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Schematic diagram showing the wide range of deposit types formed in continental craton and

passive continental margins (modified from Groves et al. , 2007)
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Fig. 2 Schematic diagram showing the wide range of
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(modified from Groves et al. , 2007)
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Fig. 3 Three-stage tectono-magmatic evolution and resultant typical deposits in the continental collision orogenic system

Ca)— E RV TR B B« Rl o 4 5 Bl R v 5 550l 5% Jon V2 0 e 300 785 o0 L % K i A B0 o o 22 ST 25 55 0 5 7 0 A8 ot A b 7 A A R
W FEURE H T T /MBI IE A I A R R s () — MR e 4 B B - I 1) Al A O B A ) A 45 1 4 b R, R AR DL R R S T -
YY) w7 Ry € 1) b AR () K ST AR T2 3 i R B TR D M B R B SRR R R EBIL R ACA K- R R R RS R
FERT s Co)— i il 488 o 2 i BE < A oo A Il 5 v T AT 23 10 D 2 608 o B 5y BT 0 0 e i 4 51 2 b 5 A J R K P I T )2 B L3R -2 I 4 b
BB TR AR X B 53 2y B HOA A % 0 A4 % S A0 B8, & AR R B I 7

(a)—During the main-collisional period-continental impact and slab underthrusting resulted in crustal shortening, thickening, and associated

syn-peak metamorphism, which produced crust-derived low-fo, felsic melts by crustal anatexis and CO;-fluids with metamorphic origin, as

well as relevant Sn-W-U and Au mineralization in a collisional or central axial zone and in the foreland basin. Subsequent break-off of the

subducted slab triggered upwelling of the asthenosphere, mantle/crust melting and stress relaxation, creating hydrous, hig}rf(]2 felsic

melts, a MASH process at the bottom of the lower-crust and formation of magmatic-hydrothermal polymetallic systems as well as MVT
deposits in the foreland; (b)—Late-collisional period-transform structural setting, characterized by large-scale strike-slip faulting, shearing
and thrusting, was developed in the edges of the orogenic belt, to absorb and adjust strain and stress caused by collision. Translithospheric
mega-shearing probably triggered upwelling of the asthenosphere, which resulted in potassic felsic, lamophyric and carbonatite-alkalic
magma systems, derived from lithospheric mantle and crust-mantle transitional zone, and relevant magmatic-hydrothermal systems to form
porphyry Cu-Mo-Au and complex-hosted REE deposits. Thrust-nappe systems at shallow structural levels controlled sediment-hosted base
metallic deposits formed by long-distance migration of basinal brines; (c)—Post-collisional period-lithospheric delamination, thinning at
depth and crustal extension at shallow levels caused intense melting of the thickened crust. Anatexis of the middle-upper crust generated
lecuogranitic magmas and associated Sn-W-U mineralization in the central axial zone and Au mineralization in the foreland. Melting of a
thickened, newly-formed lower-crust created potassic felsic magmas with porphyry Cu-Mo mineralization in the collisional zone. The
detachment fault systems related to extension and high-level emplacement of felsic magmas commonly drive convective geothermal systems
and associated Au, Au-Sb, Sb, and Cs mineralization in the rift zone and in the exhumed core complex or domes. Infill by terrestrial

sediments in the foreland basin and in rift basins within the orogenic belt is commonly associated with sandstone-type U deposits
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2009) , FHEEHI 4 TR Pb-Zn # (Xue et al. ,
2007; FELEAE,2007) , 7 B F 45 i A o b O 1A
Sb-Au 8 (47 #5 2, 20065 Yang et al. , 2009),
Rl 8 7% 1L 80 4 5 (Sun et al. . 2009) 25, 3 4 7 4 750
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(2) 28 W DX I LA™ B 8 5 18 O o A BB ol 7
Bl 3t AT SR DR I LA B ARF v i 45 g 728 Al A K o
Xof 1 A 3 1L ATl 5E i ] 3 A 0 R 00 ) B AR A R
M) 5 8] T 2o A 5 R 1) S AABE N A AR G Y SR
3 (Sillitoe, 1988, 2003; Corbett et al., 1998;
Kerrich et al. , 2001; Oyarzun et al. , 2001) ;“ K [if
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TU T 0 4l 56 98 P i 2l R0 B b 7 46 6 JEE B ) 1
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(3) 22 ML DX Il B4 P98 5 I8 1Y B B B, 2
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S A b, SIS I i 7 ) 45 4 1 BT (B 2) 5 KB
Bll 188 A 307 R R 1) BT PR B 3 A A i i 2
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(4) 28 W DX I i B v 5 ) 1Y) o 2 0 2R 8 F
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MVT &I Zn-Pb & R A 5 L U 87K #4125 &
MK Sh-Au 57K DL A T 4 B 6 &G
BIH K (Hou et al. s 2009¢) .
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B FCUR AR A e SR ARt S S T IR i B e Y
Cu B #9 EZEHLHI (Hou et al. » 20045 2009a) . #iily
B 5ty 10 728 T UL A I Y AR R B TR A 2 T Al
LA L Au B9 FEJF K (Sun et al. , 2009),
Fa) 3 5% T 1 7 U AR G A1 2R 3 B0 g K B Ph-
Zn-Cu-Ag 8{ MVT %! Zn-Pb & JK (Leach et al.,
2005 ;I HE4E, 2008 ; He et al. , 2009),
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g AR (Yin et al. , 2000) , ELA 5[ “ i 1L #)
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Ul A A VS i) Pl e Y QT I/ E B
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E NN TR oo A N W Sl R U TS
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Hy  BA DU T IE # b 58 19 VR L K& A R D
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al. » 1997) , Hih S 46 vf J 7 il fi e 2 4 CUn XD
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(18 5) 3 @ ) il 2 4 = Z2 A v O i Al B 1) 30 5% T 4
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P A B B A R O0FRAE (AN 4835 K 0 ) (Yin et
al. , 2000),
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7 el 1o DB 2 T B A CIRT 4b) o i 8 L A 2
35 LU o i BT AE R0 L 3R 4y B R0 ) TR E 5 A
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VAT i v R 2 {60 07 ol A S P L S T B
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2004) . RRYHAE FLPY 3 LA S5 5 2 28 0L F AL R
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O T LT DL ZR e R R 1 S AR
(oK A%, 1995, 19965 VF 5254, 1996), %35 1L
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PR A& G A4 ] ORF A6 43 T B, Hy 8 > YR A T A
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PRI 5 908 25 20 AR 23 6 O e (o A4 1) £ A6 Al HRART oo
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U LA BAR T 5 A R PR 8 RN 7
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Fig. 4 Orogenic styles and architecture of typical continental collision belts

Ca) —“ AN FR 71 1y L35 988 TR Ll g AR (B8 Yin et al. o 2000, BEAE 250 5 MBT— 81 558 oh B 28 MCT— 32 op e BT 25 STDS—
PR R s GCT— KB 1 g ph W7 24 s GT— XU SUras bW 4 225 (b)— % B a7 L7 5 A BRI 48 307 1L 75 o 4036 (M Roure et al. . 1989
Choukorune et al. , 1989, WM& ¥ ; SPF—pg L F] 245 37 iy [ 95 w4y - SPZ. g LR 48 Wraly s CPZ—rp el il s NPZ—Jb FoF) 48 07 4 s NPF—
b LA 2300 72 5 NPEF— LR 4= 307 5 Bl oh iy 5 (o — 243078 1, LLZ 04 3 L 9 A3 (K =R 55 19965 IR B0 . M 8aoc M &
T R A A 2

