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Abstract

Carbon and oxygen isotopic compositions of carbonate host rocks and ore-forming calcite in the Laochang Ag polymetallic deposit
of Yunnan Province were studied. The results suggest that limestone in the ore district is obviously depieted in **O relative to the cor-
responding strata in this area, and that there exists an obvious positive relation between carbon and oxygen isotopes in ore-forming cal-
cites. The C and O isotope evolution suggests that drastic water-rock interaction took place at the ore-forming stage. An ideal water-
rock interaction model has been proposed for the C and Q isotope evolution. Ore-forming calcite is classified into two groups, with one
being the mineralization core phase and the other being the mineralization rim phase. Theoretical simulation of C and O isotope of
fluid-rock interaction shows that the dominant dissolved carbon species in the ore-forming fluid are H,CO;5, and that the 8'>C and 8§80

of ore-forming hydrothermal fluids of the core phase and the rim phase are —5.5%0, +4%o, and —1.5%0, +4%o, respectively. The

* RSO B E K A R AT R R T RIBE B H (2009CB421005) |« B A B ATRAITET TR (KZC X2-YW — 111) K o E B¢ Br st skt
SRR S BRI A 1T H A B

BEERA B4, B, 1980454, i+, 9 RKMEREEEL b, Email: longhsh07@163. com

HiEIREE BEL, B, 1968 4, BIRER, U HEMIRLFEE V. Email: luotayi@vip. gyig. ac. cn

WREHP 2008-12-12; BBl HH#Y  2009-07-24, &= A4,



688 7R OH R

2009 4E

ore-forming hydrothermal fluid of the core phase calcite was derived from magmatic water, whereas the ore-forming hydrothermal

fluid of the rim phase calcite was produced by the interaction between the magmatic water and meteorite water and the carbonate host

rocks.

Key words: geochemistry, oxygen and carbon isotopic composition, ore-forming fluid, modeling of fluid-rock interaction, Ag

polymetallic deposit, Laochang, Yunnan
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Fig. 1 Geological sketch map of the Laochang silver ploymetallic deposit {modified after Lancang Vanadium Data of Yunnan)

1—Quaternary regolith; 2—Lower Permian dolomitic limestone; 3—Middle-Upper Carboniferous limestone and dolomite; 4—Lower Carboniferous

trachytic tuff and sedimentary clastic rock; 5—Lower Carboniferous alkaline basalt and ignimbrite; 6—Lower Carboniferous trachytic tuff;
7—Lower Carboniferous tuffaceous breccia; 8—Lower Carboniferous andesite and agglomerate; 9—Middle-upper Devonian sandstone and Siliceous

rock; 10—Ag-Pb-Zn ore body; 11—Anticlinal axis; 12—Synclinal axis; 13—Faults and their serial numbers; 14—Geological boundary
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Table 1 Carbon and oxygen isotope values of carbonate host rock and ore-forming calcite from the Laochang

Ag polymetallic deposit
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Fig. 2 Correlogram of carbon and oxygen isotope compositions of calcites and carbonate host rocks from the Laochang
Ag ploymetallic deposit
a. Ore-forming stage calcite; b. Average of carbonate host rocks and ore-forming calcite
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Fig. 3 Water-rock reaction modeling of fluid and carbonate
host rocks in the Laochang Ag plyometallic deposit
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Ohmoto et al. ,1979) W T AR F &4 T Hilk-HBRAOK RN
B VR RN R B, SRS AT AR MR M AR QK B
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FIRAE TR B 8P C.SBO B HIH - 5.5% M + 4.0% , TR
AT IR 5 200 ~270C ,R/W 8/, 28 0.2~0.4; 31
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Fig. 4 Water-rock reaction modeling of calcite precipitation from the ore-forming fluid in the Laochang Ag ploymetallic deposit
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ik 8180 S5 RN HiR R sBOH—3, B, XA %
PR SBCIEBINT 4%, 18 380 [E ¥ A B, HWA —1%5'%0
HHRE(FTRRK) RS 5K E R, PR T KEE A
BRI AKEBO M CO,, f 080 B EAE, X SEHR T
Mk E R PR R — B .

