -70.10%o, 37%o;

8 00 -2.82%0~~8.63%0. 6 Dsmow

6 DSMOW -81%0’\‘-91%0;
5§ B0emow  9.1%0~9.3%0, O Dsmow  -81%0~-85%o.

b o

~

U/Pb

207Pb

—78%0’\“—100%0;
4.28%o,

6.6%0™~9.4%,

b

b

- A.P.Le.Huray(1982)

~

2-18
6 18OSMOW %0 8DSMOW %0

QZ-23 289 11.70 2.8 -100
QD-15 320 13.70 6.0 -78
Qz-11 18.20 6.7 91
QD-9 20.60 9 4 81
QXX-5 17.80 6.6 -80
86J-55 11.1 9.3 -116 -85

86J-XZ 6.5 9.1 -112 -81

'G21-2 731 7.74 -62.4

'G94 7.16 7.89 -70.6

G125 6.42 8.63 -48.0

"QXX-5 6.6 -85.0

QD9 9.4 -81.0

“N-1 - 10.0 5.94 -79.7

“N-2 - 10.7 2.82 -64.7

,» 2002; * , 1998; ** 103, 1996
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Kvroko

§%0—8D ¢ 2-13.2-14)
Ducktown , Kvroko, Ducktown  Cyprus
) Provldencia )
ok
ILLINOIS /vt e+, +501
________ RAUL
I SMOwW
40 . \ - CYPROS MINE
OQO JI.L______JI OD °or DUCKTOWN
gt SR :X «© =
S L +X:P‘ KVROKO DUCKTOWN
o °o ALBERT/—\+ o1 ~ KVROKO
f..‘ : +2 ” ]'+\>o<
-120 (3 x3 x+ |
° Y&)
. . . . 5 o 5 10
-10 0 10 20
80 %, 8 %0 %o
2-13 N 2-14 N
5§ 80— 8D 880—8D
( , 1994) ( , 1994)
1-ALBERTA 3 2- 3 3- 1-ALBERTA 3 2- 3 3-
SMOW- ;s MW- ; ILLINOIS- SMOW-
4.
N CH4~ C,Hg~ H,S. H, )
) CO, )
6 C ; 2) C 6 C
-8%0; 3) 6 Pc 20%.
(1986), 8 13C %o %) 60
2-19,
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2-19 8BC (%) 80 (%)
X34 -0.88 0.005 2.468 0.001
( )
X40 -0.75 0.004 19.45 0.006
( )
217 -2.25 0.007 4.261 0.001
( )
X27 -0.64 0.007 3.034 0.001
( )
2-19 § %0 , H,O
. 5180 6 13¢ 5 180
§ %0 c/0 , § %0
~»
REE
Joseph, L.Graf.Jr,
(Josep 100 o\
1984) oL \\
REE 30 ki“
10F I’\--\“\. Si/
2-20)
sk e "
215, \\ .5<:
, ] +2 <3 ~4 05 <6
1 1 1 1 1 1 1 ' 1 1 1
’ o laCe Nd Sm EuGd Dy Er Yb Lu
80.30~ 224.79 215 .
, LREE/ HREE 217 O > : @ a
~6.32, 6 Eu 0.76~1.77 X
. - (@) 6- 3)
107, Eu

57



2-20 ( » 1997)
T OHO OO H | @H | O]O | O3] 3 |0
La 546 [11.2635.31|49.47|14.52|24.20 | 59.54 | 12 10 42 | 185 | 3.13 | 1.62
Ce 9.36 |25.64|62.11|63.6823.24| 43.21 | 98.74 | 32 23 9.9 | 2.55 | 439 | 3.01
Pr 1.06 | 2.77 | 6.44 | 848 | 2.60 | 5.11 | 10.26 | 6.3 5.8 2.5 1031 052|040
Nd 4.03 | 9.68 [20.74(25.88| 9.86 | 20.87 | 33.17 | 17 12 5.7 | 1.28 | 2.09 | 1.89
Sm 1.38 | 3.19 | 4.14 | 4.65 | 3.23 | 562 | 7.81 | 4.0 2.9 1.4 |034 | 0.63 | 0.17
Eu 0431050069 | 121 | 1.84| 1.78 | 1.82 | 0.7 0.7 0.5 | 0.18 | 0.71
Gd 1.39 | 2.86 | 295 | 3.04 | 3.10 | 553 | 6.64 | 3.3 1.5 12 | 043 | 0.61 | 0.52
Jb 0.35 | 0.57 | 040 | 0.47 | 0.68 | 0.59 | 1.08 11 1.2 0.3 | 0.16 | 0.23 | 0.24
Dy 2.87 | 401 | 1.65 | 244 | 511 | 5.64 | 6.06 | 34 L1 0.8 | 1.60 | 2.32 | 2.53
HO 0421070 | 025|044 | 097 | 1.24 | 1.47 | 0.7 0.7 0.3 |0.23 | 034 | 0.35
Er 0.51 | 1.45 [ 034 | 0.68 | 2.09 | 3.45 | 448 | 2.8 3.1 1.4 | 031 043 | 034
Tm 0.09 | 0.20 | 0.08 | 0.15 [ 0.33 | 0.51 | 0.72 | 0.3 0.2 0.1 | 0.05| 0.08 | 0.05
Yb 0.70 | 1.23 1 0.70 | 1.05 | 2.17 | 3.16 | 492 | 15 0.6 04 | 045 | 056 | 0.35
Lu 0.11 | 0.19 | 0.11 | 0.16 | 0.34 | 0.49 | 0.76 | 0.1 0.1 0.2 | 0.07 | 0.08 | 0.05
Y 3.69 | 8.03 | 590 | 598 [1.051|25.50 | 7.32 15 6.3 53 | 1.08 | 1.23 | 1.57
2REE [31.81]72.34(141.8|188.0|80.30| 147.3 | 244.8 | 99.4 | 69.2 | 34.2 |27.54| 1735 | 13.1
LREE/ | 2.14 | 2.75 |10.45|11.85| 2.18 | 2.71 | 6.32 | 2.55 | 3.68 | 2.42 | 1.49 | 1.86 | 1.18
HREE
SEu | 095053058093 (177|097 | 0.76 | 0.58 | 0.92 | 1.15 | 0.90 | 1.45 | 0.06
Sm/Nd | 0.34 | 0.33 | 0.20 | 0.18 | 0.33 | 027 | 0.24 | 0.24 | 0.24 | 0.25 | 0.27 | 0.30 | 0.09
) 72.34~188.04X 10°, LREE/ HREE
2.75~11.82, , Sm/Nd 0.18~0.33. 6 Eu 0.53~0.93 )
) Er )
10.89-34.20X10°, LREE/ HREE ~ 1.18~2.42,
) ) Sm/Nd  0.09~0.30, 6 Eu
0.06~1.45, ) ) o

