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The progress in the study of vein Pb-Zn-Cu-Ag polymetalic epithermal deposits

JIA ]ing—wul’ 2 ZHANG Hong—rui1 and HU Mao-de!*?
(1. Institute of Geology, CAGS, Beijing 100037, China; 2. China National Geological & Mining Corporation,
Beijing 100029, China)

Abstract: In the study of metallogeny, there isn’t a unified nomenclature or classification for the sediment-host-
ed base-metal deposits. Among these deposits, one type of deposits, which is hosted by sediments and controlled
by structure and characterized by vein orebody that contains Pb-Zn-Cu-Ag polymetals, lacks systematic summa-
ry. However, this type of deposits is a product of orogeny, and its study can provide information concerning the
process of mineral migration and precipitation. The authors collected many data of this deposit type, in order to
find out its metallogenic characteristics, ore-controlling structures, ore-forming fluids and sources of ore-forming
material. Researches show that deposits of this type are mainly located in orogenic belts, and the mineralization
is mostly related to orogeny or orogenic belt. The metallogenic materials of these deposits were mainly derived
from basement rocks, probably with the contribution of magma and mantle source. The ore-forming fluids were
mainly originated from basin brine, magmatic fluid and metamorphic fluid, and were partly affected by the me-
teoric water. Deposits of this type have some similarities to MVT deposits, but there are still many apparent dif-
ferences between them in metallogenic environment, ore-bearing rock, ore-controlling structure type, source of
ore-forming fluid and ore-forming material.

Key words: base metal; sediment-hosted; orogeny; metallogenic materials; ore-forming fluids

2013-12-16 2014 - 06 - 09
41102040 U09336051 1212011220908 IGCP SIDA-600
1987 - 1982 -
E-mail hongui_1982@126. com



4 727

2005

Hedenquist et al. 2005
Leach 2005
SEDEX MVT

2008 2008
23 1
“ " 2010 Leach
Economic Geology “ ?
CD Leach er al. 2010
: ” 1
Beaudoin 1992
“ Ag-Pb-Zn veins in metasedimentary terranes” Kipushi
“ Polymetallic Vein Deposits” 7 000 8.8% 4.8%
Cox 1986 “ Polymetallic ~ 0.5% 150 g t Schneider et al. 2007
veins Ag-Pb-Zn + Au” “ Clastic metasediment- 10~1 000
hosted silver-lead-zinc veins silver base metal epither- 2% ~10% 1% ~10% 1% ~5% 150 ~

mal deposits” Lefebure and Church 1996 500 g t

. BR
- R 0 2000 km
1—Silver Cup; 2—Silvana; 3—St. Eugene; 4—Coeur d'Alene; 5—Granadeha;, 6—Taunus ; 7—Cierco; 8—Arapucan; 9—Assif El Mal,

10—Kipushi; 11—Kabwe; 12—Tsumeb; 13—Chehelkureh; 14—Nifty; 15— %5 ; 16—E%; 17—&EK; 18—&WH;
19—FHBUE; 20-RRB; 21— WWIR; 228 23— FLFH

