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Abstract: The Lanping basin is a significant Pb~Zn—Cu—Ag mineralization belt of the Sanjiang Tethyan metallogenic province in
China. A series of sediments-hosted Himalayan Cu—Ag—Pb-Zn polymetallic deposits have been discovered in the western part of the
basin, which are controlled by a thrust-nappe system. In the thrust-nappe system, the Cu orebodies occur as vein-type deposits in the
western and relatively deep part of the mineralization system (the root zone), mainly including the Jinman Cu—Ag deposit, Liancheng

Cu-Mo deposit, and more than 30 small vein copper deposits, such as Kedengjian, Huangbai, and Engi. The Pb—Zn—Ag(+ Cu)
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orebodies mainly occur in the eastern and relatively shallow part of the system (the front zone), including the Baiyangping
Pb-Zn—-Ag—Cu ore belt, and some small Ag-bearing Pb—Zn deposits, such as Liziping and Wudichang. To define the metallogenic
history of the Cu—Ag—Pb—7n polymetallic deposits in western Lanping basin, we dated nine calcite samples associated with copper
sulfide from the Jinman Cu deposit by the Sm—Nd isotopic analysis and five molybdenite samples from the Liancheng Cu—=Mo deposit
by the Re=0s isotopic analysis. The nine calcite samples yielded an age of 58.2 + 5.3 Ma (2o, MSWD = 0.039). The five molybdenite
samples yielded an isochron age of 47.8+1.8 Ma (20, MSWD=7.2). The Sm—Nd isotopic age of calcites from the Jinman deposit (58 +5 Ma)
and the molybdenite Re—0Os age for the Liancheng deposit (48 + 2 Ma), together with previously published chronological data,
demonstrate that (1) the main Cu—Ag (Mo) mineralization in the root zone took place at ca. 56~48 Ma, corresponding to the
main-collisional stage of the Indo—Asian collision orogeny; Possibly, there was a remobilization or a new phase of Cu mineralization in
the duration from 35 to 47 Ma; (2) The main Pb—Zn—Ag (+ Cu) mineralization in the front zone took place at ca. 31~29 Ma,
corresponding to the late-collisional stage of the Indo—Asian collision orogeny.

Key words: Mineralization epoch; Calcite Sm—=Nd age; Molybdenite Re-Os dating; Cu—Ag (£ Pb-Zn) polymetallic deposits; western

Lanping basin
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Fig. 1  Geological map showing geology and distribution of main deposits in middle-northern Lanping basin
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Fig. 2 Structural sections of western thrust-nappe system in Lanping basin (For locations, see Fig. 1)
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Fig. 3 Scanned images of ores and photomicrographs of hydrothermal minerals in the Jinman and Liancheng deposits
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WA 7 il A7 55 i 2k 4R Y 1=58.2+ 5.3 Ma (20)
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Table 1 ~ Sm and Nd isotope composition for calcites
associated with sulfides from the Jinman deposit 80 L
= BeiPER  Sm/ppm Nd/ppm  "Sm/*““Nd  "*Nd/"““Nd(20)
IM-3 0 EFEOfEA 970 2029 0.2892  0.512239(10) —
M6 HW A 383 600 03856 0.512274(48) S 60r
IM-17 - EEfRA S 7.01 13.60 03116  0.512246(21) Z
IM-40  HEOIfRA 488 1845  0.1599  0.512189(36)
IM4 EEOUMRA 587 1820 0195 0.512202(11) 40
M43 EEJfig4A 695 19.28 0.218 0.512212(11)
IMC-1 FH e 1591 6261 0.1536  0.512187(19)
P . 20 | Age = 47.8+1.8 Ma
IMC-4 mﬁmﬂ{ 2731 8844  0.1867  0.512197(32) Initial ""Os ng/g = 0.841.1
09IM-10 W Jiffif 9.60  43.87  0.1323  0.512179(8) MSWD = 7.2
4 0 * * * * * * * * * * *
0.51234 0 20000 40000 60000 80000 100000 120000
mRe(xlo—Q)
0.51230} BEIS  HEW Cu—Mo i IR Re—0s S5 i 42 [
Fig.5 The Re—=0s isochron for molybdenites from the
:Z; 051226k Liancheng deposit.
3 BOPE AL, SRS BRS04 I 2R 4R I 1=47 8+
T 051222} 1.8 Ma (20), MSWD=7.2, #J14"Y0s{H 7 0.8+1.1,
EIRZEJE RN L L . MSWD IS K, #ERT 1IE
0.51218} Age=58.245.3Ma AR, T RS HRAER LGS Z 8 (fh2H
Initial‘“IK/?S/'\:]I]\J;EOO.OS;QZIZSS 451994, KR AERS N S 51~48 Ma.
0.51214 : : : NS
0.0 0.15 0.25 0.35 0.45 5 e
l47sm/\44Nd

