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Rb—Sr isotopic geochronology and C—O—S—Pb isotope geochemical
characteristics of the Huangtian Pb—Zn deposit, Central Yunnan
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Abstract: The Huangtian Pb—Zn deposit occurs along the contact zone between the carbonate rocks of lower Permian and Emeishan
basalt of upper Permian. Orebodies are mainly bedded and lenticular in form. The ore minerals are mainly sphalerite and galena,
whereas the gangue minerals are quartz, calcite and dolomite primarily. The composition of C and O isotopes of the hydrothermal
calcite indicates that the carbon of CO; in the ore—forming fluid is pluralistic, mainly from the mixed carbon of the mantle source

and the marine carbonate rocks. The sulfur isotope composition of sulfide indicates that the sulfur in the lead— zinc deposit is
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dominated by magmatic sulfur and may be mixed with other sulfur sources (possibly including formation sulfate). The lead isotopes
indicate that the metallogenic material mainly came from the surrounding rock. The lead isotopes indicate that the metallogenic
material mainly came from the surrounding rock, basalt and Yanshanian granite, which is the product of multisource mixing.
Isochron age of Rb—Sr isotope is (83.2+3.4) Ma, indicating the formation of the lead—zinc deposit in the late Yanshanian period. The
metallogenic dynamic background of the Huangtian Pb— Zn deposit might have been related to the large— scale lithospheric
extension of the Youjiang fold belt at the end of Mesozoic. The Late Permian marine eruption volcanic rocks played an important
role in the formation of lead and zinc deposits in the aspect of cover and ore—bearing layer and mineralization. All the geochemical
information suggests that the source of ore—forming metals and fluids of the Huangtian Pb—Zn deposit was mixed product. The type

of the deposit is sedimentary and reformed deposit.

Key words: ore deposit geological characteristics; geochemistry of ore deposits; multivariate mixed ore— forming fluid;
sedimentary—transformation type ore deposit; Huangtian Pb—Zn deposit
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Fig.1 Tectonic location of the metallogenic area in central Yunnan
(modified from Qin Dexian,1998)
1—-The boundary of the first level tectonic unit; 2—Provincial tectonic

division; 3—The boundary of the two or three grade tectonic units;
4—Fracture and name; 5—Geographical points; 6—Lake; 7—The zoning
map of Yunnan Province; 8—The zoning map of the middle and the
adjacent areas of Yunnan; 9—Yangtze ground platform; 10—Southern
China fold system; 11—Songpan—Ganzi fold system; 12—Changdu—
Lanping—Tanggula Simao fold system; 13—Gangdisi—
Nianqingtanggula Mountain fold system; 14—Luding Miyi—Wuding—
Shiping faulted uplift beam; 15—Jiangzhou—Kunming platform fold;
16—Northeast Yunnan platform fold; 17—Weining—Shuicheng fold;
18—Yunnan—Dongtai fold; 19—Diancangshan—Ailaoshan fault zone;
20—Gejiu fold broken bundles; 21—Luoping—Shizong fold broken
bundle; 22—Qiubei—Guangnan fold beam; 23—Xichou arched fold;
24—-Bozhushan arch fold; 25—Huangtian lead—zinc deposit
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Fig. 2 Geological sketch map of the Huangtian lead—zinc deposit (after No. 2 Geological Party, Yunnan Bureau of Geology and
Mineral Exploration, 1993)
1— Palaecogene—Neogene; 2—Jurassic; 3—Triassic; 4—Permian; 5—Permian basalt group; 6—Carboniferous; 7—Devonian; 8—Granite; 9—Fault;

