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Fig.1  Geological map of the Baiyangping Ag- Cu-poly metallic ore concentration area

Q —Quaternary alluvial , pluvial and residual-slope materials ; N—Neogene sandstone and pyroclastic rock ; E —Palacogene gypsum-bearing red sand-
stone and sandy conglomerate ; E; b —Eocene Baoxiangsi Formation; E, y —Paleocene Yunlong Formation; K—Cretaceous sandstone intercalated
with sandy conglomerate ; K; i —Lower Cretaceous Hutousi Fomration; K; n —Lower Cretaceous Nanxin Formation; K, j—Lower Cretaceous
Jingxing Formation; J —Jurassic siltstone and mudstone ; J, 1 —Middle Jurassic Huakaizuo Formation; J, y —Lower Jurassic Huayangjiang Forma-
tion; T —Triassic sandstone , limestone , rhyolite , dacite and basalt ; T; m —Upper Triassic Maichuging Formation; T; wl —Upper Triassic Walupa
Formation; T;s —Upper Triassic Sanhedong Formation ; P —Permian limestone and siltstone ; Pt —Gneiss and granulite of Proterozoic Xuelongshan
Group. Legends: 1 —Thrusting nappe fault; 2 —Indeterminate fault; 3 —Geological boundary ; 4 —Unconformity ; 5 — Major water system; 6 —
Orebody ; 7 —Key study area a;8 —Key study area b; 9 —Ore block . Serial number of ore blocks: 1 —Baiyangping ; 2 —Fulongchang ; 3 — Wu-
dichang ; 4 —Liziping ; 5 —Sishiliging ; 6 — Maidiping ; 7 —Dongzhiyang ; 8 —Xiaquwu ; 9 —Xinchangshan; 10 —Yanzidong ; 11 —Huachangshan ;
12 —Huishan ; 13 —Heishan; 14 —Reshuitang
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Table 1 6¥C and 5'® O values of hydrothermal minerals and rocks in the Baiyangping silver copper
polymetallic ore concentration area
75 PS5 Hh s FE IR 83 Cpp/ Yoo 8% Oppp/ %o 8% Ogyow! %o
1 HX-24 SE/Sas J5 A7 AN S DR AR AT A W B B 1.9 =291 0.9
2 HX-25-1 SE7Sat D5 Al A P Tk 25 OV B A W B B -23 -28.9 1.1
3 HX-26 SE73a0 T3 A ARV 5 VIR AR A W B B -1 - 28.8 1.3
4 HX-27 SESat ml R T A I B -1.9 -298 0.2
5 HX-30 SE7Sat AR GAR T AT e B -0.5 -29.8 0.2
6 HX-31 HoK T3 A WK S VIR A A W B 1.6 -21.2 9.0
7 HX-32-1 HOK I FAPIRRE B AR R B -7.6 -14.6 15.9
8 HX-32-2 HOK I FAPRRE BT AHITRA R B - 7.6 -14.5 16 .0
9 HX-48 Bl SR I A 1 R A Tk, LR B -3.6 -10.3 20.3
10 HX-51 e 5B SRR T A bk R B - 2.4 -9.6 21 3
11 By-7-1 IR 7 A AR 2E DR B R B -1.7 -29.9 0.0
12 By-7-2 SRS J7 f AT ANk o DV A e B -1 -30.0 -0.1
13 w-1 R S BYARAT Ff 0K (0 7 R Tk R B B -1.9 - 28.5 1.5
14 1zpl 09 BT EF 5 S AR T A ik e B -2.4 -28.6 1.4
15 Izpl 38 AT 5505 T I AR 0 5 R A K R BEC ) -3.3 -16.3 141
16 wdcl 05 R BRI 7 A ok B B -2.9 -18.3 12.0