14 & Cu-Agh IRIT M%7 Sm-Nd SFHTLE Pl it

Fig.4 The Sm—Nd isochron for calcites from the Jinman deposit

MSWD=0.039, X[ (Y ex=—8.4. T 45 1Y &,
BEAR ) MSWD BH S 358 /0N AT BE Ao g A 1143 B
RZEE M) (Peng et al., 2003; Su et al., 2009)
4.2 1#£$0% Re-Osik

IR EE R 2 FIE S, ST IIA 25
KM Re F1'Y0s i, HENHAT 0 — il
S (M 51.0+0.8 Ma 51 48.4+0.9 Ma), /s Hi[A]
I R RRAE

Fz2 ECu-MoW [KIE$HH Re-Os ELEAHR

Table 2 Re and Os isotope composition for molybdenites from

the Liancheng deposit

LS T Re(x107) "WRe(x10) W0s(x10™) HizCAERS (Ma)

LCI11-11  #E4AH™  159.0 (2.2) 99.9(1.4) 80.6(0.7)  48.4(0.9)
LCO3-4  FMEEHET  51.2(04) 32.2(0.3) 268(0.2)  49.9(0.7)
LCO2-1 M8 32.9(0.3) 20.7(0.2) 17.6(0.2)  51.0(0.8)
09EN-7  FEHH" 283(0.3) 17.8(0.2) 14.8(0.1)  49.8(0.8)
LC11-14  JEEHH"  62.2(0.6) 39.1(0.4) 31.6(0.3)  48.4(0.7)

7F Re—0s [F ZERT LI (K5), 5%
TR R R IRy & . I ISOPLOT

AR AT (R 2R AT B8 DA S i AR AR 245k
PWHNTFH3 (BN, 2001; EEHELS, 2003;
SEMFMISEE 22, 2004; [THEI%E, 2004; TRIGEE
45, 2004; FENKE, 2005; Liand Song, 2006;
BIRFE, 2006; FREFEEE, 2011),

FE 3T FE Y, PRI ph HE B AR AT Cu-Ag
(Mo) Z4: @M IR R AR 22 Eds E 2 4Evh =
ANIXTE] . 67, 56~48 Fll148~35 Ma; Tij #5747 Pb—Zn—
Ag(xCu) W IR R AR 22 e th B4 rh g
AKX 63~60. 56 f130~28 Ma., AMERIL, =
B2 M VG A0 DR AT I 50008 1) b O A B L DX
B AR F 51 e B 23 VAR AR AE AR AR K, [
— SRR I S RS AR HE

Pait , ASHEZE AR HERA B JE 2 U Cu-Ag
(£Pb—Zn) ZEJEHIRM A B, ﬁﬁ%m%@
W =R E: FMREBREE (£3).
HE&(El)ﬂKUWEOE¢,m%$E%U
IR EEMRAFAE P A AR BT FA R T
G Rd R (APE—ER) (B, X
2B 2 T R R AR (67~28 Ma) . BF
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R3 ZWAMAET HHRAT KRV EFRFHE
Table 3 The age data of the Cu—Ag (£Pb-Zn) polymetallic deposits in western Lanping basin

