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Abstract: The Jiudingshan porphyry-skarn Cu-Mo deposit, located in the Sanjiang-Tethys metallogenic domain, is
related to the left trending strike-slip fault of Jinshajiang-Ailaoshan tectonic belt. Field observations have identified
the metal zonation in Jiudingshan, including the Mo-Cu mineralization in the inner porphyry system, Cu-Mo miner-
alization in the skarn system from the intrusion-carbonate contact zone, and the weakly Pb-Zn mineralization in the
distal wall rocks. Trace element analyses on zircons from ore-bearing monzogranitic porphyry and porphyritic-like
granite have yielded an average Ce*"/Ce’* ratios of 218. 0 and 218. 6, respectively, which demonstrates an oxida-
tive condition. Hydrothermal garnets from skarn system are well zoned and exhibit a large variation in Al and Fe
contents. The dark cores of garnet are belong to andradite and enriched in LREEs, Mo and W, whereas the bright
rims share an increase in Al and are enriched in Eu, U and Cu. Further Cu-Ag-Pb-Zn-Mo-W-Bi-Sn-As-Sbh-Ti ana-
lyses on mineralized intrusions and orebodies have indicated a similar zonation observed in the field. The metals,
like Cu, Agand W, are commonly enriched in the same pattern while Mo shares no relationship with Cu. It can be
concluded that an sulfur-unsaturated magma was more easily enriched and brought the Cu and Mo under high

oxygen fugacity condition. The transition of Fe-rich to Al-enriched endmember in garnet from skarn system has suggested
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a fluid boiling process under a less oxidative condition. This process would inhibit the transportation of Mo comple-

xes into skarn system but has the negligible impact on the solution of Cu, which finally led to the high Mo/Cu ore-

bodies in porphyry system and high Cu/Mo orebodies in skarn system.

Key words: porphyry-skarn Cu-Mo deposit; oxygen fugacity; garnet; Jiudingshan; Yunnan
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(2000) Feit, 5 b4 K2 80™ Tk R 5 )2 h i)
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HA B2 KOt 1 I &R, [ 21 B A il iR &R
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[ NS 27 25 R I 25 U IR 1 7 o e ™
FEHLIR T 2538, DB IR A fRAZ B I 52
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PIRIRER A 0 3, B 5T A 20 R T 22 A &
[#]34 5% ( Einaudi et al. , 1981; F2#54, 1983; Misra,
2000) , Fr [ P XS 07 3K e 0 4H R S 7 T VT L
1 Cu-W-Mo & RARJE T B Y BE Y KA & A Al
WK (9%, 20115 3KIE%, 2015) .

VT R HIX 2T T AR AR S T AR
T R B O e R DA A A G B 3 A e AR
AR LA S8 i 1 B RE — ROV A BRI 2R ) il 43
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FFIZH X ST EE R 2 5, AT 1) A Pt i A s
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A RAER Au-Cu-Mo i WK &0 5 2464 1
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# Cu-Mo B7IR, LIRBEA Y KAD IR R4
HTE~35 Ma( Z2B 45, 20115 SRR 2012; d
4%, 2019)

LI ILBE AR R A BV AR R, A% B
BN Mo (Cu) 074k, #2715 % K 5 N Cu
(Mo-Au) ™1k S 4Nl Ph-Zn W4k ( 44, 2013;
Guo et al. , 2020) , AR 2 R [ K K R
G HA AW TC R 340 (P45, 2016) , [F]—

