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Abstract A great number of sediment-hosted Pb-Zn-Ag-Cu deposits occur in the Meso-Cenozoic sedimentary basins within the
Sanjiang Tethyan orogeny SW China which compose a significant base metal metallogenic belt with an extension over 1000km along
the northeastern margin of the Tibetan Plateau. For it is an important type in the continental collision—elated deposit spectrum further
study upon these deposits is greatly helpful to understand and improve the theories of the continental collision metallogenesis and guide
the exploration. Many studies suggest that these deposits are distinct from the SEDEX and MVT model in terms of ore controls host
rocks and other features and that multiple sourced fluids associated with mineralization should have been driven by deep processes.
However it is intensively debated on the geotectonic settings of ore formation and spatial4emporal association with the collisional
orogeny due to lack of highly resolved chronological data. Some studies indicate that they were resulted from composite mineralization
but these studies did not well document its mechanisms. A comprehensive study has thus been carried out on the geochronology ore—
forming fluids and metal sources composite metallogenesis and mechanisms for the Pb-Zn-Ag and Cu polymetallic deposits in the
Lanping and Changdu basins. The results show that the Cu deposits were mainly formed in 48 ~58Ma and the Pb—n deposits were
formed in 28 ~33Ma. Also three types of composite mineralization have been recognized: 1) metamorphic fluids and basinal brines or
meteoric water represented by the Jinman-Liancheng Cu deposits; 2) basinal brine and meteoric water represented by the Jinding
deposit; and 3) basinal brine and magmatic fluid with an example of the Lanuoma Pb-Zn-Sb deposit. The Cu deposits happened
synchronously with the main collisional compression of the India-Asian continental collision and metamorphic fluids were probably
generated by subduction-caused high-pressure metamorphism. The Pb—Zn deposits were formed by basinal brine-dominated fluids driven
by orogenic uplift as well as tectonic compression in the stage of the late collisional tectonic transform. Contemporaneous magmatism
may have mainly played as heat sources or provided ore materials.
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(a) fine-grained disseminated lead-zinc mineralization in sandstone ( Jinding); ( b) massive ore with late-stage coarsely-grained vein galena and
calcite crosscutting early-stage sandstone-hosted sphalerite ( Jinding) ; ( ¢) coarsely grained vein galena and sphalerite ( Liziping) ; ( d) massive
galena and sphalerite ore ( Liziping) ; (e) brecciated ore containing galena and sphalerite ( Sanshan) ; ( f) massive boulangerite and sphalerite ore
( Lanuoma) ; ( g) massive sphalerite ore ( Cuona) ; (h) massive galena and sphalerite ore ( Cuona) ; (1) fracturefilling chalcopyrite-bearing quartz
vein ( Jinman) ; (j) chalcopyrite-bearing quartz and calcite vein ( Jinman) ; ( k) fracturefilling molybdenite vein ( Liancheng) ; (1) quartz vein type
of chalcopyrite and bornite ore ( Liancheng)
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Table 2 Age data for the sediment-hosted lead-zinc-silver-copper deposits in the Sanjiang Tethyan orogen
( Ma)
Pb~Zn 68 +5 Re-Os 2012
72 +4.4 Re-Os Xue et al. 2003
114 £13.65 10 Re-Os 2013b
28 ~33 2009
23 +3 Yalikun et al. 2018
28.7+2.8.21.0+3.8.32.1 £5.1 2000
Ag-Cu-Pb~7Zn 61 +0.2 Ar-Ar Xue et al. 2003
56.5+0.4 Ar-Ar 2006
27.4 1.8 Sm-Nd Zou et al. 2015
Pb~Zn 29.01 £0.04 Rb-Sr 2011
Ag-CuPb~7Zn 28.99 +0.13 Rb-Sr 2011
Ag-Cu-Pb~7Zn 28.93 £0.62 Rb-Sr 2011
30.1+1.9 Sm-Nd Zou et al. 2015
Pb-Zn-Ag-Cu 33.3+0.4 Sm-Nd Zou et al. 2015
Pb~Zn-Ag-Cu 19.9+2.3 2006
32.8+1.5 Rb-Sr 2017
Cu 58.7 2000
54.3+0.2 Ar-Ar 2003
56.8 £0.7 Ar-Ar 2004
46.7 0.7 K-Ar 2004
47.2£0.5.37.0 £0.4 K-Ar 2006
36.8 +0.8 Ar-Ar 2005
58.2+0.3 Sm-Nd Zhang et al. 2013
Cu-Mo 48.1+0.9 Re-Os 2009
48.7+1.8 Re-Os Zhang et al. 2013
Pb-Zn-Sb 29.9 Rb-Sr
Pb-Zn 30 Rb-Sr
Pb~7Zn 38.1+0.8 Rb-Sr Liu et al. 2016
PbZn 41.1 1.1 Sm-Nd Liu et al. 2016
Pb~Zn 39.9+1.3 Sm-Nd Liu et al. 2016
Pb~Zn 32.2+0.4 Rb-Sr Tian et al. 2014
31.8+0.3 Sm-Nd Tian et al. 2014
33.7+0.5 Sm-Nd 2009
Pb~Zn 35.0+0.3 Rb-Sr Tian et al. 2014
34.74 £0.02 Rb-Sr 2009
Pb~Zn 37.95 +£0.03 Ar-Ar 2013
Rb-Sr Re-Os Nd N Rb-Sr
33.3 £0.4Ma( Zou et al. 2015) 32.8 £1.5Ma(
Sm-Nd 2017) o (2011) Sm-Nd
Cu-Co-Ag 27.4 £1.8Ma Rb-Sr ( N
PbZn-Ag Sm-Nd 30.1 = 1.9Ma( Zou et ) (30 ~29Ma) o Rb-Sr
al. 2015); Sm- Pb-Zn-Sh Pb-Zn
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5.1Ma Li and Song 2006;
(28 ~33Ma

