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Abstract

Porphyry Mo deposits are the most important type of Mo resource. They result from a high oxygen fugacity
of the parent magma, which acts as an effective indicator for evaluating the mineralization. In the ore-forming sys-
tem of porphyry Mo deposits, sulfur exists mainly as sulfate in highly oxidized magma but as sulfide in ores.

What triggers the reduction in the mineralization system that leads to sulfide precipitation has not yet been deter-
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mined. Most of the previous studies have focused on the origin and evolution of the ore-forming parent magma,
and the effects of reductive surrounding rocks on porphyry mineralization have been ignored. In this study, a com-
prehensive geological-geochemical investigation and review have been performed on the typical porphyry Mo de-
posits, the Nannihu-Sandaozhuang-Shapingou, and Caosiyao deposits in China, and the Mt. Emmons deposits in
America. Black carbonaceous sedimentary layers commonly surround porphyry Mo ores, which are widely al-
tered and discolored during mineralization. CH, is commonly present in fluid inclusions in the main mineraliza-
tion stage, and the §"C values of calcite and fluid inclusions from the altered surrounding rocks and ore deposits
are generally low and significantly different from those of marine sedimentary carbonate rocks, indicating that the
involvement of reductive components from carbonaceous surrounding rocks might be key to the redox state trans-
formation leading to mineral precipitation. On the other hand, the CH, produced by the thermal decomposition of
organic matter or carbonaceous reaction with H,O can diffuse into the ore-forming system along the structural
fractures and reduce the SO in the ore-forming hydrothermal fluids to form sulfide precipitation without direct
contact between the intrusion and the carbonaceous surrounding rocks. Moreover, the CH, content controls the lo-
cation of the orebody formation with the high content producing orebodies mainly in the porphyry intrusion and
complexes in the early stage, while the low CH, content results in the orebodies mainly occurring at the contact
zone between the porphyry and carbonaceous surrounding rocks. Compared with the magmatic stage of mineral-
ization, the involvement of reductive components in the carbonaceous surrounding rocks during the hydrothermal
stage is more favorable for forming giant/large Mo deposits. The intermediate-basic volcanic rock are another im-
portant surrounding rock type of porphyry Mo ores. They provide Fe* to reduce SOZ_ with widely magnetite altera-
tion during mineralization, and orebodies mainly occur at the contact zone between the porphyry and Fe-rich vol-
canic rocks. The highly oxidized porphyry with reductive carbonaceous surrounding rocks or Fe-rich volcanic
rocks offers a new indicator for efficiently evaluating porphyry Mo mineralization.

Key words: high oxygen fugacity, carbonaceous surrounding rocks, reductive agent CH,, porphyry Mo
deposits
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Fig.1 Reductive carbonaceous surrounding rocks and intermediate-basic volcanic rocks are closely related to Mo mineraliza-

tion in the East Qinling-Dabie Mo mineralization belt

a. The surface exposure of the Sanhe graphite deposit occurred in the Xianrenchong Formation of the Luzhenguan Group in the periphery of the

Shapinggou Mo deposit; b. Drill cores from the Sanhe graphite deposit; c. The thick-layered black carbonaceous slate of the Baishugou Formation

of Luanchuan Group within the boundary of the Nannihu-Sandaozhuang Mo deposits in Luanchuan; d. Black carbonaceous slate of the Baishugou

Formation of Luanchuan Group within the boundary of the Nannihu-Sandaozhuang Mo deposits in Luanchuan; e. Basaltic andesite of Jidanping

Formation of the Xiong’ er Group; f. Andesitic volcanic agglomerate of Majiahe Formation of the Xiong’er Group
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Fig.2 Tectonic location sketch (a) and geological map of the Nannihu Mo ﬁeld,,(b,,‘aftker')’Yang et al., 2009b)

1—Quaternary sedimentary; 2—Meiyaogou Fm., Luanchuan GP.; 3—Nannihu Fm., Luanchuan’GPL:;4f—kSanchuan Fm., Luanchuan GP,;

