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Abstract: The Hongshangou porphyry copper-gold deposit is a typical deposit in the Hongshan polymetallic metal-
logenic area. It is located in the Wu’an depression of Shanxi fault uplift in the southern margin of the central North
China Craton. The ore body mainly occurs in the Hongshan syenite porphyry. Muscovite and chlorite are well de-
veloped in the mineralization center and periphery. In order to discuss the diagenesis and mineralization signifi-
cance of muscovite and chlorite in Hongshangou copper-gold deposit, electron probe microanalysis (EPMA) was
used to analyze muscovite and chlorite in different occurrences and metallogenic stages of the deposit. The results
show that the distribution characteristics of chlorite in the mining area can be divided into three categories: chlorite
associated with metal minerals (Chl-1), chlorite altered from hornblende (Chl-2) and chlorite altered from biotite
(Chl-3). The three chlorites are all Fe chlorites, indicating that they were formed in a reducing environment. The
replacement of Fe to Mg and the replacement of Si to Al" in the structure indicate that the formation of chlorites is
affected by Fe- and Mg-rich ore-forming fluids. The formation temperature of chlorite calculated by geological ther-
mometer is between 112~272°C, which belongs to the range of medium-low temperature hydrothermal alteration,
LA-ICP-MS results show that the completely altered chlorite is richer in Cu, Sn, Rb, Zn, Ti,/Vi,"Sr, V, Co, Ni
Ms:2),\ which belong to

ordinary muscovite and polysilicic muscovite respectively. The muscovite clogely related \» miier Zization has the

and Sn. Muscovite mainly includes primary muscovite (Ms-1) and secondary muscovite

characteristics of high Si, Fe and low Al, LA-ICP-MS results show that+he | uscovite formed 1n the reducing envi-
ronment is richer in V and W than the muscovite formed in the oxidizing i vircament, suggesting the mixing of me-
teoric water in the later stage of the fluid. Bas>d on *ie ‘vesearch res lis/or this paper, the ore-forming fluid of
Hongshangou copper-gold deposit is acidic in the ¢arly stag< ciid ¢ adually changes to neutral in the later stage. The
ore-forming environment of copper-gold-depsit is 1 tar ~eutral and reduced medium-low temperature environment.
The ore-forming fluid is rich in Fe, M<¢ \wnd noor)in“si.

Key words: muscovite;~ thlorite; electron probe microanalysis; Hongshangou porphyry copper-gold deposit; North
China Craton
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Fig. 3 Typical microphotographs ( plane-polarized light) of chlorite
a—Chl-1, A S 3G A1), SMINA KA A% BT 384 b—Chl-1, 898 58 23U G 1), Al WA SE R3S TN A %
SfaNa Ko A BT o—Chl-1, SR8 5e 2 ET Y, T A 2B B, SAING BRath Ka A% 85
L d—Chl-2, BORB/N, SN I . e—Chl-2, M N AR A Sk Tefr, 5 B A B 6 (—Chl-3, B R i ke
A, 5RAR B IE Ab—8IK A Am—FINA; B—R AT, Chl—50e 41 Cpy— BT Py—28k™; Qu—pidk
a—~Chl-1, chlorite completely metasomatism dark minerals, and coexists with amphibole, feldspar, quartz, and chalcopyrite; b—Chl-1, chlorite com-
pletely metasomatism dark minerals, visible incomplete metasomatism amphibole skeleton crystal, and amphibole, feldspar, quartz, chalcopyrite sym-
biosis; ¢—Chl-1, chlorite completely metasomatism dark minerals, visible incomplete metasomatism biotite crystal, and hornblende, biotite, feldspar,
quartz, chalcopyrite symbiosis; d—Chl-2, small particles, symbiotic with hornblende; e—Chl-2, hornblende is partially altered into chlorite, which
is symbiotic with biotite and chalcopyrite; f—Chl-3, biotite partially altered into chlorite, coexisting with biotite and pyrite; Ab—albite; Am—horn-

blende; Bt—biotite; Chl—chlorite; Cpy—chalcopyrite; Py—pyrite; Qtz—quartz
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Fig. 4 Typical microphotographs ( cross-polarized light) of muscovite
a—Ms-1. 1, A= BHESGER S K A A, b—Ms-1. 1, FRAS B RK A LA, o—Ms-1. 2, FIRA S B S5 BRREET )  RHS A A
d—Ms-1. 2, iR A B RS A SikREE B A e e—Ms-2. 1B RAS RSN AZ b 5ASIAE ;) —Ms-2. 1,8 TIRA = /S
Rz b S o M2, 2 SR R S RE T RAZ L SERIRET W) IR0 A s h—Ms-2. 3, iR A = B 5EkIRER DY) |
BRI i —Ms-2. 3, FIRA S BHES R SRR Y EME 4, Cal—I7 AT Cpy—BMIH ; Kts—HH <A1 ; Ms— =t PI—RHE
f1; Qu—AfJE

a—Ms-1. 1, muscovite aggregates coexist with potassium feldspar; b—Ms-1. 1, flaky muscovite coexists with potassium feldspar; c—Ms-1. 2, flaky muscovite

coexists with carbonate minerals and plagioclase; d—Ms-1. 2, flaky muscovite aggregates coexist with carbonate and potassium feldspar; e—Ms-2. 1,

scaly muscovite superimposed on potassium feldspar, coexists with quartz; f—Ms-2. 1, scaly muscovite superimposed on potassium feldspar, coexists

with quartz; g—Ms2. 2, scaly muscovite superimposed on feldspar, coexists with carbonate minerals and chalcopyrite; h—Ms-2. 3, flaky muscovite

coexists with carbonate minerals and chalcopyrite; i—Ms-2. 3, flaky muscovite aggregates coexist with carbonate minerals and chalcopyrite;

Cal—calcite; Cpy—chalcopyrite; Kfs—potassium feldspar; Ms—muscovite; Pl—plagioclase; Qtz—quartz

ZIEMER, — I AL/ (Al+Mg+Fe) >0. 35 A
A AT, AL/ ( Al+Mg+Fe) <0. 35 W Sy 2k 55
WPk AZ (Laird, 1988) , 3 3 /R 45 R84 1Y
Al/(Al+Mg+Fe) {E /N T 0. 35, AL LA 4 49
PR B4 Y R BB ™ W) kS . Fe/ (Fe+Mg)

{EL AT e A1 T8 R B, — A Fe/ (Fe+Mg)
BB, IR BT AR R P [ Fe/ (Fe+Mg) >0. 5], 5
JER, Fe 28841 (Inoue, 1952; Bryndzia and Scott, 1987;
FREMEE ) 2012) , Chl-1 () Fe/Fe+Mg {5 1E 0. 57 ~
0.65 Z[A],Chl-2 (% Fe/(Fe+Mg) fH7E 0. 44~0.49 2
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Table 1 Electron microprobe analyses of chlorite from the Hongshangou copper-gold deposit

