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Abstract: The Luanchuan Mo-W ore district and the Zhashui-Shanyang Cu-Mo ore district are two typical por-
phyry ore districts formed in the post-collision setting during 152-140Ma in the Qinling Orogenic Belt. Despite
significant differences in their mineralization, the controlling factors remain unclear. This study collected whole-
rock geochemical data, Sr-Nd-Hf isotopes, and the compositions of zircon and apatite from both ore districts. A
comparative analysis was conducted on aspects such as magmatic source, water content, oxygen fugacity,
volatiles(F, Cl)and sulfur content to reveal the key controlling factors of their metallogenic differences. The
Zhashui-Shanyang Cu-Mo ore district shows ¢Hf(t) and ¢éNd(t) variations ranging from —5 to 2 and —6.6 to —1.5,
with (*’St/*Sr); value close to the upper mantle (averaging 0.7051), indicating a mixture of melting of thickened
juvenile lower crustal components with mantle-derived magmas in the magma source. The Luanchuan Mo-W
ore district exhibits relatively low e¢Hf(t) and eNd(t) values (averaging —18.38 and —14.63) and older Hf two-
stage model ages, suggesting that the Mo-W-rich porphyries originated from the ancient Taihua Group base-
ment and partial melting of the Yangtze Plate subducted continental crust sediment. Both ore districts' mineral-
ized porphyries have high Sr and low Y, whole-rock Euw/Eu*>0.6, low zircon saturation temperatures (<750 C),
zircon Eu/Eu*> 0.3, zircon Ce/Cey* > 100, Ce/Nd> 10, whole-rock V/Sc> 5, and oxidation state>FMQ+3,
indicating characteristics of high water content and high oxygen fugacity in their mineralizing magmas. Further-
more, the Cu-Mo system in the Zhashui-Shanyang ore district is enriched in CI, while the Mo-W system in the
Luanchuan ore district is enriched in F, with similar S contents. These differences in the magma source are the
fundamental reasons for the mineralization disparities between the two districts. Cl and F, as the main ligands for
the migration of Cu and Mo in magmatic hydrothermal fluids, are another key factor causing the mineralization
differences between the two ore districts. Enriched water, high S, and high oxygen fugacity magmas are impor-
tant conditions for the formation of porphyry ore deposits in both districts, but they are not the direct causes of
the mineralization differences.

Keywords: porphyry deposits; magma source; water content and oxygen fugacity; volatile; Qinling oro-
genic belt
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Fig. 2 Simplified geological map of the Zhashui-Shanyang ore cluster
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Fig. 5 Simplified geological map of the Luanchuan ore ore cluster
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Fin- R AT YIS . B O SR A R
BETERET AR BT, JT RN INEEET . AR
o kAT EEAHRA. MR A Bob B
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Fly B (1 eHE(t) ) (Kemp et al., 2006), Hf 4 = 4F
U AT LA R A R X DA 5 i e 4 S el B K B4R
% (Griffin et al., 2002) . P45 Sr-Nd [F] {7 K Fl4
A1 Lu-HF [7] 7 38 K 3 J2 78 B3 8 A U8 DXCREAE 19 A 3%
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Fig. 6 (a) eHf (f)-age, (b) histogram of zircon Hf Tpy,, (c) eHf (r)-age and (d) (*'Sr/*Sr);eNd (¢) diagrams for

the metallogenic rocks of the ore cluster in Zhashui-Shanyang and Luanchuan
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al., 2018; I HE4E, 2020) .
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o 25 1] 1 42 [X SR R

1 10 100 1000
Y+Nb (10°)

FEAK-IL BT 4L IX Cu-Mo # K455 F T K EIE T A R A& (2013) . RE G (2014) . fEHE(2014) . Xie 5%

(2015, 2017) . Xiong %5(2019) .

