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Abstract: A lot of porphyry deposits, related to potassic intrusions closely, occur in the Jinsha-Ailaoshan metallo-
genic belt, western Yunnan. Liuhe orthophyre is barren magmatic rock and is located at the center of the belt.
Based on petrography, the authors studied mineral characteristics of biotite, amphibole and zircon in Liuhe ortho-
phyre, and investigated mineral temperature-pressure condition, magmatic oxidation state and water content. De-

pending on geochemical data and previous studies, the authors discussed the constraining condition for mineraliza-
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tion of potassic intrusions. Biotite has high MgO (12.98% ~14.83%), CaO (14.18% ~16.52%) content, with
Fe’* /(Mg + Fe’ ") ratios being 0.29 ~0.31. Mineral thermobarometric calculations show that crystallization tem-
peratures of biotite are 615 ~669°C under the pressure of 103 ~ 165 MPa and at the depth of 3 ~5 km (4.2 km on
average) . Amphibole consists dominantly of endenite and pargasite. Crystallization temperatures of amphibole are
817 ~843°C under the pressure of 158 ~ 191 MPa and at the depth of 5 ~6 km (5.9 km on average) . Oxygen fu-
gacities (AFMQ) of magmas, constrained by chemical composition of amphibole, are +1.12 ~ +1.27. Crystalli-
zation temperatures of magmatic zircons are 687 ~1 098°C and Ce'*/Ce’ " ratios are 11.18 ~54.78 (Ce'*/Ce’" <
50 on average), dEu =0.14 ~0.81 (8Eu <1). Liuhe orthophyre has 8Eu ratios of 0.97 ~1.00, and whole-rock
Dy/Yb ratios have negative relation and La/Yb ratios have positive relation with SiO, values, respectively. In addi-
tion, amphibole occurs as phenocrysts. These features indicate that a lot of amphibole crystallized at the early stage
whereas crystallization of plagioclase was suppressed. The authors hold that Liuhe orthophyre had low oxygen fugac-
ity and high H,O content. Compared with mineral characteristics of fertile magmas of porphyry deposits, Liuhe or-

thophyre has no potential to form porphyry deposits.

Key words: Liuhe orthophyre; biotite; amphibole; zircon; oxygen fugacity; water content
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Fig. 1 Simplified geological map(a) and the distribution of
igneous rock and porphyry deposits(h) at the western edge of
Yangzte Craton (modified after Hou et al. , 2017)
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Fig. 2 Photograph showing rock outcrop and petrology of Liuhe orthophyre
a—¥FAEE Sk b—IEKBEA CRRIG) s c—IEKACERED : d—ANACHEESD : Am—MANA; Bi—B o b M—#%I; Or—IEKA;
Qtz—A19%; Tin—Hi A1
a—field outcrop; b—orthophyre (plainlight); c—orthoclase ( BSE); d—amphibole ( BSE); Am—amphibole; Bt—biotite; Mt—magnetite;

Or—orthoclase; Qtz—quartz; Ttn—titanite
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AAEEKBETERGBFR NS S EE

ROR 1D ERW, BatE DR EN 95.23% ~
96.28% , 1175 /K = BEEREH Kt iR 22 Y L N

LB TFeO = 14. 34% ~ 15. 54% , MgO =
12.98% ~ 14. 83% , Fe’* /(Mg + Fe’* ) =0.29 ~
0.31,F¥ME A 0. 30, tx#fE 28 0. 01, LLAc 3 —.
A +Fe’* +Ti=0.76 ~1.06, Fe’* +Mn =1.29 ~
1.50,Mg =2.86 ~3.27(% 1D, J& TH B = BECH
3a). fE FeO/(FeO + MgO) — MgO FEfi# (& 3b) i,
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LIRS RIRRAE
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Table 1 Biotite analysis data of Liuhe orthophyre

TR A5 LH14-71-1 LH14-712 LH14-7133 LH14-714 LH142-8-1 LHI4-2-82 LH14-2-83 LH14-284 LH142-8-5

Sio, 37.54 37.54 37.66 37.71 37.96 38.25 37.46 37.79 38.41

Tio, 3.79 3.79 4.02 4.14 3.66 3.24 4.45 4.14 3.78

Al, 0, 15.85 15.85 14.18 16.51 14.75 15.44 14.18 16.52 14.75

Cr, 0, 0.11 0.11 0.05 0.08 0.07 0.13 0.05 0.08 0.07
TFeO 14.62 14.62 14.93 15.09 15.54 14.34 14.93 15.09 15.35
MnO 0.17 0.17 0.22 0.10 0.19 0.17 0.22 0.10 0.12