5 4 #©

(1) B X EL A B A1 SPCHHEN —0.7% ~ 4.0%,
380 A 11.0%0 ~22. 7%, F AR T H EA 1 BCEN ~ 1.6%0
~ —0.7%0, 30 % 11.0%0 ~ 11.7%o0, L& B &8 BCHE K
2.0%0~4.0%0,880 K 14.2%0~22. %00 FHXT XIS HLZ i HIk
A T XK KA B 880 B BARME, T SBC BREAR B #,
MO RIEAI B EK 0O MHIY T8 KK TETRER & HK AP IR
T SEAEIAT T KA RN, BA R R STBIEER

(2) B FRAHRERMERRE L EE S WM,
LA BREREN A B A B BRI LR RHE , BT T TRFR A HB B
B FRITK N BREREL A BlA T RO B, g B
F— IR A BRI B0 T, T EIA R8O THnEal
EFIRZBIGEAIRR A , AT R G AH R 0, B R AR
WHIF BRI, TSR EN . SRR R4
TS A SRS 2 4, PR Ra
B SPCAEHA — 7. 2%0 ~ — 3. 1%0, 8O (N 8.9%0~ 13.3%0, B
TR I BRRRE A G A 7 A A 8BS Bk AR R 4
B, SBCHEH —1.4%0~2.6%0, 538018 7. 4%~ 18. 4%0.

(3) /KA R B FISERIR A R WA S F U
H,CO;s 253 ; D AR WK A 312 C 88O B4 3124 — 5.5%
4%, R EBEFMAERKMES ST 8RR, R RBE
2 200~270C ,R/W 55 0.2~0.4; AT FiEH1EC,
SO MEAT IR — 1.5% M 4%, B B H 100~ 200C ,R/W
4 0.4~0.6,1RF T HHERK BT B FKIEFIX iR
A BT R SR ,

OB B TAEYPEAEH ARG EEE S
T, & T RSN, 2R AR 2 Bl



694 I R A

2009 4

BEMIRILER R TSI RU Y HAXER LB ELETHR
TRIME R L, RTS8 T RS i L
ARV AT B, E R BT IE RAE W A SO B P SR T R A
BB, 2 — I B IR R

References

ChenBY, Wang ZR, Peng S L, Zhang Y X and Chen W. 2000. A discus-
sion about the genesis of Laochang polymetallic deposit, Yunnan[J].
Yunnan Geol. , 21(2): 134-144(in Chinese with English abstract).

Chen S L, Peng S L and Wang Z R. 1997a. Geologic characteristics of
detachment fault and its relationship to mineralization in Laochang
ore field, Lancang, Yunnan Province[J]. Geotectonica et Metallo-
genia, 21(1): 70-75(in Chinese with English abstract).

ChenS L, Peng S L and Wang 7 R. 1997b. Structural characteristics of
Laochang Ag-Pb orefield in Lancang, Yunnan[J]. The Chinese Journal
of Nonferrous Metals, 7(3): 1-5(in Chinese with English abstract).

Chen Y Y. 1995. Geological characteristics and genesis of Laochang vol-
canic-hosted silver, lead, zinc and copper deposit in Yunnan[J]. J.
Guilin Institute of Technology, 15(2): 124-130(in Chinese with
English abstract).

Criss R, Champion D and McIntyre D. 1985. Oxygen isotope, aeromag-
netic, and gravity anomalies associated with hydrothermally altered
zones in Yankee Fork mining district, Cruster Country Idaho[]].
Econ. Geol., 80(5): 1277-1296.

Dai BZ. 2004. Geochemistry of the volcanic hosted ploymetallic copper
deposit in Lanping-Simao basin, Yunnan Province, China[disserta-
tion for Master degree)[D]. Supervisor: Jiang S Y. Nanjing: Nan-
jing University. 1-43(in Chinese with English abstract).