17 flc1 42 R D3R IR 7 il A Bk W B B -2.3 -29.3 0.7
18 hsl16 Kl 7 HT DB 7 A K W B B 0.4 - 6.4 24 3
19 hs1 01 Kl TR 7 A ok B -2.3 -13.6 16.9
20 hxsl 02 FIK I YOR KRG B0 A7 a5 o B -8.3 -10.8 19.8
21 hxs1 05 oKk YRR EHT AT iRAa R B -3.7 -8 22.7
22 wlpl 1-2 A WA B BT A 40 Bk 1.5 -23.3 6.9
23 lyy-114 ZIE Vs 3.2 -11.7 18.9
24 yzd-110 e T W 3.3 - 8.4 22.2
25 dfs-102 KAl KA -1 -10.3 203
26 dspl 0-3 KEH KE 2.9 -9.5 21 .1
27 H-48 eI KA 3.23 - 6.37 243
28 H-66 Bl IR IR 2.73 -7.9 22.8
29 H-56 eI BRI T 1.26 -15.4 15.0
30 H-60 eI BRI Y e 1.78 -20.2 10.1
31 H-63 Bl Y & 2.14 -20.9 9.4
32 H-17 KEdh SRR Ry (RABTBET) -5.45 -16.1 14.3
33 H-23 HoKYE BT R A (B B 0.17 -17.3 13.1
34 H-53 eI SN + TR (MR BT -4 -21.5 8.8
35 H-54 T SRR+ TR (W B 0.67 14 16.5
36 H-72 =1 TifEA (FBRRRE AT (RBT B -2.31 -16.8 13.6
37 H-74 W BN+ A A -3 -14.1 16 .4
38 H-76 W U EL e -3.2 - 14 16.5
39 H-77 HRE FERRAT + D5 A (G R ) (BB ) -2.9 -18.2 12.2
40 H-78 R Ji iR - 3.11 -14.1 16 .4
41 H-79-1 R SRR + R (AR T (RBTEBT) -2.78 -13.1 17 .4
42 H-79-2 HEE Ji il -3.08 -14.6 15.9
43 H-85 SE73a0 SR E YRS -2.95 -15.3 151
44 H-84 SEySa8 BRI RAT (FABRIRE Ay (R BE ) - 4.16 -12.3 18 .2
45 byp-8 SESat TR (MR B 0.8 0.6
46 byp-9 FIAEE TR (MBS 1.5 202
47 byp-15 SF532 Ti A (MR B 2.2 0.8
48 byp-16 SEyS2 TR (BT B 1.4 0.5
49 byp-17 SESEE 7 A (BRI BE ) 1.2 203
50 byp-36 FIRE J7 AT (WRBBE ) 0.6 S 0.4
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75 S Hh s FE S =R 813 Cppp/ Yoo 8% Oppy/ %o 8% Ogpow! %o
51 byp-38 SE73a0 D7 fRAT (MR BT ) -223 5.5
52 byp-5 SE73a0 Ji AT (B BT 1.9 - 0.3
53 byp-6 SErSss T AT (RRBY B 2.4 S 0.9
54 byp-33 SESss T A (B B 2.4 202
55 byp-34 SESss T7RAT (BB 23 203
56 byp-17 H BT TrRAT (BB -23 S03
57 byp-81 SESat JT R4 (MR BT ) 1.9 -0.3
58 byp-91 SE/Sas T3 A (MR B ) 1.2 45
59 byp-93 AR T A (B ) 1.9 - 0.5
60 byp-143 SE3a8 D7 R4 (MR BT ) 2.4 - 0.2
61 byp-152 SE3a8 D7 fRAT (MR BT ) 2.3 -0.3
62 byp-161 B D fRAT (MR BT ) 3 - 0.6
63 byp-181 SE73a0 Ji AT (BB -3 -2.5
64 H-12 Hali iR (R BT 2.1 20 .8
65 H-14 Bl iR (R BT 2.7 22 .6
66 e TR Ji A (MR B 2.1 6.5
67 SESat TIRA R B -3.8 15.5
68 wRE TIRACRBBE) -39 16 .8
69 SE/Sas D7 fRA R BT ) -2.9 14.0
70 e T A (R B -3.7 15.5
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Fig.2 &%0 versus 8'°C diagram of calcite , siderite , strontianite and carbonites from the Baiyangping
metallogenic concentration area
1 —Baiyangping ; 2 —Fulongchang ; 3 — Wudichang ; 4 —Liziping ; 5 —Dongzhiyan ; 6 — Yanzidong ; 7 —Huishan, Heishan; 8 —Reshuitang ;