(a)—Asymmetry-type orogenic belt, with the Qinghai-Tibet Plateau orogenic zone as the typical example (after Yin et al. , 2000; with
minor revision) ; MBT—main border thrusting; MCT—main central faulting; STDS—Southern Tibetan Detachment System; GCT—Great
Contray Thrusting; GT—Gangdese Thrusting faulting system; (b)—Symmetry-type orogenic belt, with the Pyrenees orogenic belt as a
representative(minor revision from Roure et al. , 1989; Choukorune et al. , 1989); SPF—South Pyrenees Foreland Thrusting belt; SPZ—
South Pyrenees Zone; CPZ—Central Pyrenees Zone; NPZ—Nouth Pyrenees Zone; NPF—Nouth Pyrenees Fault; NPF—North Pyrenees
Foreland Fault; (c¢)—Compound-type orogenic belt, represented by the Qinglin orogenic belt Cafter Zhuang et al., 1996, with minor

revision). Tectonic units and main thrusting faulting are the same as those in Fig. 2

Byl B 4o, e TR ALK A G A SR AL S BT (8T 4D 5 5 3 L Rl % A A
Wili 25 A R X i A ORF a0 A 1) il f8E GRS 3R 45, 1996) k{iﬁﬁlﬁlﬂﬁﬁ{ﬁ/}ﬁjﬂ% G BRI G

R R RIE A 3 Ly DU R ) S B 25 A (I IR 2R A VORI 23 L s 2L IS 4 0 55
3R 4) Rk s A0 W DO T ORI A s Ll BT & EROC (AT 2) 0 R RIE AR 3 L0 A SO LT Rl AR
A LR -RE X 12 MO Rl A 8 oh gl 48 D AR AL, B2 il N R E ROT R B AR R 6 TR TR
T T Rl 8 L T LRI A A LR P R T ML TR S i R M 2R U i L (T 5)
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Fig. 5 Schematic geological map showing tectonic framework and distribution of Cenozoic collision-related deposits in the Tibetan-Himalayan plateau
(after Yin et al. , 2000; Hou et al. , 2009a)
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MBT-—Main Border Thrusting; MCT—Main Central Faulting; STDS—Southern Tibetan Detachment System; IYS—Indo— Yalong Zangbu Rive Suture; BNS—Bangong— Nujiang Suture Belt; JS—Jin-
shajiang Suture; GLS—Garzé— Litang Suture; HHM—High Himalayan Metamorphic rock; THS— Tethys— Himalayan Metamorphic rock series; LHS—Low Himalayan Metasedimentary rock series;

Ts—Tertiary rock series
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i F 4 (40~26 Ma) il Ji5 Rl 13 3t 52 1 Ji& (25 ~0 Ma)
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JC (Bl 4a, 8 55K D).
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T BCPR A P R R BE B LD iR FS (Wang E. et
al. » 2006; Wang S. et al. , 2008; Wang et al. in
press) Fl #1572 4 45 (Wang et al. , 2001; Wang et
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Fig. 6 Schematic geological map showing three-stage collisional processes, geological records and related stress

regimes in the Tibetan-Himalayan plateau
EJY L - S Y O R AR BRI 2R A4 Lee 85 (1995) 5 K145 3306 3l BERIIE 525 2% 45 (2003)

Convergent velocity data between Indian and Asian plates (Lee et al. , 1995) are used to compare the three-stage

collisional processes and volcano-magmatic activities (Mo et al. , 2003) in the orogen
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AN 24 BN B -7 Y K il il 48 7% 12 ) B 22 (Dewey et
al. , 1989; Wang et al. , 2001), [&] i £ B & 15 3]
AR 35 5Ma 1Y I IR 9k ZE Bl Of 1 iR SR
2006b; Hou et al. . 2006a) . J& i 1 &7 B BE 45 1 40
Jo- R B B S I T B R R R R B R -
K L B0 K L (T 5865 Chumg
et al., 1998; Guo et al., 2005; Hou et al.,
2006a) ,

i 8 b 5 A R ol R R A v i L R
DX, E B B2 K fili 5 A P8 4R 252 1) A A o R4 5 AR A
SN BRI T e Bt - sl 5 b e i i Py
75 (> 18Ma) » 15 1if ili X IE AL ABU) 32 140 5 396 o by 2R
7 (MBT) 1 5 Hf e 386 o i 7 (MCT) (22~ 11Ma;
Parrish et al., 1993; Burbank et al., 1996;
Graseman et al. , 1999) , 76 i i v W 7 T2 i 38 25 B
B % (STDS) (21 ~ 14Ma; Burg et al., 1984;
Scharer et al. , 1986; Burchfilel et al. , 1992) , [5] B}
FEBE A o TR Rl T R 5 B BUHE IR (4 48 5K s A
db= 5 hr o 48 A X & oy (Harris et al. , 1993;
Liao et al. , 2007) ; i 8] 3 By IX 36k 91 ] %) 2R 74 1)
M7 (~18Ma; Yin et al. » 1994) & il — Z 5
e FLAEAR T R NS 1] EWE RE MRS R (14~10
Ma;Coleman et al. , 1995;Blisniuk et al. , 2001; 7
AREE . 2006)  U) FI G A 25 74 [] 335 e DB 224 A% L ) 1) £
I 5 0 5 S 3 3 3 (25 ~ 10Ma) » 7 X JiE 1 1B
J— % MRS L R 8 v 3 tHE IS 48 5 (B 55 Ding
et al. , 2003; Chung et al., 2003; Hou et al.,
2004; Mo et al. , 2006; Gao et al. , 2007a,b),

e & Bl 1 3 LA AR X = A il A e A g LA
TH MR B AEASA & B O RS- KA S b
Ao AEXSFR G Ly o - Bl 2R S Al 4 R AR o
Ik o Bl AT 8 KR ABE A 8 R - AR 30 o A R R T
(J&] 4b; Choukorune et al. , 1992), H I, o] GEAS K&
A LLR MR BT DI FIGE 1 bR 25 M i e 4y . e %R
W ¥ Ly o 52 2% 1) 2 3 LA AR = I Bl o e
AP SE S RE . AR, DAAE 1 K& WF 58 2 /0] LA
) By A 3 L R B A S AR O I =S 2R 0
A5 A Jb Al P T 7 PF 5% 5 R A S A . & PR
B 77— 4 AU P K Il o J 10 7 P R T P 4
A7 Ak 1h) R B G B 4. 1995,1996) , B L2 A& X1l
FROFEZEE1996) s @l T 2808 - 74 78 22 S 1k S 1)
W HE AT B OB BT 1L B9 NE-NNE [m] 59 5] %% $t
P 3 -2 3y Gl [0 945, 1996) . 1T RE 5 75 98 i I 4R
G W R 3l B A T AT R T BE . BB A L T R Y

W7 2y 2 A RO B M A AT R W AT RE R T %
A b A i) A I A ARk i OFF b il 98 /P R BE 4 ,1996) 5O
KB A g R 2, 2506 16 (LA iE A S R 9 B Bt o
i PN 3k L 3 B L T R K R s R AE B A (R AT
2001) F1 ¢ Mo 76 i B 5 (i 1E A 55, 2001) , 31 2% 1
R A o R RIS S % i Ik RV AR, 2001) L, TE A
R B R e LA S A 1T 24 32 U0 1) I At R A 3 R B
Cik A 55, 1995)
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ilf 435 38 LLVE T P-T-t Bl 2 B, AT fol — W Ailf
J 3 LIRS U 8 0 R AN T 11 5 T 3 0 20T 4K
AL B R 2 JF & E RS B 4 B & R R
(Jamieson et al. , 1991; FFEfiT5¢,2001) . 7F 3 % =
JEL L ANA [ lf F5 Lok AR 4k 28 1 T = A e R B
Tl 488 g 3 2 400 R O i b o A =B B ST A
D AR i LA — Al A B B X & D5 T e R R SR 1
ARk (E 6)

