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2.2 Cu

D6 D7 ,

200 298 m, 1. 09
8.71 m, 80 118 m Cu-
Pb- Zn Cu- Pb Cu ,

,Cu (0.42  0.90) x
10° %, Pb (0.69 3.72)
x10°%,Zn (0.2 1.84) x 10°?
2.3 Pb~ Zn
D5 D7
5 160 510 m, 22
38 m, 157 250 m
15x10° %, (1.16  1.77) x10°?;
14 x10° %, (1.8 2.5) x10°?;
305 x 10 °, (14 19) x10°°
2.4
D4 ,
2 :
0.20
0.50 m, :Ag376.2%x10 ° ,Cu6.93

x10°? ,Pb 10.51 x10°? ,Zn 21.59 x 10" ?

2.5
Ag Fe -
Mn
, Ag- Mn Ag- Pb- Zn Ag
4
Ag (134 323) x10 °,Pb (0.92
3.73) x10°?
:Ag348.8x10°° ,Pb4.12x10 *
1 000 , 2
3m, :
1 0.60 m,Ag

326x10°° Ag

1222 - 1 1273 - 1 1325 -
7 By9993 By9994 By981910

, D5 Pb- Zn
1222 1273 1375 ;
-3 ,
;YQ1L :
-2 1 ,
Pb Zn,Cu

-3 Zn Cu Ag
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( 61x10°% 11x10°% 343x10°°) , , -3
( 0.5x10°?%), As :
6x10 7,
Cu Zn ,D2 Mo
1
Table 1 Hement contents of oresfrom the Beichagoumen polymetallic deposit
1221 -1 1273- 1 1325- 7 -3 YO1 B Y9993 B Y9994 By981910

Au 96 31.1 25.8 54.5 107.8 3.4 7.9 3.7

Ag 276.5 34.6 99.8 343 33.8 10.1 9.03 13.5

Pb 8 521 46 408 53 763 5 020 8 319 27 354 31 504 15 491

Zn 309 225 190 659 126 893 619 554 123 182 30 216 61 403 22 211

Co 5.3 9.1 8.8 2.8 2.3 5.4 6.6 14.1

Ni 4.9 2.7 4.5 4.9 4.9 8.7 3.7 4.9

\Y 26.3 24.7 46.1 19 24.7 28.4 39.8 30.8

Cd 1770 412.75 294.55 1180.8 80.89 86.7 69.3 81.7

W 40.3 12.95 101.81 215.91 3.84 8.23 5.54 7.81

Mo 3.41 0.51 1.36 12.51 10.74 1.46 0.95 0.84

As 91.2 51.6 34.7 60 831 342 4.7 5.6 6.6

Mn 2 678 1178 16 700 511 2 279 1109 19 365 2 389

Cu 12 920 1 225 375 113 525 12 958 513 722 3971

; :Au Ag Cd ;W Mo JAS Vo X ;
; :AuCd 10°°, 10°°
3.2 ,
) D2 1 )
ZK201 , - - -
250
, , D4 -1
, D7 D6 ; - -
, D5

D4
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’ 4
4.1
3.3 4.1.1
() 2 3*s
, 0.2%0 6.2 %o , 3.14 %o,
’ ,6 34 S
5 % 10 % 0. 3 %o 6.2 %o , 3.69
, , %o: 0*s 2 %o 4.6 %o
, 3.08 %o 0*s
’ 0.2% 2.5 %o N 1.35 %o
D5 0*¥s > >
y D6 ’
Mo (Cu) o
Cu- Pb- Zn - Pb- Zn
Ag- Pb- Zn , 0*s
3.4 2 _ . .
Table 2 Sulfur isotope data of sulfide minerals
from the Beichagoumen deposit
’ 5343( %a
- 1 |By97046| -1 3.1
D2 Mo - D7 2 |By98045| -1 5.2
Cu- Pb- Zn ( 3 [By9sos4| -1 4.8
] i i ) D5 4 [By97132] -1 2.0
5 [By9go4s| -3 3.0
Pb - Zn - D4 6 [By9gos4| -1 2.7
Cu- Ag- Pb- Zn( 7 |Byor1z2| -2 2.5
- - - 8 [Byogos4| -1 0.2
) - D4 . 9 [zk201- 1 0.3
10 [zk201 - 4 0.5
' 11 |HB02-1 -1 5.7
B 12 [HBo2-1 -1 2.3
, ( ). 14 | HBO3 6.2
(Pb- Zn) : 4.1.2
; 11
, - ( 3)*Pb/ *Pb
, D5 16.998  17.261, 16.886:;"* Pb / *Pb