1
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Table 1 Metal amount and grade of base metal epithermal deposits
Pb Zn Cu Ag Pb % Zn % Cu % Ag g t !
Silvana Ag-Pb-Zn-Cu Cd 2.87 2.63 243 3.40 4.70 290
Silver Cup Ag-Pb-Zn-Cu Au 0.27 0.02 <0.01 45.28 1.70 1.50 229.67
St. Eugene Ag-Pb-Zn Au 11.30 1.45 182
Coeur d’ Alene Ag-Pb-Zn 800 300 17 28 300 7~14 4~8 283.50~708.75
Granadeha Zn-Pb-Cu 1300 5 8 0.60 150
Ramsbeck Pb-Zn 35.07 73.48 2.1 4.4
Cierco Cu-Zn-Pb Ag 5.60 4.20 4 3
Kipushi Pb-Zn-Cu Pb-Zn 35 616 336 7 350 0.50 8.80 4.80 150
Kabwe Cu-Zn-Pb-Ag 80 180 <0.01 79 10.70 25.20
Tsumeb Pb-Zn-Ag 30 95 129 10 3.50 4.30
Arapucan Pb-Zn-Cu-Ag 65.60 48.40 8.92 1050 16.4 12.1 2.23 260
Assif El Mal Pb-Zn-Cu 2 8 <1 500~2 300 2.00 8 <1 500~2 300
Nifty Pb-Zn Cu-Ag 168.30 1.70
Chehelkureh Pb-Zn-Ag-Cu 88 25.34 21 308 0.88 1.81 1.50 22
Cu Pb-Zn 2.58 21.90
Pb-Ag 18.47 2.93 434
Pb-Zn 3.92 4.5 85.8
Pb-Zn-Ag 0.16~38.6 0.05~10.49 4.9~1547.03
Pb-Zn-Ag 2.87—6.85 1.23~2.85 339.01~465.57
Grant and Ruiz 1988
1 Arapucan
Canakkale Provience
Tethys
4 2 Orgiin et al. 2005
1 Taunus Moix et al. 2008
3 Kabwe
Kabwe NE-SW
270~130 Ma 680 Ma -
Kirnbauer et al. 2012 Lufilian 650 ~ 600
Assif El Mal Ma Kamona et al. 1999
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Pangea Bouab- 34~23 Ma
dellah et al. 2009
2 Silvana Maanijou et al. 2012
Kootenay Slocan
169 £3 Ma 38~36.4 Ma -
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32 Ma 28~26 Ma 2011 2012
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Fig. 2 Homogenization temperature-salinity diagram of vein Pb-Zn-Cu-Ag epithermal deposits(modified after Beane; 1983)
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Table 4 Homogenization temperature and salinity of vein Pb-Zn-Cu-Ag epithermal deposits
BwmE/C #h 2/ % NaCl,,
S =B
B i H{E BA i BE
Assif E1 Mal 104~197 173 12~17 15 Bouabdellah ef al. 2009
Chehelkureh 330~480 410 5~15 10 Maanijou et al . »2012
Cierco 112~198 165 3~29 16 Johnson e al. »1996
Coeur d’ Alene 250~350 300 0~10 5 Mauk et al. 2004
Granadeh 180~310 245 1~14 7.5 Grant er al. 1988
1 257~385 340 15~31 23
Kabwe Kamona ez al . » 2007
2 98~178 130 11.5 11.5
o 1 80~170 125 23~31 27 N
Kipushi Heijlen ez al.»2008
2 221~339 280 30~43 36.5
Tsumeb 212~275 243.5 19~25 & Kampunzu et al . » 2009
Nilty 200~367 268 8~27 15 Anderson et al . »2001
Taunus 90~180 135 2032 26 Kirnbauer er af.»2012
Arapucan 229~438 300 1.7~18.5 9.8 Orgiin et al . »2005
SF$s 120~180 150 0.35~24.73 16.9 B2, 2011
&% 180~273 221 5.5~10.8 8.23 T, 2010
T, 170~332 264 0.02~10.5 4.2 T, 2010
EvATEL] 140~350 200 2~13 7.77 M Bk, 2011
RRE 180~390UB R E ) #7280 2.15~5.58 3.78 Wtk s, 1985
L+ 160~250 208 1.65-12.29 4.94 T4, 2011
EAN 180~230 205 5.22~16 8 %55, 2004
E 95~230 162.5 — AR5t = %%, 2002
3.2 C-O-S B ZR4FE ~ 5%o» 8" Ogyow £ Z W 2 12% ~ 25%, 85 Op 0
BRI C. O ST R B R AE AT AR R 5 R - 10.54% — 10.6%0- BRITIIRIEZ B, BB
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BT, GRAUT R KO 8B Copp EEN T — 10%0

PR #h A AR S Mg B A %
AR X 831S B KB T A R K Y5 Y

10 —
KO R EREIER [ ] K:Ipushl. 1
5 Fil 8 A 14 4 Kipushi 2
WK BB IE o ﬂ:'\";;’;;;x;'. A Taunus
0 F %ﬁ:‘o i iﬁtﬁi E + Tsumeb
o Q% o s Z = B E o Cierco
-5 K g ot ”’iﬁ fiﬁi ----- & N O Kabwe 1
v svedre?? A o x Kabwe2
- <10}k )
x® 2 b Granadeha
2 . 73 ® Coeurd’ Alene
o -5t R RS ®
w Chehelkureh
201 # Assif El Mal
<«
s BIREMNER o Nifty
251
R IR ¢ 2R
30 O BT
A ER
-35 ! ] 1 I I R
5 0 5 10 15 20 25 30 b &
$0smow/ %o
3 BRI D2 2B PR C.O R B R AR F 54,2004 tidk)

