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Abstract The Bilugangan molybdenum-copper deposit is situated in the Abaga Banner, Inner Mongolia and located in the eastern of
Erlian-Dongwuqi metallogenic belt. Since its discovery in 2007, the large Mo deposit has proven molybdenum reserves of more than
160000 tons. The NNE-trend and gentle SE-dip ore-bearing zones occurred around the contact zone between Indosinian granite porphyry
and Upper Permian Linxi Formation. The hydrothermal ore-forming process can be divided into the early, main and late stages. The
early stage is characterized by wall-rock silicification and K-feldsparization, and disseminated- and stars dotted-style mineralization.
The main stage shows silicification, sericitization and white quartz veins with strong mineralization. The late stage is characterized by
weak mineralization in silicification, carbonation, propylitization, clayization and quartz-calciteveinlets. There are four types of fluid
inclusions recognized in hydrothermal quartzs, which are liquid-rich aqueous fluid inclusions (L Type), vapor-rich aqueous fluid
inclusions (V Type) , and CO,-rich fluid inclusions ( C1 Type and C2 Type). The early stage quartz contains a large number of L Type
and a small amount of V Type fluid inclusions. All the four types of fluid inclusions, including the relatively fewer V Type and C2 Type
inclusions, occur in the main stage quartz. Almost only L type inclusions are present in the late stage, except for few C1 Type
inclusions in individual samples. Fluid inclusions in three stages are homogenized at temperatures of 210 ~354°C , 182 ~351°C and
128 ~312°C, with salinities ranging of 3. 6% ~9.2% NaCleqv, 2.6% ~9.2% NaCleqv and 2.8% ~9.6% NaCleqv, respectively.
The estimated ore-forming temperature and pressure of main stage are about 232 ~269°C and 0. 54 ~ 1. 55kbar, and depth of three
stages are >8.1 ~5.8km, 5.7 ~5. 5km and 3.9 ~2. 6km, respectively. The ore-forming fluids evolved from the early stage medium
temperature, medium salinity, CO,-rich NaCl-H,0-CO, type solutions to the late stage medium to low temperature, low salinity, CO,-
poor H,O-NaCl type solutions. During the evolution of ore-forming fluid, fluid immiscibility triggered by periodic pressure pulsation is
the main mechanism of concentration and deposition of ore elements, whereas simple cooling could also lead to mineralization. Based
on wall-rock alteration (H,O-poor wall-rock alteration) , fluid composition ( NaCl-H,0-CO, system) and ore-forming depth (about 5.7
~5.5km for the main stage) , the Bilugangan Mo-Cu deposit is speculated to be a porphyry deposit formed in intraplate settings.
Key words Fluid inclusion; Evolution of ore fluids; Mineralization mechanism; Bilugangan Mo-Cu deposit
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Fig. 2 Geological sketch map of the Bilugangan mine ( after Tang et al. , 2012)
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Table 1

Sample characteristics for fluid inclusion analysis in Bilugangan Mo-Cu deposit
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Fig. 3 Typical wall rock alteration and mineralization of Bilugangan Mo-Cu deposit
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Table 2 The results of microthermometry of fluid inclusions in Bilugangan Mo-Cu deposit

SRR R -3 N v & R N N R 32 KA EEYEL W SEat— i TR E

Brige 2w ) (pm) (%) T0iw(C) T, 0(C) 1 () N, (C)  (wi%NaCleqv) — (g/em’)
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L 86 3~22  8~15 -6.4~-1.6 182~299  2.7~9.7  0.781 ~0.950
c1 56 3~25  15~30 5.6~8.7  27.0~31.0  225~351  2.6~8.1  0.804~0.979
2 2 9~18  65~70 4.9~50  27.2~27.5  254~320  9.0~9.2  0.807 ~0.830
L 81 2~20  5~10 128 ~274  5.1~9.6  0.822~0.990
Cl 3 4~8  30~45 8.5~8.6 .5 ~29. 249~312  2.8~3.0  0.869 ~0.914
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Fig. 4  Micrographs of different types of fluid inclusions and fluid inclusion assemblages
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Fig. 5 Histogram showing homogenization temperatures and salinities of different types fluid inclusions in different stages
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R ATAE 2% ~10% NaCleqv (5] 5) , AHXF T i 5 L it U5
HW KM <5% NaCleqv F| > 60% NaCleqv 1 3k FF 70
(Nash, 1976; Misra, 2000; P§52BE4E, 2003) , +h )& 0 i fh
%, R il NaCl-H, 0-CO, R F& .