Fan CJ. 1985. Discussion on the origin and the regional geological back-
ground of Laochang Pb-Zn deposit in Lancang County[J]. Yunnan
Geol. , 4(1): 1-16(in Chinese with English Abstract).

Kyser T K. 1986. Stable isotope variations in the mantle[J]. Econ.
Geol., 16(1): 141-164.

Li H]. 1990. Geologic characteristics and genesis of the Pb-Zn-Ag poly-
metallic sulfides deposit in Lancang, Yunnan[J]. J. Sichuan Insti-
tute of Building Materials, 5(4): 65-73 (in Chinese with English
abstract) .

LiHJ, Tian X and Yi F C. 1995. The stable isotope geochemistry of the
Lancang Pb-Zn-Ag-Cu deposit in Yunnan Province[J]. Geol. Ex-
plor. for Non-Ferrous, 4(5): 278-282 (in Chinese with English
abstract) .

Li HK, Yang SK, Xin R and Tian Z C. 2006. An evaluation of the re-
source potentiality of multimetallic anomaly of Ag, Pb, Zn and Cu
around Laochang, Lancang[J]. Yunnan Geol., 25(1): 90-95(in
Chinese with English abstract).

Liu]J, HHMQ, LiZM, LiuYP, LiCY, Zhang Q, Yang W G and
Yang A P. 2004. Oxygen and carbon isotopic geochemistry of
Baiyangping silver-copper polymetallic ore concentration area in Lan-
ping basin of Yunnan Province and its significance[J]. Mineral De-

posits, 23(1): 1-10(in Chinese with English abstract).

Long H S. 2009. Geochronology and geochemistry of the Laochang large
silver polymetallic deposit, Yunnan Province, Chinal dissertation for
Doctor degree ) [D]. Supervisor: Huang Z L and Luwo T Y.
Guiyang: Institute of Geochemistry, CAS. 1-137(in Chinese with
English abstract) .

Ohmoto H. 1972. Systmatics of sulfur and carbon isotopes in hydrother-
mal ore deposits[J]. Econ. Geol., 67(5): 551-578.

Ohmoto H and Rye R. 1979. Isotope of sulfur and carbon[A]. In:
Barnes HL, ed. Geochemistry of hydrothermal ore deposits[ C].
2nd ed. New York: John Wiley & Sons. 509-567.

O’Neil ] R, Clayton R N and Mayeda T K. 1969. Oxygen isotope frac-
tionation in Divalent metal carbonates [ J]. The J. Chemical
Physics, 51(12): 5547-5558.

Ouyang C F and Lang Y X. 1990. Genesis and features of ring images of
the laochang silver-lead ore area, Yunnan[J]. J. Guilin College of
Geol. , 10(4): 435-440(in Chinese with English abstract) .

Ouyang C F and Xu C M. 1991. Geochemical features and genesis of the
Laochang diwa-type silver-lead ore deposit in Lancang, Yunnan,
China[J]. Geotectonica et Metallogenia, 15(4): 317-326(in Chi-
nese with English abstract) .

Peng J, Cheng HD, Tian]J C, Qin ] XHouZ]J, Yang X N, Shou] F,
Sheng A ] and Chen Z L. 2000. Sequence stratigraphy study on the
carboniferous strata in Sichuan, Yunnan, Guizhou and Guangxi[J].
Acta Sedimentologica Sinica, 18 (2): 190-197 (in Chinese with
English abstract) .

Peng J T and Hu R Z. 2001. Carbon and oxygen isotope systematics in
the Xikuangshan giant antimony deposit, central Hunan[J]. Geol.
Rev. , 47(1); 34-41(in Chinese with English abstract).

Peng S L and Yang M. 1996. Geochemical features of Laochang Ag-Pb
ore deposit in western Yunnan[J]. J. Central South Univ. Tech-
nology, 27(5): 507-510(in Chinese with English abstract) .