Fig. 3 C-O isotope diagram of vein Pb-Zn-Cu-Ag epithermal deposits (modified after Liu Jiajun ez al.» 2004)
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Table 5 Carbon and oxygen isotope data

3" Osviow 8" Cppp 3" Osvow 3" Cppp 3" Osviow 3" Cppp 3" Osviow 8" Cppp
Assif El Mal 19.66 -2.07 21.8 -6.2 0.86 -1.2
25.4 —7.64 17.8 -6.88 21.1 -3.3 1.07 -2.3
24.7 -7.61 17.34 0.28 18 -0.3 1.17 -1.1
25.2 -7.54 19.85 -5.92 24.4 -5.1 0.24 -1.9
25.63 -7.73 21.62 -1 16.5 -5 0.24 -0.5
Chehelkureh 17.83 -6.57 20.7 -5.7 0.04 -1.67
13.8 -3.9 17.52 —10.41 17.8 -5.2 -0.38 -1.7
13.2 -5.7 20.55 -3.92 17.8 -3.1 0.6 -0.8
14 -2.7 16.91 -2.54 18.2 -10.1 -0.2 -1.5
14.7 -4.7 15.38 -0.71 17.4 -1.9 0.8 -2.2
14.4 -7.4 15.54 —6.46 16.7 -0.6 0.5 -1.4
14.9 -5.5 15.63 -7.87 21.1 -1.5 -0.3 -1.2
12.6 -0.9 19.55 -2.31 23.1 -7.3 -0.4 -0.6
13.7 -10.1 17.88 0.59 23 -3.7 5.5 -2.3
14.9 -2.7 20 -7.24 19.3 —-4.7 -0.3 -1.9
13.2 -2.1 19.68 -3.26 16.3 -7.9 0.9 -2.4
Cierc 21.1 2.2 16.2 7.7 -0.2 2.4
12.4 -5 20.5 —4.67 19.4 -6.6 -0.3 -2.3
17.4 -3.8 17.47 0.82 18.6 -8.3 -0.3 -2.3
Coeur d’ Alene 20.2 -2.53 22.3 -06.4 -0.3 -1.9
14.4 —4.1 21.44 -9.52 20.2 -0.9 4.5 -1.2
15.2 -3.8 17.13 2.39 23.2 -8 -0.5 -1.9
17.5 -3.7 20.96 -3.93 19.9 -2 -0.2 -2.4
16.2 -7.2 17.28 -3.87 -0.3 -2.3
16.8 -7.7 18.9 =5.45 12.2 -1.5 -0.6 -3
17.2 —-6.7 17.4 -3.75 20.4 1 -2.5 -3
15.5 - 7.1 19.9 —5.46 15.7 -1 15.5 -3.8
13.7 -8.3 18.87 -3.48 13.5 -3.4 14 -2.9
13.6 -9.6 19.52 -5.23 1.38 -2.4 1.4 -2
13.8 -7.5 19.65 4.01 14.06 -3.3 0.8 -1.3
15.4 -8 19.96 -7.69 15 3
16.1 -8.6 21.48 —10.21 17 -3.1 13.5 -4.8
16.7 -7.4 18.33 0.98 17.1 -2.2 13.1 -5.1
17.1 -7 20.34 2.7 3.2 -2 13 -5
14.9 -7.7 19.41 -2.84 1.3 -2.3 14.7 -5.9
15.6 -7.4 18.31 -4.13 12 -2.9 14.8 -5.7
15.7 -7.6 Taunus 1.48 -1.9 12.4 -6.5
15.7 -7.6 16.5 —-4.3 14 -2.5
Kabwe 17.3 -4.5 19.7 0.8 14.5 -5.2
27.68 2.89 16.4 —4.4 16.1 -1.8 15.7 -6.2
26.41 2.64 19.4 -1.7 15.7 -3 16.1 -5.8
26.81 3.08 17.8 -0.1 15.3 -2.6 17.5 -4.7
26.95 2.5 16.4 —-4.7 13.54 -2.31 17.3 4.1
27.1 2.58 16.5 -4.5 16.32 -3.1 15.1 -6.6
27.44 2.7 15.8 —-4.2 16.43 -3.2 16.1 -6.6
27.79 2.97 23.7 -6.3 12.1 -2.9
28.03 2.88 17.3 —4.6 16.32 -3.11 13.92 -1
28.11 2.93 16.9 —4.6 17.36 —-2.78 11.43 1.8
28.35 3.16 18.7 -3.5 15.81 -3.08 12.67 -2.7
28.68 3.18 16.5 -4.6 0.66 -2.3 15.99 -3.5
28.81 3.15 24.9 -6.1 16.8 -3.9 16.61 2.2
Nifty 16.5 4.1 16.5 -3.1
17.14 0.13 16.6 4.1 15.09 -2.95 —3.88~—-0.41 -
15.05 -5.77 23 -7.1 18.18 —4.16
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Table 6 Sulfur isotope data