T AL 2l B B0 Sy il 9 Y T (65~
52Ma) . W J59 HY B A R AL 5t (52 ~ 41Ma) (fz 3 i3
45 ,20062) , H T FE AR 0 R F Hb oS VR L 5 [ il
FEAE 4 M R B A TR A s A A
(Mo et al. , 2006) DL R B8 BT I K 1L ik (e o 25
25,2006) [ 7 02 st 4 TR ML 500 AR R ) BT
VEFA 5o IR i 0 307 R 32 307 A 5 it ECART o ) B
MR AR T 375 2 i Bl i T RE B T R
WG SR L A B R I e 2, 20065 428 3
&E,2006a;Xu et al. , 2008), MRl 45 [y B B0 35 A
i BT (40~38 Ma) . B I Ay S W5 57 1 (36
~26Ma) (Surplin et al. . 2005; ¥R HK4EE,2006; f&
HATRSE . 2006b) 33 i 2 R 3 B A A T
T R — Z 530 o BT 54 2R L 3 B R RD KOk g, B
T U 24 55 B D) VE R R U0 b R R e (R R
25,2006 o 45 1] 1o 490 2 VR B ik T 8 5% 0 TR TR K
JT 3% (~35 Ma; Hou et al. , 2003,2006a) Fl3E
PLAT ZH ) 25 43 4 (Surplin et al. , 2005), B filf
84 5 N7 ) 3 T BE 5 i PO L 5 0 S5 0 ) 9
SRR R E R G Bl Y R SRR b S 2
A 1 2 ety Ak T/ R AR A S W 3007 & o T L
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T I il 48 B B R3] 3 B AR B Ok S AT R A 0 g
LR (25~18Ma) , JE N — &R 4 08 o BT 24 & L Jm 5 4t
FEAP Y B2 0 0F W2 (Yin et al. , 2000) ; B 3
BRI N e LR A A e R (18~0 Ma) , JB i
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e ] 5 5 B RE K Bl A Pl ) AR b — 4R 00— M o
A & (Chung et al. , 2005 ;&4 ,2006¢) .
3.4 KEGRE{EEERIBE KB N

S 2 AR B A 1L R A W] O 2 R AR
T 15 s 52 R 1 17 ) 728 A o AT RE S R i i i i L
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Wil i 0 428 - Ao 2 325 3 DA Ay« R i il 45 o R 5
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Fig. 7 Metallogenesis of the Tibetan orogenic belt and major Cenozoic collision-related deposit types in Tibet



(22310 S PN 1 &L ¥ R o 43

R AESO W Pb-Zn-Agh
—

I
s @ wnmernm

P8 T R g Mt Al A 3 1L 3o R S D R 4 AR T
(PRI P45, 2006a, b, e, (B

Fig. 8 Models for the collisional tectonic controls on
main types of collision-related deposits in the Tibetan
orogenic belt (modified from Hou et al. , 2006a,b,c)
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i Bl Y 2R B T W6 il 488 4 3 % 4k 1 1 T A S
Till: 428 3t 52 11 Jo& LA 4 T CIEL 85 4 186 i 55, 2006, b,
c;Hou et al. , 2009¢) . {H #E A [A] 9 Ailf 43 2 11 7,
KB REEE R A B0 R G R AVA T 25 5%
4.1 FaIEFGMCRAT ER

X FLHE T AR T - Bl XoF 22 il 48 RO i AR e R 40
B B T R Bl T 3R R 455 pl b 5 4 6 R 0 4 R
AR I A S e /W 1R 8 3% 5 X it A4 3% 2l 45 2 %
PR 2R 35 R 1) DX IRV ] S O L ™ R 48 . 35
1RGNS T F R I3 R 1R Y 32 2 i 3 5

LR R,

TE T 9 e DR e I K i G 8 T & A 4 i i SR
U 5T b 5 N R S ORI AR T AR e o8/
58 TR VR L T s 2 T AR 5 X e R T B 45 6
S AR T A BT R T 4 A 4 BB 1 i R 5
B, @& 7 Au 7B R 48, @ 5o IR A6 K A A G
(1 U-W-Sn-Fi £ & Jd 0™ &R 48 © 5 72 /18 1R Wi AL
M A RN Cu-AuFeMo Z4& BV ZE MO 5
b R ARTE B SRy MVT % Pb-Zn R 2 58 M
FHR 0™ RSB (& 5 F 8),

4.1.1 FRIBEBERTEERARSEERT RS

FEX FR 203k LA, 5 Bl SR R & R R B R T
AR /D & A 3 3% 3 TR O Bt i % LT A A4
B E 0 PR 25 %0 (Mitchell et al. ,1981), #H 2 . 7
AR G 1L R 2 A R B S R A
FITE A AR B0 2 L A0 i 98 2 SRCHT L 2 X RS 3T 3= lE
B . Horb L S RS R B AR A SR
A AR 4 i A B R RL 7

TE X JEE 30 25 B Ol it [X0) o T 0 56 4 4 AR
EVER . = A T R Rl S AL B 2A (66 ~41Ma) (&
55 XIMGHL A 19935 1 55 . 2006a) , Hodr b5 it
Hb 5 W o K A S 7 A DL T K AE B RE K AE 1
R 3 R B A IR G N 4L 2006) L A E G R
T Sn WY IE A AR & s X R F B POk
FERD B ALY 2 B R T B A B A BT R Wk A
K Sn R (B 3RS . 2006) 5 8 50 50 73 445 il
T BB 2 BEAE B A (B 45, 2006) , HA 3K R 50
WM AT & TWHA RN AR PIRAS B
FIAEIR R A 4 8 B (B 8as {5 B4 45, 2006a) . S
RUAE b4 2 0 LA TE 2 Rl 3 5 3 2% K = i HL R A
AT REA = « O K i Alf 48 F1 B DR b (65 ~52Ma) AL
BT F R A 5 A R T H b AR Y
b 5E W) A o AR LR B AR Ly in JEE 1 5
TRIE AR T 2 05 10 B8 1 s O PR A 9T M 56 45 2 1 7= 2E
ORI R TR Y v p AR AT K A W 8 e A R s ALY
il 5 O 7 0T R AR 15 b ARF o I 7 52 P
UL ARAL T 30 Andes B 55 22 3K b 5% i J55  [R) B ) 95
FEMR T K A AR T 7 b 5 o 7 R LA

7 RJEC b B, K R B 5T/ IR IR A XA
(RS, 2006d) . XS AL X 5 (52 ~42Ma) 5 #%
Kaa (52 ~47Ma) 2 X} H # (& 5; Mo et al. ,
2005), 5848 k1l 5 (42 ~ 38Ma; Gao et al. ,
2008) AH A 7= s HA IE ena (AR 1E (Mo et al.
2007) & F T 5 il 15 0 30 2 A L g A ot 3F B
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Table 1 Metallogenic setting and deposit types during the main collisional period
Mo BTER T HAHE RN NN B FR G R Al ERHAE S|
SEUR S BUAL X JE e TRIG % 1B B 05 BE B RG BEMAYAER | Sn, W,Nb,Y | e 5 CRAF D
i SEIR TRIAE R BEE | MR-k | A K- R4 Bt Mo R I (D
g rﬁ/}‘%fﬁﬁﬁmﬁ MR Wres N S pa i | AR R S &R Cu-Au,Fe-Mo | 35 it i Jit (X H)
EBRIAERER | i i | R RS R | R Ph-Zn-Ag  [F M ST R
Al A8 T 1S 2 it 1
R A2 S WA S R EE MRS DB RS VMS %l Cu(-Fe) 4oy
il 19 4 g A WM E R | SRR AL HEA Cr T 9 S (B A )
W B3 Hay 3 95 Y) e e 9178 B 5% 1 5 1) A8 S AR R G gl Au T 7 R (B ARA)
)/ W 1 85 Dl 0 3] 705 5 5% 5 1) P R 5 B s Au ZE W 1 114y
i fifi S B R AE R PR o )R 2 R | AU RS mYH Sn. W FO A 2 33 1
il SR GAER A BF 30wl 52 R A SR RS U FO A 2 30 3 1
i ili 4 kTRt i R 2 LR f KR R G MVT #4 Pb-Zn F R A 37 3 1y