B BOs T R v B S AT B AAE 22 . T R B
BURE KR L AR C1 B 22k, 3 — i 2 £ 210 ~
354°C ,4h FE7E 3.58% ~9.21% NaCleqv, % J& 3 0.723 ~
0. 944g/cm’ s U BB A B R RE LR CL RIAI D i VR
C2 B R, ) — R B AE 182 ~351°C, Fh FAE 2.63% ~
9.19% NaCleqv, B i J 0. 781 ~ 0. 979/ cm’ ; HLH" G Iy Bt %
HARE LB & C1 B, iR A 128 ~312C,
R /L 2.820% ~9.60% NaCleqv, % & % 0. 822 ~ 0.990g/
cm’ o DT B S M B B, i R ALK, R BE AT R AR (IRT S)
TR, CO, T,

5.2 mERRE

— P LA SR NI ST I AR R i R 1 R 24
e 5T TR 2 A A 28 R LR B T DA R AR 28 A0 R AR A
(PR EEEE, 2004) 3k AR 1 s AN TR I LR AE RO IR
JEIRBEA TR B9 IR 38 8 DL ( Pokrovski er al. , 2005
JAIREE, 20005 2230 E A, 2013) o RIRVA IR AR 3L
ELEEHENIE=Y SN w2 O R AN DR N IS T
PSR LR, B — A (R AH S AE) (R
IR — IR EE (e, 2011)

DEH AT R AR 32 B BERE S L LAV & C1
RUF C2 AR S R B R 400 (1 4h, 1), HEF E A3
RS2 W TR, nl Ay JE R R R . LA V B4
LRI A K R AL AR, T R v 43 ) 35— 22 YORH A SUAH
(V B B A SR B T AR B2 — B4 ) 5 C1 HIFn C2 %Y
ALy NaCl-H,0-CO, (K, CO, 1 Lb B i 4 % B 2%
TSR TG 2 F  Aod i 3 — VR A 25 R K M I = By
B AR 2 3 R B IR AR AN TR I i R, B T A R
AH-TRAE B RO ER KIS WA CO, AT, R B 5
BERE SISO B B B i N AT L LR C1 R i A2
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and salinity of fluid inclusions
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Fig. 7 Representative isochores and pressure estimation for
C Type fluid inclusions at Bilugangan Mo-Cu deposit ( after
Bowers and Helgeson, 1983)

FA(E 1 K4k, D) HIHEG R o 2 — il BE AR 22 A K, AR AT
B T MR IR (B0 Wang et al. , 2015; BRI 45,
2011) , {HARBE 55 T 3 B B DU A e B A0 2 AL AR BT 45 7R B U
PR AR R A T H/K -5 CO, M By .

HJ— 11 NaCl-H, 0-CO, Jii AR e AR AR ¥4 ) 30 70 5
AU (Ramboz et al. , 1982) o NaCl B Tk A
T CO,, CO, MEFE T/KMIK AT CO, , BORALIT 2K

1 NaCl, AR 2> E 2R CO, FUKZR T AR WA 1
BRI B ARV SR I T & WO L A (L B | UM
SRR G HIE R TR SRR R (VD) B CO, [
PR(CY YA C2 7Y |5 WA UM B3 ) P B4 2 04 50
AREH B D CO, AR (Hr CO, L/ C1 ) .

Xof A SRR AR 1 B BL, C R B IR 2 — il
JBEmS = T LR (8 6) , rTREIE IR T C BUA0 B R B4
I I AR I — 3 D e it g o L T B AR R T
C R 6) , i5 EIRHAM IS 0 —5. 735h,L
TG BRI B BB I B B R LU R IR (35 2) , 28— W]
T H T AT RAE R R B2 I A R R
AR

5.3 BUBESREME

TEANRE AR P, B 5 5 0 A AR e (5
Me B4, 2004) o B FRARIAR IR BE AL TR A A B A 8y —
TR 0 DU AT AR 4 34— YR 3 R 9 4k %85 il 53 ( Roedder
and Bodnar, 1980), J& By B 32 By BORE T 2 Bl 22 B
B R DR A AN TR TG, 0 I B B RE o 11 I 55 1
AMNRBEIG (£ 1), #%0T LRI A NaCl-H,0-CO, k5 (C %4y
AR ARG B B 1K 77 ( Bowers and Helgeson, 1983) , R
5 C B A 2 1R 1 58 B0 B LI AR B 43 B R 6%
NaCleqv,CO, & &4 10mol% ,

BB BRI B B A5 7 C1 7Y 4 AR B 45 /0, il
FAMR BB T3 B T o R B A A 0. 912/ em
F10. 944g/em® Z[a], 35— FE 430 354°C 1 289°C , X 11
JE 14 29 J5 2. 19kbar il 1. 57kbar; I B Bt 3 14 %5 5 78
0.869g/cm’ F10.914g/cm’® 2 [A], $5— 5 B 4 71 2 312°C F1
259°C , X 7 11 E 143 312494 1. 06kbar F1 0. 71kbar( & 7) .

B F W BNAS8 % C B AR, 1 —TRLEE A %
BRI R 431, AR A RN 28 X DA S B 43 A A o (571l
1988) , i1 | . PU4M ( B 75% F1 25% £ B F %) ik
FEAR MBI LA il (R AR, 1996) o F B BE s il Ji
ST LM IR EE I b U551 269°C F1
232°C, C RUQ AR I R 2 B2 B 1 R P43 43 3 0. 967 g/
em® F10.935g/cm’ Z 8], p MEBRAE T B B S R 45
S 232 ~269°C ,0. 54 ~ 1. 55kbar ([ 7, KEMATEXIR) .

