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1 (a)( ) (b) ( (1999) )
Fig 1 Maps of Indosinian tectonic background (a) (modified by comprehensive) and distribution of
lead- zinc deposits (b) in the SYGT area (modified after Liu Maochang et al. ,1999)
1— 52— 53— / sA4— 50— 36— 37— 3
8—MT- ;99— ; @ ;@ 36 ;@
1—Junction zone; 2—strike slip fault; 3—deep fault/main structure; 4—Indosinian intermediate acid rock; 5—direction of tectonic stress;
6—flow direction of ore-forming fluid; 7—lead and zinc deposits; 8—profine position of MT and gravity exploration;

9—Emeishan Basalt; (D— Liizhijiang fault; @—Xiaojiang fault; @—Weining-Shuicheng fault; @—Ziyun-Yadu fault
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2 - MT, (a) 59  (b).
120 (ooMT
Fig 2 Comprehensive interpretation diagram of MT and gravity profile of the Ziyun-Yadu fault-fold structural belt
in northwestern Guizhou (a) and interpretation diagram of MT at the No. 59 (b) and 120 (c¢) exploration lines
in the Huize Zn-Pb district in northeastern Yunnan
(a):1—MT, ;2 (Q+m); 3 3 4 3 (b).(o):1 52 33 34 ;
5 ;6 37 ;8 ;9 ;10
(a):1—MT, gravity point and No. ; 2—resistivity ({ * m); 3—faults; 4—main deposits; (b), (¢): 1-—Permian;2—Carboniferous;

3—Devonian;4—Cambrian; 5—Sinian; 6—Kunyang Group; 7—angular unconformity;8—fault; 9—orebody;10—dot mark and point position
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3
Fig 3 Diagrams of types of typical metallogenic structural planes and styles of

ore-controlling structure combinations in SYGT area

(a)~(c) : (a), (b), (e); (d) 3 (e)
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; 8 i 9 ; 10 ;11

(a) ~(c)—Fault-fold structure types: interlayer fracture type of anticline reverse wing (a), filling type of fault zone (b), interlayer fracture
type at middle-steep wing in anticline (¢); (d)—disconformable type (including calcium silicon surface) ; (e)—physical and chemical interface
type of acid and alkali; (f)—altered lithofacies transformation type; [ —Py-+BlackSp+ Qz+Fe-Dol; [I —Sp+Py+ Gn; [[[—Py+ Cal+ Dol;
IV —Pinhole dolomitization zone; V —coarse grained dolomitization zone; (g)~ (k)—combination types: synclinal fracture type (g), counter
dip fracture type(h), back dip fracture type(i), bidirectional fault-anticline type (j), oblique strike slip-fault fold structure combination subtype
(k); ()—anti-dipped fault-anticline type; (m)—normal faultanticline type; (n)—combination type of negative flower structure and puncture
structure; 1—limestone; 2-—dolomite; 3—sandstone; 4—tectonite; 5—structure; 6—acid fluid; 7—alkaline fluid; 8—orebody; 9—alteration

boundary and No. ; 10-—boundary of mineral assemblage; 11-—anticline
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4 ( » 2019a )
Fig 4 Tectonic deformation stages and their evolution in Sichuan-Yunnan-Guizhou triangular area
(modified after Han Runsheng et al. , 2019a)
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6—fold; 7—compressional-shear fold;8—tensile-shear fold
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5
Fig 5 Main mineralization patterns of typical deposits in the SYGT area
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faults; 6—stratigraphic boundary; (b)—plunging-lateral volute type (Huize, Shanshulin and Qingshan deposits): 1—level No. ; 2—oxidized
ore body; 3—sulfide ore body; 4—footwall ore body; 5—lead oxidized ore body; 6—ore body and No. ; 7—faults and No. ; 8—section line and
No. ; (¢)—echelon type (Huize deposit) ;: 1—emeishan basalt;2—lower Permian;3—Carboniferous;4—Devonian; 5—Cambrian; 6— Sinian; 7—
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6 C-O (a)  H-O (b) (c). (. (e)
Fig 6 Identification of C-O (a) and H-O isotope (b) in two types of fluids and titrate them with mixed fluids (c),
hydrolysis experiment (d) and mixed process model (e)
(a).(b): 1— A;2— B;3— Ci(e): 1— Zn ;2— Pb ;3— Pb.Zn () 1— Zn;
2— Pb;3— Zn;4— Pb;(e): 1— 52— 53— - 34— 50— 56—
37— 38— 39—