A Chl-1 Chl-2 Chl-3

S 259-1 259-2  416.1-1 416.1-2 416.1-3 416.1-4 264.3-1 346. 13-1 416.1-1 419.5-1 419.5-2 419.5-3 387.2-1 387.2-2

Si0, 26.41 27.06 28.81 28.66 27.88 28.12 30.20 30.31 29.22 29.17 29.58 28.58 34.24 34.41
Tio, 0.12 0.10 0.22 0.21 0.20 0.20 0.45 0.35 0. 06 0.31 0.30 0.30 0.39 0.39
Al, 04 12.03 9.75 11.38  10.91  11.32  10.80 8.73 8.99 11.47 12.66 12.66 13.16 8.24 8.40
Cr,y 04 0.09 0.18 0.17 0.28 0.19 0.11 0.28 0.18 0.48 0.36 0.30 0.26 1.10 0.51
FeO 35.10 35.67 31.42 31.08 31.98 32.30 25.53 25.73 26.38 26.26 26.01 26.06 25.69 25.78
MnO 1.45 1.15 1.13 1.04 1.24 1.17 0.98 0. 66 1.41 1.03 1.01 1.10 1.41 1.39
MgO 10.58 12.20 12.67 12.95 12.43 12.57 18.08 18.63 16.06 15.55 15.75 15.52 13.52 13.66
CaO 0.06 0.05 0.30 0.36 0.36 0.30 0.17 0.17 0.32 0.51 0.54 0.33 0.27 0.28
Na, O 0.02 0. 04 0.03 0.04 0. 06 0.03 0. 00 0.03 0. 06 0. 06 0.09 0.08 0.05 0.03
K,0 1.16 0.28 0.01 0.02 0.70 0.34 2.32 2.13 0.59 2.52 2.24 2.74 1.04 1.10

eyl 87.19 86.72 86.26 85.74 86.61 86.08 87.10 87.59 86.37 88.67 88.66 88.36 86.29  86.30

Si 3.03 3.08 3.23 3.24 3.16 3.20 3.15 3.30 3.21 3.15 3.17 3.09 3.72 3.73

Ti 0.01 0.01 0.02 0.02 0.02 0.02 0.03 0.03 0.00 0.03 0.02 (2R 0.03 0.03

Al 1.63 1.31 1.51 1.45 1.51 1.45 1.60 1.15 1.49 1.61 1.6C 1.6 1. 06 1.07

Cr 0.01 0.02 0.01 0.03 0.02 0.01 0.03 0.02 0.04 0.03 0.0 0.02 (U] 0.04

Fez+ 3.28 2.97 2.95 2.94 3.03 3.07 2.42 2.34 2.43 237 2.33 2.36 2.34 2.34

Mn 0.14 0.11 0.11 0.10 0.12 0.11 0.09 0. 06 0.3 0.09 0.09 0.10 0.13 0.13

Mg 1.81 2.07 2.12 2.18 2.10 2.13 2.55 3.02 270, 2.50 2.52 2.50 2.19 2.21

Ca 0.01 0.01 0.04 0.04 0.04 0.04 0.5 0.02 ). 04 0. 06 0. 06 0.04 0.03 0.03

Na 0.00 0.01 0.01 0.01 0.01 01 0.0 0.01 0ot 0.01 0.02 0.02 0.01 0.01

K 0.17 0.04 0.00 0.00 0.10 0.95 0..6 0..J 0.08 0.35 0.31 0.38 0.14 0.15

F 0.11 0.14 0.07 0.10 J9.13 0.0 0.11 0.24 0.18 0.11 0.07 0.08 0.20 0.22

Cl 0.00 0.00 0.00 0. 0 0. 00 v.\00 0.01 0.00 0.01 0.01 0.02 0.00 0.00 0.00

Xpe 0. 64 0.59 0.8 0.57 ). 59 5.59 0.49 0.44 0.48 0.49 0.48 0.49 0.41 0.40

X 0.36 0.41 N42 0.43 v 41 0.41 0.51 0.56 0.52 0.51 0.52 0.51 0.38 0.38

Ee&(gl;ﬁ' 0.6Z 0,52 A\ N .57 v. 59 0.59 0.49 0.44 0.48 0.49 0.48 0.49 0.52 0.51
Al/(Al+ \

24 024 0.:1 0.23 0.22 0.23 0.22 0.24 0.18 0.23 0.25 0.25 0.26 0.19 0.19

Mg+Fe™)
NaO+K,O0+
a C 02 0.19 0. 06 0.08 0.10 0.20 0.13 0.30 0.34 0.17 0.48 0.45 0.47 0.22 0.22
al
Al}l\fg+ 6. 81 6.78 6.57 6.57 6. 64 6. 65 6.56 6.52 6.54 6.48 6.45 6.54 5.58 5.63
F2 HUAMETW KEZEA LA-ICP-MS 54 R w, /107
Table 2 LA-ICP-MS analysis results of chlorite in Hongshangou copper-gold deposit
2 9 Li Sn Ga Se Ti \% Cr Co Ni Cu 7n As Rb Sr

416.1-1 123.00 1.38 20.46 16.32 493.08 121.53 29.02 22.83 40.48 2.26 624.13 0.48 309.03 327.45
Chl-1 419.5-1 426.74 6.79 24.91 19.00 1 815.11 321.74 21.7 61.91 67.26 0.66 916.93 0.05 1393.04 6.91
264.3-1 161.16 0.08 18.08 1.76 29.62 12.35 50.01 0.19 0.06  0.90 9.43 0.50 133.89 14.48
264.3-2 101.20 0.11 10.68 1.40 21.66 12.18 6.08 0.27 0.36 1.53 7.75 0.10 116.36 6.45
Chl-2 264.3-3 106.90 0.46 13.82 2.72 327.4 74.74 12.99 3.00 1.57 1.85 76.65 0.14 175.15 17.97
346.13-1 17.25 0.43 9.53 3.72 6.98 23.65 160.53 4.07 6.46 1.33  64.87 0.04 10.13 139.29

387.2-1 243.00 9.55 29.00 47.07 1630.04 357.13 166.79 47.12 62.73 2.71 1411.14 0.79 663.65 34.39

[8], Chl-3 By Fe/(Fe+Mg) {E 4 0.52.0. 51, %3t PUEA LA Si \NEAAK LE Fe A1 Mg AHE B 2R
LA 4 4 0 PR 5 B B PR A R | BT R AR DUWRELSE A1 NIRECHE ALY, Fe Mg 22 8]t ] 42 4T:

i 7 B AP E— A 38 D g e A R B L B AR E e (Inoue et al. , 2009) , HRIELETR A
53 ZiEABEFHEERXER L ARG A R, 5 SRR A AE ALY -Si (&I i b w2

ZPRATHETHHHERNG, — B ALE BB R (E5a)  BEHITESR e
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®3 #UARESTAFREAEAERMBITTESER < B Ms-1.2(43. 21% ~43. 66% ) \Ms-2. 1 (42. 36% ~