10—Geological boundary; 11—Lead—zinc silver deposit
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Fig.3 Geological map of the Huangtian deposit
(modified from Xu Yunduan,2014)
1—Quaternary: fragments of basalt and limestone; 2—Palacogene—Neogene: conglomerate; 3—Upper Triassic: conglomerate, sandstone;
4—Lower Permian: Massive basalt intercalated with almond shaped basalt; 5S—Lower Permian: almond shaped block intercalated with massive basalt;
6—Lower Permian massive basalt intercalated with almond shaped basalt; 7—Lower Permian: carbonated basalt; 8—Lower Permian: basaltic and gray
breccia; 9—Lower Permian: limestone of Maokou Formation ; 10—Lower Permian: limestone of Maokou Formation;
11-Lower Permian: Limestone of Qixia Formation; 12—Orebodies; 13—Variscan: diabase dyke; 14—measured, inferred fault and serial number;
15—Stratigraphic boundary; 16—Exploration line
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Fig.4 Geological section along No. 19 exploration line in the Huangtian deposit
(modified from Xu Yunduan,2014)
1—Lower Permian: almond shaped basalt intercalated with massive basalt; 2—Lower Permian massive basalt intercalated with almond shaped basalt;
3—Lower Permian: carbonated basalt; 4—Lower Permian: limestone of Maokou Formation; 5—Measured, inferred fault and serial number;
6—Orebody; 7—Stratigraphic boundary
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Fig.5 The characteristics of ore minerals in the Huangtian Pb—Zn deposit
a—Galena and sphalerite along the fissure of metasomatic pyrite particles within the structure of a cross; b—Galena and sphalerite along the
intergranular pore and transparent mineral metasomatic formation
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Fig.6 The division of the metallogenic stage of the Huangtian Pb—Zn deposit
(modified from Xu Yunduan,2014)

F 1 T HERPEN KRR IRAN
Tablel Carbon and oxygen isotope composition analyses in
the Huangtian Pb—Zn deposit

(RS E TR 7] 5 Cepp %o 9" Ospow%o
12-HT-QL-1360-21 077 12.03
12-HT-QL-1360-26 7 f#A -1.05 19.63
12-HT-QL-1360-29 3.9 17.01

SEH(E K 4.81%0. B /R4 W [ 67 20 s
RN >SINERD > T 850, A7 & A s Ak 0 it
[l (37 254 PR . AL, T LLAS 4598 L 4
UUVE T IR 8 [ 27, 7 i B BEc Hh—

Tt B RE R R SR A A A A e T B, B
WY EE N N RS, kAo )
Piass Jifif Ao hE, JEnagl, hTE
mn A SRR WA D ALY Y SMS (B LA W] L)
R B I AR 1) S A ] 47 25 4H B (Ohmoto., 1972),

R 8*S3S~&"S Btk , IR I Sic FHAYEEw™ T T LA FH
WA FRRRAL I 0 S [R5 28 4 K 7 B T e A b S
12K U5 (Ohmoto, 1972).

TR R B Y B B AR 4 6S 1 —
i, Hoefs(2015)TA JJy 4 K 22 B AW IR S [F 7
AEALTE BN « —3%o~+1%o , T i A E 0 TR 84S 5
M SMS LT , (HJE e AT PR Y 6°S 3 Bl B K, 348
S T A, AT X B 2R A R
£, 5K 45 (2008) 18 i3 B 7T A R B 20 Mg AH B R
ER 1% 8%S K 1%, T X S HVERD IR MEE-ERE
IR P B A 4 O B R T T 2 A R 3 A AL 2 8
JEAER s fr L, ZE 3 A S AR TR B A 7 2 i
J 3, T RETRA HABT IR (L5 U2 R L)
3.4 $REINIE MER F4FE

Tii PR R 6 B BE 0 DR Th a1 Bt A i 4
[ LA (3% 3) W « i i A 5 07 41 *°Pb/*Pb 1)

http://geochina.cgs.gov.cn H1E LT, 2018, 45(3)



HAsE H 3

FICOTAE P AR R Rb=Se [R (3 KA 5 C-0-S-Pb [R} i R HLER LA AT

535

A R

XACo,

| A= 1

[ Juwwaw

MOR

Hipg 5 C

AR AL TT A

[ Jmwwmmmms
[ lmmmms

ok B A1

-40 -30 -20

6 °C/%:

-10 +10

7 S EHBYRER™ R 5 A e ) o7 2R 2L O 1 4 36 5055, 2003, 238l | A B0, 20044a)
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M5 R E VALY £ 9 Zn . Cu  Fe %5 piL -
W BRI . 7 XS Fei™ o S A RN L 4 ]
57 T I W 0 A A T o2 28 1 ke R — Fh 22
(K HE 5, 2000), JI|—TE—2 Pb—Zn-Ag £ 48
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Fig.9 Sulfur isotopic histogram of the Huangtian Pb—Zn
deposit