9 — Mineralized limestone ; 1 0 —Limestone



6 v R

Hh 5 2004 4

% ) N 5 Y TR /= W S Vi B L LTI [
A AT REH 2 A5 BT Zheng , 1990 ; Zheng et
al ., 1993) : © CO, MHAIEM ; @ ik 5 Bl [H]
[PI7K-5 IRV

W RN = A TE gt co, B
PR P30, ) R Fm R — M B By 0 o 3 co, 28
AN L AAR B RIS 3 AL R S e AN B e %k ()
A7 25 2RI 52 2 I8 35 (R (B K, 2001) L AT B
BT AT R R R A AR B N 3 . AR
KEFFX PSR BT . 4 AR BB
AR IR AT Tt A0, 2 A s PR T S ANCHE S M ¢ 3
—UE co, AR, BRIt co, Bl SAE
AN SR RGN T fRAT S ORI SR D TUE I R 5%

TERG A T fif A ) ¥ il P2 W 0 . ) B
IBARG] ,&ﬁ}j—:jj E‘J%ﬁ&ﬁﬁ]}%ﬁ( Barnes, 1997) . FasES]
PETAZR 8 o () B 2 v AN RE A 7 Al A ARG A4 P e
VE . WO DX A DT Y T B K- RN
L 2 AR S 1 T a

Estosic WK 2y A T R AA T
CO, M= R FZRIFECE LT AR 525 FE
- g ) BB AR SR AEYE i HE FH Sk bR T
MIX 3 ANMPIELE 8 B R4 co, LRI
R BN AL A (WA 1997 ;B 5O,
2002) . Bt A S IR & 45 oy = AR ) co, 3
S8 O A '3 ¢ E A = T IR X HL &5 i F i
X ZE OB AR AR 2 P BRSO
FEHR B RSP 2 BT AR X ST B 1) B
RIS A K- g AR TR K IR 2h o 4 I AR AR
FHERAIE (), A2 U il A8 A FH R R0 7K 1) 5 il A
MR RERX SRR BRI IR H DT N
(Al R AL 25 0 TR R AR A A BN A TS 2

3 K-S O PR AR A

TERIEA IR, BT 7K- 5 N 3 S5 il A 1) T
Ve Hm BRI R A R B TR S A A 2]
IR 22 22 e (B2 | 0 56, 2001) . MR o 1A i
Rt ARAA e 7 A R AR IR A 2% 4 ] R
15K ( Zheng , 1990 ; Zheng et al ., 1993) :
§3Co=8C + A2 +( W/ R) x(8°C- 8°C)
6180&26180'L+AE:1+( W R) X(Slng- 618d0
Horp st KA SO HT TR AT 46 R 25 41 %
A RIRAR- 5 il e 22 TR) ) R A7 3R 0 1 R 8 6 AU

A SN I A R TRV 3R AL 8t A A S N i A
MIRAL AL ; W/ R W/ R 38 R - AR Pk .
FURT(BL mol i A7) ) e L

A WAR R, cH, M cod- A Bl R IRAK
( Ohmoto, 1972) Bk R £h 15 It A4 2 8] i1 ik [R] 437 25 43
PEE B T Hyco (B F5 co,) Al HCO; 2 L
(Zheng et al ., 1993) ,i&

13 ~RIREE 13 ~BRIRER . 13 ~HCO,
AT Capk™ = A CCo2 - Xuco] X A CC023

s a3 R A1 Cﬁc’%?% LA SO 4 )k R TR -
TR BR - co, M1 HCO; - CO, PR R s [ 2 1)
THRE , xuco; RN HCO7 AEREALA AP BT & 1
IR, T AR 2 Bl Hy0 b MO A
o H, O IR 28 20 Bke 3= BEAE A% 18 21 B IR 6
Y co, Z MR RN 2 WA co, A
REST 4 200 | Wik 19 h 55 A 2 o) 1R AU RIS 35 40 1
A KIEN( Zheng et al ., 1993) :
AlS O@E&ﬁ = Al8 O;V)“Zﬂgﬁ - Xeo, x Al 01_1(2:82

sy A8 QM p18 o‘i{%ﬁ A O G 7RI
AR B R Eh- Hy, 0 AT CO,- Hy O 18 Z 480 [H A7 32 11
SR, xco RN H,COs (1A COy) fEBEA LA T
JIT o7 P R R 434K

BBES A 43 Cco, + HCO; ) TEAA T 5 10 %
(WEL , FIA) ,H,0 5 90 %. fEIE XA 2 Pt
B CO, M IAL Y I 90 % ; HCO; 5 & B 4143 1)
90 % . IXAE KR T 51 A X5 A G A AL 2 4 18 5 1R
f(( Faur, 1986 ; Friedman et al., 1977 ; Hoefs,
1997 ; Lyonetal.,1984; Ohmoto, 1972 ; Ohmoto et
al ., 1979) WP AN IR 240 R S Ak J7 il A 4R AR (1)
C O [RIE 2523 WRAE , LA SO AN [ St i A K<
Bk JH K 5 A Z B K-8 O EAT A,
TR TT A N PERR L Heo; 50 Hyco; A
(AR R R AE DR I I B B i 26 . (TR
R, AIBE R/ W =ROW, LR W=0~1,t=
300 ~50 C.