W IR BT IC 28 437 3 5 5 AR FE S U0 IE A K,
RGN IR AR ST WIS T DAAS B R 25
5] )RR ) 70 A4 Ak 3 B2 ( Theodore et al. |, 19865 Au-
detat et al. , 2000; Sharpe and Gemmell, 2000; AR
#, 2006; T KB4, 2006; Clark and Gemmell,
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AR TV 22 S5 RS 4 220 T R G E, A T
BEA 1Y 5 M R B s VE F B AR LR
YERBES - RAaT IR E WNEIE Y, A fa
FE A AT DL 200 M i i 2R R A 1) T B AR
FEAE B (b 45 2008 Trail er al. , 2012; Tian et
al. , 2019; Jiang et al. , 2020) , WE6HIE 5 A PR
ARG TR ALRRAE , 20O R BT B B Y 4 8 UL
TEDLH . A SCHE VRN Y BF AP LS HE Al -, XFJLTo L
W DX B A P 8 B A B v 8 A A A A
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PRI LA B CGBUAR PG ) 8 VD VL A LU ) i 2 v
Br(Bl 1a) o “ =0 A4 slon™ Sl 7e B A= Ay s
VEF 25 R RO AR 4 Rl A 5C (Lin et al.
2005) , ZAEHE T 434 EREE (65 ~ 41 Ma, 3 HE
45 2006¢) MERETE (40 ~26 Ma, BEHEHESE, 2006a)
FUG R (25 ~0 Ma, fE3E3ES, 2006b) 3 BB,
A3 DINCSREE . 1 55 U AR A J S R ik (X8 2
45, 2011) , 7FWEAEE 2 5 RERE B BE, < =T HLIX
BT R A, BT RO Y A e
24, BT A VUL 2R LA 1 A B A R R F
TR R RIE N (R EREE, 2006¢) , B VPIL-R
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(BKIEAESE, 1996) , LI T K& 1 Ik & 7 BEA 1=
A, Horp DR AR £ IR BEA By e 2R R, H
VU b DX Ik | AGART B v 1 S5 R BB A T IR TR R
HHA, ERBE S (K 1b) K29 300 km,
MER(ERR) Shimz (KA ZEMEZ (K
B SGEREE W R R 20 BEARA L, &5
TR %2R — KA B BE A R A6 b B, IR AR TR 7E
41~37 Ma Z[H], J& THZ A A RS, FfEAR
IRTE AR, R XA B AR A A T L 1) 3 4
(3K F SR %5 19985 Hou et al., 2003; 58 &%
2006) , EPGHLIX & B Wk 0P D) Gk A
A58 A AR R BE A 1R AR DG Y K AL BE A T
IR, 20X B IR 1R AR BUA A0S £ IR REA A
WAHFHEIT, R T 40~32 Ma ZJR] (ZEH %, 2011),

Simplified geologic map of the Sanjiang-Tethys metallogenic domain ( modified after Deng Jun et al. , 2010)

Hu IR A R X e ds AR B e AT e
EM 1 7 b8 7R A U8 X A FFAE (Lu et al. , 2013; #%
FHNI, 2016; # " AEZE, 2019; Guo et al., 2020),
BAE A, B A e 5 MO Al Bk 65 ~ 41 Ma [i]
) 4 o A0 5 VLA o S ) DA o 5 A )
( continental lithospheric mantle, CLM) fillJ&, 37 ~ 35
Ma Z[H], it JERY CLM ZASFDL, B IE i,
PR FRA A B IS A T iU 0, A o
SR H5E A TN A AR RO i 3 B s O 5 H
TRA, BT WUV b X 5808 R 5 1Y B BB A 1= A
& (Turner et al. , 1996; Lu et al. , 2013; Guo et al. ,
2020) ,

I 2 87 e 8, 20 BB &
e RERKAEMA R H ARRE ZBRIA



1052 A oA T W % 4 & 540 &
B ZMAERR A L ENRTTBEYE®, B T4 8% HASDRIHEY, £ G shma, A e
DiTZMmiEiE s, KN E A ER, £, BURHIA R T, SBT XRTa%Y(E
A X AL T NE AR R HE SR Zh, &4, 2013),

FEI T IHIE - L0 W24 (NW (5] ) FIRR IAF 5 ) 1| 7 2
(NE [i]) Z 18] (HEMRER5E, 1999) 5 MR A% 287
AR, KNEIIE ShoR i, i ve R 28
BA B RN RE, A mER HE SRR,
M DASEME IR S R A, 2 R/ S
Jik s T ER Sz LA SRS Sh s , A A bk

2 HARHL T RAE

JUBILE RN TR A R I B 5E N, WAF7E
ITERARZ R, BT XN EE SR E A T RS
M BHZH (0, x) M R GHERBLA (D, k) (Kl2a)  H:

25°33'55"

Talnlalalaln

2km
]

