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Abstract: This paper is the result of mineral exploration engineering.

[Objective] The mineralization of Tangge skarn—type Cu— polymetallic ore district, located in the western part of the Gangdese
volcano—magmatic arc, is closely related to the diagenesis of quartz porphyry in the mining area. There is little research on the
quartz porphyry developed in the mining area, which restricts the further understanding of the genesis of the deposit and the
guidance of prospecting and exploration. [Methods] We firstly reports zircon U—Pb age and Hf isotope, and petrogeochemistry of
quartz porphyry in the Tangge ore district. [Results] The quartz porphyry is characterized by high silicon (Si0,=73.97%—76.85%),
aluminum (ALO;=13.03%— 14.06% ), potassium (K.0=2.2%—4.68% ), FeO'(0.97%— 1.80%) contents, and high FeO'/MgO ratios
(3.57-8.22) and A/CNK= values(1.14—4.24). The quartz porphyry have high REE ( ¥ REE=478.59x 10 °~532.71x10"°) and its
chondrite—normalized REE distribution patterns diagram show obvious right—leaning or “gull” type. They are enriched in Rb, Th,
U, K and Pb, depleted in Nb, Ta, Ti, P, Ba and Sr. The low contents of Rb (69.64x107°=249.00x107°, less than 270x10™°) and high
10000 % Ga/Al ratios (2.54—2.71), indicate that the quartz poyphyry are post—collisional and aluminous A—type granite. LA—ICP—
MS zircon dating for quartz porphyry yields a weighted mean age of (78.0+0.9) Ma, suggesting that they formed in the Late
Cretaceous. Their zircons have positive eu(?) values (+1.5 - +5.3, averages of +3.6), showing a relatively homogeneous Hf isotopic
composition. Two—stage Hf model ages (Topv=1052—806 Ma, averages of 912 Ma, less than 1.0 Ga), indicate that they were mainly
generated by partial melting of the juvenile felsic lower crust. [Conclusions] Combined with previous research, we proposed that the
Tangge quartz porphyry were formed in the post— collisional extensional tectonic environment, which was resulted from the
northward subduction of the Indian contient to the Eurasian continent. Tangge quartz porphyry has relatively high background
content of Cu, Pb, Zn and Au, which suggest that genetical relationship between the aluminous A—type granitic magmatism and
Tangge skarn—type Cu mineralization. It is inferred that Gangdese Belt at least develops a period of Cu polymetallic mineralization
related to Late Cretaceous magmatism during 69— 89 Ma, however, Tangge skarn— type Cu polymetallic deposits response to

magmatism in the middle segment of the Southern Gangdese Belt during late Yanshanian.

Key words: Copper polymetallic deposit; skarn; aluminous A—type granite; zircon U - Pb age; geochemistry; Hf isotope; mineral
exploration engineering; Tangge; Tibet

Highlights: The discovery of Late Cretaceous aluminous A— type granite can not only greatly promote the exploration and
prospecting of tangge skarn copper polymetallic deposit in ore district, but also promote the expansion of prospecting direction and
new prospecting ideas in Zhunuo integrated exploration area and its surroundings.
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Fig.1 The geotectonic location of the study area (a) (after Zhao Yayun et al., 2019),distribution map of temporal and spatial
framework of Cretaceous granites in Gangdese belt (b) (after Zhu Dicheng et al.,2006), and geological map of Tangge in Angren
County, Tibet (c)
IYZSZ— Indus River— Yarlung— Tsangpo Suture Zone; SMLMF— Shamole— Maila— Luobadui— Milashan Fault; GLZCF— Geer— Longgeer—
Zharinanmucuo— Cuomai Fault; DMDF— Dawacuo— Maerxia— Deqing Fault;SLYNJOMZ— Shiquan River— Laguocuo— Yongzhu— Jiali Ophiolitic
Meélange Zone;BNSZ— Bangonghu— Nujiang Suture Zone;JSSZ— Jinshajiang Suture Zone;N.Gandese— Northern Gangdese (or Northern Lhasa
subterrane); M.Gandese— Middle Gangdese (or Middle Lhasa subterrane); S.Gandese— Southern Gangdese (or Southern Lhasa subterrane); 1—
Quaternary; 2— First Member of the Dianzhong Formation;3— Third Member of the Bima Formation;4— Second Member of the Bima Formation;
5— First Member of the Bima Formation;6— Mamuxia Formation;7— Diorite porphyrite;8— Quartz porphyry;9— Granodiorite;10— Normal fault;
11—Reverse fault;12—Geological boundary;13— Angular unconformity;14—Ore body of skarn— type;15—Skarn;16— Sampling location and number;
17-Ore field; 18—Isotopic age; 19—Isotopic age of this study
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20 250 4883 10222 0.48 0.04804 0.00111 0.07965 0.00181 0.01200 0.00008 77.8 1.7 769 05
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0.0126
El & " b
; - ® 0.0124 |
(78.040.7)Ma  (76.140.6)Ma  (74.1:0.5Ma  (76.5:0.6)Ma (77.5£0.6)Ma 55153 |
@ ‘ . ' & 00120 |
(76.2+0.5Ma  (75.0:0.5)Ma  (77.5:0.5Ma  (76.0:0.4)Ma  (75.140.6)Ma '—E
g o.0118 |
g >y
g . 0.0116 |
(76.740.5Ma  (76.560.6)Ma  (77.0+0.5Ma  (77.320.5Ma  (75.6:0.5)Ma
= U-PbYI & o.0114 | Age=(78.01+0.9)Ma,
. U-Pb Dating targets 10D N=17
PR— fim o 7 MSWD=0.60
“" Lu-Hf Isotopic target: / : . : :
QRTINS (EEH0Ne oo TR 0.070 0.074 0.078 0.082 0.086 0.090
207Pb/235U