, 69.2~99.4 X 10°°,
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LREE/HREE  2.55~3.68, , 6 Eu ,

°

. ( , 1994)
, ¢, 1998) . Eu ,
o M.K Michael & Eu o
1.
80% , .
b 2N3 l’l m’ N N b (=]
° s 5~10un m, ’
60%~70%, .
° ) 10p m,
2~3um, . . , , 5%~10%.
, 80%
2.
Na™>K', Ca*>Mg*, C1>F, H,0 CO, ( 2-21),
Na'—Ca*—cCI ) ; K+>Na+, Ms*".
Ca*" ,  K'—cCa®Mg™) Cr , .
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+ Cl o

2-21
H,0| CO, | CH, H, N, K* Na" | ca® | Mg*
1" 2.78| 0.182 | 0.005 0.067 | 0.05 | 0.012 | 0.011
2" 51| 0.27 | 0.009| 0.0008 | 0.006 | 0.093 | 0.066 | 0.033 | 0.005
3" 3.1 0.118 | 0.002 | 0.0003 | 0.0073 [ 0.043 | 0.151 | 0.04 | 0.002
4 3.7 | 0.242 | 0.003 | 0.00031| 0.0023 | 0.023 | 0.066 | 0.02 | 0.003
5" 6.8 | 0.969 | 0.0230.00018| 0.0016 | 0.023 | 0.068 | 0.035 | 0.002
6" 10.8] 0.211 | 0.008 | 0.00125| 0.0697 | 0.027 | 0.041 | 0.036 | 0.003
8708-4"" 1.67| 0.078 | 0.022 | 0.00045| 0.0052 | 0.010 | 0.070
9117-4"" 2.10| 0.129 | 0.009 | 0.00062| 0.0021 | 0.012 | 0.042 | 0.76 | 0.16
9114-8"" 229 0.106 | 0.010 | 0.00091| 0.0021 | 0.029 | 0.066 | 2.50 | 0.23
0.62 | 0.023 | 0.001 | 0.00006| 0.0015 | 0.086 | 0.302 | 8.00 | 0.40
0.74 | 0.048 | 0.001 | 0.00006 | 0.0006 [ 0.086 | 0.132 | 4.00 | 0.60
L.l ocry Ca’/ |H0/
SO,* F Cr K/ F No¥ Mg>" | CO,
1" 0.003 | 0.12 1.48 40 1.09 15.3
2" 0.05 | 0.010 | 0.131 1.41 8.18 | 72.6 6.6 18.9
3" 0.05 | 0.010 | 0.34 0.28 18.89| 76.8 20 26.3
4 0.05 | 0.015 | 0.131 0.64 8.73 72.6 6.67 15.3
5" 10ppm | 0.002 [ 0.115| 0.368 | 63.9| 723 17.5 7.02
6" 0.05 | 0.014 | 0.098| 0.66 7.0 72.0 12 47.9
8708-4"" 0.051 | 0.74 | 3.08 0.15 21.49
9117-4"" 0.054 | 023 | 7.75 0.28 16.28
9114-8" 0.063 | 0.04 | 6.24 0.44 21.61
0.10 3.6 | 68.00] 028 26.30
0.10 3.0 | 262 0.65 15.30
. ¥ » 1994; ** » 1999
, NaCl 0.1
—99wt.%  11.7—22wt.%, , ( 2-22)
) 28—53wt. % ( , 1994) ,
1.690  21.50 wt.%s ( , 1997) , o
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2-22

(©) (NaCl wt.%)
3 0.01~~-0.3 -0.12 0.1~4.5 1.8
D 120 5 -17.4~-18.8 -18.3 20.8~22 21.5
5 -12.5~14.7 -13.3 16.5~~18.5 17.4
2 -1.7~~-1.9 -1.8 2.3~~2.8 2.5
7330 4 -8.17~-10.4 9.4 11.7~14.8 13.1
1 -13 17 17
Z 320 4 -10.8~-13.1 -123 146 17.1 16.4
2 -16.1~~-14.6 -15.4 20.2~18.5 19
H 107 6 -6.87~-4.1 4.5 9.9~~6.1 7
1 2.3 2.3 4.0 4.0
Q421 2 -16.5~~-3.1 -4.8 9.6~~4.6 7.1
14 2 -11.9~13.0 -12.5 15.7~16.9 16.3
1 -6.0 -6.0 8.8 8.8
. 1994
97—434°C,
100—140°C, 180—240°C, 300—320C ) 88—345
C, 100—120°C, 180—200°C, 300—320°C ( 2-23,2-24),
103—370°C.
2—23 ( , 1994)
(%) (C)
D246 25 | 5~30 20 97~410 | 214
D126 20 | 5~25 | 15~20 | 118~264 | 209
7930 . CO, [19 [ 10~35 | 15~20 | 131~434 | 242
D218 14 | 5~30 | 10~20 | 132~342 | 210
7321 , CO, 17 | 530 | 10~15 | 140~-248 | 188
X300 7 | 520 10+ 140--200 | 168
7270 20 | 5~25 10+ 93~282 190
Z17 8 | 5~25 10+ 105~238 | 173
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2—24 ( , 1994)
(%) (C)
, 19 5-~10 10t 88~~130 112
9 10~20 10~15 93~180 136
15 10~35 10~20 90~345 257
10 10 10+ 98~135 113
12 5~20 10t 88~180 132
(1974) ,
, 268—542°C, 268—366°C ,
. , 180 320C , .
, C0,» CH; Na'—Ca®"—

Cr ,

62



(rift valleys) { »
) o { »
(J.W.Gregory, 1893) ) o

(1987) ) , N

113 »”

H (4) ’ N

; (5) - °
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3-1),

; (6)

( , 1984).