100°22'57"

100°31°05"

Ry IRCTITE o N

i

t I B2 B AL
; VB Tk R HEALICE
Toro | —aR xR

o ] Bk

lend kg

[ Eenrs

o [ e ne
2R

=] man

Hz

1o Wi

A ey

4 . Mo-W-Cu-Fe-Snfi" {k

(& Cu-Au-Mo-Fell"{k

100°22'59"

1 7 Po-Znb ik

3000

2800

26001

bR /m

2400

22004
g [ KRR ] Mol (Mo)Cufi* th Pb-Za§ P
Cmamw s [] weekiEis ] (oMo i Cu(Fe)ii £

K2 UL RS R BT (R AT 8, 19885 Lu et al. , 2013 &)
Fig. 2 Simplified geological map of the Jiudingshan Cu-Mo deposit ( modified after Yu, 1988; Lu et al. , 2013)
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1) BHAAEAS DX 2 20 — B2 (0,7 ) FHER DU Bt
(0" ) HZ, =B A A al, Jtdedug b
WOUS, S0 T AL, BB BT 4y 2 B,
LFWE (02" EE MM RS KAE)Z, BT
RPN BT AP S, R R I S filt
W PR 32 BERAE R A5 N B (0,27 ) A KL
AR 2R A . RRERZE B 1 o R K B A
s, AAEEE T, wAh, FEINT S A
X IR oA A7 /D R B2 DU R OB, RV K BT 2
(20 b 4 R -T2 WP ) 4, 0 X ik &
BFHBZM KW 2L, i EW (7 3ERKI 2 (F,) |
NE [ M7k Wr%4 (F,) \NEE [a] iLAR L K24 (F,) Fil NE
LT L 88 5K W 2 (F,) (18] 2a) 55 (£ 5%,
2013) , HH NE [a] W28 R4 DX 5 S0 42 A
P

S G R LB A ARTE 5 R A R A
Z AR A DKEUE R Y, AT Bl 06 0] Y AR B 8
s A DK ZE D) (K 2a) . A P4 1) ZRHRIR Sy A
I 2] AL G E S B,
UL F R 24 RAC T, S50 A K/
RS R KA BEA FUBER AL <A, K ALK
Be HA SR ) BREAR 254, B 3l R O R A A
Wi BB, KA T 0.5~3.0 mm Z[A] (& 3a,
3e) ; MIBERIE A R EO WA A K A (40% ~
45% ) BHEAT(25% ~30%) AT TE(20% ~25% ) Fl B
=bE(5%) , I KA RERRE B A4S, kiR
KINA—, K/NATF0.02~0.08 mm Z [0 (& 3b,
3d),

By A TR A R B, A RS A Y R A iR R
WA | R TRV AR 534 A BEAS R 2R R b X 4 B
WG, KR A SR L TS i 2l
S948 BRI A (8 31, 3)), BLHGRE Y EL AR A
g P bR R bR AR S R £ LA 4 i
WWRAMHE, KEEHO ARAOSW RAT
YK 3E, 3g), B AL Y kIR se et 2 s R
) & R PHARD A R 2l mf, K B8
BEDUAR (18 3h) o 87 DX AE 5 0 1A R 28 4 G 1) B
WILER oA, Hh A R e ik - ak D
Mo-( Cu) B bR 3=, A E2 ™= Fa iy, 20
itk 2GR AR (B 3e) , 320 3 S B bR
WO, MR 2 B8 R RE AR 3k) , RifRfE
1~10 mm A4, FIASRAKRPEAG RN LT A
WA, KEAMAYE Cu-(Mo) W LIRS

M, FH R ZHeR W RIR kg FkiR gk i 22
FEf R O B, B 2 o2 BB AR (&
31), KRR/ H0.1~2 mm, B 5HEHT LA,
Fr AR AT DL B BT, TR A R R T L
HESHRET LR R . BRI, JLIIL Cu-Mo §7 K
S A IR AN RRAE , SHT IR BT A
A TR EUR B, AR s 1k,
VE Y2 & B 59 Ph-Zn AL (1 2b) , AR FIE L
S 5 7 p vl T AR IR R R A, 5 R AR L
P B 2 AR TS 1) A5 T P AR 1 R A A (S AR
452009 R 2013; Lu et al. , 2013)