B S 2 VF 2R R AT T AS ] B4 18 Al 7
W2 A B A A BCE T XA K
FROGEJE 112 A, M (5 S5 A 0 5 A Sk 1 YRS 1l
WA ) SR R 7 b 23 A 2 i PR AR (3 B
25,1999 R T 4E , 2004a) , Q128 424445 (1999) WA
h PR SG FERSG EIREG AR R X
Bl EE AR 5 B ] (1999) Ay LA ) ot 3 2L
SRUE T DX B A A 5 2 X A5 (1998) 3 40 X6 i
FVEER R GEIN R 5ic BB PR B ) J5 mT e
FEEZ b S/

DX 358 A S —2 11 4 b )22 *°Pb/ " 'Pb A2 £k 3 ]
9 18.189~18.759; *"Pb/*Pb 4 15.609~16.522, **Pb/
2Pb Ay 38.493~38.542, I 111 ZL i A Pb/Pb Y 7AE
1k 76 F H 18.340~18.380; *"Pb/“Pb K 15.670~
15.720; *Pb/™Pb K 38.520~38.640( 14 % Hl 45 ,
2012), AT ULERALY) RS (kA 1 X R A A
FAL A [R5 22 A8 A3 Bl , 2R A Bl A B 1L &
WA YA T RE N B SR AL Y T . T A
25pp/2%Ph , 2"Pb/Pb , *Pb/"Pb 4 Jili AH XT ) — , ] fig
AW RAE W T ARTE A 2 AT AE7E 8 — b ad 2 .
P& Zartman et al. (1981) %) 4% [7] 137 25 44 1 455 = 4] figt
(& 10), AT W45 5.7 Pb/ “Pb—"Pb/™Pb K] |-, &
B AE L M FE i A 2 2 RN 5E 5 3 1 A
U2 22 8], I b oe A 1L s fb 2 2 1], nl g !
INTERLTVE R T, £ 42 Ja AL 0 4 L™ 4 o v
AE A Hb ST IR ER Y [F] — A 3R IR X =0 . AR B RER

K2 HRET KRR AIEER

Table 2 Sulfur isotopic composition of the Huangtian Pb—

Zn deposit

B BEMARR 83S/%0 MRk

Fi-1 JiHs 38

-2 JiE -154
12HT-QL-1360-26 JiHs -1.29
12HT-QL-1360-27 JiR -0.24
12HT-QL-1360-30 JiHs -0.96
12HT-QL-1360-31 JiRw -0.06 p s
12HT-QL-1360-35 DI 12.96
12HT-QL-1360-36 DI 2.13
12-HT-QL-1360-33 (Afza7 0.78
12-HT-QL-1360-27 IR 1.08
12-HT-QL-1360-36 R -0.05
12-HT-QL-1360-31 PR 12