LB AN R T ERA S AR AT A% (Ma) B AU
At ] Cu, Ag FAE L SEOE 3TN Rb-Sr 66.8 ZE/NIR L, 2001
Rl ] Cu, Ag EYEE OA-PAr 56.8+0.7 e 2004
HERH Rl Cu, Ag B OAr-YAr 67,37 F A, 2005
il Rl Cu, Ag 79/ BRI 46.1+5.8 Li and Song, 2006
il &l Cu, Ag R K/Ar 46.7+0.7 A4 2004
il &l Cu, Ag riviipa K/Ar 47.2-35.4 BT, 2006
pickices Rl Cu, Ag Wy R Sm-Nd 58.2+5.3 A
MR ER Cu, Mo AR Re-0s 47.8+1.8 A
Al EYsat Cu, Ag. Pb, Zn WX A9 OAr-"Ar 63-60 BER4L5F,2003
At [EYsas Cu, Ag, Pb, Zn WX A9 OAr—“Ar 56.5+0.4 Al 855, 2004
AT AR Cu, Ag, Pb, Zn Vi) 2E) Sm-Nd 29.9+1.1 TIEE,2011
Rt AR Cu, Ag, Pb, Zn =20 Rb-Sr 28.9+0.6 FEE,2011
Rl ELESas Cu, Ag, Pb, Zn J7 il Sm-Nd 30.1x1.9 Zou et al., 2015

TR, ZHAVILIKCR Cu-Ag(£Pb-Zn) Z4 )8
WIR) 24 T4 vua s s e i ik, R i
AR IR N T2 e T 3 A 7 AR e AR R I ] (3
W%, 2006, 2008; He et al., 2009; T ¢ #% ,
2010) . FFFEFRIA, A VG0 il 7 4 1 ) b
M2 Tt = A SR I (W E A
fil), 5 GG AR TR A )2 BN A il
(FE 1 AL %, 1999) . Ik, PEAH Cu-Ag
(+Pb—Zn) Z& BN IRIE B BT 2 e 4]
JERUURRTE] (~56 Ma: &5, 1999; Heetal.,
2009; FIGHE, 2010), XARFRHAY Cu-Ag(Mo) £
&R R AFTEH Pb~Zn-Ag(2Cu) Z4&JEH R
B AR e AT .

51 #1REH Cu-Ag (Mo) HHRMAH FHX

= PP VG R pp A A AR AT R E T —
2R Cu-Ag(Mo) Z& @0 IR, FEALLE. &
5 Cu—Ag. EI Cu-Mo Z & JE W KA — R 51 /Nl
AR Cu B IR/ 85, 2300 e B ) el B LR b 1 4
i (BERSHRSE, 2006, 2008; He etal., 2009; F
¥, 2010; REME, 2011).

R, HERAAY Cu-Ag(Mo) Z4JEH K
(G0 . FERRAE) TV AT P 3 oty 306 o7
REWIN, 00 i HAT 6 v 1 R AR Y 1R
A (RS, 2006, 2008; FOGHE, 2010). B
R 3 e R S AR (R e &) b4 T
o KE AT (2201, 2001; B 56 Mg il 5
22, 20045 WRERAFRLSE, 2004; TS, 2005;
Li and Song, 2006; & i, 2006) . 412/
(2001) A% 468 B A 9 fok v 3 A4 AL 22 40 1) Rb/
SrAF Y, HARRT A% 4 66.8 Ma, {H Rb/Sr 28128

TR SRR DG R EEAR (1=0.78) , Fir LUK AM4E
WAEARIFMSHE M. REES (2004) X%
W AR AR T T A/ Ar PR Fp PG 7L E
4, AR REAERY M 56.7+1.0 Ma, ZEMTLRAERS
956.820.7 Ma, FPARHS 5 AT A AR 7R 1R 2200
Rl LTSS