32.1+
2000)
2009)
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2006) Cu Ar-
Ar (56.8 £0. 7Ma 2004) o
Cu Ar-Ar
56 ~61Ma( Xue et al. 2003; 2006) -
Cu Cu : Rb-Sr
Sm-Nd Pb-Zn 30Ma (
2011; Zou et al. 2015; 2017)
N : Cu (
) Pb-Zn ( - ) o
Zn.Pb.Cu.Ag Pb~Zn-
Cu-Ag : Cu-Mo 48 ~
58Ma;  Pb-Zn-Ag 27 ~33Ma.
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Fig. 10 Ore characteristics of typical composite deposits in the Lanping and Changdu basins

(a) coarsely crystallized galena and calcite veins forming in the late stage of mineralization of the Jinding deposit cut earlier fine-grained
disseminated Zn dominant sandstone-hosted ore; ( b) limestone breccia ore of which low grade sandstone matrix cements limestone breccias and
liquid oil comes out of cracks; (c) fine-grained disseminated sandstone-hosted ore where sulfides occur as cement among quartz clasts; ( d) late—
stage galena vein cut earlier sphalerite; ( e) massive ore composed of sphalerite boulangerite and calcite in the Lanuoma deposit; ( f) late precipitates
of calcite and orpiment fill cracks in the Lanuoma deposit. ( g) spherical textures of early pyrite; (h) boulangerite vein of late stage cut and include
earlier sulfides and two generations of pyrite are recognized; (i) boulangerite vein intrudes earlier sphalerite; (j) tetrahedrite ore in the Liancheng
deposit; ( k) chalcopyrite is intergrown with quartz; (1) a quartz-tetrahedrite-molybdenite vein fills cracks; ( m) exsolution of gersdorffite in
chalcopyrite in the Jinman deposit; ( n) bornite intrudes earlier tetrahedrite; ( 0) gersdorffite exsolution in tetrahedrite in the Liancheng deposit; ( p)
pyrite engulfs earlier chalcopyrite in the Liancheng deposit

. ) 8" Hg - 0. 50%0 ~ 0. 70%0 . ( A™Hg= -0.16%0 ~ — 0. 08%o0)
5202 Hg . ( 7) .
(8" Hg = —1.82%0c ~ 1. 41%o) (6 Hg = (2) Cu( Mo)
—0.98%0 ~0. 62%o0) - - Cu Pb
(A Hg = - 0.23%0 ~ — 0.04%o0) Pb

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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Table 3  Comparison of ore fluid features between typical composite deposits in the Lanping and Changdu basins
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Fig. 12 Plot of §°C vs. 80 for calcite from typical sediment-hosted base metal deposits in the Lanping and Changdu basins

The data for the Jinman and Liancheng deposits from Zhang et al. (2012) and Liu et al. (2010); Baiyangping and Sanshan from Zou ( 2013) and
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Fig. 14 Occurrences of organic matter in the Jinding deposit

('a) dispersive heavy oil in sandstone ore; ( b) bitumen and calcite occur as vug in caves; (c) vein bitumen fills fractures; ( d) bitumen accompanied
by sulfides; ( e) bitumen vein fills fractures in the limestone of the Sanhedong Formation; ( f) bitumen includes pyrite that is intergrown with dolomite
( under reflected light)
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(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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i (h) (1)
Fig. 15  Occurrences of evaporite and gypsum in the Jinding deposit

(a) pre-ore laminar anhydrite; ( b) pre-ore anhydrite cements limestone breccias; ( ¢) pre-ore celestine collection locally with veinlets intruding
calcite; (d) ore-stage barite-galena vein cutting earlier sphalerite; (e) post-ore vug gypsum; ( f) post-ere comb gypsum; ( g) calcite replaced
columnar celestine and remain pseudomorphic crystals; ( h) gypsum was replaced by calcite and galena with metasomatic relict textures; ( 1)
pseudomorphic pyrite replacing celestine  which were included or altered by later galena
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