2500~1900Ma

°

31 (
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, 1995)



( , 1996).

Au  Pb. Zn. Co. Cu.
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(

, CO,

),
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Au. Pb. Zn. Ag



1-I, I 3 2- ; 3-

N ’ ’ N

o , Zn/ (Pb+Zn)
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(Grodes
1992).,

, 1986; A. , 1985; E.M.Camevon,
(1989) “

(Sibson, 1987; Kerrichdtal, 1987),

b

etal., 1987; Guhaetal., 1991; » 1991)

b

310° o

NE . NW ;

113

NE . NW

68

1988, 1990; N )

(Robert and Kelly, 1987; Spooner

o

~ ~
’ ~
b
~ ~
b
b
b
b
o b
b
°
b
b N b
»”
o
b b
b b
b b
= N b
, NE



(

( , 2001),  3-1. 3-2
F8. F13 , 3-3
, 3-4. 3-5 ,
31 F8 (10%
Zn |Cu | Ti Mn |[Co |Cr [Pb [V |[As |Sb |Bi |Hg [ Ag Au '
Gdl6 |93 |85 | 2756 | 707 [14 [94 |49 (126 |200 |7.6 |0.5 |0.08 [2.14 | 0.07 |8.0
Gdl17 |46 |5 116 966 |1 [20 |78 |22 |200 (2.0 (0.1 [0.05 |0.27 |0.012 |5.0
GdI8 |45 |5 | 393 |1766 |6 [20 |76 |36 |200 |3.0 [0.1 [0.02 | 0.8 |0.015 |18
Gd20 |192 |31 |=10* |1178 |59 (603 |60 [226 {200 |4.2 0.6 |0.15 | >5 [10.65 | 60
Gd21 330 |9 | 650 2953 |11 (23 |47 |38 |200 |2.6 [0.3 [0.1 |1.68 |0.12 |43
Gd23 | 53 |20 | 1367 | 522 |12 [36 |35 |80 | 87 |4.0 [0.5 [0.05 |0.61 [0.005 |23
Gd24 | 187 |32 | 2933 | 818 |19 (122 |54 |100 |260 | 11 |[0.5 [0.4 |4.04 | 16.5 |18
Gd27 |185 |28 | 4750 |1604 |26 (215 |38 |160 |225 |8.2 (0.3 [0.48 |0.52 |0.015 [4.0
Gd28 |108 |36 | 3161 |1001 |18 (105 |71 (112|270 |9.4 |[1.0 [0.09 |3.58 | 11.0 |6.0
Gd29 |93 (36 | 5149 [ 955 (28 (389 |95 [155 |207 | 18 |0.5 |0.02 [0.81 | 0.04 5.0
Gd31 | 82 |42 | 2841 |1227 |17 (96 |43 |104 |220 |8.0 [07 [0.1 |1.56 |0.015 |7.0
: 103 » 2001
32 F13 (10%
Zn [Cu | Ti | Mn |CO|Cr | Pb | V As Sb | Bi Hg |Au| Ag | W
GdIO8 | 236 | 12 | 410 [ 428 | 7 [ 20| 74 | 30 | >200 [ 16 | 0.3 ]| 036 [100]| 2.7 | 12
Gdlo9 | 252 | 8 | 630 | 242 36 | 46 | 40 | >200 | 5.0 [02] 0.35 3 [2.15] 10
GdIl0 | 252 | 38 |4294| 830 | 32 [192| 58 |104| >200 | 47 |0.5| 1.02 [100]| >5 | 50
GdIll | 115 | 32 |2200( 322 | 15|76 | 32 | 83 | >200 | 2.4 | 0.7 | 0.04 [ 3 |]0.26 | 20
Gdl12 34 8 | 274 | 12 7 [20] 47 | 2 90 1.6 [0.8] 0.07 | 3 | 09 [ 70
GdI13 | 115 | 39 |4014[ 1002 | 31 [170| 70 | 73 | >200 | 7.6 | 0.6 | 0.42 [100]|4.84 | 70
Gdl14 55 | 10 | 559 | 334 [ 14|20 | 50 | 20 | 210 | 6.0 | 07 [ 0.25 |340| 33 70
6d115 120 | 64 | 8698 | 183 | 16 |161| 32 | 65 | >200 | 88 |06 | 0.20 | 3 [4.03 | 21
Gdl16 | 92 | 69 |2610| 565 |22 | 85 | 42 [100]| 200 531 3 [ 007 | 3 |083]| 29
Gdl17 | 157 | 36 | 1628 600 | 15 | 54 | 43 | 72 100 [ 24 |1.8] 0.06 [ 3 |]0.63| 40
0d118 142 | 46 (2000 617 | 18 [ 75| 72 | 7 30 3.0 |0.5] 0.04 | 3 0.5
Gdll9 79 | 29 [2345]| 275 [ 20 [ 61 | 34 [ 5 13 0.8 (03] 003 | 21 |047 | 2
Gd]20 | 98 [ 10 | 500 [ 228 | 12 | 20 | 65 | 20 9 0.8 [02] 002 | 9 | 05| 70
GdI21 110 | 50 |2887| 200 | 20 | 89 | 47 | 9 30 1.6 [0.5] 0.05 5 1032 20
6d122 96 | 30 [2700| 200 [ 20 [ 73 | 33 | 80 25 0.4 [05] 002 | 5 ]0.09( 10
: 103 » 2001
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33 (10%
Zn |Cu | Ti Mn (CO (Cr |[Pb |V | As [Sb |Bi | Hg Au Ag W
Gd93 10 |5 |220 | 91 |17 (20 |10 |20 [>200 |3.8 [0.1 |0.02 | 0.012 0.3 |[155
Gd9S 44 142 13197 (328 (17 |72 | 16 (106 | 24 |[0.8 [0.6 [0.02 | 0.003 | 0.25 |20
Gd96 |1.55 (91 | 38 [2465 |s55 |14 [ 70 |80 | 101 [160 | 11 | 0.8 0.02 0.003 | 8
Gd97 25 |5 1399 [562 (5 |31 |88 (36 |90 |0.8 (0.1 [0.02 | 0.025 | 0.57 5
Gdo8 55 |37 |3982 | 587 |24 (221 |55 |99 [»200 | 8 (0.4 |0.02 | 0.025 | 0.63 9
Gd99 60 |26 |478 |1343 |23 (27 |64 |29 [ 72 |2.4 [0.2 |0.02 | 0.015 | 0.86 |48
GdI00 | 72 (34 |2368 |385 |13 |66 [41 |79 |100 [9.2 |0.8 |0.02 [0.025 |1.21 |17
GdI01 | 34 (12 (1300 |442 |4 |42 [58 |68 | 100 [ 2 0.2 |0.02 [0.025 |0.48 |16
Gdl02 | 168 (27 (2923 | 729 |14 |75 [58 |73 |>200 (4.6 |0.5 |0.02 [ 0.015 | 0.65 |20
Gd103 | 51 (34 (4477 (772 |31 |452 | 77 |115 |~200 (8.8 0.2 [0.02 | 0.007 1.7 129
Gdlo4 | 67 [19 (1565 | 548 |14 |62 [ 65 |91 |[~200 | 4 0.2 |0.03 [ 0.015 | 0.85 8
GdIo5 | 67 |5 [323 |667 |7 |32 (112 |31 | 68 |[1.8 |0.2 |0.02 [0.012 |0.56 |12
Gdlo6 | 36 |11 | 600 |281 28 | 66 (35 [~200 | 1.8 [0.3 [0.02 | 0.04 0.53 |21
GdI07 | 40 |11 |1567 [464 |8 |44 |70 |70 | 140 (2.8 |0.3 [0.02 | 0.042 09 |92
Gdo4 36 (42 (3197 | 328 |17 |72 |16 |i06 | 24 [0.8 |0.6 |0.02 [ 0.003 |[0.25 |20
: 103 » 2001
34 (10%
Zn | Cu Ti Mn |[Co|Cr |Pb| V |As|Sb|Bi|Hg | Au| Ag | W
Gdl6 |428m| 93 | 85| 2756 | 707 | 14 | 94 | 49 |126(210(7.6|0.5(0.08]0.07|2.14| 8
Gd20 |398m | 192 31 |>10000|1178| 59 |603| 60 |226(280]|4.2 (0.6 |0.15]|10.6| >5 | 60
Gd345(336m|362| 22 | 2232 (221220 | 65 | 59 |105]|280(3.S|1.2 (0.2 (18.4]| >5 | 12
Gd346|109m |409(234| 81 210 | 14 | 20 | 178 20 200109 (0.21{0.95| >5 (100
: 103 » 2001
35 F4 (10%
Au Ag Cu Pb Zn As
DO F4 2.41 0.19 56.19 104.11 2881.86 7.63
Dl D0 0.6m 0.33 007 28.20 24.27 54.45 5.64
D3 DO 1.5m 0.48 0.07 28.07 26.00 42.47 2.39
D5 D0 4.5m 0.28 0.08 27.98 23.31 92.72 3.77
D7 D0 8.5m m 0.23 0.08 26.41 22.74 40.97 1.64
D9 DO 15m 0.25 0.17 32.31 28.69 5.96 2.07
D2 DO 0.6m 0.25 0.15 34.27 22.55 47.16 1.96
D4 DO 1.6m 0.38 0.07 45.40 21.20 73.62 1.74
D6 DO 6.6m 0.23 0.09 32.79 24.85 50.28 2.10
D8 DO014.6m 1.01 0.07 27.42 24.47 48.21 6.17
D10 DO 23m 0.26 0.06 52.4a 26.96 88.87 1.94
: 103 » 2001
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( N )
(3-1, 3-2, 3-3), )
W. As. Au. Pb. Zn. As. Bi. Sb