KT I AR PRI, 48 4 ZA B FRA R A
R IR Ak U (BE R AL SE ,2002) ;05— F
W TR BORARE K (2230 5 ,2000 110,
2003) . HET UL FEH 0 kS R A MY ARFTR
RBEKEFIE ARSI 5 B A R A S W™
PP DTTE H R I T AR A BB R TR AT 2R A B AR
R L3 R T 11 LI LR IER T AR X BT



Foazsk HF1M KK ZEAE . 5 pd PRSP 2 45 J8 4 4R DX S [ 28 41 s S L8 X 7
10 Pt 7, ST o
ol x2 e
A3 D4 s
m5 #& o
B L HICOMBIK
W9 @10 i LIl I
R V' 1 o) L
300C BHCOHE et - .- .I ® ,.H/'
o ‘-,."" _______________ °+ ‘,";‘
Z eI i e o -
g el ‘—""":{a"-e """""" R + B
(3- 0 oo ’,;. et "' I ;‘,‘: .
= e - 50T ° i
o oo © 10T s I
g8 o X+ . e e
_,.-u.oe" o O k“:&-?.)g{f::::-;-::f—::é:‘%:a _________ IO
00T ¢ 30c 8X g AT -1
* = ST e
uH'zCO:jJEE _;s"" A
30T .5 A BHCO % %
" A
RHCO R E
_10 " N M A i
-10 -5 0 5 10 15 20 25 30 35 40
a “Osmgw’%a
Bl 3 S WS A b T TE TR K T B AT

1—683Ch- 83k =0.5%,8%0%- 805 =5 %0 ;11 —83C- 63Ck=2.5%,8%0%- 8*0% =10 % ;111 —83Ch- 8°Cl=4.5%,

8% Ol - 880k =15 %o, KUK :6°C= - 2.5%,8%0=-12.5 % ;7K :6°C= - 7.0%,8%0= +7 %

Fig .3

Waterrock reaction modeling of hydrothermal mineral precipitation from the ore-forming fluids in the deposits

1—63Ch- 83k =0.5%,8%0%- 805 =5 %0 ;11 —&3Ck- 63Ck=2.5%,8%0%- 805 =10 % ;111 —83Cy- 8°Cl=4.5 %,

880k - 880k =15 %0 ; Meteoric water:8'°C= - 2.5 % ,8'%0= - 12.5 % ;Hot brine :8°C= - 7.0 % ,58'%0= +7 %
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1) G R, Heo; S FER A T RHTH .

T LR e R R S B A ) ke SR
PEZEHR( 82 C= - 7 %,8%0= +7 %) AT H I IK I
A 2 4Lk, Bk d co, 19 83 CfE( - 20 % ~
- 2.2%, BER A, 2000) H g co, 1§ c fH
(-16%~ - 1.0 %, BEF4,2000) 1T . (HAE AR
AR E & Nat . (DEFENE FoOHCO; ) T
K" S0 ,Na'/K'HWHIZ KT 1(5.6 ~95.0 #fh
o ,2002) , IS RKOKIT RA B KT/ Na®t > 1
( Roedder, 1984) i 7 | 15 B B i A I HE A K .
TN R BORAR RIS AR R UL Heo; b U]

AT AR 1V G 0 [ R 7K ( Helgeson , 1969 ;
Zheng et al., 1993) . &G VAR AL A RIAL 3R 4
IHTEER(650= +3.8% ~9.1%,5D= - 61 % ~
92 %o) B NA AT I BUAUR B B A ERYE co, [
AL A XK L AR AT R B A ) 6 o i
(8% 0= - 12.5%) HA KAHEKPEE, s C 1H
(87 C=-2.5%) 800, =128 KB R 5 Y Uit A
(- 9%~ - 4%,Zheng et al ., 1993) , 5 H T g AH ik
PR ER P IME . SXAR W] R BRI FH A 5 R
ol F R Th AL A AT 95 Ohmoto et al ., 1979) . 1
T BRI E S ca®” SO T KT Na® .,
HHA SR RZ A I R (85 0=-16.0 % ~
- 2.5%,8D= - 76 %0 ~ 109 %0) 5B EACKS
B 585 0= - 10 % ~ - 16 %,8D= - 110 %o
~ = 90 %o R EEWI ,1989) AH Y . WL B B el It A4
e WA (R RSB KRN R L R K