3 AEa AR ST

XF R H LT LA PREG FL ZK1102 1) — K48 i B
1 (21102) KAhAL ZK1601 BIRIEER AL 5 5 (Z216) 4t
2 ANRE SR IEAT A o T R RS A i DT AT
XFR B ILTLAT RS R A s 14 (216-30) ) A i
A HEFT L FERE AT SR T R s AR AR S
TR ZERR R, SREILTLD RIF T 75k 1
LW AR ARIE 31 AR AT I TR T
AR ITTR TR R g AR A B 5t
AR SER, R Agilent 7700 % 45 55 A 7 15X
(ICP-MS) 431, RS B = 1 5%
TRAERBEE (21102) FIRIBEIRAE 5 7 (Z216)
FE S 2 AR 5 R TR i, T ORCE W iss Bk
VRS A T HIVERR E M BEHE . JUZR S M A Al ] MIRA3
RS % S L B X B A0 IEAT CL AR 43 BT LA R 3k
AN KRB, R 7 kY, A
] 2 min, VEHCHLAYRY 5 By BORE i (216-30)
PEAT IS, O e HA AR BRE RRAE A 0 R A Tt
FFIRAL AT 43T, A5 5 L TR 2 Hr AR —
., O TCR AT EIC R R AF 1L 5 e T A
B HRBE LI E SN, TR A Agilent 7500 CE/
CS OGB48 85 - B A ( LA-ICP-MS) , BOGH %
5 Hz, BB 20 J/em®, WBE 32 pm, ZAHEH
AR He 1 #AA, BRR A HTALFEL 20 s 25 1R AE
J 40 s FIphRAERTR], fHH NIST610 /E N ICE 734
PREE, NIST612 J 614 fE M WEHEARAE, »Si kA7
EWbR, BT Ca TENAMATTE NI, B
P b FE{E ] GLITTER 4. 4 4% ( Griffin, 2008) .
ARG R ITR B T ERE T e K 2EdE
55 5 AL 0 T S S0 S A AR TS
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Fig. 3 Hand specimens and photomicrographs of the rocks in the Jiudingshan Cu-Mo deposit
a— " RAEKBES ; b—RIFERIER & o0 A PR AT (L d—MIBPRIEREA (+) 5 e— RAERBESE (+) 5 (B RAETEELA(+);
g— W R A AR AR BB (+) (ORI AR THEREE AT 0L 5 h—B A AR (+) 5 i— — KAE R BEA 4L ik fl i 22
(+) 5 —PABBIRIE R T SRR (+) 5 k—A SR8 R WHEH ™ (SO0 5 I—ASEkh 8 Me (SUE) s PL—RH A Bt —B =
B Qu—fi9%; Di—BHEA; Ade —B5EIAT; Ser—2H b Kis—B KA s Mo—WESRE"; Cop—BLHIAT (HRILIHE, 2009)
a—monzogranitic porphyry; b—orphyritic-like granite; c—veined molybdenite in mineralized rocks; d—orphyritic-like granite ; e—monzogranitic por-
phyry (+); f—diopside in skarn stage (+) ; g—twinning garnet with oscillatory zoning in skarn stage (+) ( green dots represent garnet electron probe
experiment points) ; h—wall rock altered to hornfels (+) ; i—potassic and silicic alterations in monzogranitic porphyry (+) ; j—sericite alterations in
orphyritic-like granite (+) ; k—scaly molybdenite particles in quartz vein (reflected light) ; 1—chalcopyrite in quartz vein (reflected light) ; Pl—pla-
gioclase; Bt—biotite; Qtz—quartz; Di—diopside; Adr—andradite; Ser—sericite; Kfs—potassium feldspar; Mo—molybdenite; Cep—chalcopyrite
(after Shen Qihan, 2009)
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JEOL JXA-8100, Ji#HLE 15 kV, HLJL 10 nA, HEE
2 wm, FRFENZEE SPIAFIRY 53 Y, ] PRZ
T ATBIE, PRSI BRI PR 2% (Shu et
al. , 2013) .

