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Abstract: The Zhongdian porphyry copper polymetallic metallogenic belt in northwestern Yunnan is an important
copper resource base in China. Pushang is a newly discovered porphyry copper spot in the metallogenic belt. The
ore-bearing composite rock mass is mainly composed of quartz diorite porphyrite and quartz monzonite porphyry. In
order to explore the genesis, tectonic setting, material migration process and metallogenic potential of the rock
mass, this paper studies the petrochemistry and alteration component characteristics of fresh quartz diorite porphy-
rite and altered quartz diorite porphyrite respectively. The results show that the contents of Si0,(61.16%) and K,0
(4.20%) in the altered quartz diorite porphyrite are higher than those in the fresh quartz diorite porphyrite
(58.24% and 3. 06%, respectively), while the contents of Al,O, and Na,O are significantly lower. However, they
all have the characteristics of enrichment of large ion lithophile elements (Rb, Ba, K, Sr) and depletion of high
field strength elements (Zr, Nb, Ta, Ti), and have higher Ba/Nb values (75.7 and 93.2, respectively) and lower
Ce/Pb values (3. 16 and 5. 70, respectively). It shows the characteristics of granite in typical arc environment.
The (La/Sm) of the fresh quartz diorite porphyrite is high (average value is 8. 18), and there is no obvious nega-
tive Eu anomaly. There is a positive correlation between SiO, and Rb, Zr/Sm ratios, indicating that it has experi-
enced the fractional crystallization of hornblende. The ratios of Ba/Rb (<50) and Nb/La (<1) are low, the ratio of
Th/La (>0.25) is relatively high, and the ratio of Rb/Sr (0.09) is between the upper mantle (0. 034) and the
crust (0.35), indicating that the magma source area is related to subduction, and the magma source is crust-mantle
mixed source. A large number of components in the altered quartz diorite porphyrite include Fe,0,", CaO, K,O,
Th, Ta, HREE, Cu, Mo, W, Ag and other ore-forming elements, and the migrated components include Na,O,
MgO, MnO, Sr, Ba, U and LREE, indicating that the Pushang altered quartz diorite porphyrite was affected by al-
kaline alteration dominated by potassium metasomatism, and the ore-forming hydrothermal fluid causing mineral al-
teration was rich in Cu, Mo and other ore-forming metals. The hornblende phenocrysts with high Sr/Y and V/Sc
ratios are widely developed in the quartz diorite porphyrite, indicating that the original magma is characterized by
rich water and high oxygen fugacity. Sericitization is widely developed in altered rocks, and Cu migrates in a large
amount. All samples are in the Cu-Au mineralized area in the lithochemical composition and metal mineralization
exclusivity discrimination illustration. Based on the above characteristics, the Pushang quartz diorite porphyrite has
the potential to form Cu-Au deposits.
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Fig. 1 Geotectonic position (a, modified after Wang et al. , 2022) and geological map (b, modified after Li et al. ,

Leng et al. , 2012; Dong Tao et al. , 2021) of Zhongdian area
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a—Tfresh quartz diorite porphyrite; b, c—orthogonal photomicrographs of fresh quartz diorite porphyrite; d, g—altered quartz diorite porphyrite;
e, f, h—single-polarized photomicrographs of altered quartz diorite porphyrite; i—single-polarized photomicrographs of metallic minerals; j, k—fresh
dykes and altered dykes; l—mineralized outcrops in altered dykes; Cp—chalcopyrite; Mag—magnetite; Pl—plagioclase feldspar; Kp—potassium
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4 & FATERNK I AR TR BRI A bR EL IR (a) RIS TR WM E (b) (FriELEHE Sun and McDonouth, 1989)
Fig. 4 Normalized map of rare earth element globular meteorites (a) and trace element spiderweb map (b) for quartz diorite
porphyrite in Pushang( normalized values after Sun and McDonouth, 1989)