, Au Ag\ As. Bi ’ s ’
3-4 ’ ’ Ti. Cr. V s

Zn. Cu. Pb. Sb. W. Bi s )

o ( 3-5), Au. Pb. Zn )

° ’ Au s

s Au ’ °
o Cu. Pb.

Zn. Ag. Au. Hg. Mo. Cr. Mn. Ti o

’ ~

:@DCu. Pb. Zn; @Au. Mo. Be; ®Co. Cr. V; @Mn.

Ti. ( 3-4). Cu. Pb. Zn
; Au ; Au R
Au. Ag. Pb. Zn ( 3-5
[=] [=] AU\ Ag\ Pb\
/n , o
Au s o

N N ; Au o
, o Pb. Zn. Ag. As )
Pb. Ag ) - Ag. Pb. Zn

71



Pb

o

A.C.Colvine
)o CO;
, CO,

E.M.Cameron

(10km )
(HSY )

35
( , 2000)
. 3- 1- >5; 2- 3~5 3- 1~3
s 4 5
, CO, , 969~23 X 107
, CO, CO, (
CO, HyO( ) ’

72

b



73

113



s 2)

b

~

;4

(R. Hekinian, 1982; Edmond

b
~ )7
)\ ~ ~

1995; LR.Plimer, 1986 ).

5~10m,

74

0.5km?,

, 1983; Ruan

~

~



0 N , 1m, 0.nm.

) 90% . )

- : 0.01lmm, 0.007mm, ;

b N b b

Ti~ Mn ’ o ’
( ) 3%~ 5% )

~ o ’ ’

’ 10%~65%, ’