MgO 14.21 14.21 14.68 12.98 14.83 14.35 14.68 12.98 14.83

Ca0 0.01 0.01 0.06 0.00 0.02 0.01 0.06 0.00 0.02

Na, O 0.23 0.23 0.33 0.61 0.38 0.23 0.33 0.61 0.38

K,0 9.12 9.12 9.07 8.49 8.57 9.08 9.07 8.49 8.57
P,0; 0.00 0.00 0.03 0.00 0.00 0.00 0.03 0.00 0.00
Total 95.64 95.64 95.23 95.71 95.96 95.25 95.46 95.79 96.28

Si 5.56 5.56 5.63 5.57 5.62 5.68 5.59 5.58 5.65

ALV 2.24 2.24 2.37 2.43 2.38 2.32 2.41 2.42 2.35

A 0.33 0.33 0.13 0.25 0.19 0.38 0.08 0.15 0.21

Ti 0.21 0.21 0.23 0.23 0.20 0.18 0.25 0.23 0.21

Fe'* 0.48 0.48 0.42 0.58 0.45 0.50 0.43 0.59 0.49
Fe2* 1.34 1.34 1.45 1.28 1.47 1.28 1.44 1.28 1.40

Mn 0.02 0.02 0.03 0.01 0.02 0.02 0.03 0.01 0.02

Mg 3.14 3.14 3.27 2.86 3.27 3.18 3.27 2.86 3.25

Ca 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00

Na 0.07 0.07 0.10 0.18 0.11 0.07 0.10 0.18 0.11

K 1.72 1.72 1.73 1.60 1.62 1.72 1.73 1.60 1.61

Total 15.52 15.52 15.58 15.42 15.55 15.50 15.57 15.41 15.51
FeO/( FeO + Mg0) 0.51 0.51 0.50 0.54 0.51 0.50 0.50 0.54 0.51
MF 0.63 0.63 0.63 0. 60 0.63 0.64 0.63 0.60 0.63

AV L FSt + T 1.02 1.02 0.77 1.06 0.85 1.05 0.76 0.97 0.91
Fe?* +Mn 1.36 1.36 1.48 1.30 1.50 1.31 1.47 1.29 1.41
Fe**/(Fe’* +Fe’*)  0.26 0.26 0.22 0.31 0.23 0.28 0.23 0.31 0.26
Fe** /(Fe** +Mg)  0.30 0.30 0.31 0.31 0.31 0.29 0.31 0.31 0.30
t/°C 640 640 653 645 633 615 669 645 638
logfo, -15 -15 -15 -15 -16 -17 -15 -16 -17
p/MPa 125.41 125.41 103. 81 157.64 126.62 165.32 102.61 126.52 122.08
H/km 4.14 4.14 3.43 5.20 4.18 5.46 3.39 4.18 4.03
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Fig. 3 Diagrams of geochemical characteristics of biotite
a—Mg —(CAIY 4+ Fe** + Ti)—(Fe?* + Mn) Bf#( 51 [ Foster et al. , 1960); b—Fe0/(FeO + Mg0) — MgO MR 51 [ R 524, 2015);
c—Fe’ " —TFe? " — Mg * Ff#( 5] [ Wones and Eucster , 1965); d—Tlogf,,,— ¢ FEIf# (5] Wones and Eucster, 1965)

a—Mg —CAIM + Fe** +Ti) =(Fe?* +Mn) diagram(after Foster et al. , 1960); b—Fe0/(FeO + MgO) —MgO diagram Cafter Guo Yaoyu et al. ,
2015); c—Fe'*—Fe?* —Mg’* diagram Cafter Wones and Eucster, 1965); d—Tlogfy, —t diagram Cafter Wones and Eucster, 1965)