5—Baishugou Fm., Luanchuan GP.; 6—Guandaokou GP.; 7—Mesozoic granite porphyry; S;Ncgﬁroterozoic metagabbro; 9—Deposit

boundaries; 10—Fault; 11—Anticline; 12—Sy;1\clik:’ne’k
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Fig.3 Geological section along No. 9 exploration line in Nannihu-Sandaozhuang W-Mo deposit(after Yang et al., 2009b)

1—Hornfels; 2—Skarn; 3—Granite porphyry; 4—Fault; 5—High-grade Mo orebody; 6—Low-grade Mo orebody; 7—Porphyry bodudary;

8—Skarn boundary

12 ZRE ST DA ETEY

U PEYA RS RS RO T R 3 il R B, ©
PR EH 4 J@ 6if 5 230 J7 t, SF 3 A7 > 0.1% (SR AR
8,2012) , AT FUES ORAHET R IZ X #E )2 3
SR oty B B O B AR Al - DRV A
BB ARK R A KR MRAE RHE AN R
FRASRCE KRIE sl AR ABRAE. EE
TR S BB P EUOCA BN A T By
BAaR AR A ABROEA THCA S E EE A
SR (E 1ab) o H T 32 2 711 158 2000 2 2 4
AR R, YRR R R E B | 12 X e
KA T BT, 1832 T KA Ry, (55 8 G 5 i = ok
BRI 35 R 1 8 T U0 B A Y P S AR L R (&
4) (fli =45 ,2019) , 2 B TEUA B2 T I BEA
FAW R Wz T M 3R 6 K B AR OE i
B PR AR DL KK Pb-Zn B K B Bl 4 s ot
W3R, AR BN T A R JE 3 0 75 A fe Ay k& Pb-
Zn A T BE A BT AR AR R 22 R ik ([T 12 46
2016;1F354,2020) o FHE 1R FZIRAF T AR AL X
BEA RS IR SA (FLE ) A3 fily 9 o

I IR F0 K A 14, 2 R™
W R R T RiESE, R E RN IRFESEE
WARBGI 2345 o AR Z A BV IR () LATD PRI

BB IR Ry rpol B IRIE A0 A, 0 AR B b 57 D 4 4 1l
il AR B A B BE 2 AR g o, Sl 404 3 4 ol
A CT)EF () KA -k fbar — (1) SR8 0
ety — (D) 2R A -f R Eh ALy o ™ i R 3 40k
4B B O B OB K - -G IR R By
B, SRR B R, ks B AR R iR
Yotk or A s @ A -8 K A - B B, A AT
Y 3 BT B B A e - (R ) - W SR AT 4 bk L ) ik
RS EAEEME R ZRE ;@ HRA RS
BB B, AR R A 1h B B E R B
TIE, AR Ak 5 ;D A -2 A - BB B, DL
F - A EEARAE 2RI X AL R M R T
N AR, A BRI L E (B Sa~f) . #7434
HAETRN R R G0 400 B 2R - T 3 32
WA BT AR R S, 2 T e SO BT .
1.3 ARGHME XA BT K

PR 5 il 4R L DU SR BE S AH T R A AL T
WA, R & R i 175.6 Tt 7EBE
FRVEET IR AM AR B AR KBRS0 R
(F6), XKNATFERRETUAR) 2 HER, FEAAHE
U AL ARE R TR RO ,2019) . £ THT
WA A BT T X ER, O E YR B
R s, FEAHA YL AaMTaiK A



B2t FHol

IRARAAE B IR LA e B AT ™ BRI 1087

+
e
!’