H 5) : ) H 6)
0.1~0.08mm, ; )
’ H 7)
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5 9) ; 10) N 0
) ; 2) )
) 5 4) -
) 3 5) N
H 6) H 7) N
3-6. SiO,  90%,K,0>Na,0,
ALO; ) FeO )
( » 1999).
3-6
SiO, | ALO; | CaO | MgO | K,0 | Na,O | Fe,O; | FeO | TiO, | MnO | P,Os
QTC8630| 93.18 | 2.24 [ 0.45|0.97 | 0.60 | 0.00 | 0.00 | 1.04 | 0.00 | 0.00 | 1.02
QDII9-1 | 92.06 | 2.45 | 0.90 | 1.13 | 0.40 | 0.04 | 0.50 | 1.19 | 0.00 | 0.00 | 0.02
QD109-1|92.74 | 1.63 | 0.67 | 1.13 | 0.50 | 0.00 | 0.00 | 2.23 | 0.00 | 0.00 | 0.02
9451 | 1.12 {040 | 0.16 | 0.23 | 0.14 | 1.54 | 0.80 | 0.19 | 0.02 | 0.055
943 | 0.17 [ 0.67 | 0.16 | 0.25 | 0.03 | 0.17 | 2.15|0.06 | 0.01 | 0.01
> 1999
) Eu ¢ 37, 3-6)
37
(X10°) (X10°)
La | Ce | Pr | Nb | Sm |Eu|Gd | Tb |Dy |Ho | Er |Tm|Yb|Lu | Y * |LREE/|
REE |HREE | Eu
1 |13.00{32.00{5.70|18.00| 4.2 |0.80(4.35(1.00|3.50|0.85(2.50|0.25|1.90{0.40(20.00|76.52| 1.22 |0.57
2 |14.00|32.00{5.20(19.00| 4.4 {0.90(5.40/0.90|3.60|1.00(2.20|0.20{2.30(0.20|25.00|116.3| 4.80 |0.56
3 |20.18|35.32{3.14|32.00|10.24|0.80|1.62|0.16|1.34]0.73 |2.40|0.46|0.89|0.20 | 10.86| 106.5| 4.53 |0.37
4 112.00|32.00{6.30({17.00| 4.0 |0.70|3.30{1.10|3.40{0.70{2.80(0.30|1.50(0.10| 6.30 [99.40| 5.92 |0.58
5 |14.70]32.83(5.15|21.50| 5.76 {0.80(3.66|0.94|2.96|0.82(2.47|0.30|1.64|0.22 |15.54|99.68| 4.12 |0.50
6 [10.29]30.77(3.23|10.71| 2.76 {0.43[1.99|0.68|6.27|0.85(0.77|0.15|1.23|0.19| 5.82 |82.62| 3.85 |0.54
7 |15.11]67.50(3.81|15.46| 3.45 |0.64{3.35/0.56|3.77|0.81(2.54|0.40|2.77{0.43 | 22.27 0.57
8 1420990 (2.50| 5.7 | 1.40 {0.50(1.20]|0.30|0.80{0.30|1.40|0.10{0.40|0.20| 3.3 |34.20 1.15
1. 2; 2. 4; 3. : 4 ;
5. : 6. : 7. ,» 8.

» 1999
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1.5

X 2
4
osf :
TR e m e B ed B oy e & m v
3-6 ( » 1999)
1- 3 2- 3 3- 3 4-
6 Eu 0.5, o
) o 2
) Ce o )
) ) )
, 1997).
3-8 (Ga)
) Ga o
Au. Ag. Mo. As. S
38 (X109

Cu |Pb|Zn| Au [Ag | Tn |Ge|Co | Cr | Fe [Mo|As | Sb | Sr|Ba|Rb| B [Bi| Ni | Ga

129 |48.6]100| 3.89 | 8 - - 13141229 - [133|75|89 | - - |- - | L1157 -

433 | 33 1300 0.5 6 - - 140 120 - [93 75| 4 - - -] - |L7] 40 | -
25 |11.11100| 0.5 [2.48[0.08{1.2(53.3| 30 |0.05|4.6 |65 |23 | - - |- -111]2310.05

33 27 128 | 6.1 | 13| - - | 75156 - |92 [125(9.6 [158| 61 (27|34 - | - -
0.0067(0.11| 5 - - |1.53(14) - - 1014 - - - - - 1-1-1-1-1013

0.001 {0.03]0.14| 0.76 | - - - 1001 - - - - - S T -

20 15 1100|042 | 1 - |50 15|10 | - 5 - - - [150) - |15 - | - -

» 1999
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( )
(14
( )
1.3210°%, SiO,

X10°—15X107, Ag: 23X10°—50X10°,

b o

78

NW

(

, 1999), )
o | 0
| z%u,<A%
Au ;l

)



~

1562km  1/5

1%
’ 1% 3-9,
39 ) ( , 2002
% %
1 <5
25 <5
<5 5
2 65
3 0~2
5 3
1 5
<5 5
2 0~5
80 <10
15 10
8 3
2 15
3 10~15
5 <10
1 <5
5 5
1

3-9
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’ ’ 610m, °
0.7%  0.9%, 1.044%.

N , 3.46%, 3.15%.

CH4. CHg~ H,S. H; )
’ C02 5 ’

H,S ) o o ,

b b b
b o
b = N
o
b
b b
~ ’
~ ° ’
~ N N ’
b b
°

~

’ ~

. (1994), , ,

b ( N
)s ) ( Pb. Zn. Cu. Hg. As.

80



Sb

Cd

(1998)

°

(1989)

(1984)

Cu. Hg. V. Ti. Mn

3-10

b

(10%)

o

ST

Cu

Pb

Zn

Ag

Au

Hg

Sb

As | W

Sn

Mo

Bi

Be

Cd

Cr

Ni

Co

Mn

Ti

30.7
8.0
55.8
27
37.0
23.0
44.0
5.0
17.5
103
63

517
26.7
40.0
45.0
25.0
25.0
315
25.0
25.0
25.0

82.7
123.0
247
126.0
76.3
137.0
65.0
81.0
59.0

%4

0.037
0.115
0.03
0.043
0.03
0.038
0.03
0.03
0.03
0.08

0.0023
0.0020
0.0053
0.0027
0.0040
0.0020
0.0035
0.002

0.002

0.003

0.004

0.05
0.05
0.05
0.05
0.057
0.05
0.05
0.05
0.05
0.05

0.089

0.6
0.3
0.9
0.4

0.4
0.6
03
0.3
0.6
0.6

28.0 [ <30
6.3 | <30
15.5 | <30
3.6 <30
37.0 [ <30
2.7 <30
11.3 [ <30
5.0 [<30
425.0(<30
8.7 <30
22 |11