Table 3 Calculation results of different geothermometers
in the Hongshangou copper-gold deposit

e v TKMLS7- TC88-  TK90-  TI91-  THVOIL-
N BN i AV ALY
259-1  272.00 250.00 150.00 261.00 158.00
2592 258.00 233.00 137.00 243.00 132.00
g 41611 243.00 185.00 11300 194.00  58.00
416,12 242.00 183.00 112.00 192.00 54.00
416,13 240.00 209.00 122.00 218.00  94.00
416,14 242.00 196.00 117.00 206.00  75.00
264.3-1 197.00 160.00 107.00 164.00 -
346.13-1  199.00 164.00 108.00 169.00 -
i 416.1-1  221.00 192.00 115.00 198.00  68.00
Ch2 1051 235.00 213.00 125.00 219.00 101.00
419.52  229.00 204.00 120.00 210.00  88.00
419.53  246.00 230.00 135.00 236.00 127.00
, 387.2-1 11500 - 163.00 164.00 176.00
Ch3 722 11200 - 16700 166.00 176,00

TE: —RRRI AR,

A KR ALY X SR B (AR, 2021); 7F
Fe—Mg [l fif P 4t BRI 8 67 AH 5656 2R (1 e ) L0
WIFEL e A TP BRAEAE ALY X Si i B /06 77 7 Fe
5 Mg BB, A - ALY B b P L 4
PEFAISEIER (F Se) , BRI ALY X 04 2 460 o)y
I Fe-Mg % ALV & #2475 et al. , 199, F /N,
2014) , KraniZn % 01es7) (hoe K, A1 Bt 5
Fe/(Fe+.1g H171 850 T+ %, Fe/ (Fe+Mg) — ALY
B A A (& Sb) | BB SRR A ALY -Si B
RS R Fe-Mg B IF 88 21 Fe B4 Mg i#EA
%8 A (Kranidiotis et al. , 1987; Xie et al. , 1997)
SR AT TR B T A T A B 4 T D LT Ak
IR SRR & A AR A (SO & 4, 1998) .
5.4 ZRAPFEMREFE MgHIXE

BT AMIFTIE AT Fe™ Fe™ Si Mn MHE 75
Mg A R, RGP ATE BT 7l — W R %
3l (Battaglia, 1999) . #k LA &8 R aklef £ 2
FHESF5 Mg X R BT AL AL Fe* 5 Mg £ 55 1 AH
K( Bl 6a.6b) , HAWFAE 5 Mg AHOCHEARBT R (& 6c
6d) , ULIIAIX SR 28T T Z AR AR LTS 3.

6 Haz=t b il RE

H = B FIREF T 45 R WL 4 AR i TR
BHER, Ms-1. 1/9Si0, & & (44. 00% ~45.21%)

44.23%) Ms-2. 2(42. 46% ~44.15%) Ms-2. 3(43.71% ~
44.40%) 1Y Si0, &l s Ms-1. 1 #Y ALO, & &
(34.33%~37. 12%) 5 Ms-1.2 ) ALO, &5 (35.17% ~
37.03%) #1124, Ms-2. 1(30. 20% ~ 34. 75%) .Ms-2. 2
(32.47% ~33.76%) Ms-2.3(30.47% ~32.55%) Y
ALO, F U BT Ms-1. 1 5 Ms-1.2; Ms-1. 1 #Y
FeO(0.42% ~4.16%) .MnO (0. 01% ~0. 15%) .MgO
(0.02%~0. 18%) 5 Ms-1.2 ¥ FeO (1. 41% ~4.37%) .
MnO(0.01% ~0.07%) MgO (0. 03% ~0.36% ) &=
Ms-2.1 (%) FeO (1. 34% ~5. 73%) MnO (0. 11% ~0. 34%) .
MgO (0. 60% ~2. 68%) , Ms-2. 2 ] FeO (1. 71% ~
5.76%) .MnO (0. 10% ~ 0. 25% )"\ Mg (0. 46% ~
2.05%) ,Ms-2. 3 ) FeO (4 18% ~'6.53%) . MnO
(0.10%~0.18% ) MAgO(1.119%—5. 34% ) S HRHAK
HRAE Tisclehes do. € 551 1529) #2 H ) (Fe'™ +Mn +Ti—
ALY = (Mg -Li) R ESHEE LA 85 K P i =
R SR R BV 0 R T i E s B
NEFEAR S ZHEAS T (ET),

FRAE Miller 55 (1981) $2 H ) Ti—-Na—-Mg =i 43
KRBT R E . Ms-1. 1 Ms-1. 2 237
R A TR, Ms-2. 1 Ms-2.2 Ms-2. 3 7%
EXRAEH =L E N (E 8) (Miller e al. , 1981;
Monier et al. , 1984; A% 2021) .,

2 BF LA-ICP-MS 70 BT 45 3¢ WL 3% 5, AR 4
LA-ICP-MS 55 ,Ms-1. 1 5 Ms-1. 2 fH I, Ms-1. 1 H
BRE ) Ga( 5 20. 21x10°°) Zn (5 190. 96
107°) Rb (x5 227.88x107°) &4k, Ms-1.2 A%
Y Ba( B 5 429.2x107°) Sn(F i 5. 03x107°) |
Nb (fei 13.47x10°°) Ti(fei 1 313.43x10°°) &
i, " F W Li Zr .Cs Cu St S AHIE,

Ms-2.1 5 Ms-2.2 Ms-2. 3 b, Ms-2. 1 HEK
T W (Him 1.95x10°°) Rb( &t 280.5x10°°) | Li
(Fer5 309. 85x10°°) &t Ms-2. 2 HABE I V(i
5 311.64x10°°) | Ga (f i 25. 47x10°°) Se (i
39.89x107%) Zr(fizih 77. 01x107°)  Cs(fix i 13. 87
x107°) . Zn (Fe i 987.57x10°°) . Sr( Fx i 327. 45%
107°) i, Ms-2. 3 HLAT B Ti (fe i 1 528. 64
107°) &, =K Sn Cu FEAI (K 9),



7.1 FRAEKRE

ZrUe AR RIS A TR 1, B3 X ER
SEEAN AU PRI P A G a8 70 R 25 A o 1 B 35 T
B ( Kranidiotis and Maclean, 1987; Zang and Fyfe,
1995; Zhang et al. , 2022) . HUEASFhERIE A1 H 5
T B TR A 1, o A R M o it B TSR A SR S kL