+

ook ok o

++ + +

+ + + +
V7T

+1++++ &

"'++++++++++

LN e T R T T T o i T e o

++++++ !
Hi e wie o e s s o e o e ol ol A ol i i tle ol sl o
+++¥+++++++

N + +
P+
-++++++++
+ + gt + + £+
+ + + F F +
++,X+++++++
‘Y{;/l\i$“&++ sl O

++ gt +
+++++9;t++++++—
e s o e
TP E SR ELEE R

_|_ =
+ +
_|_ 2

S EE R R R R R
R R R R o
FEEFF g EFEEFF A

el e il e e S—

o] @ > [« [ o B @ @5 o
o @ @& B Wl s o [0] 0 B v

K4 UOERIRARDT RV T 5T AT (il = W14, 2019 )
14U 585 2— PO RE A TARHR T IR 5 3—REBTUR B s 4— R AR s S— IR 6~ R A BRIE RS 7— B A BHE R B 5
8—AEM F 3 9— LRI NI 5 10— NI s TT— BRI BER 5 12— 38 BEA - I3—IE KBS s 14— INIEATS 15— 5 16— W=
17—5H0" 18—V BEl /A A
Fig.4 Geological map of the Shapinggou Mo deposit (Modified from Lu et al., 2019)

1—Quaternary; 2—Amphibole plagiogneiss of Luzhenguan Group; 3—Siliceous marble; 4—Explosion breccia; 5—Quartz syenite; 6—Biotite

syenite; 7—Biotite orthophyre; 8—Granite; 9—Granodiorite; 10—Diorite; 11—Granite porphyry; 12—Quartz porphyry; 13—Orthophyre;

14—Hornblende pyroxenite; 15—Pyroxenite; 16—Fault; 17—Molybdenum ore; 18—Lead-zinc/Fluorite ore
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Fig.5 Photographs of ore features in the Shapinggou porphyry Mo deposit

a. Primitive magnetite developed in fresh quartz syenite from deep deposits; b. Potassium alteration, silicification, and fluoritization from the early to

late stages; c. Potassium alteration and vein of molybdenite mineralization; d. Sawtooth-shaped molybdenite filled in the fissures; e. Later pyrite

replaced earlier molybdenite; f. White gypsum veins filled in the fractures in the late stage
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VY25 ) Mt. Emmons 87 /R (& 7b) . FE4 Mancos

21 Mesaverde H UG TEN X ] {2 0 A, ik %
Ry PR AR SRV AR R TR TUA A & b b
b 5 IR 545 (Lorenz et al., 2002) » 77 i 22 A Ohio
Creek 20 Fl Wasatch 21 ik #7004 2 8 7 5L (&1 7b) .
Redwell f£ i< BE & 1A [7] [ 12 A & Mancos 4 . Me-
saverde ZH & B BT b2 | 42 Al ER AP B B OBk (14
BRU B M, SRR 300 m R IREE G A K
AR A, Z E ol 150 m B £ 44 (Thomas
etal., 1982), Redwell " FRH™ AT T Redwell Bt
5 Bl a2 bl AR, R RS T Redwell BE
RN, Mt. Emmons W R RN T A 5 B2 filaly o A
R M AR AR R A (0 G R =
Bl YA (A9 B s RN ) ME S AL
e WA WSRO LR A
S STIRAINS S/ v ap I pa) Fak

N FIZ 1 B9 Climax F1 Urad-Henderson # K
U BE A H 0 K 5 Mt. Emmons BE 5 A0 0 PR Hb 5 4
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Fig. 6 Geological transverse-section along No. 08 exploration of the Caosiyao porphyry Mo deposit (modified after No. 2

Geoexploration Party, Henan Bureau of Geoexploration and Mineral Development, 2014)

1—Quaternary sediments; 2—Huangtuyao Formation metamorphic rocks of the Palaeoproterozoic Jining Group; 3—Early Cretaceous brecciated

rhyolite porphyry; 4—Late Jurassic syenogranite porphyry; 5—Late Jurassic monzogranite; 6— Neoproterozoic diabase dike; 7—Broken fault zone;

8—Crypto explosive breccia; 9—Fault; 10—Potassic alteration zone; 11—Silicification-sericitization zone; 12—Propylitization zone; 13—Argilliza-

tion zone; 14—Mo orebody; 15—Mo mineralized orebody; 16—Pb-Zn orebody; 17—Pb-Zn-Au orebody; 18—Pb-Au orebody; 19—Au orebody