<10
<10
<10
<10
<10
<10
<10
<10
<10

<10

2.0
2.0
5.0
23
3.0
2.0
2.0
2.0
2.0
2.0

<10
<10
<10
<10
<10
<10
<10
<10
<10
<10

0.004

2.7
1.0
20
1.0

1.0
2.5
1.0
L5

3.0
5.0
2.0

2.5
2.0

0.2

123.0
283
92.0
147
89.3
16.7
260.0
23.0
34.0
153

110

4.0
14.0
313
113
40.7
10.7
98.0
16.0
25.0
8.7
89

13.0
16.0
12.7
20
15.7
37
36.5
7.0
9.0
33

25

49.0
54.0
843
10.0
873
10.7
134.0
21.0
345
47.0

140

170.3
141.3
2193
132.7
2973
819.7
748.0
387.0
499.0
199.3

1300

2231.0
475.3
2772.0
26.3
2544.0
88.7
4050
1101.5
1389
7303

6400

717
31.0
50.0
2.0
887.0
2.0
51.0
35
43.5

4.7

’

7+



’ (K-Ar ) 228-200Ma.
Si0, (  3-11), K,0>Na,0O, 0.9—1.4, K,0+Na,O
8.26%, (6.48%); > REE=100~200
X100, (292%10° )s ,
» Eu C 3-12). Pb. Zn. Cu » Au
’ Ag ¢ 3-13),
31 (%)
Si0, | ALO; [CaO [MgO [ K,O |Na,O |Fe,O; | FeO | TiO |P,0s
G)] 71.0 12.54 [0.85 [0.78 [4.84 |3.42 | 202 |243 |0.48 |[0.13
®) 65.5 17.02 [3.70 [2.00 [2.69 |4.06 | 0.S3 |[2.44 |0.25 [0.00
(15) 68.18 | 13.96 |1.27 [1.20 |525 |2.80 | 1.37 1.39 |0.37 |0.13
103 » 1996
3-12 (X10%
La|Ce |Pr|Nd|Sm|Eu|Cd|Tb | Dy |[HO| Er | Tm [Yb| Lu [ Y ¥ |LREE O
REE |HREE| Eu
1 [31.8]66.4|7.8|31.6( 7.2 |3.3(7.03|1.12| 6.1 |1.17| 2.7 [0.38]2.210.34|27.2| 196.3 | 3.07 | 1.54
2 [56.4(9.36|1.1|4.03|1.38(0.43(1.39{0.35]2.87]0.42|0.51{0.09(0.7]{0.11|3.69| 31.85 | 2.14 | 1.03
3 [35.3]62.1165]20.7|4.19(0.69(295| 0.4 |L.65|0.25(0.34(0.08(0.7| 0.11| 5.9 | 141.81 | 10.4 | 0.52
1. N > 35
3-13 (X10®)
Au | Ag Cu Pb Zn Ni Co Sn | Mo | As Sb Bi Hg
- 0.2 12 28 50 |410 |510 |<10 | <l |<50 [<100 | - -
- <1 15 90 100 | 10 10 |[<100 [ 2 |<300 |<100 | 10 -
6.54 [0.82 |28.1 [100.4 | 39 |14.6 |6.86 | 3 10.8 [26.7 |1.03 [ 0.6 ]0.05

82




, Na,0O>K,0,

1.3—6.2,

’ 6Eu ) ° Cu ’
Pb. Zn , Au ( 3-11, 3-12, 3-13).
’ ’ K20>N320’
1.0~1.9. SREE  70~190X 107, , ,
Eu o Au. Ag. Pb , Cu ( 3-11,
3-12, 3-13).
( 3-14), Pb. As. Au. Ag. W
» Zn. Co. Sb. Hg o
314 (X10%
Au | Ag Cu | Pb | Zn | Co | As Sb Bi Cr Ti Mn \% Hg W
329 | 098 | 51.7 [72.7|71.4(15.7]110.6| 13.4 | 0.36 | 53.1 |2011.8]300.7| 28.6 |0.038 | 45.3
0.75210.794 | 86.1 [58.5|81.9|11.9| 82.7 | 29.4 |0.282 | 30.5 | 597.8 [119.5] 9.96 | 0024 | 27.4
(11)
As. Pb. Bi. Hg. Au. w )
, Pb. As. Au ’
Au o
b N N N ( )
50N500my 1 10m ) ’ + + ’
: Si0, 42.93—49.50%,Na,0+K,O0 6.28~8.63%,K / Na 0.26—0.58,
K / K+Na 0.42—0.60, ) ;
Au. As. Pb. As. W ( 3-15), )
( , 2001) .

83




315 (X10%
Mn [V |Cr |Co |[Ni |[Cu| Zn |Pb | Au [Ag | Sr |Ba (Mo | Sn |Sb

(6) 492 (137 |264 |37 (132 |36 | 128 |21 50 5 1157 2869 | 1.3 |1.39 (0.62
(3) |2216 (101 |331 |33 |165 |69 [10713 |381 [>3000 (23 |153 |322 |2.31 |{11.49 |7.01

~ H CH4\ C2H6\
Hz\ HQS ’ ’ COZ
Au Ag. Pb. Zn. Cu )
) Au. Pb. Zn. Ag.
Cu N ’ H N
; ( )s
(
, ) o
R.W. Boyle(1979) )

H
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’ 1900Ma i ’

’ ’ 303_
166Ma (K—Ar ).

~ ’

( ) ( , 1998). ( )
2000)- ( » 2000) ( ,» 2000
o . . , (

» 1994; Mcdougall et al., 1999). ) )
( , 1998), ? (2002)
AT/ Ar 167 Ma, . (2003)
Rb-Sr “Ar/Ar N )
. : (
) Rb—Sr 233431 Ma( 95% )o
Rb—Sr 234+ 14 Ma., Rb—Sr
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Dy-17 PAr/° Ar

, tp=238.78
+0.74 Ma ( FAr 51.22%), 4 “Ar P°Ar PAr 6 Ar
( T =0.99996), ti=239.46+1.13 Ma. Rb—
Sr Fy-12 YA/ P Ar , tp=238.80
+0.60 Ma ( PAr 54.01%) 4 YAr °Ar - PAr PPAr
( r=0.99998), ti=(240.350.88) Ma. ,
, ( , 1994),
. , , 226.7~217.6
Ma  230.7%5 Ma ( , 1994). —
) — Au, Ag o
— (211~130Ma, K—Ar ,2002) (140Ma,
K—Ar , 1994), .
, ( ) .