R 45 s 7 s E AR OG, R4 ¢ R X p(MPa) =100
x(3.03 x"Al -6.53) (Uchida et al. , 2007) 515
FNERKBES B = B SS  R J7 08 103 ~ 165 MPa,
P51 MPa =0.033 km #EF 7S A 1E K BEA AR A IR &
H3~5 km, PHJEEE 4.2 km(FR 1.
AR SEA R B Fe*t /(Fe'* + Fe** ) 4 0.22
~0.31, 124% Wones F1 Eucster (1965 ) [1f)4801% /5 115
A M p(H,0) =207.0 MPa £ T 3 T 8 = BE A&

SE LI logf, — o ik, 455 B BHB B FEAF 15 7R

Lo

BRI R SR S A SR T Clogf, ) N =17 ~
—15CE 1), BRI E 3¢ F13d IR ST AE
NNO Z 2k It i
4.2 ARINAKRDFFEFR R EH

XA A IR A TN A B S AT T R A,
FRAE FAN 22 (7 O 15 2 %%, 1983) 513 H Fe'”

S~

PO =Ry

fHo H CaO.FeO i m(3R 2), J@AE N A iR N A1
FUfIN A CE 4a), ooy orar CB 2dD o S A I ES
SE MRS T2 0 ey« &5 7K 3 A8 R ( Sisson and
Grove, 1993; Grove et al., 2003), # #i Ridolfi 2%
(2010) " k-5 TN A 4 alits B2 Hs 0 R AR 1
AU EAT 0 IE KB P A D A 4 R O 817 ~
843°C, [ 11 4 158 ~ 191 MPa, HES 1 [N A7 () T B
JE45.2 ~6.29 km, “FHIEE 5.9 km (£2).

[ Ridolfi 55 (2010) #7732 H £ TN A1 4y
SR B SR 1 AR B R S K I A X AR A
A Y B R 45 Gl O 550 ~ 1 120°C, K )
<1200 MPa, [FII £ IN A9 5 o 35—, /N & IE
KBEA T AN ARG %M. PRl ARG
IEABE S H A1 DN A 45 i I 1R 2 2 48008 5 C AFRMQ)D
+1.12 ~ +1.27C3R2, B 4b), IEKBAE+ H,0 & &
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Table 2 Amphibole analysis data of Liuhe orthophyre TR N N J;ﬁ A
MR A5 LH14-71 LH14-71 LH14-28  LH14-28 & 'ff
Si0, 42.52 42.45 43.62 42.68 ;.E 0.50 . 'ﬁ.tt U
TiO, 0.62 0.84 0.62 0.84 ~ % }EE
AL O, 8.99 8.94 8.82 8.15 = fi? iy
Cr, 0, 0.00 0.02 0.00 0.02 waly | wwn| B {'_
FeO 22.16 21.75 22.21 21.75 I{H Eﬁ:{"} _
MnO 0.37 0.38 0.35 0.38 f B e
MgO 9.29 9.33 9.19 9.33 0 . . .
Ca0 10.14 10.49 10.24 10.44 80 73 (AR 60 >3
Na, O 2.46 2.55 2.24 2.59 - i
K,0 0.38 0.34 0.40 0.34
P, 05 0.00 0.01 0.00 0.01 -0}
Total 96.92 97.09 97.69 96.52
Si 6.49 6.48 6.59 6.57 ol
AlY 1.51 1.52 1.41 1.43 f
AV 0.10 0.09 0.17 0.05 =
Ti 0.07 0.10 0.07 0.10 12
Fel* 0.83 0.72 0.73 0.65
Mg 2.11 2.12 2.07 2.14 N
Fe?* 1.88 1.97 1.96 2.07
Mn 0.05 0.05 0.05 0.05 p=200 MPa
Ca 1.66 {72 184 1.72 _M?so 300 550 900 950 1000
Na 0.73 0.75 0.65 0.77 ae
K 0.07 0.07 0.08 0.07
T fif 3 3 8 3 Kl 4 AN Mg/(Fe’* +Mg)-Si Flfi#tCa, 51 B Leak,
Si 6.49 6.48 6.59 6.57 1997) Fl logfo,,— ¢ Ff#Ch, 51 1 Wang et al. , 2014b)
ALV 1.51 1.52 1.41 1.43 ) . o i
Cm p 5 5 P Fig. 4 Mg/(Fe"" + Mg) —Si diagram (a, after Leak, 1997)
ALY 0.10 0.09 0.17 0.04 and logf,,—t diagram (b, after Wang et al. , 2014h)
Ti 0.07 0.10 0.07 0.10 of amphibole
Crt 0.00 0.00 0.00 0.00
Fel* 0.83 0.72 0.73 0.65
Mg 2.11 2.12 2.07 2.14 4.3 HAMMETRFIE
Fe 1.88 1.97 1.96 2.07 B AR A 2R A TP A AR R, A
BFLi 0.2” 0'208 0.212 0.208 Oy 5% BB R XA . Cett 5 7t HAAHIA
Mn 0.05 0.05 0.05 0.05 M 247, nTAL s 2 N85 A, M Ce“;FEJJ‘&)\%%
Ca 1.66 1.72 1.66 1.72 A1, PRI AT DU G B A iR G ER 1 Cet /Ce’ T {E BR
N e S (0 %% B (Ballard et al. , 2002; Trail et
Na 0.55 0.60 0.47 0.62 al., 2011; Burnham and Berry, 2012). Ballard &
fi 0.07 0.07 0.08 0.07 (2002) Hid i Ce JUH AL KN AR Z 1) (1) 43 e 5 20
MRS M 05302 0S 0SB et /G R
logfo,, ~12.8 “12.8 ~13.2 ~12.8 $2 [ W 3% R 48 3% 2 ( Burnham and Berry, 2012), {H
AFMOQ 1.27 1.12 1.24 1.19 R
1/C 834 843 817 838 N I
»/MPa 101 189 179 - ANTIERKBE A s A AR % A, Th/U =
H,0,,., 6.06 5.99 6.41 5.66 0.52 ~1.85( 5a), H s #i LREE, & % HREE(
H/km 6.29 6.25 5.91 5.2