TEFI AT B AR AL, 7 B4 AE T Silver plume {€
& A e A 2z (Clark, 1972; Seedorff et al., 2004a;
2004b) ., 7¥ Climax il Urad-Henderson 55 # KA EH 1
JR T , Mesaverde 2H 1 Wastch 2H H & AT FF-2R () K
SR B ik 2.4%x101 37 J7 32 R ( Drake et al., 2019) ,
KRR F E I H Mesaverde 41 15 )2 I Bk o 0L 4+ &
Wastch 4 . Mesaverde 41 2 8 fil i e 01 4 Je 10
TE DX bR B AR R [R5 A AH T i
P T 50 J5 5 R R4 1 B K 2 o Climax #il Urad-
Henderson 25 5 75 415 [X K Il Wastch 4 . Mesaverde
2H 5k BT, T RE S M ST e T, DUAR M 2 g ) 1ok
EEP

BEA AT DX R BT & R 8 B i o 2 2 AR
3k 1) b ST IR G, B AR Y DXl A0 A B A7 R R
PRI E RS . EARAT SEBEE EH AT X R

b Clnn e [ 7 £ b0 VDRI EH AT, 38 [ Y Climax
1 Urad-Henderson 1 " 55 ) , {H B 3T 43 A 1) 41 85
2 B R SR SRR R B BT T B A7 AR 1Y
P T Hb 2 1T BE R b B TR A IR o B Al I
o A B R B A SR A R AR T R
PR 538 JFOE BVE SR S50 A 04, S I8 R R g
PEBEA T I A
1.5 BEALEESHHBEET

B TG 45 4 B4 ME IRBE 2 AR 0 IR A T 22 04 - K )
R RCR A B PE o , © 4P Mo W A% 97.8 U7 t, -3
iz 0.099% , ik K ARVHUE(F IR EE 45, 2015 BRfiT 5t
85 ,2020), WX PN R E M E O AR BRI GE 11 B
(Kl 8a), REHFEAMEEZ AL AME AL,
A RBUCA R B A . B DR L 4 A
T X R , VB VA W7 AN B A 7 36 T REELAE K
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Fig.7 Map of Colorado showing the locations of the Urad-Henderson, Mt. Emmons and Silver Creek porphyry Mo deposits and
the outlines of the Colorado Mineral Belt (a) and schematic cross-section through the porphyry Mo deposits in the Redwell Basin

and Mt. Emmons, Colorado, in America (b, modified from Audetat et al., 2017)

1—Wastch and Ohin Creek Fm.; 2—Mesaverde Fm.; 3—Mancos Fm.; 4—Felsite; S—Igneous breccia; 6—Rubble breccia; 7—Granite porphyry;
8—Horfels; 9—Phyllic alteration; 10—Pyrrhotite; 11—Mo orebody; 12—Zn+Pb+Cu orebody

Az b, N - A S A iR s . AR
BRI or R 3AE R B T BON SR AR A,
YASREREE B 2P P A E ey | Nt e R = o P E]
Yelih 5 Je PR AR 7 5 B R R 2 541 IR 1 A
FIARAPRD S . S HERRAE R B R S A AR A
FREE B Z A A R #8400 m, 9 150 m,
[ 0.067 km? (8] 8a) . 4 HEIR AL i BE A RTE 1 T
141 Ma (A48 [ A5, 2008 5 #1755 ,2009) , 4 HEWUEH B

IRMEEH Re-Os [l 7 RAFE# 4 139 Ma (B #LZE4E
1994 ) , W B 4 S A 1 B A 4R 07 471 o

S HES AR A DL 4 HE AL 56 B2 TP AR T
AR NS B P A fk s v (1] 8b) , iR 2 — i £
Jid FACIR AT, %t EE K 24 1600 m, PR RN FL A5 il
K BE 292200 m, J5& 600~700 m , 534 1k A4 1w b
B o AR A A LU A R &
(70%) , & 54 B 4 IR 2 (25%) , £ g B /D i
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I—hoeily FUEGE DR s 2— ool SVEE DA s 3— ool AR R LA s 4— B m B R I A s 5S—iESeE s 6— 22 I 2%
T ERAE B EE 5 8—EILI L b o 5 O— BT LA AT 5 10— B M2k 5 11— s 12— IR s 13— 5L 142(0.087%~0.352% ) 5
14— 14 (0.084%~0.157%) ; 15—5H5 14 (0.091%~0.709% ) ; 16— 514 (0.079%~0.096% )