113

»”
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(1991> )

5—10X10°

o ’

4km’
Au=100:1: 107,
1—100Mt (Fyfe

0.4—1.6 %,
10km®
, 100km’

100%,

, 1982).

( BIF)

b

100Mt

2X107 , ,
¢ 1—100 ),
0.25~25km > (10°~10%g )
10—100km’,
: H,0 : SiO; :

20—100X 107,

b o b

) 6.3—7.5%
4% (Kpaueuko , 1974), )
1 o 10
: 0.001km’ . :
Do
H,O. CO,. S As
— ( ) s —
N N ) 11 km
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X9 km

2000).

C 37

(

1998).

«C ) (
, 2000)-
, 2001) .

FOIK DI

37

B FE A

89

JJ N
¢




( )
( , 1994;
C
H Cu, CO
Au, Ag, Pb, Zn, Cu, Co

, CO,

( )

— (
( » 1997).

90

)
;Pby Zn

(1800Ma),

~

, 1996).

. Au, Ag



Na'. CI ( Do

- ) (210 67 Ma).
( » 1998),

91



(
) :
)
- )
( , 2002),
NW :
EW :
5~10km : EW

92

1000~3000m



93

(

(

)

(1994)

H

, 1996).

10



, 3 .
, 2.3, 4,5.6 ,
3—4 | 3—6 , 14 ,
, 5 , 85 . 5
, . , 800
, : 108—424X10°,  1.64-2.29x10°,  7.28-35.2
, 91.4-190x10°,  4.03-6.74x10°,
1000 o
, 1/5 Au. Ag 7.5km, 2km
( 9 )\ ( 2 )\
, 1500m ¢ ),
4_7my 19m, ’

94



16km?,

36
—150
),

2002

36

, 4
28.05
250%10°,

1/5

, 36
20.48 %10 ¢
1~2
1.64x10°,  7.28%,
1778%10°°, 2002
+

95

800
1.28%,

3000
50% ,

o

b



154.19x10°,

; I

x10°,
, 0570 . ,

x10°®,

30.8—407.8x10°°.

1600
1.00—2.50
5.

81
—8&0

, 2003

o 1/5 Au. Ag. Pb.
1300 191.4—290.0x10°, 4.03—6.74x10°;
) 153.0—289.68x10°, 2.83-13.56%, 1.20-3.51%,
) 12 N N
) ) 50
- EW. NE NW ,
o NE EW , Au. Ag

»”

96



—4

II

2. 3. 4. 5.6
N 3_6
) 19—1
36
0 —150
),

2. 5.6
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Abstract

Special attentions have been paid to gold and multimetal deposits formed in the
Proterozoic erain recent years. Many important large to huge-size ore deposits of Fe. Mn. Pb.
Zn. Cu. Ni. Au. U. P, B. Coaswell as REE have been discovered in Proterozoic era. It's
considered that the Proterozoic (especially Paleoproterozoic) is one of the most important
mineralization periodsin the world.

The Proterozoic stratiform rocks are widely distributed in eastern Liaoning province and
southern Jilin province, located in the east part of northern margin of North China craton. A
large amount of gold, lead, zinc, copper, cobalt as well as boron deposits have been discovered
in this region. The most remarkable region is Qingchenzi metallogenic belt, in the middle part
of Liaoning-Jining rift. In this belt, 12 medium to large-size lead-zinc deposits with 1500
thousand tons proven reserves have been discovered in round about 200 square kilometers. The
well-known Qingchenzi lead-zinc deposit is one of them. In recent 10 years, one large-size
silver deposit and four medium to large-size gold deposits have been discovered in Qingchenzi
neighbourhood with 209 tons gold and 1139 tons silver proven reserves and many preferred
exploration areas.

The study on ore-forming condition and mineral resources assessment of Qingchenzi
lead-zinc-silver-gold metallogenic belt is of great significance to evaluate objectively the
economic value and guide gold and multimetal resources assessment of this region.

Since 2002, the author had been done a greate deal of research work in this metallogenic
belt, including Qingchenzi lead-zinc deposit, Gaojiafuzi large-size silver deposit, and severd
gold deposits. On the base of previous work, the author chose the two crucial but disputing



problemsin this area--deposit genesis and ore-forming condition--as the study emphases of this
paper, took a series of comprehensive work on tectonic environment, metallogenic formation,
metamorphism characteristics, and the geology, geochemistry, ore- forming condition,
deposit genesis of gold multimetal deposits, built metallogenic model of this region, conduct
mineral resource assessment. After two and a half years work, the author acquired such
systematically recognitions to the Qingchenzi metallogenic belt as follows:

1. The research region is located in Liaoning-Jining rift, North China craton. The inland
rift formed in the Paleoproterozoic era is between the Longgang block and Langlin block.
During the period time of rift formation, the sediment-lithogenesis and metamorphism-
deformation in the Paleoproterozoic era, magmation and tectonism in the Mesozoic provided
plenty material and energy for the Qingchenzi Pb-Zn-Ag-Au multimetallic belt.

2.The Liaohe Group, mainly Gaojiayu Suite, Dashigiao Suite and Gaixian Suite, the most
abundant lithologies occur in thisregion, iscomposed of granulites, marbles interbedding with
schists. The protoliths of the group include carbon-rich mudstones, siltstones, impure
carbonates, and sillcalite, which underwent greenschist to amphibolite facies metamorphism.
It's showed that the distribution of lead, zinc, silver, gold deposits arerelated to surrounding
host rocks. Not only certain mineral deposit occurred in certain rock assembles, but also
different type deposits only occurs in different layer of the rock assemble. That's the important
geological characteristics of the minerallgenic belt.