Luo % (2020) , Zhang %(2021) . Chen %(2023); ZEJIIH" X Mo-W #" K &5

FREIETH Li % (2012) . Bao %(2014) . k= #E(2014) . #HyL A% (2015) . T3€% (2016) . Xue % (2018) .
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(JEE & Pearce et al., 1984)
Fig. 7 (a) Y-Nb and (b) (Y+Nb)-Rb diagrams for the metallogenic rocks of the ore cluster in

Zhashui-Shanyang and Luanchuan

25 1B 4 X BE 5 Mo-W B BR i 7 B ik B8 47
[ eHF(t) A1 eNd(t) B CEEI{E 5> 5 b —-18.38 Fl-14.63),
BAE B E K (] 6a, & 6¢), HA T HFE IR X ERE
B HE B BeRE A I A 1628~3387 Ma, Z 5N
2.1~2.8 Ga([&] 6b), 5 KR4S ALK 2.1~3.0 Ga(Li
et al., 2015) f14% T fiti 72 1.8~2.2 Ga(Bao et al., 2014)
TE U T AH Y, H 2505 RAERE LY U [RIAHM) & .
BeAk, (St Sr) A CE- 348 A 0.712) 4538 T4 1 L i
FE(E 6d) o X FHEA R Mo i R 1M 7, Hem 3% U8 X 3
HRIA R 5 i Mo 3 B B iy & K i e FLE Mo B
SOUBIN WA G (PD TR AE, 2015; BB HSE, 2020) .
MR KFEHEALELE Mo UM P K P ELE,
A2 R Rl b B & E A R 4 LR,
T IR ACEVERE A Mo B R $ i £ T 3006 K
(PN TDARAE, 2015) . Ze 08 Hi X Al v v il e 2k 4 T
T IX N 95% LA E 1 Mo BF, iZ 4 IX DLy 2 1 i 7€
20 5 P LK R B O SUARURRAE, HOR AR LI F e T
FERZE 08 18 1 Hofth - 5 )2 A S e R &
(3R 2.62x10°° Fl 3.76x10°°) (B4 545, 2020) .
T 2N R AR R BE HL A2 3 Y 5 R R X (Li
etal., 2015; Li et al., 2018; BRAT 5 45, 2020) o {HALA W
SO R X 1T B8 5 4% F AR b & Mo fili e iR

A X (Bao et al,, 2014) . MARFTRIE R, T &N E
Mo KAHE L A Bl e TR AL [R) S 28 1 [ 4R X
DY G Ak 2t — 5L P S Mo-W 8 PR 4R 25 5 R U8, 1T
ORI T FE MY ORI, 7ER S R R B
Ko AR E K AR 4k R 85 A (1700~2 700 Ma) 7R
WEBL T B UL AT (Li et al., 2018) .

32 KEEMRERE

BB A i EL A i K (> 4%) Fl
Ak (AFMQ> 1.5, [ BR >~ HM £ #fi5) ) (Richards,
2003; Richards, 2011; Wang et al., 2014a, 2014b; Sun et
al., 2015) . FIKTOK &R 2 0 A] DL e A K ik
PR R R S A, DRI S Ay 45 ) BRE S B ) S B PR R
(Lu et al., 2015; Williamson et al., 2016; £ Fi 4%, 2021)
B RGP EGR B B S AEE K N AR Y
2, TR Cu, Au %5 UH 4 8 Y MR T 4478, 1F
T 42 LB (Jugo, 2009; EHATAE, 2020) .

FAT T8 JK Bt I 505 1A 280, ndk i
FrHTOR T R R RS | A A AR
SIMS %5 1 7K & & % 4% (Naney, 1983; Lu et al., 2015;
Chiaradia, 2020), It 4b, 24 & 3% rhoK & & 8w i)
(H,0>4%), —J5 1fi °] LA i f [N A 25 i o 55, 9
— 7 TSI AHE A 4 A 5, TR T AN A B
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Fig. 8 (a) Age-Sr, (b) SiO,-Y, (c) Age-zircon saturation temperature and (d) SiO,-whole rock Euy/Euy*

diagrams for the metallogenic rocks of the ore cluster in Zhashui-Shanyang and Luanchuan
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Fig. 9 (a, b) Chondrite normalized REE and (c, d) primitive mantle-normalized trace elements diagrams for

the metallogenic rocks of the ore cluster in Zhashui-Shanyang and Luanchuan
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FIH Cey/Cey’. Ce/Nd. Euy/Euy i, 78T LUAE g 3 Wi
ST 4% JEE 1 A 2448 AR (Munoz et al., 2012; Chelle-
Michou et al., 2014; Zhang et al., 2017) . % 3C * % FH
Cey/Cey . Ce/Nd. Euy/Euy fH, UL M 4 %+ 1 Fe,0,/FeO,
V/Sc {H 1] 4% 48 /8 BLT BE A R % B R/ (3L,
Ce;, = Nd*/Smy; Buy = VSmy x Gdy ) (Trail et al., 2012;
Loader et al., 2017) .