934 w0 W o R %44 %
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) & i % o
0.6 | L °
. 04f o MT
LY
04 L
02} Ae A S M M
30 32 34 36 38 40 42 44 0.0 0.2 0.4 0.6 0.8 1.0
Si All\
= c d
u L]
[ ]
0.6} ~ 15) o .
Y
“ Lok L] °
0.5 » ’ g. '
e i °
» beo N 2 0.8 A “‘
- 5 .
0.4 . ° 0.6 - e,
I - .
° ° 04| . %%
L]
. u
03L 02+ L)
Il l 1 1 1 1 1 ] J L 1 L L 1 1
0.35 040 045 050 055 0.607w9%5 \9 A 3.0 3.5 4.0 4.5 5.0 5.5
Mg Al
1.4 | (& £
- 0.7 F
1.2 F ‘ - B <
10 b ¢ " 0.6 |- * .
e ™ e " b 0 L ] ]
A S e A B “.. [ i = - ‘.
Iﬂ. n zﬂ 05 L " ] - -
wr - s "= = | e : n -
L}
A
04 b o ® . i .- -t
0.2 " oe, R L] =
0 0.2 0.4 0.6 0.8 1.0 0.14 0.18 0.20 0.24 0.28
Al AVAL+Mg+Fe
5 Bt Kb ek n ny EE T (apfu) SR B
Fig. 5 Correlation of main cations (apfu) in chlorite from the Hongshangou copper-gold deposit
TRV <5 B PR B8 A7 D O A B 2 R DOl 45 2R (125 ~
7 e 346°C) HE AT He (XUDTHE, 2016) , Kranidiotis %

(1987) Fritaa iy il B2 5 f0, 22 AR 45 AR &, 5
L VA R 4 0 DR [ Ja 4t 1 b DX 1Y) 28 B4 PR (100 ~
268°C) AL (2= 5 MESE, 2017) , £ b, A SCEE
Kranidiotis 55 ( 1987 ) £ H %) Ml 5 78 & T HVE A Sy
AR i E SR E U N 112 ~272°C Z [H]
(& 100) , J& T b AR il FOBS R, 728 03 Bl A
R AR 5 40 X 28 7 22 300 A0S B AR OC (R I 45
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Fig. £7 \or'elation of the main cations and Mg(apfu) in chlorite in the Hongshangou deposit
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Fig. 7 The nomenclature of the micas from the Hongshangou

deposit ( modified from Tischehendorf et al. , 1999)

(¥& Miller et al. , 1981)
Fig. 8 Ti—-Mg-Na ternary classification diagram of muscovite
from the Hongshangou deposit ( modified from Mille
et al. , 1981)
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Table 5 The results of muscovite LA-ICP-MS analysis in Hongshangou copper-gold deposit
By HEAE Li Se Ti \Y Cu Zn Ga Rb Sr Zr Nb Sn Cs Ba w
203.73-1 256.85 2.21 794.36 112.70 0.28 190.96 20.21 227.88 15.03 0.65 1.84  3.00 1.49 32.20 0.80
Ms-1.1 203.73-2 109.41 1.85 599.37 40.45 0.24 45.86 13.23 158.61 7.45 0.11 3.25 2.82 0.47 27.59 0.40
264.3-1 101.20 1.40 21.66 12.18 1.53 7.75 10.68 116.36 6.45 1.37  0.04 0.11 0.14 53.17 0.14
314.33-1 134.66 1.92 1008.89 67.46 0.72 14.01 10.99 197.90 11.26 0.51 12.05 5.03 0.54 334.71 0.22
M-l 2 314.33-2 145.05 1.83 1313.4359.21 1.85 15.52 11.75 214.72 8.27 0.55 13.47 4.04 0.31 429.20 0.18
320.3-1 234.90 2.93 967.40 56.10 0.20 90.34 13.19 188.90 6.02 0.28 6.76 2.90 0.35 105.54 0.17
320.3-2 258.11 3.12 1170.53 57.91 0.32 82.59 13.50 200.44 5.92 0.28 8.16 3.25 0.40 112.58 0.17
222.5-1 131.23 3.67 510.70 21.54 0.32 29.60 9.56 181.51 10.07 0.30 0.43 1.19 1.03 132.13 0.95
222.5-2 243.30 3.69 1012.99 78.18 0.36 60.70 14.02 280.50 7.39 0.22 2.13 0.9 1.75 263.01 1.45
Ms-2.1 280.3-1 112.95 2.95 562.67 12.60 1.11 8.69 3.49 169.10 35.07 0.47 0.74 1.11 0.31 482.85 0.76
280.3-2 228.40 3.32 853.86 23.78 9.31 61.72 7.35 270.59 35.18 2.43 2.43 1.12 1.27 258.16 1.95
364-2 309.85 2.98 31.15 5.08 0.16 18.81 10.82 196.86 68.34 0.65 0.40 1.13  0.53 5.44 0.21
203.73-1294.36 2.08 1314.74 64.22 0.19 43.70 14.14 190.19 27.33 8.72 19.57 5.03 0.43 48.19 0.38
264.3-2 130.75 32.53 976.78 252.96 1.79 779.22 24.87 176.88 30.13 77.01 0.32 5.90 — .49 14.43 0.20
Ms-2.2 416.1-1 122.20 39.89 515.72 311.64 0.83 987.57 25.47 183.18 109.72 45.57 0.75 1D0.7v 636 \7.14 0.03
416.1-2 123.00 16.32 493.08 121.53 2.26 624.13 20.46 309.03 327.45 1.83 0.48 1038 13,7 29.09  0.08
416.1-3 20.23 3.40 169.79 129.07 18.84 3.91 10.76 33.88 151.03 7.9¢. 3.23 3..5-70.26 99.60 1.20
264.3-3 106.90 2.72 327.40 74.74 1.85 76.65 13.82 175.15 7.9 .18 3.7 0.46 0.41 83.32 0.22
Ms-2.3 320.3-1 122.18 3.59 1144.43 74.96 0.63 133.69 13.24 216.65 1.79 0.1 2.46 3.37 0.30 91.57 0.07
320.3-2 116.16 4.09 1528.64 84.20 0.67139.16 ‘i4% 241.47 1. 16- 227  2.63  4.95 0.36 92.69 0.12
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Fig. 9 Box diagrams of trace element composition of various types of muscovite in Hongshangou copper-gold deposit



938 a" oA W ¥R & 5 44 3

b e
R 4
3
=
hl
|

0 250 300 350 400 0 160 200 240 280 320 0 60 80 100 120 140 160
1C 1'C #C
[f

0 180 200 220 240 260 o
e

0 g 120

& 10

2021) o FIFA AU A4 A 2 1A 45 SRR W3k 1L 3 4 A
B AR &8 R 43I i 45 SR 4 P F 210 ~310°C 22 [H]
H A KK A CRINTRE, 2016) , 46 UL 3E 1) &
JE—MEAE 250 ~ 350°C Z ], Horfr Chl-1 W E b A 4
o AE 242 ~ 280°C Z [A], Chl-2 ¢ N 4y HiL, 78 197 ~
246°C Z[H], 15 B 25 LR e A B LT 45 iR B Bt 11 e
1, HEM SO BN RAARR B B, B AR IS S iR
PR AP 5 TRER A AR B T AR & 5 BN 1R
B R 1N R 5 B R AR AR A A5 iR
SBEKINS S5 WA AR pH (T & I T b4
TR e B IS, B0 TR AL T s UL, AT
ISR, 100 ~350°C IR EE 5 4k 41 A1 5 1F
FIZE K AR, M5 k2 i A ALY 5 56 6 &