B3 FEHS AT 9EBES (17D~1)LA-ICP-MS #5471 CL &l (a) Fl U—Pb A& 1H I (b)
Fig.3 Representative cathodoluminescence(CL) (a) and LA—ICP—MS U—Pb concordia diagram (b) of zircon from the quartz
porphyry (17D—1) in Tangge

PIAEWS K (78.0£0.9) Ma (N=17; MSWD=0.60) .
I, (78.0+£0.9)Ma 1] IR A JeBES 19 A K 45 i
W4, I AR A i S g
5.2 Hf B RHHE

A A ARMCH Lu/HE HE , L, 85 A 78 S5
FEAT A W O P B PR HE AR R BT DA
() T HETHE HAE AT AR IR s SHAR 2 (%) HE [R4
R AL (R A S ,2009) o AR U A1 HE[R)3 2200 54,

(A UL ] 3a, T e 45 A HE [R) 467 28 DU 2R DL 3R
2., end( ) (EUFI 9 B BASE AT I FH 25 A b 5 4 00 5067
ARSI . ARURIIESE 144D 5 1 7Y b/ THEE Bl A
0.165483 ~ 0.312681(FJ{H 0.215414), "Lu/ "Hf & [F
4 0.002940 ~ 0.006750 (F41E 0.004009), "Hf/'"Hf {iz
FEl oA 0.282772 ~ 0.282884 (1414 0.282833) . fir 4 il
JL L/ THE R TF 0,002, KX SE A TE S A
TIOR8 R HE AR 2R (R ARTTAE, 2007) 5 8541 HE [

K2 ERAEVATED Lu-Hf B RER

Table 2 In situ Lu—Hf isotopic data of zircons from the quartz porphyry in Tangge ore district

W ER/Ma Y/ THE 20 TLu/THE 20 THEHE 20 (THEHDI 8m(0) su(®)  frme Tow/Ma  Tow/Ma
17D-1-01  78.0  0.236174 0.002104 0.005135 0.000065 0.282772 0.000013 0.282765 0.0 1.5 -0.85 763 1052
17D-1-02  76.1  0.187949 0.000210 0.003416 0.000011 0.282851 0.000008 0.282846 2.8 4.3 -0.90 608 871
17D-1-03  74.1  0.166660 0.001098 0.003121 0.000017 0.282822 0.000011 0.282818 1.8 3.3 -091 645 935
17D-1-06  77.5 0217912 0.001650 0.003846 0.000015 0.282867 0.000008 0.282862 3.4 4.9 -0.88 590 834
17D-1-07 762 0.168475 0.000772 0.003060 0.000009 0.282780 0.000009 0.282775 0.3 1.8 -091 708 1031
17D-1-10  75.0  0.216528 0.000383 0.003881 0.000013 0.282856 0.000008 0.282850 3.0 4.4 -0.88 608 862
17D-1-11  77.5  0.212374 0.001478 0.003798 0.000031 0.282842 0.000010 0.282837 2.5 4.0 -0.89 628 891
17D-1-12  76.0  0.240076 0.000425 0.004393 0.000004 0.282828 0.000008 0.282821 2.0 3.4 -087 661 926
17D-1-13  75.1 0251276 0.002059 0.004545 0.000038 0.282801 0.000012 0.282795 1.0 2.5 -0.86 706 987
17D-1-14 767  0.202583 0.000434 0.003500 0.000007 0.282825 0.000008 0.282820 1.9 3.4 -0.89 649 930
17D-1-16  77.0  0.188106 0.000773 0.003352 0.000003 0.282848 0.000007 0.282843 2.7 4.2 -090 611 877
17D-1-17 773 0.249521 0.000958 0.004390 0.000018 0.282869 0.000008 0.282862 3.4 49 -087 597 833
17D-1-18  75.6  0.165483 0.000524 0.002940 0.000007 0.282825 0.000008 0.282821 1.9 3.4 -091 639 929
17D-1-19 777 0312681 0.002256 0.006750 0.000105 0.282884 0.000016 0.282874 40 53 -0.80 616 806