g5 R WoR, FEAK-1L BHE HE X Cu-Mo & R AR 1|
W AEIX Mo-W ™ JK 34 B A & 0w 4% BE /YRR AR
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(8 10a~& 10d) . 7E Fe,0,/Fe0-SiO, &l fitH, 1 28
JIHHEIX Mo-W B 54 43 S e B H5 vei, 3 I 43 A
X[ T 22 5, (AR T R4 R 81 IX I (1] 10a); 7E
Fe,0,/FeO-Rb/Sr [EIfiff v, PIAT 4 X 4 44 1 S Ak ik
JEUIR A # A #R AL T FMQ~Hem-Mag IX [H] P, H K #B
Iy AR E FMQ+3 Z - CHLBZ %R ) (B 10b); 3
) BA B H5 A7 Buy/Buy (> 0.3; MEZK 1L BHFIZE )1 5 4
X 4 91K 0.44~0.91 1 0.12~0.77, F ¥ 18 23 51 N
0.64 1 0.51) F1 424 V/Sc {8 (> 55 #E7K— 1L FH AN ZE )14
A X 43 518 3.81~12.51 1 1.04~15.69, - ¥ (& 43 5
h9.47 F1 7.17) (] 10¢), DA J & 85 41 Cey/Cey (FE K~
LU BAFIZE I 46 X530y 1.28~2 554 Fi1 3.67~638.8,
SERE AT 5k 196.7 F1180.2) (&1 10d) Fil Ce/Nd(FEK—
L BHFNZE )B4 X 43 51 M 2.69~115.71 F1 1.80~89.96,
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FERFF G AN [RRUBE () B 5 R0 A v 2 B A% 0 A — 3, D
— R KR Y Cu Al Mo R, 4 2 i 4%
(R0 4046 b AT LA R HRE: V/Sc> 5. #5 41 Euy/Euy >
0.3, B5 1 Cey/Cey > 100, Ce/Nd>> 10, 11— L4 /N
AT AR B (E U B AR T 1 3R (Shu et al., 2019;
Wu et al., 2021) . HAFE A2, A FFEK-1L FHT
L X BE SR Cu-W IR, 28115748 X BEA 7 Mo-W ™
PR 5 1A 1) 45 T4t B 8 A I A/ TR, e 2
¥ Buy/Euy (8, fEE T =% BA EESN, (Hik k2
S E A (K 10c, 18 10d) . FEZK—LL BHFIZE ) B4
AR XU B W BA B K & i, B & S
R AR BN, RHR AT IR 2 B A A, A K
() Euy/Euy B 5 B MK (18] 8d), 3X 1T fig J2 1 Al 4% A
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FER-ILBA B 4 X Cu-Mo B R & F ERIC RS A R L & (2013) . R A EF(2014) . (L5 (2014) . Xie 5F
(2015, 2017) . Xiong %£(2019) . Luo % (2020) ., Zhang %5(2021), Chen % (2023); #E/K-1LIBHA 4 X Cu-Mo B R
BEA WO GBS A Luo 4(2020) . Zhang 45 ( 2021) ., Chen %:(2023); 281§ £ X Mo-W #" FR & & £ R 51

A Li %% (2012) . Bao 4 (2014) . ik = # (2014) . & VAR 4% (2015) . E 84 (2016) . Xue 5 (2018) .

Zhang %

(2018) . Yang %% (2019) . Guo %5 (2020); Z8JI| 5 4 X Mo-W B JK £5 7 i JC R 58 51 A Li %5 (2015) . Xue &
(2018) . Qian %5(2022)
E10 #EK-LPFEFT EXMIE)NFTER B F A Si0,- Fe,0,/FeO Efi#(a) .Rb/Sr- Fe,0,/FeO Ef#(b) . &% V/Sc-55H
Euy/Eu*Elfi# (¢) F§EA Cey/Cey*-Euy/Eu*Elfi#(d) (b JiEEHE Hart et al., 2004)
Fig. 10 (a) SiO,- Fe,04/Fe0, (b) Rb/Sr- Fe,0,/FeO, (c¢) whole-rock V/Sc- zircon Euy/Euy* and (d) zircon Ce,/Cey* - zircon Euy/Euy*

diagrams for the metallogenic rocks of the ore cluster in Zhashui-Shanyang and Luanchuan
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Euy/Buy (A BRI B2 RN . BARA 2 H 4R 1, &K
R IR R IE A S B 2 i Fe' e IR,
WA INA, SBUA KB T AR B (Wang et al.,
2014a; Ulmer et al., 2018), $X 1 SCH 28 )11 5 4 X B
T Mo-W 1 R BUA™ 25 1A Bl 4 2 I i AL R B 4 e, K B
WA N, A AR AR B LR R, T
Z U