Rye R O and Ohmoto H. 1974. Sulfur and carbon isotopes and ore gene-
sis: A review[J]. Econ. Geol., 69(6): 826-842.

Sheppard SM F. 1986. Characterization and isotopic variations in natural
waters[J]. Reviews in Mineral. & Geochem., 16(1): 165-183.

Tao L, Gao J G, Luo Q L, Zhang X B and He R. 2007. Establishing
quantitative information model of comprehensive ore-formation and
forecasting Lancang lead deposit in Yunnan[J]. J. Kunming Univ.
Sci. & Techno. (Sci. & Techno. ) 32(2): 12-16(in Chinese with
English abstract) .

Taylor BE. 1986. Magmatic volatiles; isotopic variation of C, H, and S
[J]. Econ. Geol., 16(1): 185-225.

Truesdell A H. 1974. Oxygen isotope activities and concentrations in
aqueous salt solutions at elevated temperatures, consequences for
isotope geochemistry[J]. Earth Planet. Sci. Lett., 23(3): 387-
96.

Vazquez R, Vennemann T, Kesler S and Russell N. 1998. Carbon and
oxygen isotope halos in the host limestone, EI Mochito Zn-Pb-(Ag)
skarn massive sulfide deposit, Honduras[J]. Econ. Geol., 93(1):
15-31.



%288 HSH

RBUES: AL KERZERYIRK. ARMCRARIEEX 695

Veizer J and Hoefs J. 1976. The nature of ¥0/%0 and *C/%C secular
trends in sedimentary carbonate rocks[J]. Geochimica et Cos-
mochimica Acta, 40(11): 1387-1395.

Wang ZR ,WuYZ, DuanJ R, ChenXH, Peng SL, LuSNand Hu X Z.
1992. The metallogensis of Lancang rift and the genesis of Laochang Cu-
Pb-Zn deposit in western Yunnan[J]. Geological Exploration for Non-
Ferrous, 1(4): 207-215(in Chinese with English abstract).

Wei G J, Gao J G and Guojun. 2006. Multi-source geo-data fusion analy-
sis of Laochang, Lancang [J]. Gold Sci. & Techno. , 4(4): 41-44
(in Chinese with English abstract).

Xu CM and Ouyang CF. 1991. A study on the genesis of the Ag-Pb-Zn
deposit in Laochang, Lancang, Yunnan[J]. J. Guilin College of
Geol. , 11(3): 245-252(in Chinese with English abstract) .

Yang K H and Mo X X. 1993. Characteristics of the Laochang volcanic
massive sulfide deposit, southwestern Yunnan, China[J]. Explo-
ration & Mining Geol. , 2(1): 31-40.

Yang K H and Mo X X. 1993. Main features and genetical type of the
laochang volcanic massive sulfide deposit, Yunnan Province [J].
Bull. of the Chinese Academy of Geological Sciences, (26): 79-96
(in Chinese with English abstract).

YeQT, Hu Y Z and Yang Y Q. 1992. Regional geochemical back-
ground and gold, silver and lead-zinc mineralization in the Nujiang-
Lancangjiang-Jinshajiang area [ M]. Beijing: Geol. Pub. House.
191-217(in Chinese with English abstract).

Zhang L G. 1989. Petrogenetic and minerogentic theories and prospect-
ingl M]. Beijing: Beijing Univ. Industry Press. 1-200 (in Chi-
nese) .

Zheng Y F and Hoefs J. 1993. Carbon and oxygen isotopic covariations
in hydrothermal calcites[J]. Mineralium Deposita, 28(2): 79-89.

Zheng Y F. 1990. Carbon-oxygen isotopic covariation in hydrothermal
calcite during degassing of CO,[J]. Mineralium Deposita, 25(4):
246-250.

Zheng Y F and Chen ] F. 2000. Stable isotope geochemistry[ M]. Bei-
jing: Sci. Press. 1-313(in Chinese).

Zheng Y F. 2001. Theoretical modeling of stable isotope systems and its
applications to geochemistry of hydrothermal ore deposits [ J ].
Mineral Deposits, 20 (1): 57-85 (in Chinese with English ab-
stract).