\(C e

180 200 220 240 260 280

160 200 0

180 200 220 240 260 280
i e

HELE T R 2 e A LR E 5 P4

Fig. 10 Histograms showing the temperature of chlorite in the Hongshangou deposit

( Cathelineau and Nieva, 1985; Cathelineau, 1988)
PRI 48 PR M SR T AR R S ALY (Si 1
ARG R (B 11) i85 R S A
BCRARAL, TR 2T 2 U B A AR 03 A (R R A
2018; EFEIIAE, 2020; KIASFE, 2021 XUAAH S,
2024) ,
7.2 HZiRARBINE

T L1 TR 5 < B PR Hh e e 4 24 AT T S M T R B
w HEi ERSES h el A b B kK F , v
e lle A S2AAEHT  FRBR A, S BURUA TR A A
A1 SRR A AR TR B 14 o A2 2t Jfe
1. BIABFFEUEM SR A L T Fe™ 5 Mg™ 22k 2k
JZ B R SR (3K E 5%, 1998; Chu et al. |



554 1

El S RAT IR BEE LA & 87 IR 1 2z B SR Ye A1 I B H AR AT 7 X

939
37 - b
36F = Chl-1
RET ® (Chl-2
= a4 Chl-3
g 34
z
33 .
32 o I
. b
1 *
-

50

100

150

200

250

300

1.0
4
09 r o "
o=
0.8 e "
— L
B 07r ?
ZE 0.6
05
04
93t A . .
50 100 150 200 250 300
t°C
11
Fig. 11

2020) , EREABIE R, Fe 408 43 18 5] T 76 & iR 2R
FerIg i, BEAE TR E AR S pH [HTHE , S Estlea
I Fe Mg B4, KiE Mg™ i AT £ A, B
B Mg &R F , AR 55 2K H] Zane 55 (1998 ) B AE 4
Ve AT SR SEAVR A 5 67 = S HES T =M 2E
PEIfige , WL LU 98 4] < B DR Hh g e A i AT 402 F A
12 AT, it L8 R 4 8T IR rh g e A 4 )R = R
type- [ @?%/EE,/\EPFEP Fe** 5 =S4t ’ﬁ,j‘f;‘; I
geler, FER BtV S R T i g e A e T TR
JRIREE , FEIREE AR TP IR R il R
VA TR B R 0 e e o A A B R i AGIE
B Fe/ (Faa M) vl S b St U8 A1 45 fib I BT b 3R 855
—IAN LA (Fe+ Mg ) {H B K, A5 04 340 Jir M i g
[ Fe/(Fe+Mg)>0.5], HH i Fest A k1L
Al

W Chl-1
® Chl-2
A Chl-3

type- 11
I\

AlfiE 4

SAUIIIIRES

1
1

_— 1
Mgl 1
i

1

Mg Fe

K12 Bbla e R hagie £ 53 2K 1 i (IR Zane and
Weiss, 1998 )
Fig. 12 Classification diagram for chlorite from the
Hongshangou deposit ( base map after Zane and Weiss,

1998)

1°C

HELLA T PR SR I AE AR 5 Si ALY FEOGHE IR

Correlation of Si, Al" with temperature of chlorites in the Hongshangou deposit

40 R Chl-1 (4 Fe/ ( Fe+Mg) 54 0. 57 ~0. 65
(${E K 0. 60) , Chl-2 B Fe/(Ve+Mg) H N 0. 44 ~
0.49 (X314 0.47) ,Chl-3 fi% Fe/ (Fe -Mg) {H} 0. 51
~0.52(¥HER (L50) FERstosa E & D) Tk
I JFPE -3 e B A BT DTE T R
B . B E 20T IR I & 0 SO HL AU TR R
ST (Sun et al. , 2013, 2015; 04 2023) 7
LA B R T PR ) s B AR A Bk
JEW Y Fe® tE SRR, oA Y e 3k
S IRTALYIUTE | BUEF B i A 3 P A5 TiE
P YA 4 R S PRI b 40T P B3 3 D 1 1)
AR WA T 25 S R PR X 4 e S A o AR
H L, FEOELR E0 R 4 W RO A 2%
7.3 ZRAMETEXNT KHER

B ARZ2EF USRI A o T R B 1E B
AT IR A A % i T H (Jago et al. , 2014; Pacey
et al., 2020; Xue et al., 2021), Wilkinson 5%
(2015) W5% Batu Hijau # RIS & BLER IR A7 fb 2% 5 B
AR O R RGEEAA, R AR EE R 2.5 km
AP, B RS RGN T A s A T T
VSR TR IE R EC N, T Li,Sr.Ba, Mn, Co,
Ni . Zn fil Ph e R85 BT IR Ti R B A &R
G agile A ot R 25 6] A8 AL LA R AR 5 0 R AL A
X @ 5P AR IEBY BOA ¢, BEE IR
RAOMRZE B Bt R &R R @ tiEE
PIICR B, ENIMRZ 225 Xk le A idim TR 1)
R RM, T IRAFIE A5, Zn ,Mn Sc ,Sr . Li
SR S A E AR OGP s AR DG HERIEA T Ti LV 23
Bifi 5 375 B ARk L B R IR ( Xiao et al. , 2018
Xiao and Chen, 2020) ., #& &% e £ i &= o E F Ik E
(EN3) AT A&, Bl o R 58 2 i AR i 2% A



940 " A

i 44 3%

10 10°F

- ||'|g_.'(]ﬂ"
[ |
—
wy/10 ¢
=
T

0.01 0.1

Cu . i
m u 10° — D

Ti — IR M{E (95%)
T 75% (i

B ET
I? % (i

25%HiH

i
E=a

|— FRBLE (5%)

|!J:E

= 10 E

.
—{] '
(]
[
|
L D T
v/ 10
T T

10

o 58 = M

AP SR AT

[ A e 4o gt <

| 0.1
13

HEILTAH € 8 PR S 76 e A e o Z . AR

Fig. 13 Box diagrams of trace element compos tioz of v.riy ) types of chlorite in Hongshangou copper-gold deposit

H1,Sn Rb Zn Ti |V Co Ni Sc {1 B LR &5 oK
SERMA R EReAT, E AR &% T AR 7L 42 Tl
G IUE SIEVENBRPN: AT NWINCE Y Y Q1 M Rk /PSR 104
g a S E SN O STV NN o 7 S R 1 D TR Y
Bl R T A D IR TR TR
7.4 H=zat R BIME