Fig. 8 Geological map (a) and No. 9 exploration profile (b) of the Jinduicheng porphyry Mo deposit (after Mao et al., 2011)

1—Neoproterozoic slate of Guandaokou Group; 2—Neoproterozoic quartzite of Guandaokou Group; 3—Mesoproterozoic andesite rocks of Xiong’

er Group; 4—Biotite andesite; 5S—Diabase; 6—Laoniushan complex; 7—lJinduicheng granite porphyry; 8—Yanshannian granites; 9—Fault zone;
10—Geological boundaries; 11—Fault; 12—Exploration line; 13—O0xidized Mo orebody grade (0.087%~0.352%); 14—Mo orebody
grade (0.084%~0.157%); 15—Mo orebody grade (0.091%~0.709%); 16—Mo orebody grade (0.079%~0.096%)
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040 2R BRI S AR S 2 R T i A o o B
W 3B Be: @ RBr B RUE A A K B A -
P TR K AT TR RRAE , BRAL LD 5 @ B
B LUK B A - B8 A0 R K A7 5 -8 51
Jik A7 BE-BRAC £ A7 05 A UK 2 B R B ALY
Wi R RRAIE , R SH A AR T2 B B ) IR B B LA
BRUAR L (9 2R Je 47 RT5 fiff 47 DA R AL, £ 2L TR
PERK AT AT-BRFRER K A7 ST FRER K, FE A
ALY o G HESRENE PR B B Bk B A
BRI L B, KA 4K,
@ 4 CO, L # AR (PCHY) , FEAFTE T H-rh B Befa
Lk 5 2 CO,-H0 BRI ZEIR(CHY)  FE B B
PO R LT s O KIFRA R (W R, i
ST BIALE; @ & TS Mgk s 1), 2
U N T = e L S Y/ S Wi 7N ¥ i L]
il 1 A

2 B

21 SW-EERSEREDENY XERT

1o LR B A S Y LB A AH () 1 1 0 B2 5%
P RIS TR B B ACPEBE 2 AR RE LA™ o B AR
WAL TG 26 S \Mo(Cu) 35 1L 1) Tt A -3 &
LA WOIE AT I T ZO IR B Y S \Mo(Cu) %5
B 5 LA 4 B AL 9 AR AR B A A7 " v A
TUVE B 45 5 (Wilkinson, 2013) . QNRTHFAR , BR7E &
SEALIE B b EELL SO, B AETE , TEBE A A0 (5D
Wb FZ DR ACY Y AR, W S R Y A
BB JFRAS & AR T H KA X OB — R 5 i
MGG PR SE , WD PRYABES BUERE IR , 0 B2
FRES AT B Ce*t/Ced M Eu/Eu* HoAH 308 7 1 L 45 78 B
W BES HA i A AL PR AE (GR4L,2011) B fef il B
RO RAREART A R  TE R R R AL B B
BUW LA 5 0 AL A LS R IR A A
B R A WA A R RRE & F 2 AR
W LR R b, FE s B B G R R A s R
A - PR (b - B R R A R B Bl
B, FET YN R R S R
AN VLRGSR A A B AR HR s T R S
SRR R TE R R, Bk e A - - A -



1092 o JZN

b Jt 2023 4F

- ER A 48R A R G0 AR B T i (i =
B4, 201941545, 2020) . e ib)- — 18 LA B0
PR R B B & B R R A i A AR
Y, B S AR B KL CO, M SO, 1578 i
G0 0 R s R T T B B R s
CH,.H,S f1 CO, #h B b 234, B Ak K UITE , 45
TN BT AR R TR R 7R G A R R AT 5 A
B BE B 1 B It AR AR A 5 38 IR SR, B fe
R , Ui B T 7R 40 S0 B T (X263 45,
1987; A1 L 545, 2009 ; RAT 5055, 2020) . b B i 4H
W IRBY B T A 58 BE & P A A 38 AR A 43 L) CO,
FH,0 0 3, F0 9 LR Rk 45, Ul B By
B AR s E B I A e R N 3
F oM CO, M H,0, & /b & CH, f1 CO, R BB I .
Il 438 JR 3R 5% (Yang et al., 2013) . & DU K B A 4
W R B B S Rk, T T T B B
WEEE R, 878 I 72 40 S0 A B WG A 34 347
RAY A U FESE,2018) o S HEWUEH A PR B B
AL AR S AR 5 R R L BT AR
BRI P A ey, T B B U A AR AR AR
7 S A T AR S 3 S | G A B AT TR AR AR AN
B R SR, B0 AR IS 48 s R R SR
iR