5b), B A A, Ce* T /Ce® =11.18 ~54.78,
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AL 2205 HE . AR 4 Ferry A1 Watson (2007 ) H 4% 44 Ti

o
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&5 i B AOECCL) B Ca) MR + 0 582 53 B (b)
Fig. 5 Cathodoluminescence images (a) and chondrite-normalized REE patterns (b) of zircons
R3I ANEERMEHEAMETELRE w,/107°
Table 3 Zircon trace element data of Liuhe orthophyre
M5 LH14-1-1 LH14-1-2 LH14-1-3 LH14-14 LH14-1-5 LH14-1-6 LH14-1-7
Ti 97.78 17.24 21.16 3.91 3.12 85.73 17.04
La 0.12 0.21 0.66 0.16 0.01 0.25 0.04
Ce 128.94 14.72 17.36 22.60 25.34 89.04 20.07
Pr 1.51 0.09 0.18 0.12 0.04 1.67 0.26
Nd 21.42 0.84 1.48 1.42 1.20 23.20 3.46
Sm 33.81 1.90 2.75 2.87 3.04 38.51 6.21
Eu 18.10 0.97 1.08 2.18 0.46 24.61 1.77
Gd 112.88 11.13 14.49 15.59 18.39 181.06 26.59
Th 28.63 3.25 4.58 4.52 7.36 48.12 7.26
Dy 258.47 36.34 52.70 44.93 88.58 463.14 81.48
Ho 77.77 14.07 21.37 17.09 40.74 146. 80 30.38
Er 232.16 53.69 82.24 62.15 162.03 441.37 107.24
Tm 45.86 13.29 20.04 15.56 40.47 82.03 26.03
Yb 380.97 136.03 213.87 159.00 433.15 668.75 259.46
Lu 58.57 28.24 39.85 34.50 78.64 101.13 45.77
HfO, 7 837.03 9 715.41 9 471.98 13 121.43 10 384.37 7 573.03 9517.98
Ta 4.47 0.50 0.84 0.74 1.59 1.49 0.75
w 0.26 0.01 0.23 0.33 0.12 0.97 0.00
Au 0.09 0.15 0.05 0.16 0.01 0.06 0.32
Pb 3.55 0.21 1.16 0.72 3.94 3.80 0.21
Th 3 667.64 87.27 98.14 449.39 200. 96 2 255.63 176.11
U 1 978.96 126. 64 150. 00 588.17 388.08 1351.25 205.99
Ce**/Ce** 25.97 21.25 11.18 25.86 54.78 12.79 26.01
3Eu 0.81 0.50 0.42 0.79 0.14 0.75 0.36
t/°C 1098.71 855.56 879.69 706.98 687.89 1076.67 854.22
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ANEIEKBE ST S0, &
62.03% ,TiO, %84 0.70% ~0.75% ,» MgO & &4
2.24% ~2.84% ,K,0 ¥4 5.96% ~6.33% . Cr