XFFFRAR R 8 75 Tk R 7, K8l 1e/
em’, Bl 10km/kbar; 37 TE PR 2, R 1125 T8 5 77,
FRFNT X EE NN S AR B, BUE AR R
2.7¢/cm’ ( FHEEE, 2013) B} 3. Tkm/kbar, /43 5|3 B ¥k &
FIRE R IR A B BOS o VR B L3R 3.

B ZR G0 B A R4 A St DO R S 2 7 2
HAMEE R R A A4 B (Fournier, 1999) , Tl b & H T
W IR A B B A= 59 I RO TR Y, B B Bes A vl RE
I RPN BUSH BRI BER T 8. Tkm, 4 £ EL
EATIRREANRE , B IERBREE MY R G EA 200K ER
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Table 3 Trapping pressure of fluid inclusions and mineralization

depth of three stages

BB B AR T (kbar) K PR EE (km) i 7R (km)

H 2.19 ~1.57 21.9~15.7 8.1~5.8
+ 1.54 ~0.55 15.4 ~5.5 5.7~2.0
17 1.06 ~0.71 10.6 ~7.1 3.9~2.6

24 GRAR T SAN TR VG 28 AT (R 2 (Rusk et al. , 2008
BRZESE, 2011) IR £ B B Ad F# K R A e 1 1 28
TR EEATRAS , T He I %) g e ) R 48, AR s 0 R
MK ST RGE, M IR 5.7 ~ 5. Skm, JHAT W Y BL
ARARRE G AN, B & 77 2% 6 F i e 07, %
WIRBEZ R 3.9 ~2. 6km(F23)

5.4 BEALEI S RE IR

KEWFFERY, PO R WIR R J7  pH (E 4R
MR JE B 12 S B 2 S B0 A A 2 ) 29 S DT UE I E AL
il (Wood et al. , 1987 ; Selby et al. , 2000; Fff 4, 2012,
INRAE, 2012) A5 EB IS T B R 16 B R
S

A 2 A S SO S S R B R A A Y R R
(128 ~354°C) fH A" F B BE R EIR M T 232 ~269°C
(ET) , ZRE R 3 R B I B AR AS 2 5 80 T 7L
TEM FZIRRE B RE R BT R B B iR 4R
£ V8 CO, WA Tk, AET Wi F2 \F3 F6 (& 2a) i 88 BT+
R 5 L RN A S A A AR A AR SR FE R I 2
2.19 ~ 1. 57kbar, HJE >8. 1 ~5. 8km Ab B4 T — & FLE M
AR, B L ER AT CO, . BE TRARMAkE: BT, K
JE BB R 4 0 0 BRI R R K E 2K
JK HE 3 R R % 0 0 TRk & AR 5 B A R A TR 1 T
(#95.7 ~5.5km 4b) ,CO, PAERIK R 738 >k , [l i i 4
WA AR AL W 0 S DO T R TR BT UK
HEAAK UK. B T A4 2 2B T Ak S e B B B IR AR AR
J¥ 4% CO, 19 H,0-NaCl {5 , B & AR B 0 M AR AN TR I
BT R R HEAH 4k, 55 Ulrich et al. (2001 ) F1 Klemm
et al. (2008 ) BFFEAE R —F, 3k Fh I 5 3 W1 17 BR A UL FT g
FEOLY . B, DEH T RS B R B DT TE B 32 2
FUE 7 2SR B0 A W TRARAN TR B 4 I AH OC , O AT R S
FRARAH G . RA TR AR TR I 1 £ ZE ML 2 W 2405 gh i i v
PR I 7 Bk 3o 04 7 W 32 SR B B0 B
T AR, BT AR AR FR AR TR BORD 5 P R B rh se B e e, kAR
1A Z R P S SR I 40 BT OIS BOT #8 IR J7 nlok
T R R RBEI, R T MR IR I R A

TR IR RT3 B SR T A Bl BB R B o S
PRGBS , 5T AIA R ST b g L 1 5 AR R 58 (RN
W85) B T 4% CO, 19 H,0-NaCl (A &, )™ R 4P 5 L CO, -

£ LI/ 2016, 32(8)
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H,0 fuZE A, il )% £ M 1 ~ Skm( Sillitoe, 1972; Bodnar,
1995 ; Masterman et al. , 2005) ; i K i N 30 & 22 AR 0™ £
GLJ@ TAHXT K CO,-H,0 KR, i & & CO,-H,0 1 2%
P B KW I B 1] 3k 8km /£ 47 ( Chen and Wang, 2011;
Yang et al. , 2015b, 2016e, f; Z=E4E, 2009; 4% 57 0 55,
2015) o B H T EHH 0 IR ) Tl AR DL A 1k R R
AN A A R RHAE, 5 R BN AR S CO, (F F K, TiIAH X 3%
H, 0 CL AT Na fy& S GRS R R« FOK AR " Y& s A TF T
X H,0 . CLAIN, 3% CO, F K (i i 51 i & 7K
PhAE” (BRI A2, 2009) o 5340, %07 K& kK & CO,-
H,O ek, HH™ E M BOlw IR (£ 5.7 ~ 5. 5km) Bl g
RTEHINIEE R BEE T IR, Bt 0 3 5 e AR AR ofr
RIS W A T O (A7 3 e <5, 20075 A% 35 B A% 1 3,
2009; BRATRFIZEE, 2009) o FHG, L& H T HE T KNS
fili NPR R BEAT IR