R Bt 83 Sepr/ %o EESdi
Assif El Mal 13.7~24.9 Bouabdellah ez al. 2009
Chehelkureh 1~5 Maanijou et al.»2012
Cierco —4.3~-0.8 Johnson et al. 1996
Kabwe —-17.75~—-11.7 Kamona ez al . » 2007
Kipushi -2.6~19.2 Heijlen et al ., 2008
Tsumeb 13.1~22.6 Kampunzu ez al . » 2009
Nifty —-27~16 Anderson et al.»2001
Taunus —10.9~3.8 Kirnbauer et al. 2012
Arapucan =5 2= —T1 .2 Orgiin et al . » 2005
Sp3as 4~8 ERRESE, 2011
& i -17.9~16.3 KL, 2012
HEH 6.1~12.2: —9.6~—1.5  FK#iL%, 2012
A P -1.6~2.6 MRS, 2011
AR —6.87~2.35 PRAB AR SE, 1998
R -6.2~3 Witk 35,1985
LR —9.47~-3.62 HEM, 2011
= -7.9~4.3 It 2 545, 2004
B -7.5~-6.56 IR, 2003
7 ] msmms:
i ok
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e
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Fig. 4 Sulfur isotope distribution of vein Pb-Zn-Cu-Ag
epithermal deposits
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7 Pb
Table 7 Pb isotope data