P bl BB R A Wang et al. (2018) FIJEIRSHE(2018) , iP5 EELHGK £ Chen er al. (2021) , TS EFHUEK A Wang et al. (2011) AT
(2016) .Chen et al. (2021), &6 & 7. & 9 Bi I [tk &l
the Pulang data in the figure is from Wang et al. (2018) and Zhou Xiaodan et al. (2018) ; the Disuga data is from Chen et al. (2021) ; the Xuejip-
ing data is from Wang et al. (2011), Li Xuefeng (2016) , and Chen et al. (2021) ; the data sources for Fig. 6, Fig. 7, and Fig. 9 are the same as

in this figure

R MEARG R A e A R AE I &
AL.Ti Zr Nb.Th # REE S5 724 M2 fe v R 2
ECANIE BN ILZE” (Grant, 1986; Brauhart et al.
2001; EA&SF, 2010) , JLHE AL T 2R ZHHHK
W RS tp A oA TR R T R (S 5, 2013)
F4E Grant( 1986) 2257 [ BT V- Tsocon ML, A
T BNTT R P AULA A T A Y B2 D2 Tsocon
2, 1E Isocon [MIH 2 b5 H BT 9 70 & AT 40 AN 9%
HouR . B TR TEFTITTE R TR FR b
ASHE KA SR (BRINSE | 20135 ZE5FZ484F, 2023)
ARSCEFEAE E TR P E AN TESh 4 5. A WRE
G, KT 9 PR A e TN K By o AR T S (B SR
O SRR RS T DA AR SR SRR
IR BT R A S (5200 5 SR 16 ik A8 A7
N By - E (AR Dl AR 5 TG s | ol A 17 B
T it B30 e 3 A ONT Bt - T SRR A S e,
PR AE G Bt B B AR, T EOWAE
Isocon [Efft I WA IURAS B0 A 1F L, A SO AN ]
JCER W& AR —E MR A B 5 AT, 4
2 B A 5 i 4% JC 2R Tsocon EIfR (18 5) , EE T
= Al,0, . TiO, .P,0 ITE Isocon BIFZE || P HH X
SEZl oy BTG S 447 (] TiO, (P05 FEA A & i
IE/NT AL O, B, S Bl 1k AH X D 22 5 T 52 e T
AR HERA TR | BOAS SCHE T AL O, Ay i A8 i 72

FHARTESIITEE m,
4.2 TERETBER

FHEICE il o R AR 400 R F W L RPR
53514 0.86.,0. 78 0. 97, /T 1, 2 B Pl AR 1 i
HEITTRKRA TR B A (RS, 2023),
MFRHEAL Tsocon FEf#E (] 5) R LLE H 3 Lo As A
PEN KB R AT AR A A Si0, (K,0 ., Ca0
Fe,0,", HiH  K,0 Fll Fe,0," 4 A &K, 43 51l ik
60.36% F1 46. 79%; if i B9 415+ H MnO, MgO,
Na,0 .TiO, PO, Hod MnO i oK, ik 51. 78%
(Kl 5a, %2), MEITLEPH Cu,Ag.Zn W Mo 5
A TCEA AL A Ca T A RIE 2 736%,
BrUL=Z 4k, Th Rb.\Y e WA B WA A 1B H
T C R AHE Sr . Ta Ba U Nb % (& 5b, %2), &
M LR RN KT (La,Ce Eu Nd) , T +
JCEMFHT A (Tm Dy Ho Yb) (&l 5¢,5£2) .

5 he

51 AARBERMESS

1B A 5 K By S R B B Sio, (°F
I(H 58.24%) . ALO,(F-HIME 16.08%) & Sr( -
P 936x107%) i Sr/Y(36.5~57.1) , 54 Y(°F
YI{H20.6x10°°) MEFR +ICE[ (La/Yb) FHH
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Fig. 5 Isoconcentration line Isocon illustration of Pushang

altered quartz diorite porphyrite

R 21. 34 JHFAE BB 53 MR AL 22 R AE 55 4 R I Rl B
FIRIE 7 A (B % 5, 2007; BT %4, 2011,
Wang et al. , 2011) AL, (HZE St/ Y=Y E i ([