15. 277 15. 652,
2% ph | **pp 35. 946

15. 313;
38. 049,
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37.116, Zartman'® 4.1.3
( ), ( 4)
, +2.1%  +11.8 %o , Clayton!”
o On,0
+5.67 %o - 4. 62 %o,
, , - 72 %o - 111 %o
: (
2) 1
206 Pb 208 Pb ,
/
3
Table 3 Lead isotope compositions of the sulfide mineralsfrom the Beichagoumen deposit
206 Pb/ 204 Pb 207 Pb/ 204 Pb 208 Pb/ 204 Pb
1 By98062 - 17.352 15.625 37.982
2 B Y97046 -1 17.038 15.414 37.468
3 HB02 - 1 -1 17.040 15.435 37.288
4 B Y98054 -1 16.998 15.227 37.292
5 By98054 -1 17.261 15. 652 38.049
6 B Y97132 -2 17.067 15. 429 37.425
7 By98045 -3 16.879 15.344 37.144
8 B Y98045 -3 16.943 15.337 37.206
9 Zk202 16.412 14.783 36.324
10 Zk201 16.417 15.007 36.184
11 Zk202 16.336 15.195 36.292
4
Table 4 Oxygen and hydrogen isotope compositions of the quartzs in the ores
6 180 o/
> o 1sOH20 %0 o Dh,0
C )
B Y98254 268 + 4.4 - 3.75 - 92
B Y98256 255 + 4.1 - 4.62 - 111
B Y98257 310 + 2.1 - 4.44 - 103
B Y98259 231 + 7.2 - 2.71 - 101
HBO2 - 1 210 + 10.5 - 0.59 - 74
HBO02 - 2 210 + 11.8 + 0.71 - 72
Zk202 380 + 10.2 + 5.67 - 82
: Clayton! | 1000 - | =3.38x10°T 2- 3.40
2 / ;
: ( (R
) = 0.1 1)
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Fig.2 Oxygen and hydrogen isotope
compositions of the ore~ forming fluids )
1. ;2. ;3. 675
GOD = - 100%D *0 = - 13.7 %) ’
GOD = - 120% *0 = - 16.2%) ' )
, 20 480
00 = +7%PD = - , 323 ;
70 %9 6D 0%0 , 110 220
a b Ohomoto 1) ;C .
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7wt %, NaCl - H.O- CO:
- [6]
- - 0.3 x10° Pa, 1 km
180 420 ,
5
Table 5 Characterigtics of fluid inclusions in quartz from Beichagoumen deposit
8 4@ m, 5 33m, 3 3@m, 3 2@ m, 2 2@m, 2 13 m,
10 294 m 10 2%m 5 23 m 8 13 m 3 1 m <1 m
5% 90 % 5% 80 % 2% 50 % 3% 30 % 1% 80 % 1% 25 %
190 675 205 480 145 390 170 362 150 420 110 220
2.9 44.82 | 3 35 5 7.7 6 8 0 20 0.5 4
wt %NaCl
; (VIL < 30%) , (V/IL =30%
50 %) , (VIL = 50%) , CO:2
4.2.3
6 1 b
, Na'/ K* 0. 16 — —
0.43, 1; S0.*" , —_
ca F ,
F C
,H20 CO;
CO; CO CHi: GHs H2S
( ) :
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6
Table 6 Chemical compositions of the fluid inclusions in the quartz from Beichagoumen deposit
Ug/ q (mol )
Na* K* ca’’ | Mg E Ccl- SO.2” Na'/k*'|Cl [F |0%/ Q"
98254 - 5,43 129,70 1.20 1 <0.01f 0,79 | 0,27 {45241 46,30{ 0,31 0.18 60.61
98256 - 3.99 |17.70( 1.11 | <0.01] 0.61 1.71 [ 27.14]29.46{ 0.38 1.50 5.74
98257 - 6.57 115.30] 0.96 | 0.06 [ 0.33 | 2.89 [ 27.14 ] 30.36| 0.73 4.69 3.40
98259 - 0.93 5.70 | 0.30 1 <0.01] 0.36 | 0.56 | 6.96 | 7.88 0.28 0.83 4.50
HBO1 - 4.213 124.738| 0.036 | 0.114 [ 0.667 | 1.036 [25.966{27.669| 0.29 0.83 9.07
HBO2 - 2.071{35.635] 0.01 [{0.054]1.77516.258 [18.078[{26.111] 0.10 1.89 1.04
HBO2 - 20.698]128.387] 1.159 | 0.266 | 1.401 {43.065|127. 196171. 66 1.24 16.47 1.07
HB03 - 7.635118.364] 0.952{ 0.02 | 0.652 | 2,965 |31.654{35.271| 0.70 2.44 3.86
HB04 0,56 5.15 [ 0,27 1<0,011 0,18 | 0,33 | 8.18 | 8,69 0.18 0,98 8.97
(10" *mol/ g) (mol )
HO | CO, | CH. CO N CHs | H,S H.O/ CO, R
98254 - 43.934) 0.633 | 0.078 1 0.170 { 0.025 45 169. 66 1.34
98256 - 101.164 2.186{ 0.068 | 0.096 | 0.031 104 113,12 6.73
98257 - 88.602] 1.198 | 0.075{ 0.096 | 0.031 90 180.79 3.48
98259 - 58.157] 0.975]1 0.048 | 0.060 { 0.000 59 145.81 4.31
HBO1 - 15.000{ 0.313]1 0.078 { 0.335] 0.051 { 0.023 | 0.002 16 117.15 0.41
HBO2 - 97.805] 0.964 | 0.000] 0.124 { 0.738] 0.312 { 0.031 100 248.01 2.44
HBO2 - 97.962] 1.01110.00010.175]10.675{ 0.287 ] 0.001 100 236.86 2.37
HBO03 - 106.369 1.236 | 0.067 | 0.086 | 0.056 | 0.056 { 0.002 108 210. 36 3.25
HB04 27.310] 2.3301 0.021 | 0.015] 0.033 [ 0.005 | 0.000 30 28.65 31.07
‘R = COz/(CO + CHs+ G Hs + HzS) )
Re~ Os
) 5 (143 + 13)
Ma'**! (
) U-Pb (146.2 *
1) 1.4) Mal?
[8.9] ’
[10]
Audetat
[11]
U-Pb
Mole ,
145.6 Ma ( ),