=N 59.97% ~

HEN 64.05 x107° ~70.45 x 10°, Ni & & 432. 14
x10°~38.16 x 10 °, La/Yb {t } 16. 13 ~ 18.48,
Dy/Yb {0 1.87 ~2.05,8Eu 4 0.97 ~1.00( £ 4) .
IERKBEE R 8% s KA (B 6a), & 42 RbBa. Sr
SR FIEATCECLILE) , 58t NbTa Ti %5537 98
TG (HFSE) (] 6b), JG Eu w4 (K 6¢) .

x4 NAEKRRELETETERE(wy/ %) MR TE (wy/10 ) T ERE
Table 4 Major (w,/ %) and trace element (w,/10 °)content of Liuhe orthophyre
P LH14-02 LH14-03 LH14-04 LH14-05 LH14-06 LH14-07 LHI14-11 LH14-39 LH14-40 LH14-42
Si0, 60.78 61.55 61.73 62.03 60.18 59.97 60. 13 60. 35 60. 14 61.69
TiO, 0.70 0.70 0.71 0.73 0.72 0.72 0.75 0.70 0.71 0.70
Al, O5 14.75 15.25 15.09 14.73 14.67 14.74 14.69 14.52 14.52 14.91
Fe, 04 2.49 2.36 2.56 2.52 2.81 2.77 2.60 2.37 2.45 2.68
FeO 2.00 2.10 1.88 1.88 1.91 1.91 2.19 2.03 2.05 1.81
MnO 0.08 0.09 0.08 0.09 0.08 0.09 0.08 0.09 0.09 0.08
MgO 2.45 2.24 2.34 2.27 2.57 2.59 2.84 2.59 2.55 2.30
Ca0 4.43 3.79 3.63 3.72 4.89 4.88 4.50 5.05 5.07 3.71
Na, O 4.06 4.01 4.07 4.02 3.89 3.94 3.95 3.80 3.92 4.06
K,0 5.99 5.96 6.09 6.33 6.20 6.22 6.28 6.27 6.32 6.18
P,05 0.41 0.39 0.41 0.40 0.43 0.44 0.43 0.44 0.42 0.43
LOI 1.43 1.12 1.02 0.94 1.26 1.35 1.16 1.35 1.29 1.06
Li 27.41 26.61 27.85 27.44 28.31 29.57 26.87 26. 80 26.13 27.18
Be 5.57 5.53 6.02 6.30 5.48 5.66 5.77 5.59 6.21 5.66
Se 13.82 13.64 14.60 13.85 14.40 13.69 13.33 12.88 14.02 13.33
Ti 4 224.37 4176.43 4 283.41 4 349.33 4 340.07 4 306. 56 4 477.40 4177.17 4 276.93 4 188.78
P 1 806.66 1 716.05 1.807. 60 1 753.90 1 860. 10 1904.59 1 873.09 1939.53 1 812.80 1 897.94
\Y 93.81 88.95 95.03 91.98 92.39 96.75 91.68 89.04 91.23 94.05
Cr 66.40 64.20 70.45 66.95 67.14 66.38 67.08 64.05 67.35 69.32
Co 14.55 13.54 14.78 14.80 14.42 14.99 13.55 13. 64 13.89 14.30
Ni 34.78 32.44 36.47 38.16 33.30 33.91 32.29 32.14 35.26 35.38
Cu 6.21 11.51 4.28 3.99 13.17 13.45 14.92 14.38 5.12 6.04
S 61.20 34.80 40.20 40. 80 56.40 43.70 35.50 24.80 43.10 44.10
Zn 44.78 52.84 49.96 45.82 53.33 53.18 50.78 46. 16 48.48 46.40
Ga 17.68 18.39 17.94 17.41 16.79 17.53 17.50 17.09 17.46 18.05
Rb 187.12 202.30 190. 89 188.83 185.58 193. 65 202.42 196.96 185.04 195.22
Sr 573.22 857.51 604.53 597.52 547.38 571.86 798.78 774.73 593.00 586.02
Y 20.47 21.54 21.81 20.49 19.05 20. 54 20.36 19.73 21.37 20.48
Zr 128.33 145.78 132.45 140.59 136.08 145.09 121.27 130.28 141.02 141.13