M

4 4w

BB DX N AN TR B 1R i A 5 B 2 A
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BB Rt VR I 7= ) . A SR B, O I AA Ok B
RIE Co, M A I e xi K J7 A TE T 300
~160 C JK-7 LAY BN (0 ~ 0. 4) R .
TE ) 7 A S5 A ) BAT TE R 6% O o w
AR BRI 62 CpppfEL . TEMRBY B, il 4 &
KABEKAN G [P oK T A TE T 250 ~150 °C
KA HAEAIXT R K (0.2 ~0.6) ISAF T . TERH
J7 il S5 G ) AT B ARG 5 L R A )
8% OgmowliL , 8" Cppp ELAH XA /R . U HH AT i B
KAPEIK G 25 A 1 TR A 25 2B T o B 1) A8 3 S
A
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Oxygen and Carbon Isotopic Geochemistry of Baiyangping Silver- Copper

Polymetallic Ore Concentration Area in Lanping Basin of Yunnan

Province and Its Significance

Liu Jiajun1 2 He Mingqin2 , Li Zhiming2 2 Liu Yuping2 , Li ChaOyang2 , Zhang Qialn2 R

Yang Weiguang4 and Yang Aiping4

(1 China University of Geosciences, Beijing 100083, China ; 2 Institute of Geoche mistry , Chinese Academy of Sciences ,

Guiyang 550002, Guizhou, China; 3 Graduate School , Chinese Academy of Sciences, Beijing 100039 , China; 4 No.3

Geological Party, Yunnan Bureau of Geology and Mineral Resources, Dali 671000, Yunnan, China)

Abstract

The Baiyangping silver-copper poly metallic ore concentration area in the northern Lanping basin of western

Yunnan can be divided into two ore zones . The eastern ore zone consists of Dongzhiyan, Yanzidong, Huishan,

Heishan, Xinchangshan and Huachangshan ore blocks, whereas the western ore zone is composed of Baiyang-

ping , Fulongchang and Wudichang ore blocks. They exist mainly in limestone and dolomite of Upper Triassic

Sanhedong Formation, sandstone and fine-grained sandstone of Lower Cretaceous Jingxing Formation, and

sandstone of Eocene Baoxiangsi Formation. The orebodies mostly occur in veined, net work and lenticular forms .
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Ore minerals are dominated by tetrahedrite , galena, chalcopyrite , sphalerite , calcite , siderite , barite and celes-
tine . Ore fabrics are characterized by crystallization and replace ment textures and veined, network , brecciated
and disse minated structures. Wall rock alterations are mostly silicification, calcitization and baritization. Two
stages of mineralization can be recognized in the ore concentration area .

Oxygen and carbon isotopic analyses of the Baiyangping silver-copper poly metallic ore concentration area
show that the &8°C values range from - 8.3 %o to +2.7 %o in hydrothermal minerals such as calcite , siderite and
strontianite, whose variation is relatively limited. Nevertheless, the §'% O values range from - 2.5 % to
+24 .3 %, which are highly variable and include very low values ( *o0 %0) rarely seen in nature . Based on the
simulation of the water-rock exchange reaction, the authors have reached the following conclusions : At the early
stage , the ore-forming fluids have the 8% O value of +7 % and the 8 C value of - 7 %o, which are similar to
those of magmatic water. They belong to hot brine , and the CO, is derived from deeper sources . The HCO;y is
mainly in the form of dissoluble carbon. The formation te mperatures of calcite and other hydrothermal minerals
are 300 ~160 C. The amount of the hydrothermal fluids in the mineralization and alteration syste ms is relatively
small . At the late stage , however, the ore-forming fluids are characterized by the 880 value of - 12.5 %o, the
§3C value of - 2.5 % and the dissoluble carbon of H,CO;. The ore-forming fluid is derived from meteoric
water. The calcite and other hydrothermal minerals are formed under the conditions of low te mperature and the
existence of large amounts of hydrothermal fluids in the mineralization and alteration systems . In addition, the
increase of §'° C value is possibly related to the decrease of te mperature , the dissolution of carbonates , or the de-
carbonation of carbonates .

Key words : geoche mistry , oxygen and carbon isotopic composition, rock and water reaction, silver-copper

poly metallic ore concentration area, Baiyangping , western Yunnan