H bR S K ZAREERR L™, o WL T B ik
ARIRI  HAE A2 R BT (B IRLEE TR pHL fH
S5 R BT R oK/ He 9 A5 PR R ( Guidotti
et al. , 1994; Duke, 1994; Halley et al. , 2015; FHUK

a

10} 2
08 *

0.6 *

(Fe+Mg)(apfu)

04t

30 32 34 36 38 4.0
.a\l\'{apl‘u}

&5, 2017; BUSCAE, 2023) , UL AR T, H
mSZEA s, A FRHSRE R, As
B NHRARNL B & A2 Fe Mg XF A B & e, PO T 44 f7
BAEAE S X AN ESR(E 14), ZRASST
R R EY), W b E 2% A s b, IR
TR E & CO, , KRG B IR, fR K RN, T
BUE AL Si B =B BEE AR 135, Fe™ iE ARE
RS LE, pH TR, 3L Fe Mg B4 A1Y K Si B
e A1V B RLE Si ik Al L 5E A =B, Cu BEZ ULTE
B,

b
6.6 A Ms-1.1
: . ® Ms12
6.3 o " M2l
64 b ® Ms22
v ¥ Ms-23
263}
g
6.2 -
6.1 %
6.0 - ~‘\-
: LY
~
A1 L 'l 1 L 1 A L
14 15 16 17 18 19 20 21
Al (apfu)

Bl 14 FIzbk(FetMg) 5 ALY (a) Fl1 Si 5 ALY (b) F5E R
Fig. 14 Correlation of the (Fe+ Mg) and AlM(a), Siand AI"(b) of muscovite



55 4 1

El S RAT IR BEE LA & 87 IR 1 2z B SR Ye A1 I B H AR AT 7 X

941

ZHE o BRI BGRSS ARAE R =4, vl
FEAR AR S AR IR BT T R A7 (5555 4%
2016) , BEILVAH R Cu 76 HHRIR - P PEIREE T
UUVE , 428 APy S A 1) T4 1 25 A2 B U0TE ( Hemley
and Jones, 1964; Portela et al. , 2021) ., FEH FA I
B Fe® AL AALE , A it | &8 B fe ) T bA Ut
P (Liet al. , 2013) ,pH {ETFEE(E Fe Mg B # A1"
o Si B AN JERCE Si #E AL B,

AT KA ME TR EZS B, FAA
=Bk Ms-1. 1 Ms-1.2 #1 Li Zr .Cs . Cu.Sr & w45,
WEH B Ms-2. 1 Ms-2. 2 Ms-2.3 H Sn Cu %5
P,V W Se Zn Ti FEREH =P ESHE, V. Sc
Z 5 R A = B R B ( Uribe-Mogollon  and
Maher, 2018, 2020) ,Ti .V W Sn % = LR 1E A
M FAG A 2 B S, Se TE R AR IE T HE 5
HEARERR S ARk, I =85 8 V. Se, B =
BEEHE V. Se, Ms-2. 1 fJ V. Sc T Ms-2. 2,
Ms-2.3, Zn E%Efﬂ@*‘x%ﬁf\ﬁ%m, =
b = B B AR Cu, Zn $F1E ( Chaffee, 1982; \1a'ley

6

a A Msli
® M 1>
¥ Ms-2.1

4t W Ms-2.2
< ¥ Ms-23
T2t
= A
[ |
A
A
LY LI 2
o™
s 1 1 s 1 '
100 150 200 250 300 350 400 450
w(Rb)/ 10"
C
20 |- &
I5F a
Z 10t i
= ‘ -
05 F
[ | v A
L e ® v
L]
i Nt a
0
1 1 1 1 1 1 1
0 2 4 [ 8 10 12 14
w{Sn)/10°°
Kl 15

w(Sn)/10°°

w(Cs)/10°®

et al. , 2015), Ms-2.3 i Zn SHHET Ms-2. 1 Ms-2. 2,
FH Y T e i AR Ms-2. 1 Ms-2. 2 TR T
BT R

2= B TC R ARG B (18] 15) o, ol
TCR A S (4 BE A B BE RS RN AR A pH
8 JE 77 I8 B A M Pt i A1 T R 4 e ( Ayuso,
1987; Loucks, 2014; Benavides, 2017; Alva-Jimenez
et al. , 2020), Ms-2.3 % Ms-2. 1 Ms-2. 2 & 4E Sn,
TR VW Zn, R IIE BT RS pH (E At
24 (Mallmann and O’ Neill, 2013) . £ I, dt il
W PR A R L E G B I pH (BAFAE, Ms-2. 3
PR T G JEIHE Sc V1 Ms-2. 1 AL,
& W B A 5 A RS A A IR L S R
MR PEREAR
7.5 REBEUERRTIERENY

BEAAE PR 4k 0 B e A L s TR R A
FRARAE , b UK S S BCE R T R R L T
B AR 7 R R AR T E R BT 4 (Ohmoto,
1997 ) FEBE LA S8 R A h, 5 A s Rk

8

b

6 F

(%]

120 160

w(Zn)/10 ®

80 200

1 1 L 1 1 1 1
0 50 100 150 200 250 300
w(V)/10

350

HELA A B8 IR A = B o R ol g

Fig. 15 Binary diagrams of muscovite trace elements in Hongshangou copper-gold deposit



942 A

i W

A
= % Gk

i 44 3%

(1475 AT 18 /R TE T W R AR & & €O, , Ttk 2R
P, 5 A A0 o B TR) & AR 3R I v
(5 frd 5%, 2021; H R4 %, 2022), LBt A =
B A& AIFESIH H = B, Cul5 CUE & 4 & ) ok
a8 B KUK BN, AR BE T %, e i A
b A% 28 5 T (IR IR 28 2 BE A T 38 A kAR 2
Fe™ it A AR JE 1A SR 1) o P55 AE |, Ca FF 46
DUVET & - (s, 2023; 224, 2024) ,
S5yt A p &k A Chl-1 B9 BUIR EE A 270 ~
280°C , I g A UL BE R A, pH BT, s B
Si I Al (k=B B L LA 40 K 3 AR
I8 rp (R P R R

(1) PaH £ Ry 3 ZE e A Y iR T
112~272°C 20, i 54 @3t (fF) A ny g e
AR BETE 242 ~ 272°C Z [0), fdU i Je R A5 7R i L 4
S RIE BT AR IR AR S PR BT

(2) GlefaEs R T 2B I05RE e
& Sn.Rb.Zn .Ti .V .Co Ni Sc, KR & BibA B W)
A RE;

(3) gyl v 5 AR RE S
B 5758 kAR R B R A
WA, g AR N R s, 5K A
W A B RO A B A R 3
At FoR-FR A B B R AR T N 2 =
B, SULBE VI CH F =B R S SiFe V. W K
AL Sn FOFFIE , 8 705 1t LLIVA B 4 1 R a0 I A L 400 22
Rk | ARt BE e, Je It G AR /K i i A B
AT T 1) v M A A AR BE R ARG, SR A L Y A 4
W IR A5 A P A

References

Adegoke I A, Xia F, Deditius A P, et al. 2022. A new mode of mineral
replacement reactions involving the synergy between fluid-induced
solid-state diffusion and dissolution-reprecipitation; A case study of
the replacement of bornite by copper sulfides [ J]. Geochimica et
Cosmochimica Acta, 330: 165~ 190.