KFBEE A FR G0 E -0 JFUR A 5 A8 1 R A
HAl 24 LT 3R AR © #4045 dh
Wilkinson(2013) A1 Sun %5(2013; 2015)IA K 75 3K H#
BRAT 28 T 1 R 1 L IR - IR R G A A -1 D
IREHLAZ Y E R A . Richards (2015) 35 A A W05,
T8 A A R AL BSR4 AR UK
REAH 230 O, REAR , B M5 A HK AO) I TR o
@) SO, ML : SO ML HEIN N 2 35 BUA H - Tl R 40
AL RS AR W R ] 2 — (Kelley et al., 2012),
Richards (2015)3A\Jfy, 76 8015 & | b 45 S8 AL R 9I0
I SO, ISR BUE A H AO,) T8, A &R
ZEAE TR A5 (2020) A R 7E S AR PE A d b B 3
) SO, WRAFTE, M A SO,, SO, & i A E
T PE AR 43, 23 A B 5 ) R HC At 28 43 2 0 L %8
s, I SO, N RE K I [a] L K A e T4 0%
PR, Al g HUR SO, i JR ek S Ak i — A ) =
Yo 3 SO, MLk I < 1 48 W 5 Ik g A S v 4y
B A R PO AR B S AR, 2 R
GE i VR HI 2 450°CHT, I T SO, & AR AL IR N
A H,S AiTH,S0, (3K (1)) , =434l 5 Fe \Mo fll Ca

FILR A Y W4 8 B Ak ) A 8 UTTE (Kusakabe
et al., 2000; Simon et al., 2011; Hedenquist et al.,
2013; Richards, 2015) o 415R SO, B Ak S50 A2 ) i A~
RGeS had I 14 2207 2, WA R R ik A
FA) e O A8 R TR 0 £, 3 5 SE BRI UANAE L PRt
SO, B Ab S5 AT g2 i) A 3R Ge B L Ji s 8213
Bz — BT EAE FE,

450, (aq)+4H,0=H,S (aq)+3H,SO, (aq) D

DL b 3OS B IA S B I - PRI R G
Pk IR TS W e A2 2 R 8 A B ALY 4 2R, 2 — 1
WA s R SEBR b 1A R B AL R T R Y TE
T, AT B 5 B O B, i LR B ) B s
A B ARALE, AL 3 R AL 34 AS R At i 4y T
Te RN 28 AR 25 ) 3 T I B, SO REFE
A NN N E S 7 e
22 EEPEFEREASMAREY 2EEU-EFERK

Bl TE B A AR R 0 1™ vp 4 T B 22
ML, S2PR b, BEATERE S S0 O ) 7 o™ i # b & 4% 1
W H BRI AR 2505 50 D IR 0 1R 1y 43 A
FA A AL I X 520 5 O L M2 e P, A2
WK 4 TR LA T B A R, I SE [ Mt
Emmons (Thomas et al., 1982) .5 £ El Teniente (Can-
nell et al., 2005 ; Stern et al., 2007 ). 5¢ i [ Oyu Tol-
goi (Perello et al., 2001)  H [ Fg e 8- =18 F- 1 574
(" 755,2006a) BEFHEH/HD 55

il b IR AL > 2 R 24 (H R LAY RE A A
IR 2 G A -0 SR ZS A R 7R 1 34 I 2H )
FEA 2 s o SV A (Fe?t) Fil A I T 14 T ik
[

(1) 5 s gk (Fe? ) BliA o Hilah Fe? gl
Wi AR TE BB KRR MR SO A A I R
S>, Fil # il 43 Fe? A B il S AU LG 2R 0™/ o
DLUE , S* 5 A4 AL Fe? Fl Mo* 25 5 JE iU i Bk I
BB A < A AL W DT TE (28 3R 4%, 20135 20145
Duan et al., 2021; Guo et al., 2022;2023) (X:(2)) .