(a),(b): 1-—deep source fluid A;2—basin {luid B; 3—mixed ore-forming {luid C; (¢): 1-—Zn in aqueous solution; 2—Pb in aqueous
solution; 3—Pb and Zn in aqueous solution; (d): 1—Zn alone; 2—Pb alone; 3—mixed Zn; 4—mixed Pb; (e): 1—Triassic; 2—upper
Permian basalt; 3—Sinian-middle Permian; 4—metamorphic basement; 5—contact relationship; 6—pyrite bearing carbonaceous layer; 7—

ore body;8—{luid direction;9—oblique strike slip fault fold belt
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7 “ »_
Fig 7 The fluid ‘injection’-metasomatic metallogenic model of germanium-rich
lead-zinc deposit in southwest Sichuan deposit concentration district
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7—{flow direction of deep source fluid; 8—{low direction of basin f{luid

/ _ “ ”
’ o ’

;@ : (NW . SN . ;
EW ) , SSW
. SE
) ; ) (
) , O -Phu-Ngu -
— , ) - )
243 “ - (Zeng Guangqian
. et al. ,2018), Fang Weixuan et al. (2002)
(Han Runsheng et al. , 2001a, 2007, , - )
2012; Huang Zhilong et al. ,2004) , NW )
, / / ,
(Han Runsheng et al. ,2020) . o ., NE -
( YO 7, ,NW - . -
HZT o

. Suo Shutian et al. (1998) -
@D) - (R ,



567

2
8 ( , 2019a )
Fig 8 Geogical prediction model of Pb-Zn deposits in the Sichuan-Yunnan-Guizhou triangule area
(modified after Han Runsheng et al. ,2019a)
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Abstract

Germaniunrrich Pb-Zn deposits are widely distributed in the Sichuan-Yunnan-Guizhou triangle
(SYGT) area where typical carbonate-hosted post-hydrothermal Pb-Zn deposits occur. These, due to their
high grade of lead and zinc, large reserves, rich in scattered elements germanium and precious metal silver,
are of high economic value. For over 20 years using regional structural analysis, ore-field structural
analysis, fine anatomy of typical deposits, experimental geochemistry and other systematic studies, our
research team has focused on major theoretical problems. These include understanding the dynamic
background of metallotectonic and its metallogenic response mechanism, the mineralization processes of
mineral sources, fluid transport and ore aggregation, the mechanism of supernormal enrichment of lead,
zinc and germanium, the classification of deposit type and the lead and zinc polymetallic metallogenic
system. The metallogenic theory and prospecting technology research and deep exploration practice have
made a series of progresses, which are mainly manifested in the following aspects: (O the ore-controlling
theory of intracontinental strike-slip structure system has been proposed namely that germanium-rich lead-
zinc ore was formed in the intracontinental oblique strike-slip structural system during the Indochinese
collision orogeny. The combined styles of fault-fold structure and metallotectonic system have been
defined, the spatial location model of tectonic graded mineralization-ore control and ore body, and the
spatial location model of tectonic graded mineralization and controlling ore and ore bodies has been
established; @ the mineralization processes have been identified, and the mechanisms of co-differentiation
and supernormal enrichment of lead, zinc and germanium have been revealed; @ a new type of the Huize-
type rich-Ge lead-zinc deposit with a certain universality is proposed. and the metallogenic system and fluid
‘penetration’ -metasomatic metallogenic model have been established. On this basis, the theory of inland
strike-slip structural system controlling ore and fluid °penetration’-metasomatic mineralization has been
proposed. Based on this theory, a series of key deep-exploration techniques suitable for such deposits have
been developed and successfully applied. These research advances, including the biggest prospecting
progress in the area in the past 50 years, not only provide theoretical support for the development of
exploration technology and breakthrough in deep prospecting in the SYGT area, but also play an important
guiding role in the research and application of similar deposits in the southwest margin of the Yangtze

Block and even Tethys metallogenic domain.

Key words: research progress; metallogenic theory; intracontinental strike-slip structure system; rich
Zn-Pb-(Ag-Ge) deposits; SYGT area; Tethys metallogenic domain