SR EA X MEE SR 31 A F RS Mos
TRIEAT I TC R AT, SR eI b 4s X b i 7
AT AT, Hoh Ag SRADGHE € A
Cu .Pb.Zn Mo W Ti Sn % F A3 JEHE & 55 B TR
TR EE LRI As, Sh, Bi SR R 728 6 ik
iRl

4 EE R

4.1 HEARETEEE

JUTLAR BH AT IR AR 5 BEA (Z21102) S BIEE
ARAG KA (Z16) TiiE 7T 2R St A it oo R A 5
WL 1, ZKAE R BE 7 FBUBEIR AL b 7 1) 5 4 A 7
SEUF, 2R HE, KB MBI A KBS AR A
TRIEKBEA AP X REE {EYE B4 330x10°° ~
999x10°°, 44 628x10°°, IBLIRAL 5 A& s 41 1)
S REE {H G K 523%x10°~921x10°°, ¥ 693 x
107°, Hs - BRORLIR A 4 Ak 1B fife v o 5 35 2 B
TIERTHR ER TR EENANIES, AR
Ce IEFH M2 Bu A (Bl 4) . ZRKAEKHES
Hk £ SEufi 0. 63 ~0. 75, SE3ME 10, 69, U BEIRAE

10000

1000

—i— fElBEARAE 4

—o— “KAEMBLR

0.1

La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu

4 JUTSULLAR BHET RS RS A T 3R e 73 1]
(BRBLB A ARIEALIEYE Sun and McDonough, 1989)
Fig. 4 Chondrite-normalized REE patterns of zircons from
the Jiudingshan intrusions (normalized data cited from

Sun and McDonough, 1989)

AR R SEu fH 0 0. 66 ~0. 82, F¥I{E K 0. 73,
TARAG K BEA FBLBE AR AR <) A B A 2 R R Y
Th/U {H(0.39~1.46) , &5GHEHIHE, 7T LA
B %E P8 3 R A 2K 85 41 ( Rubatto and Gebauer, 2000;
FRICIREE, 2004)
4.2 ABAEE.HMETEYHE

LRt E A ALB,[Si0, ],, Hid A i #
FEEH Mg™ Fe® Mn® Ca™ % M FHE T, B i H
W AP Fe™ Cr & =T, T B A&~
B PH B 0] DA I R A R B RGO AR, B A &
Ca” HHEL T Mg® \Fe™ Mn* 25851 HA T KA E T
et ARME S X L B T R AR, B DK IR A
B BT O A AR R 5y 2 AR (CF
ANAESE, 20065 FE#HUX, 2015) . @ 5 A R A R
F, GLHE B BRI A1 (Mg, Al [ Si0, ],)  BRER IR 1
(Fe,AL[Si0, ],) MR 4888 (Mn, AL [ Si0, ],), H
A 7 E K Mg-Fe-Mn 5 [AE AR, B 7 &N A",
QB AMAaRY BFESEREA
(Ca,AL[Si0,];) E58kHE A1 ( CayFe, [ SiO, ],) MG
i1 (Ca,Cr,[Si0, ;) , H A i # N Ca®, B L EAF
TE Al-Fe-Cr KR[RGHN, HER—Ha0MAama
R (W%, 2013) , REZET MOHH