6 &iie

(1) & THRME AR BB 73 9 5 F e =B
Bro LB LAREAL AN BRI AT A iR B R IR R RUIRET
SRRHE B AR 5 3 B A RE AL A4S = B AL I AR TR B 3L
FEE 0 S kO FRAE, B AU AR 5 5 I B B AR AL | 5k PR 6
b T E AT T AL DL KR B SR RN A Sy A
KON AFAE , B A

(2) W& H TR R B Bk & K L ALAI D 4 CL
R ER, FHBOR B K E LBVR C1 BRI K/ VAR C2
RGO, M R BOR B O L RUFIR R C1 AL sk, L
R ER—IR B 48 210 ~ 354°C 182 ~351°C 128 ~
312°C, 3R B Bl N 3.58% ~ 9.21% NaCleqv, 2.63% ~
9.19% NaCleqv.2.82% ~9.60% NaCleqv, M [ Bk 3| 8%
B R AR L AR LR CO, 119 NaCl-H, 0-CO, £
A I PIGR REREE A2 CO, 1 H,0-NaCl A R AL

(3) & H T R LB B A T B AR AN
TR, ERTBOAE T B A AR AR, W B BOR AR B i
MR YR o T 7 SR B O™ A I AR AN TR T VR 2 &2
TR AL, v 20 ] BE S BURHT . BB IR A
{24 232 ~269°C ,0. 54 ~ 1. 55kbar , =4~ B sl IR B 43 51 2
#>8.1~5.8km,5.7 ~5.5km,3. 9 ~2. 6km,

(4) & H TR R & A (4 20K ) i A B
43 (NaCl-H,0-CO, < 28) FI R A R B2 ( 3 B BRI 5 24
5.7 ~5. Skm) 5 RGN A K AR R GAFEAW) &, 4
TR Rl N PR B BE ST IR

Bugt BN TAEBIEAS RO st A e R AT IR
AR PRI o 2 B T 0 | o] S LR < i A PR
TR AL BB E BRI 30 B TAER ] T Tolk b
USRI TS B 5 23 A I S5UBE 5E F e RO T 2 A 5K e



FPRE . NEF T LML S TR T R R ARIR S R P 2519

U4 S B 5 18 SOBSCE A A 2 T o R 2 (L
5O ML AR IR S T — I E LR (gt )

References

Bodnar RJ. 1993. Revised equation and table for determining the freezing
point  depression of H,0-NaCl solutions.
Cosmochimica Acta, 57(3) : 683 —684

Bodnar RJ. 1995. Fluid inclusion evidence for a magmatic source of

Geochimica et

melals in porphyry copper deposits. In: Thompson JFH (ed. ).
Magmas, Fluid and Ore Deposits. Mineralogical Association of
Canada Short Course Series, 23 139 —152

Bowers TS and Helgeson HC. 1983. Calculation of the thermodynamic
and geochemical consequences of nonideal mixing in the system
H, 0-CO,-NaCl on phase relations in geologic systems: Equation of
state for H, 0-CO,-NaCl fluids at high pressures and temperatures.
Geochimica et Cosmochimica Acta, 47(7) : 1247 —1275

Brown PE. 1989. FLINCOR: A microcomputer program for the reduction
and investigation of fluid-inclusion data. American Mineralogist, 74
(11 -12): 1390 - 1393

Chen YJ, Ni P, Fan HR, Pirajno F, Lai Y, Su WC and Zhang H. 2007.
Diagnostic fluid inclusions of different types hydrothermal gold
deposits. Acta Petrologica Sinica, 23(9) ;: 2085 —2108 (in Chinese
with English abstract)

Chen YJ and Li N. 2009. Nature of ore-fluids of intracontinental
intrusion-related hypothermal deposits and its difference from those in
island arcs. Acta Petrologica Sinica, 25 (10): 2477 - 2508 (in
Chinese with English abstract)

Chen YJ and Wang Y. 2011. Fluid inclusion study of the Tangjiaping Mo
deposit, Dabie Shan, Henan Province: Implications for the nature of
the porphyry systems of post-collisional tectonic
International Geology Review, 53(5 -6): 635 - 655

Diamond LW. 2001. Review of the systematics of CO,-H,0O fluid
inclusions. Lithos, 55(1 -=4): 69 —99

Fan HR, Hu FF, Wilde SA, Yang KF and Jin CW. 2011. The Qiyugou
gold-bearing breccia pipes, Xiong’ ershan region, central China:

settings.