AR S R AT (2007) , 4,=1.867x10"a ™", (""Lu/ "Hf)euuro=0.033 2, ("HE/ "Lu)cnuno=0.282 772, ("Lu/ "Hf)pn=0.0384,
("Hf/"Lu);m=0.283 25, (""*Lu/"Hf)=0.015 (JHIE /A4, 2009) .
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MR ety I IEE, AT 1.5~ 5.3 E3.6); B T
BN — %) HE R 3 2 0 5 B B Bt =CUAE S R
590 ~ 763 Ma, ¥J{i Jy 645 Ma; B BeA AR 370 il
49806 ~ 1052 Ma, #J{H 912 Ma.,
5.3 ERMPKLFHFE

FHEITER MEITE MW TR R NGRS &
4 K4 A5,

FEA% A1 B BE 3 o R 45 R HA IR RRAE
(1) Si0=73.97% ~ 76.85% , ¥J {H 75.10% , K.O=
2.2% ~4.68% , ¥ (H 3.72% , 4 B (K.O + Na,0) =
2.58% ~7.77% , ¥J{H N 5.37% , 1£ 12 A & Si0.—
(K:O+Na,O) 7 2 & -, 4 it s 3 7% B AE 1 7 X I
(Kl 4a); (2) B R AGE(A.R.) N 1.44 ~2.63, ¥I{H
2.04,7E Si0,—K,O K& R Bl I, i T3 72 55 ik — e
B B 14 2R 99 (&1 4b) 5 (3) B F 3T 4, K.O/Na,O=
1.50 ~5.79 (#4118 2.93) , H: 1 1 4 # i K.O/Na,O=
48.43 , & RE IR RS A kK B — 2 i o B A
AR (BE ) & i S S A (4) ALO=13.03% ~
14.06% , {8 13.59% , & 18 Fi1 38 £ (A/CNK)
1.137 ~ 4.241 (#J18 2.152) , £ A/CNK—A/NK [ fi# |-
(Bl 4c) , ¢ & ¥ 467 T3 48 1 IX 35 (5) FeO' 1
(0.97% ~ 1.80% , ¥I{E 1.40% , > 1% ) , FeO"/MgO {5
(3.57~822, %18 5.91, >2.6), H A BIIE 5 A 09 5
fIE (Whalen et al.,1987; 585, 2000) ; (6) bRifER 4
oL A (Q=37.39 ~ 69.07, I {H 51.54) Hai i
K1 (A=16.47 ~53.20, ¥J{H 35.89) 2 &=, HOR &
W E (C=2.1 ~11.7, {8 6.7) 73 F; (7)) A A 43
SEHER(DI)=83.18 ~92.22(¥){H 88.12) .

fi + 00 % & = 7 (X REE=478.59 x 10 ° ~
532.71x107°, #4118 510.17x10°°) , B 58 4 3 42
fH (164x10°°) &3 3 4% . 7£ Sun and MacDonough
(1989) C1 B bt A Zi 4 A v Ak 1) #43 4= T 7045 = 1]
o (& Sa) , 3 1R il it 22 52 1T I 1% A i 28 sl YA X
17 (La/Yb)w N 1.90 ~ 9.63, i % T 48 # s 401
A, A AR B 14 57 (6Bu=0.06 ~ 0.52,
PIE0.22) o J3 VA AT B AZ J5 I FRR Tk 22 1) 5%
M, 76 B B v (] Sa) v H AT 8, J64f
S (0Bu=1), I CER Ji M, Rb &5 T 69.64x
10°°~249x10 °(¥{H 179.71x10°°, /NF270x10°°, H.
AR B AR, 514, 2000) , Ba & 84 T 129
10°°~451.9x10 (¥ {H 247.40x10°°) , Sr AT