6a) Fl(La/Yh) (= Yh, P (& 6b) HkE i 24 15 2 gt
Byl A X8, JF AR RIA T I, e Ah 5 o fif
ABENK I A B Na,O i (CFH{H 4. 50% ) 1 K,0
S (CFYIE 3. 06% ) \Na,0/K,0 {i (SFHI{H 1.48)
J Rb & CEHIMH 82. 1x10°°) Z5HRAF s 5 0 14
FE W32 35 58 4 (Richards and Kerrich, 2007 ; #
A, 2014) AR K 25, &% BRSO N K By A
50745 Nb \Ta Ti, &4 Rb.Ba Th U K. Zr il Hf,
ELA 5 MF (B8 70. 28) F1 SL(CE3491H 17) , &5
Ba/Nb i (F- 114 93. 2) FIK Ce/Pb 18 (°F (K
5.70) , B0 B A Y 8 R AE 54 A REAE ( Stern,
2002; 1LV, 2011; Wang et al. , 2015; Xie et al.
2022) , HEH(2021) X b 3N K By A B
47 U-Pb 4E#5 4 215.9+1. 4 Ma, 5 DX I -FRIETE
FEAF A (220~ 210 Ma) [ 73 S/ & (1 ik
A5 2004 WSS 2006; HEAESE, 2009; X
Je4% . 2013) . 7E Rb=(Nb+Y) Efi#H (& 6¢) , kLS
Frdg A LA B A X8, 3RO BT AR B
i Ta~Yb 14 15 FREEHN i b (1B 6d) B T ALR]
Bl A AE 1 25 K LU SIRAE B Y TR Y, 48 78 2 2R Y
RS9 IR SE, DL R RRAE e B3 1A & A
KBy 2 S AR vp g 2E 1 LU AR FH 25 DDA OC 14 5 5K
RUAE R U A

—IEH T, B AE & EM U E (LREE) ,
A NA R4 200 & & T 0K (MREE) Al
M+ ICE (HREE) % H La #1 Yb 2K 4#8/R LREE
I HREE ) b3k k22478, F Sm F1 Dy K48/~
MREE BRI 2247 (B RESE, 2014) , A PRl
KA B2 B 45 s S 380 (La/Sm)  Fl(La/Yb) | {HH)
WA | R 28 i s v s 71 G S T o O
) REE FLAMRK s AR 1Y o3 B 45 i sl R X
AT R E(La/Yb) ( (AN, {7 REE
Beor 2 A —E R MM IN A 02 B 45 ok =
H(La/Sm)  {H 3K, T BAH X - 2% 557 IR 1Y) REE
fid /455X ( Castillo et al. , 1999 ; Rooney et al. , 2011;
WS, 2014) , A SN By A 1Y LREE
MREE % % B % [ (La/Sm), =7. 13 ~9. 60 ], {6
MREE F1 HREE /435 AW & [ (Dy/Yb)  =2.20~
2.31] (&l 4b) ,REE BB RN 5 M N A AE
AR T A B A KRS R, R,
Si0, 5 Rb, Zr/Sm fH Z [A] % Bt — & (1% 1F AH G 1
( E7a.7b) , W A DN A 43 B 45 L e A 0
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Table 2 Calculation results of element mass migration of