B1363 R 478

B1363 A 4.84

NG0634 T3 -0.75

NG1425 PR 295 Rz, 2014

XD009 T -4.51

HT25-2 T 3.58

C0948 JiH 5.10

PR, 7R 12 26 T REAS S 45 TR 25 174 T 1k il
2, RN L b 5e L b A R s Y5 2 4 T 2H )
REZ, B, &Y, RS R IR XY B fig 2
PR A ST AR bV A 8 I o F AL, LS IX
S A 3 2 SR T A AR P B T TR T R U DX i
IR R AR AR T L M e TR A 1 114
HRFR , 7670 L1 B HAAA 1 2 Al T EE A = A o 1T IX
St b LU AR 5 A SR A [R5 2R 2P/ P Y AR
FEFE M 18.359~18.415 ;2 7Pb/**Pb N 15.613~15.64,
“Pb/*Pb A 38.723~38.741(Ji* 5% L5, 1988), X I
AR R A A SRS X W A TR A 2 A R o)
L. e Z IR G S , #n] fig Sae L 1
RIEAEER FR o 1KLL P [l 2R A BURRIE R I AR X
JRAT ) 5 AT R AT 2 e L DA e e Ak A L
Za AR, DX AN R AR Bl R SR b 2 T BRI
THER AT
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Table 3 The lead isotope composition of the Huangtian Pb—Zn ore deposit
e B ¥ P Pb Pb P P®PbMPb  tMa p I Th/U IR SR
1 12HT-Q1-1360-21  JifffH 18512 15.626 38.496 125 9500 36450 3.710
2 12-HT-QL-1360-35  J7#i~ 18313 15.617 38553 259 9510 37690 3.840 -
3 -1 e 18.136 15.779 38346 570 9.860 39.400 3.870
4 Fi-2 e 18.392 15.603 38.57 184 9470 37.190 3.800
5 C0948 JIHT 18.420 15.641 38.824 211 954 3843 390 -
6 NG0634 JIEET 18401 15.645 38737 229 955 3822 387
7 Fi M PD2 JiH 18.61 15.86 3936 340 9.626 42416 405
8 SiH PDI1 T 18.58 15.86 3936 361 9629 42609 407
9 $cH PDI DI 18.59 15.85 39.34 342 9608 42348  4.06
10 Fc i PDI DI 18.57 15.82 39.24 320 9551 41721 4.02
11 e i PD2 DT 18.59 15.84 39.32 330 9.588 421153  4.05
12 [ Ji 18.59 15.84 3934 342 9608 42348 405
13 el PD2 NEz2 18.54 15.77 39.13 282 9458 40917 399 FHA, 1998
14 3ic H PD2 LA 18.43 15.67 38.70 240 9278 38749 385
15 T PD2 PN EF 18.59 15.87 3931 366 9.647 42440 405
16 et PD2 NEz2 18.47 15.67 3832 210 9273 36920 367
17 Bl PD1 A 18.58 1578 39.13 265 9473 40770  3.96
18 $cH PDI DI 18.44 15.67 38.81 228 9270 39.112  3.89
19 JiiH ZK-5 TR 18.34 15.72 38.64 368  9.385 39.565 388
20 JiiH ZK-5 TR 18.38 15.67 38.52 277 9283 38291 38

3.5 Rb—SrF{ir =Bk 41

PR ) Rb—Sr = BERAFAER Y bt b, 1
TR AE A [ A LA i A A, B A R
()& 1 , B M\ Rb—Sr ZE 235 D iz FH MV T 45
BEW TR AR 220 Rb—Sr i@ 4R T T K&
FIAFSE , UERA T Rb—Sr kX 8YERT IR E 4 1A 30t
(Christensen et al., 1995; Chen et al., 2009; [5 i}
&F,2009; HAEAE, 20135 A 1 REF, 2013), [A]HE, 17F
L2 F A2 F Rb—Sr X A 57 X JA i A5 B PR gk
117 KW (KK 7 55, 2005, 2008 ; 1 7 7K 55
2010; [H 7k %5, 20105 A K 5=, 20115 5K = B %,
2014).

ARURAETE HETRED R SR AR 5 (RN ERD A Sl 2
FI, 3 FH N B0 4) Rb St 2 B A7 AE— 22 1)
A4k (6 4) : YRb/Sr, St/ S 1 25 Ak 1 B 43 5 N
0.2795~5.441 F1(0.711057+13)~(0.717193+10).
ISOPLOT #4318, #F 58 IX 7 (R INEEDT (1400 4 1

(*'St/*Sr): k(0.71079+0.00013) , Z2 i £RAF U4 4y (83.2+
3.4) Ma(& 11).