RIEBORMEEEETEANER (%) RIFESH
Table 3 Major elements composition and characteristic
parameters of the quartz porphyry pluton in Tangge ore

district
k5 17GS-1 17GS-11  17GS-12  D0845/8-1
SiO, 73.97 75.08 76.85 74.51
TiO, 0.06 0.05 0.27 0.28
ALO; 13.47 13.03 14.06 13.83
Fe,0; 0.53 0.59 0.44 1.23
FeO 1.32 1.03 0.57 0.15
MnO 0.02 0.01 0.00 0.03
MgO 0.22 0.19 0.27 0.34
Ca0 0.79 0.72 0.17 1.62
Na,0 3.07 3.09 0.38 0.07
K.O 4.6 4.68 2.2 3.39
P,O; 0.03 0.01 0.04 0.11
LOI 1.59 1.46 4.58
Total 100.15 100.15 99.98 99.84
A/NK 1.34 1.28 4.68 3.65
A/CNK 1.18 1.14 4.24 2.06
AR 2.51 2.63 1.44 1.58
R1 2748 2801 4649 4256
R2 365 347 322 479
FeOT 1.8 1.56 0.97 126
FeO'/MgO 8.17 8.22 3.58 3.7
A/MF 434 483 6.85 5.23
C/MF 0.46 0.49 0.15 1.11
i e ()] 91.42 92.33 85.54 83.18
Q) 37.49 37.82 69.07 61.78
PR (A) 53.2 52.55 16.47 21.35
FHAT(P) 1.52 42 0 1.74
5K (An) 0.79 2.24 0 1.69
K (Ab) 26.35 26.49 2.84 0.61
IEKA(Or) 27.58 28.02 13.63 20.79
LEX(®) 32 2.1 11.69 9.8
LIMEA(Hy) 2.51 1.85 1.29 1.74
ERAERDT (1) 0.12 0.09 0.54 0.55
HEZRAT (ML) 0.78 0.87 0.47 0.65
I i (Ap) 0.06 0.03 0.09 0.26
A (Zr) 0.02 0.02 0.04

1 ERITCE A K% ; FeOT=FeO+0.8998xFe,0s ; FRIEDN 1 Hi
GeokitPro (LR BT 385

13.69%10°° ~ 111.35x10 °(HJ{H 65.18x10°°) , (Nb+Y+
Ce+Zr) & it B F R 192.89% 107 ~ 274.42x 10 (¥4
221.32x10°°) , Hivp 2 R #£ & 10000Ga/Al EfE K
2.54~2.71 (¥J{H 2.63) , 53 40 2 4 4E dh b T i ad 45
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Table 4 Trace and rare earth elements analysis of results

and characteristic parameters of the quartz porphyry
pluton in Tangge ore district