B R AT W JUTRULLAT DX R 2 v 1) A A8 A Bl 45
FRE , JrdR o] WA A 0 (F 3g) , IER WG
SEICHR W, BN Fe winhl, SHAHE Al
AN i Nk i R R i A U X A (A R
G AR, FRIHA KRB AR A A 5%
PEBE SR IR R AL 2 e B R R A R A T
HLFARE T, AL A a8l 3g, 43 A i keI A
YA K 24, RO AR (29 25 wm) 5047, LA 8
A PHES - S B0 A AR E I 45 SR AT AR HET )
TR, HEERIWE 2(36 &) . BRGNS, AMA
AR Z 1 Si0,(35. 23% ~37.70%) Ca0 (34. 80%
~36.20%) & MnO (0. 30% ~0. 78% ) & JC W .28
(K 5), ALO, & & 3N (%5 0.35% , 13K
8.58%) , FeO" {1 Iib FEHFFAR (1% B 28.61%, H#H
18.18%) , TiO, FFMK (#%&B 0. 92%, 1B 0. 01%)
O A R T R ALK (] 5b) o AR PEAR
HET 533X fr A T30 P A5 18 A v A k38
=Mk, ARA MR R ALK Fe FF
fE, FeO ™ 5 ALO, SN IE AL ER, £WE
Wil JuL T R oA B B A R A 2R R R R B
e i) 8 )7 oA Fe™ o A RIS 1 40 #8442 2 b
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Fig. 5 The composition variation diagrams of garnet from skarn stage in the Jiudingshan Cu-Mo deposit (a~c) and other skarn
deposits (d, after Meinert et al. , 2005)
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Fie 43 B (BRBL B BR AL (B Sun and McDonough, 1989)
Fig. 6 Chondrite-normalized REE diagram of garnet from the

Jiudingshan intrusions (normalized data cited from Sun and

McDonough, 1989)

W EERARE UERIBERAL X A T 5 i
#(437x107°) ; Pb Zn fE 75 0K i 5 45 AR B AR
(Pb:F199.8x107%; Zn: F44 14. 1x107%) , 7E&H
JokAA B B i AR A i =5 (Pb P34 38, 4x107°;
Zn ¥4 80. 0x10°); Sn TEEETW K &b
(17.59%107° ~30.93x 107 F-14 25.25%x107°) ; As-
Bi TE A AR 1 & i LU 3, FE s b oA B s
FE(As FH) 11.9%107°; Bi 44 101x107°); Ti . Sh
FILRDMAA BE WA 2R, IR, L
LA™ PR 52 B HR DL B IR AR B A M K A X BE A
Mo/ Cu {H B F &K Mo/Cu {HAYEFME, Pb Zn &
B AR Tk AR M, Ag Sn FEEE T RAHT
MYTCER S FFAE

5 he

5.1 SEERIRERFIE

LIRS R BTE S K AR R B S BLE
RIE I E Y B RE AL B UIAROC . AN A BEA ™
RGN A AR S SR A U FE AN — (R A%
2014) , Hrr Cu-Mo BEA 8™ 9 SR DLTE L Sl
WITER I 5 e AR 1 A KR A3 AN T 53 (Bal-
lard et al. , 2002; Richards, 2003 ; Pirajno, 2010; #&
SCHIRE, 20115 Shu et al. , 2019) 0 4R JE 4 il
TR S WHEEIEA LS &8 8 T % a1

Jr, R AN ST AL 5 &R AT LR 8 T
BRI, BT S02 K SO, MR 4 B e
1A K S ARAL S P 9HRAE (Mungall, 2002) . HBEA
PR AT B B 2 S LRI S I A AR, 1
WES AT AN A B B BERS AT 0 S A 2R S Ak i
5B (55, 20135 AT—JLAE, 2016; Aibai et al.
2019) , fENAERA TR WHREIE Y, 854 Ce 11
M (Ce™ | Ce™ ) XA I A AL I i 2% 1 A2 Ak 5k
( Eugster and Wones, 1962; Trail et al. , 2012) , %
T Ce™ KHAMEEM LT ER, Ce* HAZ i AEE A M
¥, MEE e TR T Ce W EZAI A, “4l
BRSO La S RARME, b TSl E A B K
A BT A B T WAL R 4 AR B TR R M
%, EHUIK La &8 (/T 0. 1x10°°) A4S A 43 A Bl
Wi (Zou et al. , 2019) ., FIFES A AR TR ILH
TR F U REE, SR Loader 55 (2017) $2 H i) £ 56
N3 Ce™ = (Ndy)*/Smy SRIFEE A Ce™ /Ce™ H, T
MEERIN T 1, nLUEH, KA KBS F U
AR Ce™ /Ce™ [HAr M 218.0 F1 218. 6, KW
FREAT = EUR I RAE . RS A R TR
T HZHG T RFHIE, R Loucks 5 (2020) $2 H Ay
logf,, (FEfl) ~logf, (FMQ)= 3.99,(£0. 12,)x
log( Ce/+/UixTi ) +2.28,( 0. 10,)