3. The formation and development of Paleoproterozoic syngenetic fault lied in the center
part of the Liaoning-Jdilin rift impact greatly on mineral deposits formation. A series of
hydrothermal sedimentary rocks with rich silicon, ferrior, or carbonic, tourmaline, albites
layout alone the fault show that the latter is the channels for hydrothermal eruption of Au. Pb.
Zn. Ag ore-forming fluid. The reducing environment caused by hydrothermal activity enriched
hydrothermal catogene, clay and carbonates with carbon, as well as some sulfide such as
pyrites. At the same time, hydrothermal eruption brought much ore-forming elements, such as
Au. Pb. Zn., Ag; to the ocean basin from deep crust or underlying Archaean stratum and settled
together with hydrothermal and other normal sediments, which then formed source bed of
metal deposits. The activity and intensity of the syn-genetic fault varied during forming
process, which resulted in the formation of different type and ore-forming elements assemblage
deposits.

4. Gold is noticeable commodity in this metallogenic belt. The proven gold deserves in
this region is more than 200 tons. Gold deposits occur mainly within marble, low-grade

granulite, mica schistsinterlayered with sillcalite near the junction of upper Dashigiao suite and



Gaixian suite. The main types of gold depositsin thisregion are asfollows: sillcation-hosted,
fracture zone-controlled, sillcate marble-hosted and quartz fine-grained vein-related. The
mineralizing component of gold deposit is very simple. Metal mass is only 4.15%. The ore
minerals are composed of pyrite (about 2.66%), arsenopyrite (about 1.2%), and little amount of
sphalerite, galenite, chalcopyrite, tetrahedrite and magnetism. The gangue minerals include
dolomites, quartzs, and minor sericites, graphites. The texture of gold ores are idiomorphic
granular texture, alotriomorphic granular texture, poikilitic texture, crush texture, metacrystal
texture, metasomatic-relict texture, and so on. The main structure of gold oresis plicated and
disseminated structure, veinule disseminated, veinule and ring structure also present in some
deposits. The characteristics of field and geochemistry showed that the gold deposits in this
region formed under syn-sedimentation together with metamorphism-deformation and
hydrothermal alternation at late stage.

5. Silver is a prospective commodity in this belt with proven reserves of more than 1100
tons. Silver deposits mainly within marble, low-grade granulite, mica schistsinterlayered with
sillcalite near the junction of upper Dashigiao suite and Gaixian suite. The main types of silver
deposits in this region include fracture zone-controlled, sillcate marble-hosted and quartz
fine-grained vein-related, the first two of which are dominant. In large-size ores, severa
mineralization types often operate together, varied from sillcate marble-hosted type in upper
orebeds to fracture zone-controlled type in deep orebeds. The texture of silver ores mainly
include cryptocrystalline to fine-grained allotriomorphic granular , idiomorphic to
hypidiomorphic granular, emulsion, mosaic. The structure of silver oresisbanded, plicated,
drusy, brecciated, ring, disseminated and so on. Sedimentation and late hydrothermal
alternation contribute to the formation of silver deposits.

6. 12 large to medium size lead-zinc deposits, namely Zhenzigou, Nanshan, Xixieshan,
Benshan, Diannan deposit and so on, have been discovered in the research region, with the
proven reserves of 1500 thousand tons. Much attention is put on the distinct concentration and
typical field characteristics of lead-zinc deposits in this region. Most of the lead-zinc deposits
occur in 5 resource beds in the Gagjiayu suite and the Dashigiao suite, with the character of
zoning distribution in spatial along certain direction and with approximately same distance.
Two types of ore body have been recognized. One type is stratiform and stratoid ore body,
which occur in medium-deep part of ore-bearing metamorphic rocks. The other isirregular vein
and pockety ore body, which occur in medium-upper part of ore-bearing metamorphic rocks.
The dominant ore minerals are sulfides. The minor one includes pyrites, galenites, sphalerites,

arsenopyrites, kroberites, chalcopyrites, and so on. The gangue minerals are cacites,



dolomites, quartzs and litter amount of micas. The texture and structure of ores are relatively
complex. The fabrics formed in early sedimentation are recognized together with those formed
in late metamorphism and hydrothermal aternation. The multistage mineralization process
resultsin such different fabric of ores appearing in the same deposit.

7. The results of this paper show that the dominant genetic types of lead-zinc, gold, silver
deposits in Qingchenzi metallogenic belt are strata-bound type deposits underwent early
hydrothermal sedimentation-metamorphism and late hydrothermal alternation. All deposits in
this belt formed in a universal geologic background but in different ore-forming stage or
structure section, which related to each the other in terms of temporal and spatial relationship.
The formation of the deposits in this belt is under the comprehensive effect of
eruption-sedimentary under sea in the Paleoproterozoic, regional metamorphism and
deformation in the Lvliang Movement era, and magmatic-tectonic ore-forming process in the
Mesozoic. The syn-genetic fault lies in the margin of the Sanjiazi-Fangjia secondary basin is
the important ore-controlling structure in this region. The hydrothermal eruption along the fault
brought the ore-forming elements, such asAu. Pb. Zn. Ag, to the seabasin from deep crust
or underlying stratum, and formed the resource bed of the deposits. Then, deposits with
different kind and content of commodities formed in different section of the syngenetic fault,
due to activity intensity diversity of the fault. The regional metamorphism and deformation in
the Lvliang Movement era contribute to ore minerals recrystallization or ore-forming elements
transference-enrichment in resource beds. The series of deposits in this region underwent a
very long-term and complicated process. So, the Qingchenzi metallogenic belt is an excellent
case history in Proterozoic mineralization research.

8. The study of mineral resources assessment in this paper showed that the potential
mineral resources in this region are encouraging. The geo-chemical data present gold anomaly
overcast the region as awhole, and large size gold deposits are expectable. Silver depositsin
this region have been discovered in recent years but with noticeable breakthrough. Much more
favorite silver oer-forming field characters together with distinct geo-chemical anomalies
founded in severa diggings are in favor for the further silver resources exploration. In terms of
lead and zinc, there are some prospective areas for medium to small size ore deposits, but few
for large size one. Furthermore, suggestions are also brought forward in this paper on
mineralization-related anomalies distinguish, preferred exploration areas ascertain, exploration

engineerings verification and buried ores quest.