Zhou F L. 1991. A preliminary recognition on metalogenic conditions of
Laochang Ag-Pb-Zn deposit, Lancang, Yunnan Province []].
Southwest Mineral Resources and Geology, 5(2): 16-29 (in Chi-

nese).

Bt o 305 % Sk

AR, T8, AN, KBUE, B . 2000. MR ET B
HELSBYT RREFT]]. ZHHE, 21(2): 134-144.

PRAig, AWM. 1997a. W 5 W IR M R T].
Kb 5 A%, 21(1): 70-75.

BRAsis, G, F1IE. 1997b. WM ERBEY 7 HAET]. F
EAfALEFR, 7(3): 15

BRIGHE. 1995. ZEEES KILA B BHRD R SR AE SRR [T].
HEAR T 2E e, 15(2): 124-130.

BET. 2004. ZREE-BREMANERTHES B KR
2P (WA3E3C)[D]. B0 B, B BIEAE. 143

JEARY. 1985. MWL A BB A R B mE RN T]. &
MM, 4(1); 1-16.

g, i, 3%, MEE. 2006 WEE SNESSSEE
SRBEREEHIEM(I). R, 25(1): 90-95.

ZRA. 1990. ZHIRBEHRELESBRAYT IR ERIE X RA
(I1. PUNEER 2Bk, 5(4): 65-73.

A, MO, BARE. 1995, SERBRHSRAT KRERMLE
wERALEBR(]]. AEEBRY =58, 4(5): 278-282.

XIZRE, s, 260, NEF, EHMA, ¥ &, Bk, %%
. 2004. AREHBMTREL SR EXBEARMEAR LI
BEX[I]. 9 R, 23(1): 1-10.

DAL 2009, HEGMBET KRBEEZSET KR FR MRk
#(4ie3)(D]. S0 BEFE, PEX. "M PEBHAE
HERILEBIFR AT . 1-137.

RRPHERE, BE¥ETS. 1990. =M &) P KA REHE SR HE
(1], EMEEHIEBEFEMR, 10(4); 435-440.

PRPHARE, A8, 1991. mMERE R T R R
BAERREAET]. KRG S8R5 %, 15(4): 317-326.

¥ O, BGRUE, HRE, WE, B, mkeT, FE, R
I, BEFAE. 2000, JIEBHB X AR RBTFHEBRI]. T
BlE, 18(2): 190-197.

WA, $IFE. 2001, MPEH LB AR R EK-A R AR i
A[)]. ST, 47(1): 34-41.

WA, ¥ #1996, EFEET BT R R IR ERET].
s Tk k23], 27(5): 507-510.

MR, BEE, FHE, B, T 8. 2007. MBS LG
AR EREREMNET SHEN[]). BB T RFE#HR(ET
i), 32(2): 12-16.

TR, BEZ. 1992, HAAMBRHARYfERESE) KR
T RRA]. FELET 57, 1(4): 207-215.

MRE, mEE, B B, 2006. MEE SEMEBIERME ST
[J]. HERERA, 14(4): 4144,

BREO, BRFRAT. 1991. ZREMBE S8 KRREBFRIT].
FEARIG S Hb I Br2EdR . 11(3): 245-252.

WA, BEEF. 1993, mBE) KU REBCR AR LT
R EASHERILRABR[]]. PEMERERBRHR, (26):
79-96.

KR, s, BEE. 1992. SHBK K REEE R NS
R YRR M), JER: R AR, 191.217.

TKIEM. 1989, BCAH BT R SR (M, JUR: LRIk k¥ H
BR. 1-200.

KK, BRITIEE. 2000, BiEFIMLE mERGEIM]. JUIT: Bl R
3. 1-313.

A&, 2001, R F BRI R AT IR R )]
WRHR, 20(1): 57-85.

IR, 1991. k2 S 8Hme K- &4 RR 1T ] ERET i
Ji&,5(2): 16-29.