5 17GS-1 17GS-11 17GS-12 D0845/8-1
Cr 9.59 7.17 12.50 35.20
Co 1.27 0.70 0.99 3.60
Ni 2.49 1.75 1.32 16.70
Cu 432 430 3.66 11.00
Zn 18.98  25.58 10.13 34.90
Ga 1938  17.56 12.93 -
Mo 0.33 0.43 0.38
w 0.73 0.60 21.87
Sn 1219 9.54 12.08
Ag 0.05 0.04 0.04
Au 1.08 451 1.06 -
Rb 188.60 211.60  69.64 249.00
Ba 182.72  129.00 451.90  226.00
Th 20.60  20.61 14.13 47.60
§] 4.89 4.66 1.82 10.50
Nb 1947  20.90 11.55 -
Ta 1.74 1.87 1.28 1.20
La 1469 1547  28.99 21.88
Ce 32.89  33.00  53.02 45.16
Pb 1638  28.73 7.67 345
Pr 4.93 5.06 6.84 6.01
Sr 10030 111.35  13.69 354
Nd 21.19 1810  25.61 2431
Sm 6.90 7.14 5.45 5.30
Zr 99.19 9249  186.44 150
Hf 8.58 5.73 6.67 5.40
Eu 0.18 0.15 0.86 1.69
Gd 7.46 7.34 4.39 4.89
Tb 1.33 133 0.74 0.75
Dy 8.90 9.00 4.40 438
Ho 1.74 1.83 0.83 0.86
\ 4998 4650  23.42 21.29
Er 5.39 5.66 2.51 233
Tm 0.76 0.83 0.33 0.38
Yb 5.01 5.85 2.16 237
Lu 0.69 0.81 0.29 0.36
Nb/Ta 11.19  11.16 9.00 -
Zr/Hf 11.57  16.14 2795 27.78
Rb/Sr 1.88 1.90 5.09 7.03
Ba/La 1.22 0.82 1.53 1.02
Nb* 0.31 0.33 0.28 -
Zr* 1.06 0.96 247 1.58
Nb+Y+Ce+Zr 201.53 192.89 27442 21645
10000Ga/Al  2.72 2.55 1.74 1.9
Y REE 517.77 53271 51159  520.69
LREE 80.78  78.92  120.77 93.49
HREE 3128  32.66 15.64 26.53
LREE/HREE  2.58 242 7.72 424
(La/Yb)x 2.1 1.9 9.63 4.54
(La/Sm)x 1.37 14 3.44 2.07
(Gd/Yb)y 1.02 1.01 1.09 1.04
oFu 0.08 0.06 0.52 0.22
6Ce 0.94 0.91 0.89 0.92

M TCE AN 107, AuTCE B 107

JF, & A8 T R 10000Ga/Al H (B A (1.74 ~ 1.90) .
1F Sun and MacDonough (1989 ) Ji i & H 4l b AL
)R R G 2R Wk I A (B Sb) , KBS FoE A L &
(LILE)"#'Rb.Th .U K .Pb B i & 4, Ba. Sr 74t ; &
Y5 6K (HFSE) H ,Nb . Ta . Ti .P 5 1 ] & , {H HF
Zre FXT & 4R X 5 5 IR i 5 A B B 2 5 (g
WI%E,2012) . DL b A M ERAL A4 AE S Y A HRUAE
AR . E R AE 5 Cu Pb Zn  Au P35
BN 3.5%107°,29%10°.33x10°,0.3x10° (£ K
X,2008) , FEHE A SEEARA Cu 514 3.66x10°° ~
11107 (i T B et AL 5 25 75 S (B0 1 ~ 348%) 5 Pb,
Zn SR 34.5x107°,34.9% 107 (X4 T v [ g
AT RME ML) ; AudiE N 1.06x10° ~4.51x
107 (i Frf R AE 1 (3.5 ~ 1548%)

6 1 &
6.1 2AKEA

A6 5 7 38 H B 4o 18 S HUAT A #Y (Collins et
al., 1982; Whalen et al., 1987; Eby, 1990, 1992; King
et al, 1997, Chappell and White, 2001; Bonin,
2007) . A BUAERG A DR — 25 B FRiR R 1h 22y
TELL RORR M v 15 S e A, H A BIAE 25 7k
() BaPE A 4K 5 5 (AAG) TGS T A 4K X 5
(ALAG) (Loiselle and Wones, 1979 ; X1 B 5245 ,2003 ;
TREESE,2013) o A BUAE R FI AR bR 2 34
(D)W Y2EkraE, i A B S el B s NG
B P I € 1 (AN DR A — BRI A L BE A0 — SR
BRMIONS A1 55) VBRI A BUAE A AN A UL B
(AT DL/ o A 1 SR B ) DA Bl A
BHEAMEE AT YA E; () A ARG, AR
FEBA A T 45 T BRI S THYAE 5 5 LA HoAth
TERd A28 A S o 5 00 TRUAE B a5 HOR o
RGP B A IR LSRR R X 43 ) 5 (3) M ek fb A
Fra, OA BIAE R A 4k FeO™ &, — K T 1%,
oS TRAE B — BN T 1% (B3R 4, 2000) ; @A
RIAE 4 A — B A K,0=4.0% ~ 6.0% .Ca0 < 1.8%(1
A, Ca0 > 1.8%) ; QA T AL X %4 FeO'/MgO I K,
— KT 2.6, TSI TRV S B HUAE /N, 431k 2.27
F112.38(Whalen et al.,1987) ; @A RIfE 5 7 Eu (1 7 57
RN “VREIRS 0 FiC 43 2k (Whalen et al., 1987 ; VT %45,
2012) ; & & 1Y 10000Ga/Al H fE (— i K T 2.6,
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P4 Biks B4 TR TAS 8 (a) R I Le Maitre,2002) . Si0.—
K>0 & (b) JEEHE Peccerillo and Taylor,1976) \A/CNK—A/NK
& (¢) (JiE E 4% Maniar and Piccoli,1989)