Ai Yongfu and Liu Guoping. 1998. The study of chlorite at Dajing deposit in
Innrer-Mongolia of China[ J]. Acta Scientiarum Naturalium Universitatis

Pekinensis, 34(1): 99~107 (in Chinese with English abstract).

Alva-Jimenez T, Tosdal R M, Dilles J H, et al. 2020. Chemical varia-
tions in hydrothermal white mica across the Highland Valley porphyry
Cu-Mo district, British Columbia, Canada[J]. Economic Geology,
115(4) : 903~926.

Ayuso R A. 1987. White Mica Geochemistry of the Catheart Mountain
Porphyry Copper Deposit, Maine[ R]. US Government Printing Of-
fice.

Bai Fusheng. 2022. Study on the Genesis and Mineralization of Hongshan
Complex in Han-Xing Area, Southern Hebei Province[ D ]. Shijia-
zhuang: Hebei Geology University (in Chinese with English ab-
stract ) .

Basori M B I, Zaw K, McNeill A, et al. 2022. A mineralogical and geo-

chemical application for determining hydrot"e mz " alteration zones as-

ni area, Peninsular Malaysia[ J]. 2 opliedGed hemistry, 145(2) .
105 ~404.

Battaglia S. 14907\ \ppl, ‘g X ray geothermometer diffraction to a chlorite
[J]. Clay. ‘and/ciay Minerals, 47(1) : 54~63.

BSovavid )S B. 2017. Characterisation of Sericitic Alteration at the Taca
Bajo Porphyry Cu Deposit, Argentina[ D]. University of Tasmania.

Bryndzia L T and Scott S D. 1987. The composition of chlorite as a func-
tion of sulfur and oxygen fugacity; An experimental study[ J]. Amer-
ican Journal of Science, 287(1) : 50~76.

Cathelineau M. 1988. Cation site occupancy in chlorites and illites as a
function of temperature[ J]. Clay Minerals, 23(4) : 471 ~485.
Cathelineau M and Nieva D. 1985. A chlorite solid solution geothermome-
ter the Los Azufres ( Mexico) geothermal system[ J]. Contributions

to Mineralogy and Petrology, 91(3) : 235~244.

Cerny P, Chapman R, Teertstra D K, et al. 2003. Rubidium and cesium
dominant micas in granitic pegmatites [ J]. American Mineralogist,
88(12):1832~1 835.

Chaffee M A. 1982. A geochemical study of the Kalamazoo porphyry cop-
per deposit, Pinal County, Arizona[ J]. Advances in Geology of the
Porphyry Copper Deposits; Titley, SR, Ed: 211~225.

Chang Hao, Zhang Liangliang and Yue Peng. 2020. Preliminary study on
geological characteristics and genesis of Hongshangou copper deposit
in Handan City[ J]. China Metal Bulletin, (1): 37, 39 (in Chi-
nese with English abstract).

Chang Hao, Zhang Liangliang, Yue Peng, et al. 2017. Preliminary Sur-
vey Report on the Hongshangou Copper and Polymetallic Deposit in
Wu’an City, Hebei Province[ R]. Ninth Geology Division of Hebei
Bureau of Geology and Mineral Resources Exploration(in Chinese).

Chang J, Li J] W and Audétat A. 2018. Formation and evolution of multi-



55 4 1

El S RAT IR BEE LA & 87 IR 1 2z B SR Ye A1 I B H AR AT 7 X 943

stage magmatic-hydrothermalfluids at the Yulong porphyry Cu-Mo de-
posit, eastern Tibet: Insights from LA-ICP-MS analysis of fluid in-
clusions[ J]. Geochimica et Cosmochimica Acta, 232: 181~205.

Chen Yanjing, Ni Pei, Fan Hongrui, et al. 2007. Diagnostic fluid inclu-
sions of different types hydrothermal gold deposits[ J]. Acta Petrologi-
ca Sinica, 23 (9): 2 085 ~ 2108 (in Chinese with English ab-
stract ) .

Chu G, Zhang S, Zhang X, et al. 2020. Chlorite chemistry of Tongs-
hankou porphyry-related Cu-Mo-W skarn deposit, Eastern China:
Implications for hydrothermal fluid evolution and exploration vectoring
to concealed orebodies[ J]. Ore Geology Reviews, 122 103531.

Chu Xiangkai, Shen Ping, Li Changhao, et al. 2023. Ore-forming fluid
evolution of the Wunugetushan porphyry Cu-Mo deposit, Inner Mon-
golia: Evidence from the short-wave infrared spectrum, mica compo-
sition and fluid inclusion of quartz[ J]. Acta Petrologica Sinica, 39
(11): 3461~3 478 (in Chinese with English abstract).

Cui Xiaoliang, Su Shangguo, Zhang Yanan, et al. 2022. Deep magmatic
process of the Fushan complex in the southern section ° Taihane
Mountain, Hebei Province and its tectonic significance| J .\ Farth
Science Frontiers, 29( 1) : 342~363 (in Chir se 1 'ith Englis | ab
stract) .

Duke E F. 1994. Near infrare? < ‘ec ra of muscovite, . schermak substitu-

tion, and met="or, hic| rec=tio ) prof ss: Imp’“ations for remote
sensing, [ |\ " Gzolo, 7| \\2(7) 0621 ~624.

Feng Y, Chu G\Xi'b B, et al. 2022. Chlorite mineralogy, geochemistry
and exploration implications: A case study of the Xiaokelehe porphy-
ry Cu-Mo deposit in NE China[ J]. Ore Geology Reviews, 140 104
~568.

Fu Jiangang, Li Guangming, Guo Weikang, et al. 2023. Mineral geo-
chemical characteristics of muscovite and its implication for rare metal
mineralization in leucogranites in the Lalong Dome, Xizang, China
[J]. Journal of East China University of Technology ( Natural Sci-
ence) , 46(6) : 555~575 (in Chinese with English abstract).

Ge Xiangkun, Ju Haiyu, Zhao Fenghua, et al. 2020. Characteristics of
chlorites in the Shangdajing porphyry Mo deposit, Inner Mongolia and
their metallogenic implications [ J]. Geology and Exploration, 56
(4): 704~713 (in Chinese with English abstract) .

Geng Guojian, Ma Baojun and Shen Fangle. 2023. Geological character-
istics and mineralization of Taoyuan copper deposit in south part of
Taihang Mountain[ J]. Journal of Hebei GEO University, 46(4) : 90
~100 (in Chinese with English abstract).