ARV i FH A RERT R AL P TN B B A )
FRIEA, Z AT E , 5 ANFERFSE S/ St LB ) —t
RAE KRS, —HS ISR LA A, 8
X EATHY YSt/Sr—Sr ' Rb/°Sr—Rb 1E K], 7] )
FIWTE A RIS L, YW H N IEAHOCHT IR A4k,
T AR IE A SCHT T AR A Y S LR AR REA R
B B 1) AT A 1 (X1 B4, 2007 5 B3R 55, 20105 1
H55,2014; ZFREICAE, 2014) . ARYCK T AV IR
PAR Y ENEE R K AY TS/, Sr ' Rb/~Sr  Rb
(1 12), B B TS Y RERT PR A5 2 2 2 (I AN
TEAHGME . R, AT LADACA B Ak ) TN B Rb—Sr it
LA I L A SR o AR H A B
W IR AT A1 47(83.2+3.4) Ma, X1 E F-45£(2007)i
TE AR I T AR B T AR £ (92.9+1.9) Ma; 2
E FEAE(2009)BF5E 32 B VD s AN bAR 5 5 A e
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Fig.10 The lead isotope histogram of the Huangtian Pb—Zn
ore deposit (base map after Zartman,1981)
(A—Mantle; B—Orogene; C—Upper Crust; D—Lower Crust)

& 4 T HERTEN RINEER Rb-Sr B ALK HM
Table 4 The Rb—Sr isotope composition of calcite from the
Huangtian Pb—Zn ore deposit

W5 WY Rblug/g) Stiugly) Rb/ASSr 87Sr/3Sr

C66 1.237 3954 0.9182 0.711981£12
C69 1.401 3.128 1.327 0.712246+9
C72 N¥RW™  1.953 2432 2.369 0.713082+12
C80 0.1406 1.485 0.2795 0.711057+13
C100 1.792 0.9738 5.441 0.717193+10

T (77.4+2.5) Ma F1(82.8+1.7) Ma, 1] ULFT A 315
AEAR AR 5 A U RS 1 AR AR 2 B AR 15 22 Y
AR BRI, AR U A B A4 G 2 25 T
i, HARWS AT IR IR A B 4E IS o AR IR
S AR B R 22 TR, T RE AT IR AS B 1L
TREAE /N PR 2R 3
St/ Sr S FI KT RS BT ) B R U Y LR AR
TEA R BT A 5 v, 8 R FH LR I 5 L™ ) T ok

1
0.709 4 1 2 3 4 5 6 7

“Rb/*Sr

BT S AR PRINBEE™ Rb—Sr [ 38 S5 2 ]
Fig.11 Rb—Sr isotope isochron of sphalerite from the
Huangtian Pb—Zn ore deposit

I8, AU 5 S FH A REA™ DR DR BEA B ) TR 1Y)
Yo 48 E A7 F ) IR (E (YSt/Sr) A : (0.71079 +
0.00013), K7~ T BCAT 4 Jo o7 >F 5 1 FH G 8 0o Pk
PR S B4 Y5 DX I R I AR R 8 A 4 T M R TR
Sr B HL BT AR . gk 112 A R R R I LR E
(Sr/Sr), B AE Ak T BBl R+ 0.703932~0.707818( 5K 47
ERAF,2003) , Hiu e Hn B[R] 457 2 A0 46 {8 (VSt/Sr) Ry
(0.704+0.002), 37 - B 74 1 25 45 B AR TR A ok i
RS/ Sr) h 0.707256~0.72017(5K F 8, 19955 7%
A 1996), 86111 I AE i 2 2 5 W] 457 25000 B (B (7 St/
SSr): 728 Ak 7 BBl A 0.6858~0.7251(2% 1 T84 ,2011),
F DAL AT IR 9 DX P R B R R PR R IR Y
DR B A e e 0 i 112 5 AR B 22 Tk S i A
Sro MRS IX N4 B AR DT IR R £k 5 FHE 1L AE <
I B AR O R B St BB 5 X L
YRR R B P I3 AT BEk A TR0 R R R 1L
HAAE B 2 B3 B AT AR B 28 I 20 3K 6 S A A
PR St (b A . 25 AR YOG LY s i 6 B A
W R B 1y UKL DN R B ] 7 28 AT 22 B 1Y
AEAR AR AN DX Sl TRk, W RIS FH YRR IR K
H%ﬁwi%%ﬁ%%m%%mmﬁMU%ﬁ%,
B I 20 3 S TR 1R Y S