206p}, 204p}, 207py, 204p}, 208p}, 204p}, 206p}, 204p}, 207p}, 204p}, 208p}, 204p}, 206py, 204p}, 207p}, 204p}, 208p}, 204p},
Assif El Mal 18.495 15.641 38.557 18.626 15.610 38.787
18.203 15.636 38.351 18.512 15.6480 38.571 18.68 15.709 39.068
18.129 15.612 38.154 18.487 15.630 38.522 18.644 15.610 38.781
18.131 15.625 38.204 18.534 15.680 38.685 18.612 15.605 38.789
18.141 15.642 38.246 18.483 15.619 38.483 18.747 15.754 39.245
18.156 15.641 38.245
18.151 15.641 38.243 18.670 15.667 38.975 18.527 15.521 38.552
18.134 15.621 38.182 18.650 15.618 38.889 18.653 15.632 38.916
Kabwe 18.725 15.720 39.135 18.724 15.625 38.910
17.992 15.707 38.393 18.609 15.597 38.740 18.601 15.619 38.846
17.978 15.688 38.329 18.645 15.64 38.906 18.611 15.610 38.750
17.983 15.694 38.338 18.643 15.618 38.811 18.543 15.563 38.522
18.000 15.719 38.428 18.634 15.604 38.768
18.006 15.726 38.453 18.622 15.548 38.514 17.436 15.437 37.567
18.007 15.728 38.458 18.690 15.685 39.018 17.155 15.339 37.249
18.003 15.723 38.441 18.644 15.638 38.874 18.561 15.561 38.726
18.003 15.720 38.433 18.648 15.637 38.906 18.412 15.583 38.616
18.008 15.723 38.448 18.687 15.679 39.092 18.196 15.602 38.701
18.007 15.723 38.441 18.651 15.650 38.919 18.137 15.625 38.587
17.983 15.692 38.343 18.656 15.662 38.973 18.152 15.665 38.597
Kipushi 18.686 15.677 39.008 18.078 15.517 38.213
18.104 15.669 38.257 18.673 15.655 38.943 18.677 15.635 38.813
18.094 15.671 38.248 18.672 15.652 38.927 18.702 15.677 38.939
18.144 15.688 38.345 18.680 15.663 38.963 18.670 15.630 38.789
18.104 15.667 38.255 18.654 15.667 38.968 18.716 15.650 38.932
18.654 15.634 38.862 18.718 15.663 38.656
18.874 15.906 39.737 18.644 15.61 38.786 18. 646 15.603 38.731
18.687 15.675 38.972 18.722 15.666 39.051 St. Eugene
18.86 15.902 39.725 18.745 15.674 39.062 16.341 15.407 36.003
Taunus 18.620 15.597 38.716 16.339 15.401 35.98
18. 466 15.621 38.483 18.697 15.675 39.007 16.333 15.391 35.95
18.449 15.613 38.445 18.692 15.685 39.037 16.343 15.401 35.986
18.460 15.61 38.469 18.751 15.773 39.312 Tsumeb
18.467 15.625 38.483 18.818 15.842 39.556 18.104 15.669 38.257
18.427 15.625 38.493 18.708 15.716 39.159 18.094 15.671 38.248
18.448 15.615 38.442 18.671 15.670 38.975 18.144 15.688 38.345
18. 446 15.622 38.477 18.682 15.683 39.027 18.104 15.667 38.255
18.468 15.624 38.492 18.720 15.698 39.169
18.426 15.624 38.46 18.710 15.695 39.054 18.629 15.735 38.976
18.469 15.620 38.491 18.707 15.696 39.079 18.605 15.752 38.911
18.471 15.640 38.530 18.629 15.633 38.911 18.607 15.741 38.911
18.482 15.634 38.556 18.629 15.614 38.871 18.639 15.775 38.958
18.454 15.623 38.471 18.633 15.618 38.822 18.67 15.739 38.885
18.491 15.612 38.471 18.626 15.609 38.791
18.478 15.629 38.538 18.641 15.609 38.794 18.692 15.689 39.196
18.452 15.616 38.445 18.704 15.677 39.087 18.762 15.707 39.317
18.506 15.656 38.585 18.668 15.647 38.849 18.792 15.720 39.369
18.530 15.638 38.559 18.665 15.628 38.897 18.733 15.736 39.313
18.516 15.666 38.622 18.783 15.741 39.140 18.725 15.688 39.202
18.532 15.671 38.654 18.669 15.644 38.947 18.786 15.705 39.317
18.475 15.630 38.505 18.673 15.668 38.986 18.923 15.713 39.526
18.508 15.653 38.567 18.689 15.691 39.080 18.768 15.719 39.318
18.547 15.674 38.638 18.728 15.746 39.223 18.718 15.728 39.312
18.506 15.648 38.558 18.685 15.659 38.960 18.683 15.684 39.09
18.519 15.642 38.567 18.700 15.684 39.151 18.787 15.709 39.345
18.497 15.648 38.564 18.746 15.756 39.269 18.712 15.691 39.178
18.539 15.635 38.571 18.669 15.661 38.948 18.776 15.800 39.581
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3.5%0 ~ 11.2%0 2010 S
2006 2.45%0~11.2%0 2011
2008
1 St. Eugene
5*S 0
5*S St. Eugene
Joncas and Beaudoin 2002 Nifty
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2004
3%S 2 Chehelkureh Cu-Zn-Pb Ag
Cu pH S 2.0%0~4.2%o
Nifty Cu Ander- 3%o0
son et al. 2001 Kabwe
—18.73%0~ — 10.80%0 Kampunzu et al. 2009 Maanijou et al/. 2012  Cierco
Kamona 2007 —18.7%0 ~ ) =1%o
—10.2%0 Johnson et al. 1996  Kipushi
Kamona et al. 1999  Coeur d' Alene
Ka-
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2011
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_ 1985
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2011
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1 2 A
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2005 &S SO Johnson 1996
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1999
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Anderson et al. 2001
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Fig. 6 Genetic model for the formation of base metal epithermal deposits
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