Nb 13. 64 13.53 13.81 13.45 13.02 13.32 13.62 12.90 13.70 13.49
Cs 6.03 7.59 6.41 6.36 8.82 9.08 5.23 5.25 5.95 6.85
Ba 2 009. 80 2 136.08 2 054.81 2 071.67 1907. 84 1976.42 2 112.43 2 119.90 2 056.22 2 058.40
Hf 4.10 4.36 4.21 4.39 4.19 4.45 3.99 4.12 4.30 4.48
Ta 0.96 1.07 1.01 0.98 0.93 0.94 0.96 0.93 0.98 0.95
Pb 27.38 29.58 28.08 26.67 39.84 40.25 29.54 28.43 25.36 25.20
Th 8.41 8.16 8.64 8.93 8.16 8.66 8.34 8.47 8.40 8.65
U 2.30 2.35 2.29 2.36 2.46 2.58 2.25 2.29 2.26 2.31
Mo 0.52 0.57 0.51 0.50 0.71 0.68 0.60 0.59 0.52 0.47
Sn 1.27 1.14 1.45 1.17 1.11 1.18 1.04 1.03 1.11 1.13
Tl 0.91 1.02 0.96 0.96 1.02 1.07 1.00 1.00 0.92 0.95
La 28.01 30.28 31.14 33.16 26.25 28.30 28.84 27.83 30.05 29.67
Ce 56.93 59.52 58.69 57.02 54.02 58.81 59.33 57.39 56.94 59.74
Pr 6.60 6.83 6.86 6.59 6.22 6.77 6.79 6.57 6.76 6.79
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Continued Table 4
P LH14-02 LH14-03 LH14-04 LH14-05 LH14-06 LH14-07 LH14-11 LH14-39 LH14-40 LH14-42
Nd 25.31 26.92 25.97 25.25 23.64 25.22 25.40 25.03 25.97 25.36
Sm 5.84 6.02 6.08 5.80 5.46 5.89 5.94 5.75 5.95 5.91
Eu 1.71 1.82 1.79 1.73 1.63 1.74 1.76 1.73 1.77 1.77
Gd 4.69 4.82 4.95 4.72 4.41 4.74 4.79 4.63 4.86 4.75
Th 0.64 0.66 0.67 0.64 0.59 0.64 0.64 0.62 0.65 0.64
Dy 3.40 3.49 3.53 3.35 3.14 3.39 3.35 3.25 3.42 3.34
Ho 0.66 0.68 0.69 0.66 0.61 0.66 0.65 0.63 0.67 0.65
Er 1.76 1.83 1.84 1.76 1.65 1.78 1.74 1.70 1.79 1.75
Tm 0.26 0.26 0.27 0.26 0.24 0.26 0.25 0.25 0.26 0.25
Yb 1.70 1.81 1.77 1.79 1.63 1.73 1.64 1.64 1.72 1.68
Lu 0.25 0.26 0.26 0.26 0.24 0.26 0.24 0.24 0.26 0.25
St/Y 28.01 39.81 27.71 29.17 28.73 27.84 39.24 39.27 27.74 28.61
La/Yb 16.48 16.69 17.58 18.48 16.13 16.36 17.63 17.00 17.52 17.64
Dy/Yh 2.00 1.92 1.99 1.87 1.93 1.96 2.05 1.99 1.99 1.99
YREE 137.75 144.10 142.52 137.97 129.73 140.19 141.35 137.25 141.06 142.55
3Eu 0.97 1.00 0.97 0.98 0.98 0.97 0.97 0.99 0.98 0.99
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Fig.6 K,0 —Si0, diagram (a), trace element distribution patterns(b) and chondrite-normalized REE patterns(c¢)

of Liuhe orthophyre
B AR T S I M BR AL 2 208 51 B Huang £58(2010), b7 i i Bodl 51 B JA 45 (2017)

Cenozoic mafic rock geochemical data after Huang et al. , 2010; lower-crustal cumulates geochemical data after Zhou Ye et al. , 2017