Fit. B REA PRASE T TR 05— S5 B R R 21 9] b7 284
SRR IFAL , EABAT VAR A 0 X L AR 24 20 km 1Y
T3 I AT HD B ARG LLUBIAE b A R Ol 22 Tl AR il 7K
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Fig.12 ¥'Sr/*Sr—Sr™', “Rb/*Sr—Rb™" diagrams of sphalerite from the Huangtian Pb—Zn ore deposit

k), R TR A C-0—-S—Pb [Alfi ZE b
BRALSARFAE AT AR 37 B AYEER A BT 40 J3 R U T
ARk A MELLIAAE a7, i AR X LAk
A A PR RE h 3, RBET—FpD X eld
g F B R Y DI AR T, J L L e AR 1 A R A
Y. FEEMHEQNIFITINA AN HEZ 4wy
FH B e 72 AU BE IR AR 5 T i T(81.2+1.4)~(83.2+
1.4) Ma, 15552009 N A VIR i 7e P AR AR
WEA: T RIS AR i iz RS 5 X
RIS SA AT S VA OG , 2 X N R B
BB SR B F s S, I, SRR R A B
T2 S RS AT A P AR I R A TR
FIASLI 5 Bl A
4 WAERTHE

WRRAE T F &5 O 4(Pum) WiEL(Pig)
Wk 75 F &Gk A 1% R A 4P, 8) H fil iy
BB o Z IR A LA T A N A S s 2 A B
PR XA AR LA . IR X R KA
B AE X EESERL, % BN S AR &
KOLZERTT KAV R B T B2 352 (X
RA) PR 2 (LRI KT ABRAWER . JEYTiE
SRAER T REARE, 344 14 IR AR Sl oA 9%
BHGETHERS), XA B AR T g T
Hu5e 3 B, Fe iz i A $R A T 4 R 1 PT B
P ICE T IO SEEC  R B (EY 6.93
£ BER T SEAR T b 5T 3 BEAE, v iR Ay —
TR F A R Z A R e T 0 X ) 2
(LR TIE

M &t R AR B BN SR P R AR T
SRR TIG . RS BRI IX 20y T 3kl
M5 K =R R B B, [ IsHT oR T 5043 it ok

X AR BB ML WAL < A A, A AN TH
B2 SR IR S A R UIAHOC, CUESE Y
FRm AN EAT B AR s . MARb SrARARE
SEITZRAR IS N (83.243.4) Ma HI W, % X &7 3| e 1Lz
IR KA R AER R, fEAE X A R R AT
A B RIIR SN ), S LA SRR iR A e
S Z 8] A FE A S W Bl 7 A R R i B
BT LR KA )Z . PR R AR
R0, Hoa e R 5 R BT, L &
M FARR S, BYEE 3 SN A RN Sk ST SEIE R B
Ak — 9k ATHOIRE R, AN BV
PEAR, 45 2 AR &y s K B R iR, LURE
WAL BV R R IR A, H A AR RRIE W {E
YI5), L etk A AR BTy IR YRR
A (E13), BB 0~113.77 m,

PRI TT A C—O R 28 S W sl i A4 rh i
CO. Wik BA Z oot , T ZR IR T8 J5 5 16 AR ik iR
AR E K. ALY S RN R s il 5t

RS mRHASEY AEEFHE.HFER
Table 5 Background values of lead and zinc in
surrounding rock in the Huangtian Pb—Zn deposits

HURLEPE PR Pb/i0® TR B sk

Zn/10° &

2 EY
ZHRAE 771 5466 456 141.56 1.51
V3= 344 8314 693 8142 087 fhZEuE, 2014
Hh 52 A 12 94
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Fig.13 Breccia type ore structure of the Huangtian Pb—Zn ore deposit
(modified from Xu Yunduan,2014)

a—25 old pit breccia lead ores (breccia comprising tuff, cements are galena and tuff); b—25 old pit breccia type zinc ore (breccia comprising chlorite

and epidotization tuff, cements comprising sphalerite); c—Cangtai 2403 pit breccia ores (breccia carbonate rocks, the edge of the package with a layer

of galena; The cement is mainly dolomite; d—Cangtai breccia type lead—zinc ore (breccia comprising sphalerite (brown) and galena (gray) mixed

together; the main cementing material is calcite)
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