VL BB 3R W, ME7K— 1L BH A 4E X Cu-Mo & JR Fil
ZEN4E X Mo-W " PRARELAT = 19 ™ 2 2R K F it
FIVGRIR B, AT DA w8 1 2 SR K B R S R T i Bk
ERT AR e SR . TEARRBESE T, X T A4
XA b2z S dE e RO B . BR, 481w~
X Mo-W " KA SR AL A B o v, K & it TR
B Bl A 2 B W IR A S I ACTT DR B A
WML Z 17K (Xu et al., 2023; Chen et al., 2023), #f
K= BT 4 X B -1 R 5 Y Cu-Mo B IR (4 i~
FIAEE 20 IRY R, AR5 X B - R
F8 Mo-W W IR & A B Z 58 IR W) o, w4 BRI T 5
2 MRS IR T, B BE A 2 R BE T B K, 1 A S
PS4 B 45 S M N A, IR ARHS A 2 B2 &L 2R G
I — & ATHE, T 225, s HRAR R K
TR IX A ASTR], 253K B A AR B O AN S 1 BRI
33 F.CLLS&=

S A Z (F. COANL AT AAE S 5 2% 1) B 22 21
TRy, T4 kR 2 b 5 ) B 5 S RN A SR A AL A,

11 5L 29 76 TC R 2RI R AR A (0 23 B, A SCAE AR
i Y b 3K AE 2= 4T S R0 R0 (Berry et al., 20095
Koleszar et al., 2009) . 8 JK £1 /=& 4£ 5 5 A A1 P 3 3 A7
TERY A, ELA B i Fe e 1k, 76748 B AR S i
Tl AR 3ok AR e AT PR R RS AE , BB ARCH I S5 B I R A
WHE S, H0. K & il 1 70 & (Ayers et al., 1991;
Ayers et al., 1993; Chelle-Michou et al., 2017; B 5 4%,
2017; Andersson et al., 2019) .

PO 4R X W KA ) CLATF & 4 40 F R fiE: AR
JK—1L B 4R X B 2 Cu-Mo 1k 5 355 4 CI(A] 11a),
T 2R 4 X BE 2 Mo-W IR R B F(&] 11b) . Rl
B A CLE B 0.11%~1.14%, F ¥ E K 0.43%,
F/CUE A XS B, 22 A5 F  1.28~26.02, 44 {H A
9.24; Ja B W KA CL &N 0.01%~1.05%, F-HI{E K
0.21%, F/CUEAHXT 4, 224k u ol 1.62~377, -3
fEh 113.12,

WA, SCH BT KA RS A 12540 O 5%k
(Ketcham, 2015), il 3145 F, C1. OH [ /K 734U (X,
Xern Xow) 3 B K AT B K5 K OH 5 CLAIF Y52
e Z 80 K,(McCubbin et al., 2015; Li et al., 2017; Riker et
al., 2018) (BE /K- 1L B 4. XA R P Ik £ 25
Al A 992 °C 2RI 4R X LA™ 5 1A Hh B A 45 i
N 950 °C) (Du et al., 2019; Chen et al., 2023), ]
PR R 53 Koy Xon Xon SHS BAE—EH L
#] & Z& (Kendall-Langley et al., 2021), 3158 i #& 4& p
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Fig. 11

(a) Apatite SO;-Cl, (b) SO,-F/Cl and (c) MnO-F/Cl diagrams for the

metallogenic rocks of the ore cluster in Zhashui-Shanyang and Luanchuan
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CIFIF W&, 45 R EaR: FEK-1L T F X Cu-Mo
B 5 AR CL & a3 [ 0.021%~1.2%, “F ¥ {E
0.23%, F % 1 J5 B 4 0.068%~3.44%, ~F-I{H K 0.769;
2514 X Mo-W S #s R C1 & i3l 0.005% ~
0.125%, F ¥ 5 & 0.04%, F & &3 Bl R 0.022%~
6.009%, F-HIE N 0.4%. —FH WA A F/CLEME
53 3.96 F14.47, JE LA BT LUR B, B4R
X AE B A S B A R CLS SR CL & it
BEAMER, B CLE & A F/ICLE R 5 8 K
A1 dnfArf CLE i A F/CHE AR RURRAE, RIFEZK 1L B4
R IXTES Cu-Mo 1K F h ¥ T 281157 4R IX E 4 Mo-
WIkR, ZHBIKA D F &g TR T F &R,
Ut B AT R AR S PR fb s B v, F O HE AR K A1 R
H, SRR A AR F A IR AR