Pushang altered quartz diorite porphyrite

0 A A ;O (AG/
C; C; C;/C, scale AC; AC?)/%
Si0,  58.24  61.16  1.05 0.5 13.38  22.97
Tio, 1.06 0.77 0.73 20 -0.16 -14.8
AlLLO;  16.08 13.73  0.85 2 0 0
Fe,0," 7.1 8.9 1.25 7 3.32  46.79
MnO 0.19 0.08 0.42 300 -0.1 -51.78
MgO 3 1.86 0.62 5 -0.82 -27.34
Ca0 4.24 4.73 1.12 10 1.3 30. 69
Na, O 4.5 2.56 0.57 4 -1.51 -33.47
K,0 3.06 4.2 1.37 4 1.85  60.36
P,05  0.32 0.21 0. 66 30 -0.08 -24.99
Cu 80.8 1958  24.23 0.1 2212 2736
Zn 85. 1 79.2 0.93 1 7.61 8.94
Mo 0. 88 1.79 2.03 10 .22 139.1
Ag 0.12 0.32 2.67 100 0.25  211.01
w 136 252 1.85 0.5 159 116.6
Rb 82.1 74 0.9 1 4.55 5.55
Sr 936 663 0.71 0.1 -159 -17
Zr 205 165 0.8 0.1 -12.2  -5.93
Nb 20.6 15.5 0.75 5 -2.48  -12.02
Ta 1.57 1.56 0.99 100 0.26  16.77
Y 20.6 22.5 1.09 5 5.75  27.92
Sh 1.47 1.13 0.77 100 -0.15 ~-10.11
Ba 1923 1078 0.56 0.1 -662  -34.41
Hf 4,92 4,12 0. 84 10 -0.1  -2.03
Pb 31.2 24 0.77 2 3.1 -9.93
Th 18.4 17.4 0.95 10 2 10.91
U 3.89 2.35 0.6 10 -1.14  -29.27
La 52.8 27.2 0.52 1 -20.9 -39.63
Ce 100 59.6 0.6 0.5 -30.5 -30.41
Pr 10.9 7.8 0.72 1 -1.73 -15.97
Nd 38.4 29.5 0.77 2 -3.88  -10.1
Sm 6.43 5.54 0. 86 0.05 0.74
Eu 1.69 1.34 0.79 30 -0.12  -7.24
Gd 5.02 4.77 0.95 5 0.56  11.18
Th 0.72 0.71 0.99 100 0.11 15. 36
Dy 3.99 4.09 1.03 10 0.8 20. 04
Ho 0.73 0.77 1.05 100 0.18  24.38
Er 2 2.16 1.08 40 0.53  26.42
Tm 0.3 0.33 1.1 100 0.08  27.83
Yb 1.77 1.95 1.1 10 0.51  28.75
Lu 0.3 0.32 1.07 200 0.08  26.58
LREE  210.47 130.98  0.62 - -57.11 -27.13
HREE  14.83  15.1 1.02 - 2.85  19.22
SREE 225 146 0.65 - -54.3  -24.08

T CYLCY AR IFUS Al AR 55 70 3 S (R RE T
EHEWE L) A n=9, A n=16; scale HEHEFLL Isocon
BHIE R, AC, FI(AC,/ACY) i As A 845 5 AC,
FoR 1 g FUA AR R ICE M TR BN E, (AC/ACY ) FoR It ER
BB E 3R, (AC/ACY) A EFR R ICETH, EEFRR
JLEIT A, EEICE N wy/ % , W ICE AT w0,/107°

KBy 5 e o f rp B B AR (R A,
2014) ., Eu f77E Eu’™ Al Eu™ PIFT S, Eo™ % 5
LR RSB AT Ca® , H Eu ERHC A TR
o3 He R B = TR oo O B Eu 5F
A DIAE Ry g J Ak A rh R A 43 B 2 sl X A
RHCATR R bR (B RRSE, 2014) o 3 bbb
INK By & B A e S/Y f (36.5~57. 1, F
45.4) W B AT Eu 58 RUPA IR B R
B R RHC A B 45 i X T RE S AR A
IK BRI ARHE A 73 B 458 A % (Loucks, 2014; Wang
et al. , 2014a; Cao et al. , 2021 ; BFEE:, 2024a) ,[A]
IF 553 b e DA By 2 rh i DL %) £ TN A 36 K
KEARB KRS E—B 5350, DA seA K
By 8Fu 5 Ba A1 Rb/Sr {H 22 (8155 1Y A & (& Te |
7d) DL AR SS 1 Eu S5 1] BE e 2K Ak 5 AR 1
RHCA B EE ITE, BRI S, AN 5 B A
ARER AR N K AR — N E R R,
B E O N KB ARSI ITTER Co
34.5%x10° ~49. 0x10° Ni 4 16. 6x10° ~24. 9x
1070, & w8 s 45 A oA B T Hy THE 8
(0.282 607~0.282 682) ,eHf(¢)fHH-1.09~1.52
CFHIME 0. 23, KR4 HIE(H) (FE#HS, 2021), %
%ﬁgﬁi&'@ﬂ%ﬁﬁiiﬂ%(Wang et al. , 2015; {4
s, 2018) ,#4r eHE (1) FUEULIA A BEINK B 1 TE
B FE R D Rl S BRI, S e A AR
HI45 5, Rb/Sr -l 0. 06 ~0. 12 (“F341{E 0. 09) , /i
F L HBE(E (0. 034) S5HAEAH (0. 35) Z[H] ( #H %A,
2021) , I W e IR R e 5, 5 b fef A 9 A
KBy A1 Mg (8 (214 45. 82) 84K, Rb-Si0, &l fit
(Bl 7a) BT AFC 332 KA Mg™ (B 1T BB 7 2K il
1 AFC 2o 72 o M 52 ) o i TR e 5 30 (8 R A
2014), Th/LafH 4 0.30~0.43(>0.25) , ) T 1
M AR S ACAE I B e UE 0 53 i AR 5 DX U
X (50 (fF35 4, 2011) ; Ba/Rb {E} 20.8~27.6
(<50) \Nb/La fE 4 0.33~0.50(<1) .Ba/La fi
27.1~42.5, R H S 5 BN EEA 56, IR lh 7 3%
AT BB R T 32 A0 b 5 B 7K il 9 22 4% 19 5 450 1 i A2
(6%, 2011, S, 2014, FEES:, 2021), %%
G EHEA R R By A R T R
Shy M = 2 tH A — B VAR R 1) PG R e 3 A
i AL A7 AR AR, Bl AR 5 AR ) b e AL A
S RY T IG A K, SR 1R AR AL R v A b