Fig.4 TAS diagram (a) (after Le Maitre,2002) and SiO.v.s. K,O
plot (b) (after Peccerillo and Taylor,1976) and A/CNK v.s. A/NK
plot (c) (after Maniar and Piccoli,1989) of the quartz porphyry
pluton in Tangge ore district

Whalen et al.,1987; 3tk 145, 1995) ; @A BIAE K A
ELA A R A8 ( <270x10°°) , FF H H2A3 0% & )

Ba.Sr.(Zr + Nb + Ce +Y) . Ga & & ( £ 5% &5,
2000) ; DIE B ik BE — i =5 T 800°C (1 5L 764°C )
(F38%,2000),

FERE AT TR R (75.10%) e KO (CHirp 2 1
FES R T 4.6% , ¥IM(EH 3.72% , 5 A BIAE 5 A 250 |
ALO;(13.59%) .FeO' (1.40%, > 1%, B i A~ [a] T 5
I35 TRE RS 7B A B A RHIE) (FeO'/MgO
LAE (5.91, > 2.6, B S = T 1R S BUAL i) K CaO
(0.83%,/NT 1.8%, WA W 5 TRUAE <5 ANT) |, s i
ML A AL 5 A9 HEAE (Whalen et al., 1987; 5%
8,2000) o FEAS DL BE A I W TE 7 (OBu=
0.22) Fl - e Z A5 o i 28 52 Vg R 78 AR IR A A
A RIAE ) 73 F 1 0 R FFE (Whalen et al., 1987 ;71
J452012) o R ICER Rb(FI(E 179.71x107° (L it
/NT270%10°°) . Ba (3418 247.40x10°°) . Sr (34 {H
65.18x10°°) . (Nb+Y+Ce+Zr) (¥J{H 221.32x10°) &
HAL TR A AR A I RRIE (E 515, 2000) . R
2 A i T RE 32 S0 Ik AR ) 5 ) (R R AR AN
BB £ ) 5, 53 A 2 R 4 5L (17DGS— 1 Fll
17DGS—11) £ 10000Ga/Al HAE H 2.54 ~ 2.71 (¥{
2.63), 5 1L (PA ) 465 % 14 LLAEARRL (2 ~ 45
HER TAF,1995) , 7F A BUAE 4 7 K.O—Na,O F] 51 &
fi#% (|8 6a) (Collins et al., 1982) I 10000Ga/Al-K,0—
MgO H 51|l f# (&l 6b) (Whalen et al., 1987) 1,2 4
FEMMIBITEA AR R A X3 . Rb,Th, U K FlPb
W 42 & 4, Ba Ml St 7 it ; =5 %9 o0 %= (HFSE)Nb
Ta  Ti FII P 535 B i, {5 HE A Ze AHXT 5 4, 13X 5 590
RITE AAEE B B 22 5 (BB AE,2012) . FEAS A
BREAT VAR K F R R, R A B XS
RFIE . BCA D) 2 A 08 B A T RH A
Jo B B B MR (C) 4 F (6.7) Fead 48 i (AY
CNK=1.18 ~ 4.24) R 1iE, £5 G 40 0T A BUAE 5 FRAE
(X B 52%,2003) . 25 LR, AR A 87 s
AR T A AR B SRR

ARBIAE R A 1 A - (1) Mg ik 2
J K o B 4 b ) AR B R AT gl 7
it b FE ) B B TR U (Eby, 1990) 5 (2) b g4 4 o o+
WS FE A IR S (Yang et al., 2006) ; (3) 48 K< B da
PR J5 10T H 52 IR 7 i BR AR TE 3 R T A IR
FETS AT L 2 ISR A 5 B R BH 2 5 F RN CLAR 4%
J% 57 (Collins et al., 1982; Whalen et al., 1987; King
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1
Rb Th Nb K Ce Pr Nd Sm Hf Ti Tb Ho Er Yb