13Fe?" +4S0. + Mo®*= 4Fe,0,+MoS,+FeS, (2)

TR 38 KL A b DR BE A SR AR AT, S kY
A B A - L aE SR R B KL A (Cannell
et al., 2005; Stern et al., 2007) , & #| El Teniente ¥ &
R R AT R 2 R R - W - X A A e (Skewes
etal., 2003; Vry et al., 2010) , 5% i/ [#] Oyu Tolgoi B 7+
AR R hiBEZ R A R 5 (Perello et al., 2001), H[H
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ZUE-JONAD A, L1 - LR LA B A
Rl 0 1 AR 550, N4 HESR AR AR EH 34
PRTER AR R B 5 AR H R L X A Y
N AN R (B 7k €45, 2011 ; Xu et al., 2023) , XUt
B R K LA A BB S B R R TR
Fex M ik JE ], (il SO, P i Ji, Fe i S AL IE it
A S5 A AR | TR) s 2k 4H B 45 4 R B Ak 0 v A
DUVE & 4, TE MU B 5 R B o A i 4 ik s B Aoz
T R i BR A, 1 i E SOL T TR A B A A
TRIRERT W) -

(2) B JFEVERR Tl 5 . Rowins (2000) BIF 5% A& 31
RN B 7 g IR == W e 3 I (ER TR S s
TR R SR PR R | 330 S8 3 JE PR B (4 0 IRk =
SR AR ARERET BRI B SRR IR, A e
1) 5 IR PR R Bk, I AR P 5 7 K CHL 5%
W REHEAR ST R IR B i A
R I AR, T4 H A 24 O I8 R SRR (B
1, 2018) , A 5 4 I3 =0T S | IR T R A
Rowins (2000) 1A Ay ik S 34 J5i P BE2- 80 ( 4) 87 5 Ak
PEREAHRT —FE WA B A A R R A, Rk
TEA R LT R b AR TR e T 5 A 85 0 34 i 1 b
2, T B AR R i R M BE A (Ague et al., 1988,
Wilkinson, 2013) . i J5UPEBE A 20 A H 2 B ot il
SO BEE AT 1 — R N R ARSI E RN
SEBR b e B2 A A )z i B 5T L A
AR AT AR B, T 22 013 b A 2E 7 TR
BT B B, X SR T SGHEAT IR
23 HREHRRES BT RSRENEEREFR

T 3 LA AN T LA ) BE ™ 22 Ge 4 At sk i i
J ) AT D A B e A AR S o FE e A R
J2 A BT B i 7 A 1 R ARt R
JF R B H PR ) (2C+2H,0=CH,+CO, ) (Andersen
et al., 1996; Fan et al., 2004) , J& B 75 4 - 4 57 i A2
B b i E BRI ST AR S, QR e - — -
L PRI B AT 3 R T i AR A A
T4 CH, . CO S5k JR M AR 4 43 (18] 9a~d) (X2
#5F,1987; Yang et al., 2013) ,75/R CH, 2 5 T K&
A I % . Climax, Urad - Henderson 1 Mt. Em-
mons &5 8 S EH T IR [ 3 Mesaverde ZH 11 Wasatch
20 T R B TR R SR A (Drake et al., 2019)

FBE 30 S 1 i, S A% 3 RS PR, RS IR e, T HL
TG e I Pl 7 5 25 AR R ok, e ml AV B0 44 3
SLBR ] A AR Ge PR I ) ) (2R A TR 45, 2020) o 7

HRITE St B B PR AN R, FA R
A RS T 1 R AR 3 LB R A R, T AR
FIBRWE , R AR R BRI | A K IR R IR R G A
s [l LA b 2 P oA AT A2 20 i RN S I 5 A
VSN 7 A R A5 30 S AR B R B 1 K
AR IR RV B R R A Y R RS S
WP RGN BEA R BEA RS B
(2 fbrty L 5 L R A A K BBOR AL 5k
SO; MR JFIE 1 S2, S 5 Fe?t \Mo* 2545 &4 1% 1%
WA 55 4 Ja B Ak 0 R AU UE 4, DA AN I ik OB
XA TR ARG, & E KA k. [FE CH,
BEALIE L CO, (X (3)) , B ik H CO, K &
FilA 2 & AR bk (B A1k .