eI BR Y
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| A B N St/ Y=Y K% (a, 3§ Defant and Drummond, 1990) . (La/Yb) v~ Yby Kl f# (b, #& Drummond

and Defant, 1990) Rb— (Nb+Y) Ef#(c, #i Pearce et al. , 1984) Fl Ta-Yb % (d, & Pearce et al. , 1984)
Fig. 6 The Sr/Y-Y diagram (a, after Defant and Drummond, 1990), (La/Yb)=Yby diagram (b, after Drummond and

Defant, 1990) , Rb—(Nb+Y) diagram (c, after Pearce et al. , 1984) and Ta—Yb diagram (d, after Pearce et al. , 1984)
of the Pushang fresh quartz diorite porphyrite

5.2 PiEmTERERARTENITA

JCE I AN R M & B WA T, AN
FT WA GRS R B AR (8 EE,
2013) . — I &, &0 W A T R RAETE LA - A
KA EEMRAF Na Ca . Sr, M NG FIR = H/ 3 ERAT
Fe Mg Sc, # K £ B =+ EEWAF K Ba Rb Cs,
A A ke A b & R & Ze HE ' Th U, T Ta,
REE(Ce ~ Lu) FEIRAF T A+, M LK Cu,
Mo .Pb . Zn Ag . Fe %54 LIS & @80 a4 &8 -
W RBF R RAATE(ER RS, 2012; 2574
%, 2023), L AEARNKE A KEL TSR
AL = BEAL, SR A L RN f NG AR =6
Weske A A 43S, EE RN Fe Mg JCEATH;
BB BRI A K ZZAARH A, TR

bl FEPER Na K JURITH, B2 = B 5
S B R

P AR R TR I BB SR Y
BT 5C3 TN HEABUXLR(ERS
A5 0012 PR 2020), X T EREICE,
el S N A By v Bt PR A A YRR 2
HEAT 508 i 0 9 TN K B A A L, Sio, B S
MgO MnO %Eﬂﬁ@\(yi%% 3.1) ,ﬂﬁ“é%ﬂKE\
AN SFTEIIRAE TR A 0 i S ARAE T T LR
W B S8 MgO  MnO 3R LA Si0, B9 A
(AR SCEE, 2023) , NG IR =B 5 80 W 7E
TR Ry ke A S Y R i R D Fe J8 23 & R TR A
ERER, X5 B A RN K A Fe,0,"
WA REITARNL, W Fe™ Fe' RET LT Y
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Fig. 7 The Rh=Si0, diagram (a, after Castillo et al. , 1999), Zr/Sm-SiO, diagram (b), 6Eu-Ba diagram (c) and
6Eu-Rb/Sr diagram (d) of the Pushang fresh quartz diorite porphyrite