Fluid-inclusion and stable-isotope evidence for an origin from
magmatic fluids. International Geology Review, 53(1): 25 -45
Fournier RO. 1999. Hydrothermal processes related to movement of fluid
from plastic into brittle rock in the magmatic-epithermal

environment. Economic Geology, 94(8): 1193 —1211

Guo LN, Zhang C, Song YZ, Chen BH, Zhou Z, Zhang BL., Xu XL and
Wang YW. 2014. Hydrogen and oxygen isotopes geochemistry of the
Wang’ ershan gold deposit, Jiaodong. Acta Petrologica Sinica, 30
(9): 2481 -2494 (iin Chinese with English abstract)

Hou ZQ, Pan XF, Yang ZM and Qu XM. 2007. Porphyry Cu-( Mo-Au)
deposits no related to oceanic-slab subduction: Examples from
Chinese porphyry deposits in continental settings. Geoscience, 21
(2): 332 -351 (in Chinese with English abstract)

Klemm LM, Pettke T and Heinrich CA. 2008. Fluid and source magma
evolution of the Questa porphyry Mo deposit, New Mexico, USA.
Mineralium Deposita, 43(5) ; 533 =552

Li JJ, Liu XY, Zhang LY, Li S, Chen AS and Li JG. 2006. Regional
metallogenic regularities and prospecting direction of Erlian-
Dongwuqi, Inner Mongolia. In: “The Tenth Five-Year Plan” Major
Geological Industry Prospecting Results Compilation of Data.
Beijing: Geological Society of China (in Chinese)

Li N, Chen YJ, Ni ZY and Hu HZ. 2009. Characteristics of ore-forming
fluids of the Yuchiling porphyry Mo deposit, Songxian County,
Henan Province, and its geological significance. Acta Petrologica
Sinica, 25(10) ; 2509 —2522 (in Chinese with English abstract)

Li S. 1988. Brief introduction to exploratory data analysis. Application of
Statistics and Management, (2): 59 —65 (in Chinese)

Li WC, Wang KY, Yin GH, Qin DH, Yu HJ, Xue SR and Wan D.
2013. Geochemical characteristics of ore-forming fluids and genesis

of Hongshan copper deposit in northwestern Yunnan Province. Acta
Petrologica Sinica, 29 (1): 270 — 282 (in Chinese with English
abstract )

Lu HZ. 2000. High temperature, salinity and high concentrated ore metal
magmatic fluids: An example from Grasberg Cu-Au porphyry
deposits. Acta Petrologica Sinica, 16 (4): 465 —472 (in Chinese
with English abstract)

Lu HZ, Fan HR, Ni P, Ou GX, Shen K and Zhang WH. 2004. Fluid
Inclusion. Beijing: Science Press, 1 =450 (in Chinese)

Lu HZ. 2011. Fluids immiscibility and fluid inclusions. Acta Petrologica
Sinica, 27(5) ; 1253 - 1261 (in Chinese with English abstract)
Masterman GJ, Cooke DR, Berry RF, Walshe JL, Lee AW and Clark

AH. 2005. Fluid chemistry, structural setting, and emplacement
history of the Rosario Cu-Mo porphyry and Cu-Ag-Au epithermal
veins, Collahuasi district, northern Chile. Economic Geology, 100

(5):835-862

Misra KC. 2000. Understanding Mineral Deposits.
Springer, 397 -418

Nash JT. 1976. Fluid-inclusion petrology-data from porphyry copper

Netherlands ;

deposits and applications to exploration; A summary of new and
published descriptions of fluid inclusions from 36 porphyry copper
deposits and discussion of possible applications to exploration for
copper deposits. Washington: US Govt. Print. Off. , 1 —16

Pokrovski GS, Roux J and Harrichoury JC. 2005. Fluid density control on
vapor-liquid partitioning of metals in hydrothermal systems. Geology,
33(8): 657 - 660

Ramboz C, Pichavant M and Weisbrod A. 1982. Fluid immiscibility in
natural processes; Use and misuse of fluid inclusion data: I .
Interpretation of fluid inclusion data in terms of immiscibility.
Chemical Geology, 37(1-2) .29 —-48

Roedder E and Bodnar RJ. 1980. Geologic pressure determinations from
fluid inclusion studies. Annual Review of Earth and Planetary
Sciences, 8: 263 -301

Roedder E. 1984. Fluid Inclusions. Washington, DC: Mineralogical
Society of America

Rui ZY, Li YQ, Wang LS and Wang YT. 2003. Approach to ore-forming
conditions in light of ore fluid inclusions. Mineral Deposits, 22(1) :
13 -=23 (in Chinese with English abstract)

Rusk BG, Reed MH and Dilles JH. 2008. Fluid inclusion evidence for
magmatic-hydrothermal fluid evolution in the porphyry copper-
molybdenum deposit at Butte, Montana. Economic Geology, 103
(2):307 -334

Selby D, Nesbitt BE, Muehlenbachs K and Prochaska W. 2000.
Hydrothermal alteration and fluid chemistry of the Endako porphyry
molybdenum deposit, British Columbia. Economic Geology, 95(1) :
183 -202

Sillitee RH. 1972. A plate tectonic model for the origin of porphyry
copper deposits. Economic Geology, 67(2) ; 184 - 197