7 R 3 S SR AR A A Sk,
HAFRREIREST, A TA XA A5 AP Ar 4
IR RER, nMRES A L AR (S5 AR
PRI A Sm=Nd S 2R AR I i H—550) . H ik,
FATINR 4640 22 42 J@ A IR 32 Wiy B 1% 02 7 56~
54 Ma Z [B], X0 B BE—0 P i il 48 5 11 32
P B (65~41 Ma; fEIGHIRSE, 2006, 2008). %
T, BN RAF BB =B Ar-Ar AR (36.8+
0.8 Ma; EER4E, 2005) FpharFls kg2
B PR K-Ar AR 8% (47.2~35.4 Ma; 2504
MBLE S, 2004; B, 2006) AIHE(UER T M
RS 1 - I IR 1 B 0 sk I AR . X —
A W G 5 2 B 4 H o A A e M A AR Y AR
(38.8~46.5 Ma; Ar—Arik; sKMITEE, 20005 BEE
205, 2002; FEHWEE, 2005) KA.

i 3% Cu—Mo W IR ¥4 50 " Re—Os 55 B 4% 4F- i
(47.8£1.8 Ma) FIHEAEHS (51~48 Ma) AEH Y —
/., Wi, fEHEINNEIR Cu-Mo IR £ WL 4%
WK 51~48 Ma, b B[ JEE— 7 Kl il 48 3 1L
I Al B B Bt (65~41Ma; 5 B4 B 45, 2006,
2008) o AR AR U ARAT B 7% I Cu-Mo 07 R HEFH -
Re—Os IEAE I E IS /N T 260 R 9 = L 4E 1%,
{BH ST A GRAS B 4 7 R IR D AR AF I — 2
S, XU XA PR b SORE s 5 B 4
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K, AFEWT R WAISA AR, EEHSh EIHEA (Lh) M2 ™ i B 2 i+
HEREARTRA N, BRABEASWMERY IR, &7 S0 FEEE RS, (8% (2004) BEHCEFLER
WA RN BCRRAT RS, ENYZETY 7 XK AP REaE RS T A Ar o 751k
A s R R W, R X R AR ISR, RIS I FEAE RS N 56.5+0.4 Ma, SERT
TR S A 25, HEE VGRS b i sl ZRAEI N 55.940.3 Ma, BEARHY 5 AR LR AR IS 7F
WA=y, Wik, HIERRREN T R2EUBENILEHSE; SHMENIEERLS
H 2 B YU (<56 Ma; A& %, 1999; (2003) 15 FEEAEHS Ky 62.8+0.6 Ma, 25 i) 26 4F
He et al., 2009; FJ6HE, 2010). FEik, FefiEm 9 61.1£0.1 Mao 55— AN 4F 3% NI 4 55 AR 541 4
> B2 b PG o B AR R Cu—Ag(Mo) WU ME  Cu—Ag B KR IR —B, AraftaE 7 — W4
FAR =2 1A 56~48 Ma, XN FEIEE—WMIR o7 fba3i s 55 Z/NPEH B IR T V530 v B 1
i 48 s L0 R R B B (65~41 Mag 238 PS5 R AR A, R R R R A E R, N
2006, 2008); Cu—Agh IK/GHATT REAFAE—IAFGR b, FRATIHEDI X A A7 55 “Ar/* Ar 498 1T REAUAR R
BN UGEVER (48~35 Ma, XN FHGE IR XN —BMERFEGFER (B6)., TR

miAEL; AR, 2006, 2008). (2011) F1ZouZs (2015) EHL A FEE £ X A[H]
52 BT Pb-Zn-Ag (Cu) W ERBH AT BB IR, B Sm-NdEEE, F18 T’

= PP VG R pp A A AT F R AT H— B AR B (29.9+1.1 Ma, 30.1£1.9 Ma),
—Z 5 Pb-Zn-Ag(+Cu) Z&IRIIK, FEAULHE: [, 3 S AR i B4 5 TN BE B 1 Rb—Sr 4F i#%
HALEE Ph—Zn—-Ag—Cu 2 4 J@ 17 48 X K HLJ& 3 i — (28.9£0.6 Ma) TEBR2EJEHE N —F, Wizn] DR
FYPUNIE Po-Zn WK, 2 oS R RO Z &I EX Ph. Zn W EWMTFER .
R (B 1, EEHEEE, 2006, 2008; Heetal., I, 2540 22 5 Z 7 350 000 i of 768 4 X R 8 1
2009; F)GHE, 2010). Pb-Zn-Ag (£ Cu) #" IR % £ W& B 8k 31~29