54 Ji SR JHVU NS IEKBEA T A INA . S BRI A R IE A R R s 557
5 La/Yb Dy/Yb (W 5 FFi5 100 £ D1 1 4 56 445
6 Wit WA 422 La/Yb {2808 T} #5 . Dy/Yb {1 F F( David-
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FINA RIS A RS A IE KB o B2 K
WY M A AH IR AN A IE KBS 1A I A
A SRR, o EK AP aE
WA CE 20, B AN AL R T IEK A, hE
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TR o, BB SRS IEK AP LA, MR 2B
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55 Si0, i UEARSS, Dy/ Yb Y Si0, & &5
RCET), BTN & s A R v 23 10 4 i K
AT BEAh, AN EBEE A 2 W R (Lu e
al. , 2013b), 47K T & 4 b8 5 7K B 0 RF A ( Kay
and Mpodozis, 2001) o 5 75 7K 5 A $0 I RS A7 1) &5
it ( Wang et al. , 2014a), FEOUE KBS IE KK T
RERHCA S B 4. DL ERFIE LR >k Bl 2w &
M ) N A TE AT R K v, DT RE RS 43 B 4
dr KA A [ R AT /20 B 45
ISR BE S o R BRI R AR
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42 Dy/Yb —Si0, Ef#Ca) 1 La/Yb —Si0, EIf#(b) (5] Davidson %, 2007)

Fig. 7 Dy/Yb—Si0,(a)and La/Yb - Si0,(bh) diagrams of whole-rock (after Davidson et al. , 2007 )

(logfy YA =17 ~ —=15CK 1)« T H N S N s
WAL CAFMQ) A +1.12 ~ +1.27(F£ 2). #if
) Ce**/Ce’" =11.18 ~54.78,8Eu =0. 14 ~ 0. 81
(K 3D b i i o] A6 13 A0 9 23 i, (R AR AL )
(S* D) IMRINHBRIR 5 (SOT ) 4% JE I FAl 4R 2%
RVELr 47 . Luhr(1990) 42 H A ALY E AFMQ <0 )
AT REEIRAS, 29 AFMQ > 2 B, RAUESR T S 7554
WA % % £ C Brandon and Draper, 1996; Jugo et
al. , 2005), 742fd S LA SO; - X A74EC Carroll and
Rutherford, 1985; Sun et al., 2004; Jugo, 2009) .
Sun %5 (2015) N K BE 25 B IR 1) 0 K A iR JE
CAFMQ) KT 2. 78 X ey, b 8 th 2 v
AN ST I AR AR CAFMQ < 1, Ce**/Ce’”
=25 ~66), A KA IR S CAFMQ > 1. 5,
Ce'"/Ce’" =32 ~141)(Wang et al., 2014b): )~
AT Cu-Mo B IR A A S 47 Ce' T /Ce’ " =

60 ~595 V- EIMH N 264) , B = BRI AR SE Clogf, ) AN
— 14 ~ —12CTEBH%E,2018) ; ALAEBEA AL Au-Cu B IR
B RS A Ce' /Ce’ " “E3{H N 80( Gao et al. ,
2017) o ZNEIERTEE A I A RS = BRI A0 0% S R
A Cet/Ce  HIR T IR Bl 2 2% o i ™
WG FHE, LIS G2 JE I A0 B R AR

B IK B 5 AR E B IEAH K (Kelley and
Cottrell, 2009, SR 1T, 7S£ IE KB R SR A2 25 28 0 99
FALTE RS KR IR TR R IOK A S
SUIR RS B EARDC NI PR — o 3 itk K
AT BRI A 0 T 7K e A 485 1 38 Dk 4 T N K
bifi % A1 Bl M8 ( Richards and Sengor, 2017); 55— Ff
ST 5 3 i 2 A P R A ) AL 8 5 T e Ji
P44 (Richards and Sengor, 2017) . B AWFST R
SR, TR G Gl KB AR KBS Y Cu-
Au-Mo #” PR ( Richard, 2015 ) , 1B 75 435 3 0 v 4% 4215 1)
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it K & & ( Richards and Sengor, 2017), it B iy
R BRIV A A RS 132 o Pl P I 7 AR 1) Ji
PRI A RARASAR |78 2 A T g I T B 7 st
B, BUREANEYIUE J 58 R A A B R R
A Richards and Sengor, 2017) . HF5EX B HAEAR
J S AL il N TR BB B, TEARCHR A i A B A
AT HERR A 2K 55 0 U1 A Bl A ) mT fig s BRI 3
BN OrE R g A AR R =S K A AE ML
TR BT DU V2 A B = A T ot 7K I A 485
HF I BRI A N T 47 S 3 1Y 2% 1K) K il A P
HiuE
6.2 IEKITAEBIRE