Sun J, Mao JW, Xie GQ, Zeng ZL, Su HM and Liu Y. 2012.
Characteristics of ore-forming fluid and metallogenesis of the
Tongkengzhang porphyry molybdenum deposit, Jiangxi Province.
Acta Petrologica Sinica, 28(1) : 91 =104 (in Chinese with English
abstract )

Sun ZQ and Huang XC. 2014. Geological characteristics and genesis of
Bilugangan copper-molybdenum deposit in Abag Banner, Inner
Mongolia. Gansu Geology, (1): 52 =59 (in Chinese with English
abstract)

Tang WL, Zeng W, Ran H, Zhou Y, Sun WL, Li FJ and Yan HQ.
2012. Geological features and ore prospecting of the Bilugangan
deposit, Abaga, Inner Mongolia. Geological Survey and Research,
35(3) . 161 - 166 (in Chinese with English abstract)

Tian Q. 2004. The preliminary study on geological characters and
metallogenic regulation of Erlian-Dongwu Banner copper-polymetallic
deposit metallogenic zone, Inner Mongolia. Master Degree Thesis.
Tianjin; Sinosteel Tianjin Geological Institute ( in Chinese with
English summary )

Ulrich T, Giinther D and Heinrich CA. 1999. Gold concentrations of
magmatic brines and the metal budget of porphyry copper deposits.



2520

Nature, 399(6737) : 676 —679

Ulrich T, Giinther D and Heinrich CA. 2001. The evolution of a porphyry
Cu-Au deposit, based on LA-ICP-MS analysis of fluid inclusions:
Bajo de la Alumbrera, Argentina. Economic Geology, 96(8) : 1743
-1774

Wang P, Yang YF, Mei M, Li ZL and Wang LJ. 2013. Fluid evolution
of the Yaochong porphyry Mo deposit, Xinxian County, Henan
Province, China. Acta Petrologica Sinica, 29 (1): 107 —= 120 (in
Chinese with English abstract)

Wang QY and Li S. 2013. Analysis on geological characteristics and
origin of Bilugangan molybdenum deposit in Abagaqi in Inner
Mongolia. Shandong Land and Resources, 29(12); 11 - 16, 20 (in
Chinese with English abstract)

Wang SG, Huang ZQ, Su XX, Shen CL and Hu FX. 2004. A notable
metallogenic belt striding across the border between China and
Mongolia-South ~ Gobi-Dongwuqi copper-polymetallic metallogenic
belt. Earth Science Frontiers, 11(1): 249 —255 (in Chinese with
English abstract)

Wang ZL, Yang LQ, Guo LN, Marsh E, Wang JP, Liu Y, Zhang C, Li
RH, Zhang L., Zheng XL and Zhao RX. 2015. Fluid immiscibility
and gold deposition in the Xincheng deposit, Jiaodong Peninsula,
China: A fluid inclusion study. Ore Geology Reviews, 65: 701
=717

Wei H, Xu JH, Zeng QD, Wang YH, Liu JM and Chu SX. 2011. Fluid
evolution of alteration and mineralization at the Duobaoshan porphyry
Cu (Mo) deposit, Heilongjiang Province. Acta Petrologica Sinica,
27(5): 1361 — 1374 (in Chinese with English abstract)

Wei XF, Sun ZQ, Li ST and Sun LL. 2015. Study on superimposed halo
characteristics of No. 2 primary deposits in Hukousaile copper deposit
in Abag Banner of Inner Mongolia. Shandong Land and Resources,
31(2): 12 =15 (in Chinese with English abstract)

Wei YM, Liu HM and Sun LL. 2012. Ore geology and prospect
assessment of the Bilugangan copper-molybdenum deposit in Inner
Mongolia. Western Resources, (3): 170 =172 (in Chinese)

Wood SA, Crerar DA and Boresik MP. 1987. Solubility of the assemblage
pyrite-pyrrhotite-magnetite-sphalerite-galena-gold-stibnite-
bismuthinite-argen-tite-molybdenite in H, 0-NaCl-CO, solutions from
200°C to 350°C. Economic Geology, 82(7) : 1864 — 1887

Wu ZG. 1996. Statistics and Probability. Beijing: Higher Education
Press, 7 =35 (in Chinese)

Yang LQ, Deng J, Wang QF, Gao BF and Xu H. 2006. Deep-seated
tectonic and geological process controls on mineralization and mineral
resources. Mineral Deposits, 25 ( Suppl.1): 107 - 110 (in
Chinese)

Yang LQ, Deng J, Zhang J, Guo CY, Gao BF, Gong QJ, Wang QF,
Jiang SQ and Yu HJ. 2008.

compositions of fluid inclusions of the Damoqujia gold deposit,

Decrepitation thermometry and

Jiaodong gold province, China; Implications for metallogeny and
exploration. Journal of China University of Geosciences, 19 (4) .
378 -390

Yang LQ, Deng J, Guo CY, Zhang J, Jiang SQ, Gao BF, Gong QJ and
Wang QF.  2009.
Dayingezhuang gold deposit, Jiaodong gold province, China.
Resource Geology, 59(2): 181 - 193

Yang LQ and Badal J. 2013. Mirror symmetry of the crust in the oil/gas
region of Shengli, China. Journal of Asian Earth Sciences, 78 : 327
-344

Yang LQ, Deng J, Goldfarb RJ, Zhang J, Gao BF and Wang ZL. 2014.