(52~41Ma) , & J R I AT RE 5 BP B K Bl i 1 Bl o
2% 19 AR A T 5 R A0 Bl 1 TR A DG (O 3 e 45
2006d; H fE B 45,2006 Gao et al. , 2008), 53¢k
S RUAE K AN ] 3% B 5E /M8 IR IR 48 X & A Cu Mo,
Fe Z4& @0 1L M FRAE, B B B0 ke % g .
15 X7 A8 11 i B A b T 0 B4R TH RIS L B R
TRAFE BN AR U Y RAET L R
Cu-Au-Mo-Fe #" K (Z56H1 45, 200653 1. TEXE
Wb b s e — & B R X T R ek AR
BER N R BRI 5 K R GAR VMR R B B
Mo #" Canyb ik 818 (45 2% 46, 2009) 5 TR AR A7 1Y
KRG AR AR T B R R L RN )
i st 39 TR g ) O T8 22 ) 3 IO PN T B L AT )2 A5
R Pb-Zn-Ag-Cu " K CAn 5 W] . 5¢ P58 57 KD
(5 F1 8a),

4.1.2 ®EZEHFESELE AvET 2%

i 2N R B AR S R B VG IE TR b
L5 N AL AE il 5 90 4= 067 % 8% 19 — 4187 IR (Mitchell
et al. , 1981),40 Cyprus & Cu #" JR 1 & R 4% 42k
W YR IR 7 T RV 4 K 200 B iR R S B
SR T Al A B I 3 o R A T IR A AL . SR PR _E il
EEE SRy — F T 0 30 5 W R S A P
24,900 T 8 LA Au BT (RS HSE L 2006a) B
KEME Au T EX (Li et al. , 1998 I K5 &
H o BRSOk B T R R 2R e i L

TE T L e J o 5 A VLS S AE N BN B 5 T
HIPNTRIBE 21151 iR SN R Y N A UL
F (GCT) e IR, [F] IR IR W 240 & & . 6w
X RS 307 38 wp BT 24 R (GO e (] 5) , Rl NEE
] KA BT Y)A A . R R A VLA S P K
KBV IKRMET S UKD & IR, S0RE ST

R IR, Wil B &0 2 B3y U
S5O0 Jf 1 e 2 4 1 T A 3 ol A S AR R A 9 ik
R (VLR 22 48, 2008) 5 B[] b, #8407 1k (~
59Ma;Jiang et al. , 2009) H BU T Fifi fif: 42 119 7% Jo 0
W5 AR E BN E CO, ARER B (3% ~4 %) By A8
JERAR B BRI R A B4 8 (] 8as YIRS
£ ,2008;]iang et al. , 2009),

TEZ8 U 38 LA 75 FPH 4% G S W 4 5 iy 7E il
Ja5 3 1 3 52 3 N A O T A Ay R S 3 e b B
S AR Au 57 OB B E KB A R4 1)
— R R BT, 2001) . Y 5 Wk 4 B i B L 3 %
|- B P90 AR A KK CBLR B S 5w BE
M) A BZR S 4 7 25 (SR AT 2001) , 2N Tl
B Avy 807 T AN =4 " 5 AR
FR R Y 2 FR CANPL R 3 42 7 55 L &R 43 77 T e 4t iR
Fe iy I B Ak - B R T AR (A ME T 3 A R AR 0
S o AR R AT B B R AR Au 0 RRAIE
AR AL T 227~169 Ma(Mao et al. , 2002),
T TP oy 4 5 AR S B0 A B Al B S T AR AT
2 SERVAE: VIO VSN 73/ N S TN S T
2001) , F2 27 T4 51 0 38 R B -1 v B B0
0N oty 2R AR S 3 Ay A e P R 9 g R s A
i R RAREL Au B FRHAE (L et al. .1998) LA
ANFRZ Ryi& il # Au B (Kerrich et al. , 2001) , [d] {3
ZAEWEZE P T 240~170Ma(Mao et al. , 2002),
4.1.3 ®IRGMET TS E R-Ai% Sn-W-Nb-U B

E4

TEXTFR TS LT S a0 e A A 307 3 117 S el iR
DXl e B R 19 & LR 0 i 5 e in R R | 3 o A
(4 T 7K e A 1) b 22 X b 2 b e s DR R 8 B I 75 &
FOURR W B U BUOR R0 S B 3 BR AE i) IR 848
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5 (Harris et al. , 1986), X & [q] filf 48 7€ i & 18
WA SREL 1L, B B E A Sn-W-Nb §7 K Fl 5
FARWTL U B R, Q3 %9 28 1 05 e 281 S BUAE i s
) Sn-W " R (Kelly et al. , 1979) L K 1 [ o gt 3
B AL 5T U 5 (Le Roy,1978) . 7EA X R
T 1L AT QR v s AR D S AR B e AR D A R
i i Tl A . AT RE S IRl o T ARE S A G
4.1.4 BiEERMS MVT & Pb-Zn B H R4

T il 73 b A A 15 2 Al 4 3 LAl ) A
JC, HOW R H B AL (MVT) Pb-Zn 7 K
(Bradley et al. , 2003), AN7E HoA) 4 Wi (g, &
i e 1 D = Wl = B 1 N = W S P | A ]
Cevennes Fifli @i &5 MVT 8y 80 4 X, w5 ]
Ave i i # # JE B MVT 4 £ # 4£ X
(Puigdefabregas et al., 1992; Bradley et al. .
2003), X4 MVT H58E a7 K W] A8 B K HLBE 508 Ui
PRAE AR 4B 385 L1145 =5 7 3K 21 U 48 i i A b B R A 4
J& AL UTTE T B (Leach et al. , 2005), FEAXF
FRaCE Ay . T MVT BUEYRE A B L (H7E il 18 77
35 14 5k BR i il 45 3, 5 A JE B MV'T A Pb — Zn
W AT REPE . 7E B h0HE R &R L E T R AT 5
TUBRUT 91 5 i el v o7 7 ()09 % &, Zth B 3R 04 B0 L
v 2H Bl AR e 2 0 S R 2 A e s T Al
(Mitchell et al. , 1981),

K2 Tl A S e ik 0T 4 4R R R R A I
i 1) 5 el AR YR & %) T i 2 L T i o O Y G A
B [l 48 2 58 17 R e T R A S A 3 0T, o
A7 i 253007 A9 MIVT 8 Zn-Pb 7 6 11 Fifi o 05 7
KB MFEIAE KA W-SnHiH 480K 76 8% i 3K
O B A8 Al S LB IR R B A I B E 2R R AR A Au
W, 7 7] Blf 48 25 0 U 7™ i 5 52 R AE I A A R W-
Sn @1 5 72 /18 IR I AL K 5 A & 1) Cu-Au-Mo-Fe
Z &)@ IR W AN W) T3 2B 1 LAl i 3 B Au
WA A Cu 7, VMS #F1 /8¢ SEDEX % Cu-Pb-

Zn 1 Pb-Zn W R (K 2),
4.2 MAEEMASERETER

X HL R AR R A 7 R TR B B R B 4 R BT L
53 95 Shy 2 1) 25 0 Bl RN RS E - B -3 b A
g 3 S L K 0 S A T B0 9T 7 A 1) BTV T
B I R 5

WG il 88 Ay 5 2 0 A T 7E 95 9 e Ji A S M X e
Sk S 1R I/ TTINRTRE o < L AN i il )
B A0 TR 22 A LG L G AR e A i R A R R
Z o7 HAT A SR R AN AR R R B DB R T 4
PMEERV ZAE: OB A Cu-Mo-Au 0 R4
(N FR 45,1984 JF {1~ 1 %5, 1995; Hou et al. ,
2003; 2006) @ HhkER A -E KA A5 A R E 1L
® REE B &4 (5 B 54,1995; Wang et al. ,
2001 ; PEHE 45, 2008b) . @) 52 100 wh ¥k 7T 4 3 4 i
) 3% 1 A Pb-Zn-Ag-Cu & " & 5 (2 14 i 4.,
20082) M@ 5 3 P17 A L 1Y 3% LA Au I R 58
(B 2= o 25, 1995 fiE 48 (% 25, 2006; Hou et al. .
2007a) (& 5 F1E 8b; £ 2),
4.2.1 FEBWRTE5SH K- Cu-Mo-Au 71 REE