W, AER T A Nat BRI R AN A (KA,
B o T KT B A AR KA A s B 3
AR PN K By A K,0 KA i Na,0 B 5
i 8a) , SRHE A AR M 4H = HBEA 56, KB ik
AR BE FLE % KT CaO RIS BB 1A
AR T R AZ 3 T AR ERALVE FH B2 5 1T P, O,
Y AT RS R ek A R A G, LRk
W AR BN KB A Z 8] T LA ARk 3 ek b
ThASVE RS2 | B AR ma e | R .
TR ICE  Rb 5 K WP F AR, 4 LA R
4R IE AP TE & K 09, 763 b ol As £ 9 A
KE A PEEI NI A, TS & K 59 A AR
2R = B SRIe A A G, Sr EEMAFTE R A
ot A RHS A W A S AR E H Ba R
FEAE B BRI N A, Ba BOIT 5 R B £
FUAR N A o i S ARIE B AT A = BRI 28 = Bk
AR X ( ER =S, 2012), HE Th Nb . Ta %53
ICR EEAFAE T — S F e B R Y
B A PG PR B TR SRR (AR A I

HEUD) XS TT R F A R IR R AR Ak
(F1),mfel PR TERERAPHNEEZES
TG R T HAR o A8 1 FH 5 1 B ok AR TS A A 22 S
., Cu.Zn Mo, Ag W ERH TCE MIE A, Rl &
Cu FE T A GEAR2736.51%) (& 8b) , FHH#
W AR S R A AT X T TR, I 1 R LA
AR AR5 R A T BE A R — AR A R
XT3 IC R — M o 2 HOR A F o 2
AITEYEL 73 (HW A B9 R W] REE B A TE M, AN hE
SEEAENATE AL ( ER B A, 20125 MRIRSCAE,
2023) , I phAr A B K By A T SREE R E
R AL (8 8b) o B LT R R T &
fis LICERIATEA (K 8¢) , LM Lo BT %
Fim THEM L ICE NI AR, R HGRAE o 2
1 REE A2 E TIEtEdl sy, Bt - n KT B e
N ER ORI, I, AR A REE (&=
FEZETRT Y, F L, B89 (B KA 8B
A5 ) 43T RE SR L kA A B N K By A T SREE
I S A (Sawka, 1998; FIRIESE, 2023) .
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Fig. 8 Comparison diagram of element mass transfer

of Pushang altered quartz diorite porphyrite

5.3 BEEX

WHEM S, BEA T R AR ) %5y 2
M5 R4 I AR X R B (¥ RO S, 2020) .
Cu-Au S Fr 38 & & N 4 R A LN K
B S HINK B 5 (Si0, = 54% ~ 66% ) ; Cu JA A4k

AR RS AR A (810, =70%) . 340, H,0
B SRR RN G A o B S 1 2 B L TR Y
AR T AR B2 RN ) 235 O3 2 T 4 o i
L JE M AW E &K (Kelley and Cottrell, 2009
Schiitte et al. , 2012; Richards, 2014; ¥ W )% 55,
2020) , 1R AIREZ G T, KR S BLSO% S0,
I AEAE U DB ST REIE L AL, ik 1R
MEB BN, I, Cu, Au Mo SF7E5R B A K h g 20
B P RAE AN SR TR, AR TIE AR 2 4 8
#” PR (Mungall, 2002; Li and Ripley, 2009 ; Richards,
2011; HHEAE, 2014) ; TEAURBALRIFA T ,S &
UL ST IEARAT , SECRI T E Y U AL ) i 1
AR ET B 1, A F T H AR A B Cu, Au 1Y & 4R
(Richards and Kerrich, 2007; %%, 2021), &% F
A1 KBy A ELR T V/Se 1l (8.39~10.2) , HAKH
FIREA A, 22 B B 5500 50 0% B 4 5 ( Wang et al. ,
2014b) ; HAMIL 455 AOx KT 0.3(1& 9a) , 12
IRBREAL (SO) FRAE ( Blevin, 2004) , 4 Fl T 1 3
Y Cu-Au 0K, [FE % E AN KRB A A
ARG S5 R S K, e Se/ Y (B3, R WL iR
AW A K 5B (Richards, 2011; Loucks, 2014;
Wang et al. , 2014a; Cao et al. , 2021) , KA -
P BRI 1A R R