4 Ar/* Ar geochronological constraints on the formation of the

Ore-forming fluid characteristics of the

Dayingezhuang gold deposit; New implications for timing and
duration of hydrothermal activity in the Jiaodong gold province,
China. Gondwana Research, 25(4) ; 1469 — 1483

Yang LQ, Deng J, Wang ZL, Zhang L, Guo LN, Song MC and Zheng
XL. 2014. Mesozoic gold metallogenic system of the Jiaodong gold
province, eastern China. Acta Petrologica Sinica, 30(9); 2447 —
2467 (in Chinese with English abstract)

Yang LQ, Deng J, Dilek Y, Qiu KF, Ji XZ, Li N, Taylor RD and Yu
JY. 2015a. Structure, geochronology, and petrogenesis of the Late

£ LI/ 2016, 32(8)

Acta Petrologica Sinica

Triassic Puziba granitoid dikes in the Mianlue suture zone, Qinling
Orogen, China. The Geological Society of America Bulletin, 127 (11
-12): 1831 - 1854

Yang LQ, Deng J, Qiu KF, Ji XZ, Santosh M, Song KR, Song YH,
Geng JZ, Zhang C and Hua B. 2015h. Magma mixing and crust-
mantle interaction in the Triassic monzogranites of Bikou Terrane,
central China: Constraints from petrology, geochemistry, and zircon
U-Pb-Hf isotopic systematics. Journal of Asian Earth Sciences, 98 :
320 -341

Yang LQ, Gao X and He WY. 2015. Late Cretaceous porphyry
metallogenic system of the Yidun arc, SW China. Acta Petrologica
Sinica, 31(11); 3155 -=3170 (in Chinese with English abstract)

Yang LQ, Deng J, Wang ZL, Zhang L, Goldfarb RJ, Yuan WM,
Weinberg RF and Zhang RZ. 2016a. Thermochronologic constraints
on evolution of the Linglong metamorphic core complex and
implications for gold mineralization: A case study from the Xiadian
gold deposit, Jiaodong Peninsula, eastern China. Ore Geology
Reviews, 72 165 — 178

Yang LQ, Deng J, Guo RP, Guo LN, Wang ZL, Chen BH and Wang
XD. 2016b. World-class Xincheng gold deposit; An example from
the giant Jiaodong Gold Province. Geoscience Frontiers, 7(3) : 419
-430

Yang LQ, Deng J, Wang ZL, Guo LN, Li RH, Groves DI,
Danyushevsky LV, Zhang C, Zheng XL and Zhao H. 2016c.
Relationships between gold and pyrite at the Xincheng gold deposit,
Jiaodong Peninsula, China; Implications for gold source and
deposition in a brittle epizonal environment. Economic Geology, 111
(1):105-126

Yang LQ, Deng J, Guo LN, Wang ZL, Li XZ and Li JL. 2016d. Origin
and evolution of ore fluid, and gold-deposition processes at the giant
Taishang gold deposit, Jiaodong Peninsula, eastern China. Ore
Geology Reviews, 72 585 —602

Yang LQ, Deng J, Gao X, He WY, Meng JY, Santosh M, Yu HJ, Yang
Z and Wang D. 2016e. Timing of formation and origin of the
Tongchanggou  porphyry-skarn — deposit:  Implications for Late
Cretaceous Mo-Cu metallogenesis in the southern Yidun Terrane, SE
Tibetan Plateau.  Ore 10. 1016/
j- oregeorev. 2016. 03. 015

Yang LQ, Deng J, Dilek Y, Meng JY, Gao X, Santosh M, Wang D and
Yan H. 2016f. Melt source and evolution of I-type granitoids in the

Geology Reviews, doi:

SE Tibetan Plateau: Late Cretaceous magmatism and mineralization
driven by collision-induced transtensional tectonics. Lithos, 245
258 -273

Yang ZM and Hou ZQ. 2009. Porphyry Cu deposits in collisional orogen
setting; A preliminary genetic model. Mineral Deposits, 28 (5) :
515 -538 (in Chinese with English abstract)

Yu XZ, Xue CJ, Cong LJ, Liu HL and Duan SG. 2011. A study of the
connection of faults and metallogenic belts between Erenhot region,
China and South Gobi, Mongolia. Earth Science Frontiers, 18(2) :
231 -241 (in Chinese with English abstract)

Zhai DG, Liu JJ, Wang JP, Yang YQ, Liu XW, Wang GW, Liu ZJ,
Wang XL and Zhang QB. 2012. Characteristics of melt-fluid
inclusions and sulfur isotopic compositions of the Hashitu
molybdenum deposit, Inner Mongolia. Earth Science, 37(6) . 1279
—1290 (in Chinese with English abstract)