B R4

TEE R AR S KB E A RS h 24l
VT A ol s AN ASORIASE LA o T L A% b 4 o) e Al 4t 4
KBCH IR S oA . NNW fis) ZE {1 (4 57 58 — 25 B
W7 24 | ECL - VTRT 24 (b B 2T I I 2 (g B L
il TR IR 1000 4220 B B AR AR IR A S A B
W5 4y i (K 5; Wang et al., 2001; Hou et al. ,
2003a) . Horp ARBRPERIE R TBES & F Cu 5 Cu-
Mo #, i £ 3 & Cu # 47 (Hou et al. , 2003a);
ERFEAS - KEEAH AT Aol AuCu g, ik
7 Au " (Xue et al. , 2007), & Cu B a#irkib#
R TR A (S . 2003b; Jiang et al.
2006) . Au BEE DLE B E SO RRAE . PR E K R
Gi ¥ LA fo, MARAE (Liang et al. ,2006) , & J§ F
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Table 2 Metallogenic setting and deposit types during the late-collisional period
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B AE S 55T /18 JEHT (Chung et al. , 1998; Hou et
al. , 2003a, 2005; Jiang et al. , 2006), ¥E4HH" Re-Os
EAEVERLE W] B Cu-Mo fil Cu-Au i R4i4 =
N E B (40Ma, 36 Ma il 32Ma; Hou et al. ,
2006b) , 5 B AE R A Y (41 ~27 Ma), 3% 86 it N BF
B BEA T FE AR 437 B AR R AR L ) 4L A R
A ZR 50 55y T 5 MRS 1) 25 SR B B A AR 0 1 26
LCH 2 B 45, 1984 JF (= i Z5, 1995; Hou et al. ,
2003a,2007b) . s W W5 BA ALY T i e

(ELAS 4 B 0 J2 6 5 R e i 0 T o o 5 e A
LR W E WG 3. AT REIA & T F Huse ke . 72 X1
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NG .

TE T 9 15 R AR &% fE 7K ] /N T T T 2445 ) T
T TR E S KRR A - PE S A L REE o
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B AT R = Ff REE 5746 URE . B4 5
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& CO,H51FE (Xie et al. 2007) . WH FAW Z MOk
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AU (I, 2008a) . MR HE 0 wp e M i 1 0 K
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FORIREL X W, BR 2 ARAE AR B B A TF s
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Table 3 Geological setting and deposit types in the post-collisional lithospheric extension metallogenesis
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, o W-Sn. #i
| R e JE Rl AR S K A iR IR 855 5 b 5 VR A Fa % 8 Ty 46 LY 3 1 A
Liii T r— = -
J& Bl 1 = = B i e ) 2R i s
| s PR SRR s s o v e U TR
A i GRED
= U AER 55 T 7Kk 38 5 CO. i Le A 2R B 1
WL LA 2 RaapgwRs | T U LR
P AR E R R | JEREE S B R AL | JESCIRE TR MR R E S| B Bk A A i A RN E SR
u
"R R Bkl IE W R sk A 5 M (STD)
N AT Rl A A A K A R e MR E R W R SIERZE | AR R AO| | Sh-Au FEAR M H L
T8 wmrwzas e KA o Sb. | H(STD)
T AR O | Pb-Zn- MR E BN
FREWRERE | MEREER E W R % ‘ R
Jik 784 Sh HE(STD)
T il UL 7 0 4
S R $ R BT A5 T /EI\ ‘\c» > 2L ) U
- PR3 TR R B J& R A LR HiLT 7K ik g b R

CRERZ T AFEEBM B K™ T B G R
Rl R R A O IR B R R L IE W2
RO E-BUN RAF IR (R 3.
4.3.1 RAEEFFSHEE Cu-Mo 1 Mo B
¥4

TEVF 22 i 18 36 17 L B0 B8 90 5 21 6 2 05 il
18 5 AF T Y g B 26 (Liegeois et al. , 1998), 7%
T A R S 2 S, 22 % T 2H I 2R 3 ST AR AL
Pl FEVE R B AT KR A F B R — ARGk
1500 km ) A7t 5 3% 4 (Turner et al. , 1993;
Ding et al. , 2003; Williams, et al. , 2004; Hou et
al. , 2004; X & PF45,2006) . 8 (26 ~ 13Ma)
FE T A 9% (25 ~10Ma) 43 JLE IR F KB 2 T 1 &
E e (Turner et al. , 1993; Miller et al. , 1999)
U B A= F #58 (Hou et al. , 2004) , A] RE 5 {ff e
R i A LAy IR g -4 10 R 00 L T e R A G
(Miller et al. , 1999; Maheo et al. , 2002; Hou et
al., 2004) , HIRBTA EE LR AW AR AR
JAE AT T W R0 A g AL R 20T NS )
TEWT R . ARG K B FIAE b B TR
B (RS . 2004) , L K 5880 R 5000 3,

P2 RIVRZ R B3R v M Bk b 27 o5 Rk (f3
WEE4E, 2004 ; Hou et al. , 2004), Bt aRiEshE
WA th T 15 4+ 2Ma (P 52 BE 45, 20035 Hou et al. ,
2004) , ¥ 40" Re-Os 4E #2754k T 14. 0~17. 6 Ma
(BEMARESE , 200303 P S BR 45, 1984) , JiF 52 B 224 4 0 -
WA R G 5B X BT e kR il (18 ~ 21Ma;
Copeland et al. , 1987) Fl & fii A4 VL Z J5 (19 ~
20Ma; Harrison et al. , 1992), & 4= ¥E )5 filf 45 Ho 57
G, ik e o il 5 5 A Oy Cu-Mo #74k
TE R T 25 2 0 RIS i B 7Y B 25 B 7y, B ASE HE HE v
JE B A (I 55 il 98 B AL 2001 5 5 1
45,2001,2004) , 3% L BE 24 0 B AE SR Ik A% | TR A4
KR R H A AR A S 7 S a5 R B B S
B o Tz — BT (Yang et al., 2009),
fRHCA SR IR I s K R s Cu ML A7 72 AR A 22 57
(B3 R4 ,2007 ; Hou et al. s 2009a),

KRB PSR 2 R & TR %
L BT 3 A 2 IS B R BE S S . Xk
BEA ARG S AR b Tl ] (154 ~136 Ma) , 547
AR JR AT T PH A& A AU 0% 335 pp AL 3 A N R R
AT 396 o 7 284 5 8 010 T )2 1 58V B 0 G OE A A
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2001) , LT IR BE S SR Al . B A L AR
BT 141 ~ 136Ma (B i 52 %5, 1994 5 2= i I 55,
2005) , Jz WP 1 I il 48 1 e 34 35 B 3 1L A
WhE. & Mo B DIE R BEA R 3, = K 851k R
G BEA R F A3 KA CERIO IS Mo i,
KA T Climax BI(RA) B A Mo # (Rowe, 2005)
Sr-Nd-Pb [Flfii RBERI R . & Mo #3RIE 715 &
1 b5 L AT S B Y W R ) I Tk R 4R
Mo FZR [ F &6 40 15 b 1) ol & T H9e, HF7E A K
b Tt a AR DAL AR TR A 1 4 TR Mo (54 i 55
2009),

(B A5 156 B 9 02, 5 5 Rl 8 A R A SR I IE T2 &R
G AR TR SR IR ) BEE S RS HA
A RE G| b M7 K AR 8 A Rl 7 A 5 PN 43 4 il
JZ (Nelson et al. , 1996), )5 & 9K s # K IR A6 #7,
A AT B R  Li-Cs-Au 57 R (ZEHR 1 45, 2006) ,
AR AT Y R MO BRI AR E
(K 8c),
4.3.2 BERHETET SHEEKE Sb-Hg £ £ B K

)

TE 5 Rl A AT P S £ i T R 0 o T 2R B
X TF 2 R e U0 E T8 U AR R 1 R L
B 2R R0 ZREMNENEKE . EHLE"
b AL S L Bl -2 22 0 o T A R B /N R L
S BT 2B NS ] 1F W7 )2 U0 B S E AL R ) T
IR AT K R Sb W IR 19 43 A 5 507 B B T AL
%% Sh (B 5 R4 ,200D),