X TR T A S R T Y S A TR R
#73y (HCL HF ,CO, %) Wik SR A7 R 2 B4
A ) R A R LSS AR B, AR i AR A 7 3 2k
O A BT TS T PR B AR I
oy, SULIRET, Gk B R HE % i 2 B i I
W JEEL R 2 20 Cu Fa )R IT R U Ry
AT H 5 5 /Y T R A ol A2 th 8k i 48 =
FEALIEAE NI Cu Au Mo \W 45 BH TG 7E i
PR R BE A R T T R Y AR (R A,
1997; Wwtf4:5F, 2004; TIRPESE, 2023) , Bl # 4%
ROF R RAEIT AFIHFE , AW CE 2 19 & K4
INZ b A R B8 S M DL R A% 3 WO R 2 SR A (T
Gy R AR TR g, 7 A R R,
W IRz B H2 It T 38 38 ( Hezarkhani et al. , 1999; 2%
SPELE, 2023) o b A SN By A 7E HOR kAR o
P A B REH b, &4 Cu Mo W SFH TR
AT A R Cu k2 BT A 7E AOx~K/Rb [#]
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a—AOx-K/Rb FE (JEERE HZ5 , 2020, AOx=In(Fe,0,/Fe0)+0.3+0. 03Fe,0,", Fo7

FAA PR (Fey05+Fe0) , AOx<—0. 7 F/Rik ik
Ak (S0) \A0x>0. 8 FniBHR A (VSO) ; K/Rb )—Hﬁléf Wi

5 (ME) KT 400 #1057 (UE) 5
a—AOx-K/Rb diagram [ after Leng Chengbiao et al.

(Blevin, 2004), Fe, 03T denotes the total iron content (Fe,0;+Fe0) in rocks. AOx<-0. 7 indicate strong reduction (SR),

and 0 indicate moderate reduction (MR) ,
oxidation (SO),
2004 ) , with values less than 200 indicating high differentiation (SE) ,

and AOx > 0. 8 indicate very strong oxidation ( VSO) ;

values greater than 400 indicating low differentiation (UE) ) ; b—Fe,0;/FeO—Rb/Sr diagram ( after Zhang Xiangfei et al. ,
2020) ]

et al. ,

fi# (18] 9a) Fl Fe,0,/FeO—Rb/Sr Kl f# i (K 9b) , fir
AEERIITE Cu-Au BB X35, VEIIZH™ 15 2 A TE AL
PEARY Cu-Au 0 PRI 7, (E A5 61T IR 2 I iF
FGMIRTAE,

6 45t

(1) & gt 9N K By A B AR HAA s Sio, Fl
ALO, &4 7% St/Y . Th/La #1(La/Sm)  fi, ik Ba/
Rb Nb/La {H, 56 B 5 3% by 7 08 it B ) 54 3K, 1L
SRR LA N A B B 4 5o 3, TG B AHC A B
S X S EREAT mK SR,

(2) F EARANKEEEAR H,0 & &
308 R T30 BH LA 1) ) ¥ 0 5 PR Ik AR s B v
Ag Mo W Zn &M TCR P K & A, Co 2 E &
AR AN AR BA F RIS Cu-Au
WIRAE S

values between 0 and 0. 3 indicate moderate oxidation (MO) ,

I A AT JFUR 2R (Blevin, 2004) , Fe,0," {03

RJE(SR) \=0.7~0 FRPELE(MR) 0~0.3 FnPEELAIL(MO) 0.3~0.8 KRk
Kot
—Fe,0;/FeO~Rh/Sr & (R sk K45, 2017,
2020; AOx=In(Fe,0,/Fe0)+0.3+0. 03F¢3203T, it represents the redox state of magma

JINF 200 FR8 15405 (SE) L2200~ 400 /18 H 45

B, 2020)

(Blevin, 2004) ,

values between —0.7

values between 0. 3 and 0. 8 indicate strong

the K/Rb ratio is used to reflect the degree of magma differentiation ( Blevin,

values between 200 and 400 indicating moderate differentiation ( ME) , and

2017; Leng Chengbiao
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