Cl #ah] 5 4 T Ji A (Webster et al., 2009), Cu 7&
A o 3 2 DA A W E 2 AF #E (Gammons et al.,
1997), WU CLUAMA FIT Cu LLA G AT X 3 B
1T #% (Grondahl et al., 2022) . F B 45 5 ¥k A Kk, ] mf
REAE BRARCA S 0O B 5 . 2% B | 81 AH 42 & (Webster et
al., 2009; BT %, 2017), I HL 38 1 f2 a9 7R oK i i
fiff B2 TH s, B SR Mo Y BC 4> 2R 4, AT X BE A 7Y Mo 1
{1k B T EAE H (Keppler et al., 1991), 4h, B & HY
F/CHE 1 Mn & 538 7] UG 7R 5 3R X b & U
6 X 59 45 fiF (Boudreau et al., 1990; Cao et al., 2012) .
R4 X Mo-W B Y MnO 5 T LU BHA # 1X. Cu-
Mo #" (i & MnO % &t 28 {3 [l 2 0.08%~0.62%, 1~
YIE N 0.16%, J& & 2 4L 75 0.01%~0.17%, 7 ¥ {4
7 0.07%) (Fl 11c), P 1L BHA" 4 X Cu-Mo B~ PR ) &
SR X AT T 2 (e 2 4y, i — 2T S A SRR XX
T4 X010 22 53 00 B E AR

FEK—1LI FH £ X, Cu-Mo B PR M Z8 )1 5 £ IX. Mo-
W R ) KA1 RE S R AT FHABLIY SO, & i, - 21
53 52 0.20% F1 0.18%, = T F T B /Y SO, &% &
(0.1%) (Imai, 2004) . F|F Parat %5 (2011) $2& H ## JK
A1 505 A 2 B i 22 3k RT DAXHE PR SO, & it ik
FrREGESE, SCR T PB4 X B IR A7 A0 A 45 1A
o SO, & i, 45 H WoR B4R X I AR i) SO; %
it B A LR AE, P 3 E 48 5 A 0.012 4% il
0.0120%. MK A SO, & i F B RN R 2 A Ik
RIRIR I | EORIE AR 1, 5 IR F SR
w0, WK A SO, Fr i i (Tmai, 2002) . #E7K—1LBH
T4 X BE 5 7 Cu-Mo 7™ (14 42035 8 W6 85, ol e o i H:

W HAT SO; 7 B W Bl o T 281 47 4 X B2 B Mo-W
TR L AR R R UG, AR Y SO, B i R,
F AN S R IE S B L — RN R, H
FEA T A AR XA P22 5 0 B AL

4 4hig

(D FEK-LL BA A 4 X BE A -5 R 5 R Cu-Mo #71
RO DX N IR R AR T e S R B A R
GV R, T 2 0 B Mo K AR 58 IS 4% - B B AR ot
i 72 DT R 0 28 )1 7 4 IX B 1 5 Mo-W 1 K
PRAL T EE AP BRI . 5 IR XA (R R
W AR X0 22 S AR AR TR A

(2) FEAK-1L BHA4E X Cu-Mo & R F1 481 7 4 [X.
Mo-W i R ELA 15 (1 i A 3K & MR B, 5
T IR AR B, A ROK B SO TR AR, =
FARR FE 22 AN K o ] DL SRR B AR YR
& BT A A Cu-Mo A1 Mo-W # IR B9 31 8 444, HIF A
JETE AR R 5 R P S DX 2 S i B SR

(3)#5 K& 43 CLFI F X &4k 7T Cu A1 Mo By iEH
HA W] W ek, IF B 43 00 R T 3845 24 Cu-Mo
Mo-W (8 4k, I - A X CLFL F % & 19 22 5 00
S U A N ) g OGS R R o T A B LR 3
1) SO, &R, S SR IB B A AL fh i etk S5, (1
AR B 25 S E A
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