R EE AR PRI 2 & /o b th & &
5 2308 3 LU Y Bty P o D 48 Al B 38 ety Y R O AR
4,1986), XX 48 1k (As, Cu, Ag, Pb, Zn,
Aw) DL Hg-Sb 28 2, gL BF 8y e 11 B0, 4 op o A
TR B 300 v 7 SR AL AN o ) B 28 U - ST SR B LA Y 1Y
RS (4625 ,1986) , 522 % Sb 2%
. FEMM-ZE)IN X L LR/ kELT. 5
BEAFH R B T8 U LD AR B AR B 2 4
JE& AT (PR AT 555, 1992)

R 0 A5 3R B ) 2 o A 28 0 3 LA Y i P o
R B KB A 7 T — R G
ST P ] 1 DRy - D0 oy e R BT M A B 1 s o CBR
T 56, 2001) R Sl 2 A R £ TR 180 28 A% 2 5 Y o
S ) g ok AR 5 TR G B 52 A A e 4 T A S Jhk
R4 0 ) 527 2 F () Al i 400 06 o OB )22 (o R VL 4
2001),

4.3.3 PREMBHEERESESXZ- BB W-Snf1 U
B R&4%

TE AR 2 1L ] an 42 5LV 3 Ll i ik
KT By W T U ) BT 40 ~50Ma, R R H T
SR A L 7E AR TR I RN AR TR AR e KR L 2 2% G il
AL AR AT . XS F B S AL
Srh S 5 TIRG Y, Hm oy m i AL AR AR 2R K
W-Sn " K, X265 W-Sn fEix A E2 8 E Al BTz
Winma sk ® Li 1 K 4 B & (Seltmann et al.
1994) , W-Sn #" fk F= 2275 46 i & v 52 9 ik bk A B
B A o A AR o A [ e e T
VU L is SR W OF Bl 0D 7 i = s B =
Z AR EN s B RN A A PR BEE KBS U o
b U o ik F 2 B ECRSOCGIR ™ H 3l 5 67 T 74
o] 396 o T 2R 5 e I e B 2R ) SR, AR L U
A B s i ok s COL iRz 72 T il as
li] 2 A AR W 9 T TR ) 7 U B (Mitehell et al.
1981),
4.3.4 HIERMERBRSKERK Sb-Au f0
Pb-Zn-Sb F # & %

o 3 1 B R AE R G i R B B B )
F B R E A b DX B R b R . E T R R R
FF B R (STDS) i — 1 B L5 HHE AR VY 1) 42 i 11y
JCAAR fA B2 IE BT )2 & 48 (&l 55 Burg et al. , 1984;
Schaer et al. , 1986; Burchfiel et al. , 1992), % T
21~17 Ma, 42 % 12 Ma, STDS 5 B &-hi 8 i
H 4% B3 W7 )22 #4) B— 45 USSR 1) b A e 3] 4
P SRR AR 2 T 0 B PR B G R A
2006), TEPITFEWIEZ T ZM . ERSERERE .
F A 35 300km 155 B AE) 3 717 35 43 55 B v s gl v
Fri R4 ) e L (17. 6 ~9. 5Ma; Harrison et
al. s 1998) , ] J#4 3k #1055 1Z

R R 5 7R B LA B 1 3 BR A 5 2 S i R
T5RELH Sh-Au B4k B B R Sb-Au B (&
5 K Scs AT #7455 ,2006) . B G AE KRB
TR R 2 B Jok Y AL 3 ok AR A R A T, 2 R
o JR G B T )2 A NS [ 1F W 2 KA 45 ) s 7R 28 i
e ANE L kK E S AL A kA Sh-Au 54k,
FEZ STD JRA: U2 18] W 23 42 1 5 8 125 728 Jo A%
A KRB H kA A LBk AL Sb w1k, 52 )2 8] T 2
55 NS [n] 1F W 2 865 45 (B A7 AR 55 2006) . X 88
W IR REAL 48 = B4k g U A AL AR R R 1k . 5.
Ry Ry A S [ P N B S T = IR N
PRFNE AR AL R BRI B AR A A% 5 1] A1 A
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A B T i AR (300—>250—200°C) » 5 J K/ KA
IKIR A He 32 08 /N (B 77 R 45 2006 5 Yang et al.
2009),

4.3.5 FTRIETHHE-REEEXHKT RS

SEATREE A A FELF TR
W S I B 3 S 7 il o DB 0 TR s T A A
By (Mitchell et al. ,1981), 7E R 48 BP9 & 1L
M5 J5 B A e R A A I G b B T R A ZOIR ) A
75, B Mo & a2 BE T (Dewey et al., 1973;
Arthaund et al. ,1977) , Krh e FEAHE B & & . 3F
PR BB AR UM S TAE B 5 ik g
e AE AT E AR S A R UURL B b A R U -
(Tischler et al. , 1980),

TE—SE 3% AR 38 LT el T 5 ) S e B A
T 320 51 R 3 55 1 SRR A R AR T S B0
FERG IE R — R R SR A . e s
it frk-— B L REM ARG LR B R
BT PEBE X S A HE R E B UZE#ER FeCu
ZERUIK S-SR EERT, A
Cu-Ni GALYIH FE A V-Ti 880 5 K CE 5UM %5
2006)  7E = VL IX 4 0 VL3 LA . o il 4 4 AR
FE R A G RIS X8 U = S i S A
B8 XU A 21 G T L R HeR B Ae ) Cu
(Hou et al. , 2003b).,

AR 5 fRE A R T A T BRSOk A
BIE B otz b B IR S e Ak
KBRIH KA RE . )4 o 7 3 Al 1844 32 25 0 )5 Al
A KRG UL E R GK v E R B RS AL Cu
W5 Mo B 5 75 7 S Rl s o 5 Bl 4 e K AR 48 AR (8
A8 5 5 A 55 A8 B a0 AR AE . A AUE i W-Sn FI
U, i H AL CO, fi iRk ik 4 )8 U JB siib & 5
U . L5 ARG i SR ™ IR 648 14 A Fl i
BRAE B B 32 B g FL . BIK 3 b A O A X A0
WL Au Fil Sb-Au H K (Yang et al. , 2009),
e Tl A58 AV o 5 | 72 1) - AT G 8 T P A 3 R B R G AR
JBA% A% LA b T Al T 1) OE T2 R R A AL
T A R BN ECR & Au T IE AL,
[ S EORE S He Ag Z& BRI .

5 K4 S R G nY & & HL
5.1 FriECREPRT ER

B 3A R BRI R T Al I IR A8 A 32
R B 5 A A A R AL L -l Y DOk oy
BB OO A i 22 R s OB e e R B

200~600°C N &4 b m M- IN AR A B 77 A s
CO, 1728 i i A& (Kerrich et al. , 2001), J5 # US4 4
GECURL LAY DR 2PN TE Y 1M ob e 1 N BiRE
T 2 S e SRR A R WRIE Au B S A T
AR . TEBE H ) R e Ak i D8R A B (R AT R
1996) , AT i A4 75 BY D) A8 365 77 K 1)/ e AP A 46 95 4or
TR HI 3% (Goldfarb et al. , 1993, 1998 ), I i 1l
R Au B 7535 vp HE BT A 3 AR G0 Y A2 B A A B K
I-TOR S Al 3t e e R BSR4 36 2 R i I A BB
RGN R H 2, P B R AR &0 Gk 28 4,
2001),

Pl Bt Bl AR R B 4 AR s AN 38 2 AT B o
AT I 2 T I R A 0 % R DR o A T 5 b 5 4 8 fn
L e 1015 R U TS U IR 7 ' AVl o 2 Rt 7 D T
AL 5| b 5 B L 7 AR e R AR A IR s TR Rl A 30
S o AT e O i AR R 1o i A 0 e R B RRGS  EB
Hore Rl ] DL e B R a K. BT Sno W
M A7 4 & JC 2% L0300 P AL s ip AR I A 3 A2 R G
&AL I Z 67 TR K 95 R 3 00 2B A1 (Seltmann
et al. » 1994), & /K () 58 R AL 1<) A 3K 7E 78 45 19 45
O3 SR A3 Rk L A R I R A T 3K
Sn-W-Hi 47 4 J& 0 K T B .