5 AR AT SERE S R 0 R BRI A R i AL BL /AT () UG HIBE AR VAL T ST R R R (b)
(R b E ANERBL IS A7 (B4 Sun et al., 1989) ; EI P FESL S IR 4

Fig.5 Chondrite—normalized REE distribution patterns diagram (a) and primitive mantle—normalized trace element spider diagram(b) of

the quartz porphyry pluton in Tangge ore district (normalized values after Sun et al., 1989); See Table 4 for sample code in the figure

et al.,1997) ; (4) K12 ) T 2 3 (8] Jt b 72 3 4%
(Skjerlie et al., 1993) ; (5) FHbFE IR L BT A A
B4 il (Frost et al.,1999) 5 (6) T H15¢ T 43K 45
fn s (Jiang et al., 2009) 5 (7) FRALEAHAE BT A
TE =R T &8 43485 Rl 77 91 (>960°C ) (Huang et al.,
2011;Sun etal., 2011),

Nb—Ta fl Zr—Hf Ry5s NI TR , FER RIS
JEAE A A F AR, BRI, AT AR B SR 5 9K
TR IX BRRAE GBI 25, 20165 59 2 2855, 2017 X W 2
45,2018,2019,2020,2021) . A5 1 Nb/Ta HL{E N
9.00~11.19 (¥J{E 10.45) , Horb 2 A4 1 LA KT
11, 4223 Kl 55 448 11 (Taylor et al., 1985) , Zr/
Hf U R 11.57~27.95 ({8 20.02) , {i& T K fli #o5¢
{E} 33 (Taylor et al., 1985) , /R F-3 W) U6 X 5L
K H HL5E Y R . KRS Nb*{H ol 0.28~0.33 (#4114
0.31),/NT 1;Zr*(8 0.96~2.47 (1l 1.52) , K T 1,
T AP IR Xk [ 5T Y sl AL 5 A A
HLRACTR G Z aR50A A, [ SR A K 4 i
A TiTCE M7 BN ] LR S K IE S
Fr AR IR XA TR ) (RSB %5 ,2001) , B,
Sr 671 55 1k BH 2R DX ) I 7 A 0 o H v
KA %5 & Eull WA 3R B, 455 A A1 1 Rb/Sr U E
1.88 ~ 7.03 (41 3.98) fil Ba/La [L.{E 0.82 ~ 1.53 (3
18 1.15) , Y45 432300 1y 576 11370 B L0 4 L {8 (Rb/Sr 4t
5¢ L (H 0.35, M2 {E 0.034, Taylor et al., 1985;Ba/La
HL5EAE 9.6 FIHLIE (L 25, Weaver, 1991) ), B & 41

JRT T e sl . 7F La—La/Sm & b (1] 6¢)
(B 2=, 2016) , v A1 AL R B (2 S2 4% T8 70 J
FlEH

B HE R 2T DAE SR e iR & 42K —
Ui TG W IR B o 5 A A 1Y el ) (ELFN HE/ HE
BT LU A i B A R R b i &, e L
F % end ) (< 0)FHE/ HEE ( < 0.2828) 48R &
M7 Bk 20 2k b 5E TR G A VR DX BR B 5 40 1 e O L
(> 0)F1HE/Hf {8 ( > 0.2828) , T H 455 i
i1 (DM) 2R (185 A HE[R) 2, FEFEFR /8 Bk A g
i FH 1 U5 P 5 43 5 8 AR 72 R ) 5T (Griffin et all.,
2002;lizuka et al.,2017; 5K FRZE 55, 2019) . frg ik
B HE RN =R 45 R R I (5K A7 555, 2013) - R B
P A Crig KUY ) 19 e ) (BN IEAE, HE R 28
BEAAEIE < 1.0 Ga, R B A HIFSRHE 5 B g% b
P CR IR ) 19 e OTE RN 7, A8 1E(E, HETR]
N EREAERS > 1.5 Ga, iR iy % @G 72 FRAE 5 L
TP B A (AU XU ) 19 end OB IEAEL, HE [R) 37
ERIUAFERR 0.8 ~ 1.0 Ga, BT AR HIFEHRFIE . AR IR
ST X G FE RS A B e OTELA+1.5 ~ +5.3 (F{H+
3.6) . "Hf/"Hf {8}y 0.282772 ~0.282884 ( 4 {H
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