R T AERGJE A X S R A RIS, BRE Ma, X T EE I Y A A i 1L ) e AR
B2 & E e 1K, §r A 22l R 4r i 7 ik YERCIR ] (40~26 Ma; {24365, 2006, 2008),
(FER LA, 2003; {1855, 2004; EWEIE  7ERZIS56 Ma/idy, X IX A REAALE— A 91k
&, 2011) . ABPPEX ABPE— B By B (EESE, 2004).
WEFEWRATHER TR AA (Kj) ARP R ol B O € e e LR SR B ¥R AR

HR 0 A Cu— Ag (M) R SCAT B AR
[ | ﬁﬁﬁ%%E’ﬂ]Ph*Zn*/\g(Cu)WﬂiEﬁHB‘j’fE
L3 & ilCu-Ag I R BTSSR 652 (T 5 K- Ar, Ar- ArfE )

T T ST 54 56
R R W i 1 | E L
1

L
T T T T T T
0 10 20 30 40 50 60 65 70

i 5 4F i (Ma)
K6 2IPaHPTZ IR Cu-Ag(+Pb—7Zn) 24 J& T PR BT I R 55 B EE— P YN K R AR L1328 2l (8 X6 1 DG 3R (5%, 2006)

Fig.6 Relationship between the episodic mineralization events and the overall geodynamic setting in the eastern Indo-Asian collision zone
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FINTR, Cu—Ag(+£Pb—Zn) Z4 )& A 1EHAFAEH
WREZS it (B16). AR FE R B IR Cu-Ag
(Mo) WK, W VEHFEERAAE56~48 Ma, XF I T
B — 9 KB Rl 1 1L R B B (65~41 Ma;
fERE RS, 2006, 2008); FiEEHF £ K H Pb-
Zn—Ag(xCu) WK, W VEMFELATE31~29 Ma,
Xof 1 B — I P R 4 i 111 A Gl R A 1
1 (40~26 Ma; {38 HE%, 2006, 2008). )
Gh, FTHEIEHME, 7E47~35 MaZ 8], HEERAT AT
REAEAE—H Cu-Ag(Mo) Z skl e 1EH, W
k4 i Cu—Ag A7 PRl AR B2 rh il 28 9 M 248 = B
Ar-Ar4E# (36.8+0.8 Ma) FIFPFIMTK-AvdFlt (47.2~
35.4Ma) F87RA X A AE— IR

LR L PR PSR Cu-Ag(£Pb—Zn) £ 4
BRI AR . A T ER Sl REAE AT AR AR
SRR, AR - mrEety, Bl BT B
R EAEH (G0 MERD K 56~48 Ma— R
£EIX 31~29 Ma), ARG ZEARY— IR INFAE
FIMRAAR LA S, CO S mIRI WIFIL (BRERLL,
2013) . XA5H EE 4R ITE I ER K Cu-Ag
(Mo) —Pb-Zn-Ag(£Cu) B fborli tE AL AEAE 2SS
(XN AR o X RERRIE R B, AN R 19 A A ]
PR T AATS Bh % X I Ak 76 2 4ty FEAF HL A B
A HIEH]

6 4515

(1) MR Cu-Ag(Mo) W FRAY WA E FH -5
KHETE 56~48 Ma, Xt T B BE — IV I K i il 43 s
I FREER B, S (47~35 Ma) 1R W] BEAE— 1]
Cu—Ag(Mo) F)E el st i 1ER .

(2) B FE KL E Pb—Zn-Ag(+Cu) #FRAY
B VE ] £ 3R AEAE 31~29 Ma, RS T B - i
R Ik Rl L P Rl 43 A i A e

(3) ZEA 2 PP AV R Cu—Ag(£Pb—Zn)
B2 LI N RN R BTV i 1)) R R B
PREFIFSE I, AR B B A AS TRV B A 3
Xof X A T 2 A3 R AE EA W S AR
i = A F R E IR T iRk K L
B, ERETES B,
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