R Witi A R 5 282 06 b 22— 8 R B o I 2% 1 A e
RVEMR 7 R 288 B2 K 5 =22 & A6 W 5 5 SR el
7 8 W1 25 87 (Broken window) I 3 42 @l , 425 @il &
KEIRET THAH, 40 MASH o ##, 774
1 fo, Y7/ WEIR IR AE B 5 2K (5 3 i 55 . 2006a) .
XERKRGEZ LA Cu,Au.Mo £ 4 J& i~
PR FEARAS JE PR - O 0 o 5 2K 55 B Bk 5 9K TR
BT K& S M4 J& (Hattori et al. , 2001); @
MASH it 2 1R 5 35 — 15 s ¥ & 45 . S Al
2% Cu J6Z (Richards, 2003); QX & K 1 & A ik
BECSo,)  FECERALY Y 48 Cu,Au, Mo, Fe 45 i
IR AHIZ I E AT N (Richards, 1995; 2003) ., 5% 5 4
BRI GBI R R IR KB E & Cu-
Au-Mo-Fe WA H-HIK RS, TE0 S s By BL. &
SR IAR AL I 43 Bt IE S AR TE 5 Bk R R S
R RE Y RER Cu-Au ZL B K 16 5 [H
R A Y 2 ) B B ) Pb-Zn-Ag #”
IR 5 LA 7 R U8 D 3 1 55 R U AL I 3 B A KK
AR TE B A 8 Mo W K (& 3a)

I - ik X 422 5 Al 4R A0 S ORIE 48 2 1) A HE T
KHEM TR, Oliver (1992) 48 i, 7 Fifi- i i 18 By
B R B MG AR BRI R S A5 T FARE L B A L
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Jo3 o TR ety G ity [ i i O 10132 8% 78 i Bl 72
e MVT #1 Pb-Zn /7 F1 5 ZAEAE R M H . JEAE
WFIEIESE 5 28 MVT #3880 R #F 2 th R
5L BT A A A A 408 3t LT EE T B Bl U 28 i il A
B & A 4 B AL P DT TE TR 1 (Garven, 1985 ; Ge et
al. ,1992; Appold et al. ,1999) , Fijfili Zr 422 E
JER R ER A VTR o MVT 8850 0 b 25 T &
S A s Al AR AR v 3 LD T AR B 2 A il Bk R
R G MR AP R Y BE W2 R BT I A F5 )
T T A 5 A AR el 18 3 45 0 L T R 2 b SR L 3 1L
A Rl S AR O S TR K S AR R 5E T X
AR R G I 1 A R AR BT R R B MVT 5
IR (Bradley et al. , 2003;Leach et al. , 2005),
5.2 BEiEMESERERTEAR

K it 488 5 457 S ART o 9K 7 2B S A BB K i
RN EL R AR 3 3 5 28 oL %% 46 08T 2 ) B 114 ) 1
SR AR R IEAT R . XM FERH
T 1E 1] flf 5 7 A 00 35 40 5 R AR 2% (Dewey et
al. , 1989), DL & A= K ALREE 1 W 24 R 48 (35 D) L ik
i) |95 p e R R S8 (R AR T T AT e
1iE .

T 38 % 45 8 1A S b B N R AR T AR S 9 T Al
T8 08 1) — o E 7 2L W R L e A A I R
ESTE 7 A O (| O e A & N I R
Hi 5 AT T i 4 b AR AE (Wang et al. , 2001) , 44 37 i
DA 1 DX I LA T 687 A 42 i ) v A AR 2 R B
B BT Rl A b 2 B R R i A i R 48 (He
et al. , 2009), FE& I B WS B R 30 h KBl R,
DX Sl A% (A i 74O T 396 v 4 B A 38 5 AR A B8
T 0T B S 1 i ol 2 ) a2 A L i B R ik
U8 L B 2 1) 4 e A O AR B R LR B IR
TR AR (4 45, 2008a) . FE 3 vh 55k T 4 46
), 33X S B I A AE R L/ 5K AL ) AR R e s HE
T 30 Ak = 0 o O 2R B 8 T 2 [ 9 L R T
R 3 R A Y U R 3 AR A (I A 3 RE L oK PR A
TSR R 2 R RS R A kR A R AR A
W ARG IE WA R AE X Pb-Zn-Cu-Ag #7 K, W 7E
e IR £6 1 75 B B MVT %1 Pb-Zn 87 JK . 16 18 )8
HEENIE N Zn-Pb W7 K TELLE W IE K Cu-Ag
R (& 3b; IS ,2008a),

FELE Y Bl 9 IR ph AT B & T SCLM Z R $it
P E 9 OBl R 3545, 2001) , AT 2 SCLM. 8 43 45 il
PRAL T B R AR L TR V) A A B A T T 2R
7 SCLM il JE 45 flt (& 3b; Hou et al. , 2005) , [H i,

TE A 385 i ety T2 8 LA e 905 N 58 I TR U R 1 K
BCEAE G (Bl 3b) . X S8R T SCLM & 4L Hh e
o5 8 o A A 4P B A 9K (Chung et al., 1998;
Wang et al. , 2001; Hou et al. , 2003, 2006a;Guo
et al. , 2005; Jiang et al. , 2006) , 7£ I 5K Ho 72 7] GE
e MR R GRS P ST O EOE R AR
TR s TRV R M 5T 328 W W R S R B R B
3% B3 (B 3b; Richard, 2003) ., 7 J& ¥ B 1K F1 5
RO T o A S A K B o3 Bt T 1Y 2 SRR A
RH PG R KRR T R 4 (Hou et al.,
2003a) , > H e i A 1 A A8 KBS a5 K o) Bk
& Cu ik, BB 5408 (Hou et al. , 2007b) ;3K
FIrg 2 M08 B 1E I BE A B K BE R A iR
B a4 (Xue et al. , 2007), 7 7c¥) i
AR SCLM 1 48 3 70 Al ™ AR CO, 19 Bk IR
sk (Hou et al. s 2006b), 5 &4 FF ot %
AR IRAE &S & REE B 808 3 74 (4 3
A 4,1994; Xie et al. , 2008; Hou et al. » 2009b),
TE IS Bk R -0 M s 4 5 A K REE 4 R (&
3bs o A fF 5F. 19955 B IE BB 4, 20005 3 4 i 55
2008b) ,

TE R HAEE 1 W 280 TR R 58 £ 2B L)
PRI e BT DA L O A 0 R S L I RROR
FH-2% 7 a A A2 . 3X ik 20 B D) 5 A8 A AR
w CO, 172 TR a4, i B M 57 U0 b ot ZE R
) P 45 3 0 T B R Au As 1, 78 VBB I
AR NIE B AutSb & (& 3b; Goldfarb et al. ,
1998;Sun et al. , 2009),

5.3 GRiEMTEERART ER

TE R Bl 5 A7 Pl 3 2 AT o 79 6 300 o B, R A R A
AR i Al DB 125 5 A B8 47 T R 3t 12 9 96 O R AR 7Y
TRt 2 . S 30T 5 Rl 1 oS R B R R B
(E 30,

M F Wi B (Maheo et al. , 2002; Hou et al. ,
20045 BT AL 20065 PR MR AE . 2006) B 4 R
(R e S5 L 2006 @) 5 H H BE T Kt 2 A B8 114 7 e i
Gk, HUHRAR S BRI i B o B 5 R
DRk 1 W52 2 F)RI A  k B TS b S T 0 e il 7 R
B Cu B KR fo, R IK T8 BT A 1 7K (Hou et
al., 2004) , K H 1E F A 2 ML B R BE S
AT . TEFR AT R AR b N ST IR XY A N A
R G3 ffR IO HE R A T A L 2 SR AR KO R
R T A AR U B 0 S e 0 K (%
FETRAE . 2005) X EEE fo, A HAE IR L 5T (5~
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Thm) F B R B RKBE K G IR HEM AR B
Cu BB WAR U BB A 5 - R0 R 48 (& 3C;
¥ & 45,2008 4 B4 ,2009) . BRI IE i o T
PLSEOE R T #oe i, 7 4R S Mo 58 5
BRI K55 b Th 2o A8 s W 40 2 B 52
Mo, FF7E 7043 1 45 db 43 S b B vh 4k BE L Mo 195
WK 38 325 2009) . B B BE 45 B Mo 7 (&
3¢),