[12]

, Titley
Cu- Pb- Zn- Ag- Au '

5.1
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, U- Pb ,
(138.5 +1.3) Ma, — :
[14] ,
K-Ar (120. 66 + 3. 16) Ma :
145 Ma,
5.2 :
( 3): , Mo
(<164 Ma) , Mo ~ Cu

L:_:I 1 l:v:l 2 l:.:13 :~:|4 +++ 5 II’:*jé I:+: 7
[F=1ls [Ead]s [ )0 [vo]n [z [ ] s[@ |14
3 —
Fig. 3 Shematic model for the development of Beichagoumen Pb~ Zn~ Cu~ Ag porphyry ~ epithermal metall ogenic system
1. 2. ;3. 4. ;5. - ;6.
- 7. - ;8. ;9.
;10. ;11 12, ;13. ;14. . Mo
y - , . Pb Zn

, 125 Ma
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Metallogenic Processes of Beichagoumen L ead- Zinc
Poymetallic Deposit , North Hebei Province: Condrainsfrom
Geological and Geochemical Characteristics

MAO Debao', ZHONG Changting"?, WU Yongping’,
GE Guiping®, CHEN Zhi-hong"'?, HU Xiao die'

(1. Tianjin Institute of Geology and Mineral Resources, Tianjin300170;
2. ChinaUniversity of Geosciences, Beijing 100083; 3. Geological Survey of Inner Mongolia, Hohhot 010010)

Abgtract : The Beichagoumen Pbr Zm CuAg polymetallic deposit, discovered recently by the Bureau of

Geology and Mineral Resources and the Geological Survey of Hebei Province and located at the L ong-

hua County, Hebei Province,lies within the northern margin of the North China Craton. The miner-

alizations span a broad range in style and position relative to porphyritic intrusive or volcanicsubvol-
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canic centers. Inthe orefield, mineralizations show a well-defined vertical and lateral zonal distribu-
tion with Mo porphyry, roof-breccias ores at their core. removed from the core, the types and metal
assemblages of the zoned deposits are varied from Pb-Zm Cu stockworks ores at the peripheral areas,
to Pb-Znm (Ag) veins, disseminations and hydrothermal breccias at proximal areas, and to epithermal
Ag CuPbrZm (Au) or AgMn Pl Zn ores at distal areas. Information about the mechanism of ore for-

mation was obtained from field relationships, Mineralized chronology, detailed studies on petrogra-
phy, geological feature of orebodies and stable isotopic geochemistry, analysis of fluid inclusions for
temperature, pressure and chemical compositions. The results imply different types of mineraliza
tions were formed in different time and related to different magmatism. Molybdenum mineralization
occurred earliest and was directly related to the late Jurassic quartz monzonite, precipitated from ore

-forming fluid with higher temperature, higher salinity and similarity to primary magmatic fluidin H
and O isotopic compositions. The sources of Mo were from low crust. Pb-Znm Cu mineralizations took

place later than Mo and were related to the late Jurassic monzonitic granite. The hydrothermal sys
tems that formed Pb- Zm Cu polymetallic orebodies are inferred to have originated from the mixing of
convecting meteoric fluids and magmatic fluids with the temperature less than 400 and source of
metals from Paleoproterozoic basment reworking. The high sulfidation or low-sulfidation epithermal
Ag polymetallic orebodies were the latest mineralizations in the area, and were developed on the ear-
ly Cretaceous, related to trachyandesitic rocks and syenitic porphyry in space and time. Epithermal
ores reflects same paleohydrologic regimes dominated by lateral fluid flow with temperature less than
300

Key words: Beichagoumen of North Hebei Province; Pb-Zn polymetallic deposit; Mesozoic; minerali-

zation
Michael Hopkin
John Church
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Aerosols from an eruption scatter
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