K Ul MR B A U-Ph 4RI IE S BRI GG U &
i, RIEFREN 34.7 Ma (5552, 2021) . M7 ikiR
ZEJERE/N, AFMQ IRZETE 0.6 LA, ANA245 iR |
JEF BRI s m, 55 M N A S50 3T
BAFRIRY LA (Loucks et al. , 2020) , HHKES
o BRI T ) A A TR A T IR AT (Ferry
and Watson, 2007; Ferriss et al. , 2008) , TEA%Y

IRFTER 1, ATLIEH, “KAEKBE S AFMQ N
+1.2~42.5, lgf, F-17.8 ~~13.6; BIRLRIER &
AFMQ Jg+1.2~+2.8, lgfy A-17.7~-13.2, f£
lef, — ¢ IR, A BORE AL 30 T FMQ Al HM 2%
I 7), W &7 AR BB AR
FE, SR kg e —8 s AR IA L
T DX A AR AR B TR AR (34.9~34.7 Ma) I
XA FIZ T b, 407 1 & AN A R s
Tl A7 0 PR2H 2 TR A (BB AR A5, 20125 Guo et
al. , 2020) , iRWEIRAL 207 TR oAk Ja AR
AR, PR S R T S I v SRR R AIE  IE AR
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f11.0=100 MPa

* 2 5 L L L i i
600 650 700 750 800 850 200

1/'C
Bl 7 LTIL RAUBERAE KA 5 R AL KBS 1

lgﬁ)z — ¢ B (H Frost, 1991)
Fig. 7 The lgfoz — ¢ diagram of porphyritic-like granite and

monzogranitic porphyry in Jiudingshan Cu-Mo deposit ( after
Frost, 1991)

R AR 2T, IR A Rl TR AR,
KM 4JE Cu il Mo B 70K FIREH Bk, &
M X R A BRI T T RE

5.2 ABAXMBFETHMIER

AR T R A B i AR R IE A ) 2 —
(WSLURAE, 2012) , HOE A R TRBAT S0
Hiz#%, JFRe N IR I s | (RS54, 2014)
RIS, A RN 28 2 s R 5 AR K R b
PEA 2 2 09 28 AL #H 56 ( Zhai et al. , 20145 Fei et
al. , 2019) , AN[ERE S 22 (8] () 3k V8 ] LLA SR
PR AL FE (Jamtveit et al. , 1993) .

JUTL A X B R 25 v A A6 A B 780 3R 7 43 T
B, FAZTS A oy VS R A 3, AR S 2R R
f(3R2, B5), RULARMATEBPIAR T B %
A e 0% BE R AE s MAZER 01 1 38, FeO ™ &5 FE 3
W, ALO, iR ESARAE A AL AW i
5 BRI B JR 43 B8 e e T 36 38% (Bl 5b,
5c), R RA AR R A2k, KL
I RRIE A DL T AR = 5 250 IR RO AE, 1983
JEPRAESE | 2011 ABRE4E, 2012, FHERMESE, 2012),
M AT A A U Fe 7% AL S B & ALK Fe 3 5
Bt 7IR 1) AT R Jir R 4 U A SRR BE LR | pHL E A
TR CO, HIF A LSS (Gustafson, 1974 ; Sweeney
1980; MAXKAE, 1983; BfEE S, 2011) , {RIEACERE |

i P R0 B A A R TS AR A B, S A
WA ICR B A VB Ca™, T ABAZ
JO [ A A [) F AN SR RL S 21 4% 19 JE 0] ( Jiang
et al. , 2020), Eu* . U* Sn*  Ce* #HX} Eu® U,
Sn** Ce™ HA G AARA G, LTI A XY
R ARG A B Bu, U & B 3,
Sn T EAAK, Ce B EFEAC(E R), KR
BT LA A SRR B A, e 0 AR B R AP BRI
FEf, BT R 5 Ak 5 0 U A St B il 2 [ AIK
TR Z Mn F1 AL A28 50 AR RS v RO S
1983) . JLIILW XEEA BB 2 & B 8k (2 0h
TP A R B (B 31), R R AR
W AmARE . — R, BEIARRR B I, A Ak
BRI o 7 LU IR AT RO A, 1983) , S LTI X
AR AT R A R A LB AR A R AE AR AF, IS
TN R A IR R S AR B IR, B R
(A R A R AR A% 5 B i £ oo R M + ot
%, Eu RS NIERE, BuiBHiE %,
Krneta %5 (2017) BRI 2B R | G 2544 F Eu
FZLL Eu0; MIERAFEFE, BRYEFRMET EuCll %45
RE ISR, fEiF Eu® Bt AR A A% (T
4 2011)