TEJE MR BT T, B A IR I Sl 5 A &
KRR T L E A JE R B A IR A 2R ( Richards,
2009; He et al. , 2016) o DA 5 KW AR SE 5K E
YT B e E ML 2 0 2 (Wang et al. , 2014a,
2014b; Yang et al., 2015; Hou et al., 2015a,
2015b) o IR K S iR, 7 OB 5 1A )
JKHFICRobb, 2005) o M5 R 7K F 5K T3 5
I, YA LA A v R AR AR LR, R A I A D
fEFFARAZE 42 8 0 2 (i Cus Aus Mo) D056 ) i 44
IYBC ok 2 2%, 2001 ), B w4 4R W 1E
(Robb, 2005), {27 4 ih 52 %3 (4 ~6 km) J5 7= 4E 78
JERIS A CRichards, 2003 ). 1 2 3¢ 1 480 3% &2
X TG 25 5240 T6 3 SRR T B AR AR T IR AR S
FIT 7 15 1 %2 56 71 32 ( Richards, 2003, 2009, 2011;
Wang et al. , 2014b) . SR JCE (Cus Aw) X T Al
WIS ) RRANZE L (D, =107, D,, =10°) (Rich-
ards, 2009, 1M i R 5AUIR 524 28 T AE A A (S* )
OIE AR 5 (SO; ), K& 1 5E M1 76 % ( Cus Aw)
BENIEAR NI S5 22 (Sun et al. , 2015) .

NG IEKBES A KB A eHE(1) = - 1.67 ~
+5.44(Hou et al. , 2017, IR 75 A 165 4 th 75 $51F0
B AP T 5L TR A T . 7N A KR H R 4R
Hig[ eHf (1) = =36 ~ — 12 ]( Guriffin et al. , 2000;
Lu et al., 2013b), H5 453 53 W)k 5 8 oo AR K8
R HSEL eHI(e) = + 1.7 ~ + 14,77 1 C JH Mg 2%,
2017;Hou et al. , 2017) . NAEKBES R4S K
TAKEFEC >4 %), HIFAEE T MK E BB A
FF B o R 7K 2 o R G [ A R, S R A
Ty AR TR M5 P gl K A [ 45 C Robb, 2005) 5 53K
TN I LF- A BE i T BB, AR
M HE R 4w AR A R A R AN TRV AE R B Ak

TR 3 CBR A2y, 2015) . W36 BB 25 RER A I 45
IS, AN RN SR AN EE R 5.9 ~4.2 km, 15
BEA R A AR FEAT S (4 ~6 km) , YA A4
SRR I S KR R IR FE R & A A R ER,
WL ™ 575 B T R T . AN IE KB
[ 1 DR R0 7 S LB 48 S G A T AR 3
S RIS P TS BRI A% B A T
B S, TC VAT A3 R S T B AL 4 4
MR A, MO A IE K BE R BT B BBE 4 T R 1
W

7 2

4k
(1) NEIEKBEA B A ], S04 5 5 R AR Bt
Ji R 2 BE, JLAER T Clogf, ) o — 17 ~ =15, 45 it
JEh 615 ~669°C , &5 i [ 71 4 103 ~ 165 MPa, 45
TREE 4.2 ko A VR A B I A T AT
HAGRECAFMQ) R + 1. 12 ~ +1.27, 45 iR A
834 ~868°C , &5 it [k 774 158 ~ 191 MPa, 45 &% S
5.9 kmo HEEIKENS5.66% ~6.41% . HHEEA
()45 il 687.89 ~ 1 098°C, Ce** /Ce®* =11.18
~54.78 IXUCHFMER WIS A IE K BEA 16 2L 5
h K e AR IR FEAR B A, R AT IRE 5.9 ~4.2
km.

(2 W REHR T IE SR DR 25 A Bl e A 1 I
KR 7 3 R 4 T N 41 v I T 11 KB
A T M A 2358 AR AR IR 7S A 2 RO K R
RARE K. HEKE RIRERFE SV AR
(R, H AR FEAR T30 A K Pl AR %78
JCBE A B IR IR T
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