2CH,+ 2S0; +Mo® =MoS, +2CO,+4H,0  (3)

F e i) - =3 R - b D VA B -1 R A AL EH
PR o BT R A Y 83C s T H IR, AR 1R TR
Fil —9.1%0 ~—1.6%o , “F-44—5.9%0, 5 = JII 2L YT Rk i
b5 B B B ) A7 R 4 AR (2.0%~2.3% ) B Ji A T) (4]
10) (RZ£3545 1987, [6) 716 ,2012; Yang et al., 2017)
U R BE AT IR R B B 0 O R 2 AR
813Cyppp TH 5 A , —16.5%0~—8.8%o0 , T-31—12.8%0 , 1
fia] By B3 I A A 3 4K 19 8 13C ypp [ K —9.3%0 , 1 Y
B U AR AL K1 81°Cppg TH N ~11.4%0~—5.3%o, -
¥1-7.7%o , 5 U AH VTR R £k 77 AR R 7 3 B4 4k [
(AR T N I TR T 1 R - [ R VA o 2 )
(Hoefs, 2015; Wang et al., 2017) , 8 /8 0 R &
FRRR T RE DR [ 48 7 1 o+ 7 o AL B A b i A 2R
FLAAS = A i e o W PRI R R S AR T A
ok e I AR 1 A1 813C g 1B N —4.9%0 , i1 T~ V0 1
AT AME, 5P R T W — B B R 5%
BUERBESE Po-Zn B H A S A 60 B A 1) 313Cyppp (51
HAK, —25.8%0~—9.2%0, F- 37— 17.7%0 ( 3 it 88 55,
2019) , F5 /R RO REAIL A 2L 25 A 58 A% FBL 1) ol
W ARG T e SR R o ok ek B A ik ot Bl 2
Z 55EE0 AR T TSR AU

SN BT LA R B T I E A, e
SR SR I AR G R AR RS B 2 5 4 Ak
I JECR A 78 1) BRARA B 5]
24 FRREEFIEEAS N

e J5 [R5 R A SR A I AR A FE A K
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(1) 2B B « Bl il B 21 o0 A i 5 SR A2
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Fig.9 Laser Raman spectra of fluid inclusions of the Nannihu-Sandaozhuang-Shangfanggou porphyry Mo deposits

a, b. Reductive components such as CH, and CO of fluid inclusions in quartz of the Shangfanggou Mo deposit (Yang et al., 2013); ¢, d. Gas compo-
nents such as CH,, H,S and CO of C-type inclusions of the Nannihu-Sandaozhuang W-Mo deposit (Shi et al., 2009)

IR 5w R T LA A TR TR G A8 B A 2R ) 4R
i B R BT, T BT I 1Y 38 JR A B A (Rowins,
2000) . B BUA JFE A S TE S KB BOMA K- R BURH
Herb SO, i RARFAR IR A R B, AR TR S
BT ) 5 A A e A R 7% LR i U S AT
Y5 o3 8L, MELUE BURE™ V&4 (Gao et al., 2020)

(2) BT B B « BBl v 38 S A 53 AE U AR
D Z I IR BOMA , RT3k 2 i i - (D Ak
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Fig.10 Carbon and oxygen isotopic compositions of calcite
from the Shapinggou Mo deposit, the Nannihu-Sandaozhuang-
Shangfanggou porphyry W-Mo deposits, and surrounding ma-
rine carbonate (data are from Liu et al., 1987; Xiang et al.,
2012; Yang et al., 2017; Guo et al., 2023)
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