T T 52 46 F1 P4 7 2 A 4L ( Sweeney, 1980
Baghban et al. , 2016) , #% K7+ CO, X} E5EAME A —
BRI A R R IR R O R . T 1 x g, BIfRR
(E9), AR AR T CO, EEIR 58K
— 4 0.2~0. 5(Einaudi et al. , 1981) , % T-4555 4%
AIEEIR MBS BN 2. 64% ~38. 70 % (LT L X
Aam s, HIE SR ETTEE N 480 ~589°C, B &k
T A AL R, SR, HA 0 R 2 IR BRI
S ECE A PSR A SR N, XA T
ZWRAEARA R E Fe 1Y I (B me g 5%
2014) , HIFATEH TAY KA MO ZHE Al 3
S, HAREREMR, WART CO, B XA AR A
“ESERARA R R AR R I L, PR KRR Co,
R A R AR B IR A T LA B FRARIR R co, &
i, PEIEES YA A e AT R I T PR P 3 U Dl AL
AR, AEG A (1997) 3l X LT L X Bk
TR ERIELT He-Ar R0 R W7, AT AR
A FARR KSRGS R A SO A1
AURATREIE (B Sh) AT RF 5T J5 Kk A A A 300 3R I
AGELA Fe, HNRZIMER S EBHEUTR, JHHnT
W, 8 Fe J80 43 v 54, B 7~ 76 A R A A i A v A7 7
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Fig. 8 The trace elements diagrams of garnets with oscillatory zoning from Jiudingshan area

700 HAPE: R TR AA 2 S AN TE) BRVE 1Y) & Fe 4R 45, UL 1
- B s SO B UL TR - 4 B B e U T4 1k
ol B L] HEERHGRRIR SAUR AR AR, A
andie - % %%fi\:q; = WA TS 2518 — 20 B R 55 1997) o mi, A
o | i WA A Py R B LTI R A PR R G K T =
" soof Spscomo LA R U PR, OB S R UK IR
| // Ter3Cal2Qu ) AR R R EEZORIFIE S, AR LG A% B %
n 4 1%, Mo 5 W FIRERR AR5 W36 IRIHE , Cu it — 2580
H%]— p,.~p_,~100 MPa LTk, eI M DL Y B X D0vE, FIH

02 04 06 08 0 TRIRERRELE Y

Teo,
B O B AL R A [« — o IR P i
(4% Sweeney, 1980 1&240)
Fig. 9 The = %o, geothermal diagram of andradite-

5.3 TESFSHH

BT A P TC R R S A7 AT T 2R 73 B 4l
R(F4), AFEETEK B CHREE 255 W,
Horp Cu 25 Ag W fF7EER TR, 7 T R

grossular solid solutions (after Sweeney, 1980) T b AR pE B g e , = FAE N ALY B B B AR

s Mo g B Cu IREE 2 S LARAHT 5 B AN B,

An—anorthite; Wo—wollastonite; Grs—grossular; Adr—andradite; W XAZBBEAT LR G LA Mo o Al KA 0
Qz—quartz; Di—diopside; Tr—tremolite; Cal—calcite; L Cu iy 3, ANk 725 45 Rk — E R BE Y Pb-Zn

Hem—hematite; Mag—magnetite i /ft . E5dER T A IEJ ;Ké bin} @L % I:I:l yal TE}H] A E(J F B
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Fig. 10 The diagrams of ore-forming metal concentrations in the andradite-grossular from Jiudingshan (a~c) and factor analysis

diagram(d) of garnet elements from different skarn deposits ( data from Jiang et al. , 2020)
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