Zhong J, Chen YJ, Chen J, Li J, Qi JP and Dai MC. 2011. Fluid
inclusion study of the Luoboling porphyry Cu-Mo deposit in the
Zijinshan ore field, Fujian Province. Acta Petrologica Sinica, 27

(5): 1410 - 1424 (iin Chinese with English abstract)

Bt 1 32 5% Sk

Wittt , Gidh, 0K, Pirajno I, #5155, J53CH, 5K#%. 2007. AF]
RPN RE MR EIAERAE . &A%, 23(9) : 2085
-2108

WRAIT St i . 2000. T P B4 o i PR PR BT I8 A4 1 it



FPRE . NEF T LML S TR T R R ARIR S R P 2521

HE MK FEETIRMZESR . SA%R, 25(10) ; 2477 -2508

SRMcAR, T, R, BRI, R, TR, R, TE.
2014, AR ILIL AT IR A -E RN R BRI . A A2, 30
(9) . 2481 - 2494

X, W/NAE, BB, iBEER . 2007, F098 KRG ER B BEA 0
PACHE, 21(2) : 332 -351

R, XU, SKIEE, Bk, BREE, SR . 2006, A5
FE-TR X ARy ) . W R S R
PR BT R R W SR = — 7 W AT L R
RO BUR RN S . bt PEMFRES

A, MR, B, BIIEEE . 2009. ARG B E IS BEA AR
PR T R R AE B JL b B 38 3L . A A 2R, 25 (10) ¢ 2509

-2522
Srilr. 1988, BERHERA MR A (1), BOEGHHSEE, (2): 59
-65

FXE, EAH, FOUE, A, RIEE, BEIR, T£ . 2013
TP AL RIS i (A R AL S R ST PRI . A 2
2, 29(1) . 270 -282

JEIEE . 2000, FERIE | R R AT 58 B R R IR
POFAME Cu-Au § 0B A7, 16(4) : 465 -472

JUREE, YRR, (LHE, RO, TRR, SKOSCHE. 2004, JRARELZEIR.
Jent: Bl R, 1-450

SR . 2011 AN IREE R R R . AR, 27(5)
1253 - 1261

WSS, D0, EIesk, £ UK. 2003 IR GBRF T HET 4
JEA RIS F A BRI, 22(1) « 13 -23

PhEE, B0, WPHETT, WK, JR, MBS . 2012, YLVGHbTIE
BEA S RIS AR AE 5 T 1R RS . A =24, 28(1) -
91 -104

B4, BGFR . 2014, NS [ IR KR L IRERRELA 65 T4 4R A
BURHE SRRV . HAR B, (1) 52 -59

B, WEL, MR, B, IO, R, FEIDUI. 20120 N5
oy ] L A6 65 T 14 2 S SR A PRI BURHAE S 3R RIS . 3t
A 55T, 35(3) : 161 —166

FHREL . 2004, A58 38 2R S DX 5 20 6 s J30 iy ) 1l B AR E K

DIt

R e S I U wec VA 709 QP e L AU i PR 311
RS B

FHE, kK, BEME, 2000, ERG . 2013, JE A B ke
RIS . A a5, 29(1): 107 -120

TR, 2RIk, 2013, P 5 oty AT B AL BT 068 H T 4H T X S AR AE 2
W IRBHENT . AR E B8, 29(12) : 11 -16, 20

FSple, #ER, JETE, WA, SR . 2004, — K (ES R
5 R B AL Al ——p CRE- TR I 22 G O . AR 2%
11(1) ; 249 -255

BOL, wJUE, WM, THE, XI@, WM. 2011 BETE
FANBEE CHHD 7 IR -0 AL B Be M LRI AL . A A2,
27(5): 1361 — 1374

BLEE, FhRA, ZEWG, PhEEE . 2015, PN 5 I B I H
FRAR A RIS B 4% S L LA g . IR E TR, 31
(2):12-15

kg, X, Phiss . 2012, S B H T4 T b R AE
B PRI s AN . PERRYEIR, (3): 170 - 172

Sk . 1996, SISl . it M HE B, 7-35

MSram, ARZE, FPRK, EfE K, e . 2006. IR S Hb R
FET WIS . R, 25(S1) : 107 110

Wsrak, ABAE, T, KR, AR, KK, HML. 2014 g
KA RERI RS . 0%, 30(9) : 2447 -2467

MSCok, i, RISCE . 2015, SCEUS IR B IS R R . A
F%E, 31(11) ; 3155 -3170

T, . 2009, WIISREHE G L P RS A0 R .
PRHBST, 28(5) : 515 538

g, BEEL, AL, XA, BRIl 2011, iR B

PRGN - S Al 1) T B2 ) REUVR AT . M TR, 18(2) : 231

-241

L RRE, TET, ki, XUEE, T30, ki, 5%

Jo, B . 2012, IS RE AT L BB R Rl - T VR L B RS AE

PR FEIN R AL . HEkELE, 37(6) : 1279 -1290

B, BRATOR, PRER, ZEEL, ARHET, SRS . 2011 fREE 4L
W HE NSBEA B HT KRR EIRTIGT . 5 A%, 27
(5): 1410 - 1424

e