R Biti 25 Ao VB ORF o BT 25 R R Bl L 0 AR AT R AR
Tt e i THE AN A PR O . L BB G R 5 i M 5T o
FUA i A AR B T T A 9 A Y E T )2 R R
-7 2 R DL BT AT Rl T 1 24 4 Hb R oL R
Ao U1l 2 4 1) LE BT )2 R G 5 TR B 2 o Dy
() SR AL » AN AL™ s b 428 1) B2 5 H - R B2 1Y)
KB BRI A R Cu 57 e Mo 1 (1 5 3 25 [] » 1 HL
T H R R DX AR ) HE 7 BRI R s ) s T
Sb.Hg. Ag Z 4 @9 IR I T8 B 40 1 (& 3C) . X
L X Sl A T S e R A 3 R G ) TR T A
KM B RS I W A& 2 UK /A B A LA T
97— 26 b 5K 1k 7 15 BR 1Y 42 J8@ (Sb, Hg, As, Au, Ag
85 TE T B A BB AL R R D) 1E BT J2 19 28 ST 3R L il &
A R o HE AN 4 ) vE AL B B S IR L Hg-Sb 7 IR
J5 & Pb-Zn-Cu-Ag #" K% (F#E 4 %,2007), FH
Bl 37 1 TE W72 M A - M R R F ik v] LLg]
AL b b ST Rl T R S il . BRI E IR
(Nelson et al. , 1996) , 3K g BLAR $ K 3L 1 & A2 % 3
PR CBEIG HESE, 20040) . FF SAE K A R 4K/ 5 R
NS JE B IR B Cs-Au i B4R 745, 1995) . #E°F
A T Bl 42 H A% L ) R 2, DX R IR AR A/ B M R K
FEIRAE B 1 UL RO T3l W AR 5 s N, Al
VI b 58 U % (Mitchell et al. , 1981),

Jei AR A R B B oy — B R R B A R R
WERE . WIEYF e R T Re 322K & 78 A b ob W7y
W07 38 75 B (Burchfiel et al. , 1992) , 1, 7] DL & & 16
J& Bl of BT RE A 40 28 0% 5 1l A (Zhang et al.
1999) , JE B — F 5 VAT lf 48 4 19 28 0 5K 14 1E DB 2
IR KR TAL A 5 &8 8 S il 18 52 I
T L AR A T LR & 48 38 S B (K 30).
PLIACE 18 o0 1 72 IR AE I 28 AT LAAE S $L” 3K 3
[RBE C L % NDOI  TB 2 N VO = I 0 ARTINT ) P
Bl o J0 A S0 M H 25 3R K 1) e 3 K+ KK TR A U 1R
A5 B I ER A SR DT K 1) 2 DR A L R N )
L B Au— Au-Sb—Sb 47 (B 3C; 4T #% 55,
2006; Yang et al. , 2009),

Bt ANBT 98 32 [ KA AT TR 973 3T H “Ep
JEE -V Y K i 32l 98 A5 98047 R 7 (2002CBA41260) Bt
By. MO 973 T H ML BCR 2 — . S 5
HAWFSE 9 2 R BHIE 53 09 B2 PRI TIOR8 Bk
SCRE R A NI H L S 5 R A 2R B B R 3
e e e S R B L R e DL i
BT 01 RS 5 A B R RS B R £
i3 e o € Y v/ S I e B 1 2 S N ER O
BB AR T LW ARiE S, B ER
b R FE ST G PR AN B B TS IR BRI TR R
RBUE W A NZ R EER ., Rl —IF RN
O S

2 % x M
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Metallogensis of Continental Collision

HOU Zenggian
Institute of Geology ., CAGS, Beijing, 100037

Abstract

The metallogenesis theory, based and constructed on the classic plate tectonics, has been coming to its
perfection and can better explain the evolution mechanism of accretion orogenic metallogenesis and
converged margin mineralization. The theory, however, fails to interpret both the collisional orogenic
metallogenesis and continental collision mineralization. This study proposed a new, systematical
metallogenesis theory of continental collision, herein simply named " The Metallagenesis of Continental
Collision (MCC)", after the detailed research of the collisional orogeny and metallogenesis in the Tibet-
Qinghai Plateau and the comparison with the Qinling orogenic belt and other collisional orogenic belts. It is
suggested in the theory that the main-collisional intracontinental accretion settings, the late-collisional
transitional settings, and post-collisional crustal extension setting in response to the three-stage collisional
processes, are the dominant metallogenic environments of the continental collision metallogenesis and
large-scale deposits. Subducted slab breakoff, asthenosphere upswelling and lithosphere dismantling and
subsiding process occurring at depth in response to the three-stage collision constituted the abnormal
thermal energy driving force which was responsible for large-scale mineralization. Meanwhile, the stress

field evolution of transpressional and trantensional alternation or transform accompanied the three-stage
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collision provided the tectonic stress mechanism for the development of metallogenic system. The leading
factors for the formation of metallgonesis and large-scale deposits were high-temperature fluid flows of
different extents, metal-rich fluids of various origins, strike-slip -incision-detachment-thrusting structure
system of various levels, as well as tensile fracture systems, all triggered by the continental collision. The
crucial mechanisms for the formation of large deposits were the accumulation and sedimentation of ore-
forming metals occurring in the crustal-mantle high f, magmatic and thermal system during the collision,
fo, magmatic-hydrothermal system during crustal anatexis, shearing metamorphic CO,-rich fluid system,
as well as brine system deriving from thrusting tectonics and convection system triggered by shallow
magma chamber. The MCC also put emphasis on that the whole continent collision might have triggered
the three large-scale mineralizations and formed a series of indicative of large deposits. Crustal thickening
and anatexis due to continental collision produced W-Sn-rich A-type granite and then formed greisen-type
Sn-W deposits. Asthenosphere upwelling induced by the continental subduction slab produced metal-rich
crustal-mantle mixed granodiorite, resulting in the formation of magmatic-hydrothermal-type or
superimposed-type Pb-Zn-Mo-Fe deposits. CO,-rich fluid derived from metamorphic bodies due to
continental collision resulted in the formation of orogeny-type Au deposits along the shearing zones while
the ore-forming fluids derived from the orogenic belt formed MV T-type Zn-Pb deposits in the foreland
basins. During the metallogenic period of late-collisional transform, large-scale strike-slip faulting gave
rise to depressurization melting in the crust and mantle transitional zone and the enriched mantle. The
exsolution of magma from the shallow crustal magma chamber produced ore-forming fluids, resulting in
the formation of the porphyry-type Cu-(Mo-Au) deposits and carbonatite-type REE deposits respectively,
while the Au-rich CO, fluid derived from incising lithosphere and crustal metamorphism caused the
formation of the orogeny-type Au deposits. Thrusting structure drove crustal fluid migrate and
accumulated, while strike-slip pulling-apart resulted in large amount of fluids to excrete and fill, thus
forming orogenic-type Pb-Zn-Cu-Ag deposits. During the post-collisional crustal extension period, shallow
emplacement and fluid exsolution of the newly-born adakitic magma, resulting from the lower crust and
rich in metals, water and high f, , formed porphyry copper deposits; partial melting (magma chamber)of
the middle and upper crust drove geothermal fluid system, and formed hot spring-type Cs-Au deposits in
the geothermal areas, and hydrothermal vein-type Pb-Zn-Sb and Sb-Au deposits in the tectonic detachment
belt.

Key words: post-collision; tectonic detachment; asthenosphere upwelling; three-stage collision;
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