Guidotti C V, Sassi F P, Blencoe ] G, et al. 1994. The paragonite mus-

covite solvus: I. PTX limits derived from the Na-K compositions of

natural, quasibinary paragonite muscovite pairs[ J|. Geochimica et
Cosmochimica Acta, 58(10): 2 269~2 275.

Guo Guolin, Liu Xiaodong, Pan Jiayong, et al. 2012. Character of chlo-
rite and its relationship to uranium mineralization in uranium deposit
No.302[J]. Uranium Geology, 28 (1) : 35~41 (in Chinese with
English abstract).

Guo Na, Huang Yiru, Zheng Long, et al. 2017. Alteration zoning and
prospecting model of epithermal deposit revealed by shortwave infra-
red technique: A case study of Tiegelongnan and Sinongduo Deposits
[J]. Acta Geoscientica Sinica, 38(5) : 767~778 (in Chinese with
English abstract) .

Halley S, Dilles ] H and Tosdal R M. 2015. Footprints: Hydrothermal al-
teration and geochemical dispersion around psrp. vry copper deposits
[J]. SEG Newsletter, 100(1): 1//17.

He Wen, Lin Bin, Song Yingxin, et al.' 023. Min -alogical characteris-
tics and ireplicatic hs of muscovite from the Tiegelongnan super-large
copper (o))" lepe it in/Tibet[ J]. Acta Geologica Sinica, 97(6) :
1 938~1 S5 (VirChinese with English abstract) .

Nolaley! ] and Jones W R. 1964. Chemical aspects of hydrothermal alter-
ation with emphasis on hydrogen metasomatism[ J]. Economic Geolo-
gy, 59(4): 538~569.

Hillier S. 1993. Origin, diagenesis, and mineralogy of chlorite minerals
in Devonian lacustrine mudrocks, Orcadian Basin, Scotland [ J].
Clays and Clay Minerals, 41(2) : 240~259.

Hiller S and Velde B. 1991. Octahedral occupancy and the chemical com-
position of diagenetic ( low-temperature) chlorites[ J]. Clay Miner-
als, 26: 149~168.

Hou Zenggian, Pan Xiaofei, Yang Zhiming, et al. 2007. Porphyry Cu-
(Mo-Au) deposits no related to oceanic-slab subduction:; Examples
from Chinese porphyry deposits in continental settings[ J]. Geosci-
ence, 21(2): 332~351 (in Chinese with English abstract) .

HouZ Q, Yang Z M, Lii Y J, et al. 2015. A genetic linkage between
subduction and collision-related porphyry Cu depsits in continental
collision zones[ J]. Geology, 43(3) : 247 ~250.

Inoue A. 1952. Formation of Clay Mineralsin Hydrothermal Environments
Veide. Origin and Mineralogy of Clays[ M]. Berlin; Springer, 268 ~
330.

Inoue A. 1995. Formation of clay minerals in hydrothermal environments
[J]. Origin and Mineralogy of Clays: Clays and the Environment,
268~329.

Inoue A, Meunier A, Patrier M P, et al. 2009. Application of chemical
geothermometry to low-temperature trioctahedral chlorites[ J]. Clays

and Clay Minerals, 57(3) . 371~382.



944 F=

PR N 7/ B /S

i 44 3%

Jago C P, Tosdal R M, Cooke D R, et al. 2014. Vertical and lateral vari-
ation of mineralogy and chemistry in the Early Jurassic Mt. Milligan
alkalic porphyry Au-Cu deposit, British Columbia, Canada [ J].
Economic Geology, 109(4): 1 005~1 033.

Jowett E C. 1991. Fitting iron and magnesium into the hydrothermalchlo-
rite geothermometer: Program with abstracts[ J]. Geological Associa-
tion of Canada, 16. 62.

Kavalieris I, Walshe J L, Halley S, et al. 1990. Dome-related gold min-
eralization in the Pani volcanic complex, North Sulawesi, Indonesia;
A study of geologic relations, fluid inclusions, and chlorite composi-
tions[ J]. Economic Geology, 85(6): 1208~1 225.

Keppler H. 1993. Influence of fluorine on the enrichment of high field
strength trace elements in granitic rocks[ J]. Contributions to Miner-
alogy and Petrology, 114 479 ~488.

Kranidiotis P and MacLean W H. 1987. Systematics of chlorite alteration
at the Phelps Dodge massive sulfide deposit, Matagami, Quebec|[J].
Economic Geology, 82(7): 1 898~1 911.

Laakso K, Peter ] M, Rivard B, et al. 2016. Short-wave infrar. { spectra!
and geochemical characteristics of hydrothermal alteration at\ ‘he/ Ar-
chean Izok Lake Zn-Cu-Pbh-Ag volcanogenic ms-sive' wulfide de; bsiv,
Nunavut, Canada; Application in exploratio. t2rget vectori)lg [y ].

11223~1 239.

logy[J]

Economic Geology, 111(5

Laird J. 1988. Chle"ies " Metar. oip. i pe Reviews in Miner-
alogy, 9\ ) 1 405 w40,

Legros H, Marigvac. T, Tavary T, et al. 2018. The ore forming magmat-
ic-hydrothermal system of the Piaotang W-Sn deposit ( Jiangxi, Chi-
na) as seen from Li-mica geochemistry[ J]. American Mineralogist,
103(1) : 39~54.

Li C, Shen P, Zhao Y, et al. 2022. Mineral chemistry of chlorite in dif-
ferent geologic environments and its implications for porphyry CuxAu
+Mo deposits[ J]. Ore Geology Reviews, 149, 105~112.

Li Faqiao, Tang Juxing, Song Yang, et al. , 2024. Mineralogical charac-
teristics and geological significance of apatite in the Naruo porphyry
Cu (Au) deposit in Duolong ore district, northwestern Xizang ( Ti-
bet) [J]. Geological Review, 70(3): 885~906 (in Chinese with
English abstract) .

LiJ, Huang X L, He P L, et al. 2015. In situ analyses of micas in the
Yashan granite, South China: Constraints on magmatic and hydro-
thermal evolutions of W and Ta-Nb bearing granites[ J ]. Ore Geology
Reviews, 65(4): 793~810.

Li Jinwen, Zhang Dequan, Zhao Shibao, et al. 2006. Metallogenic regu-
larity and prospecting targets in the southwest part of the Derbugan

metalloginic belt[ J]. Mineral Deposits, 25(S1); 19~22 (in Chi-

nese with English abstract) .

Li Suimin, Li Yucheng, Zhao Shumei, et al. 2022. Ar-Ar and U-Pb ages
of Hongshan copper deposit, Handan City, Hebei Province and their
limitation on mineralization age[ J]. Geology in China, 49(2): 575
~585 (iin Chinese with English abstract).

Li Yucheng, Jia Liqin, Zhao Shumei, et al. 2016. Lithographic charac-
teristics of Hongshan volcanic edifice in the southern section of
Taihang Mountains[ J]. Modern Mining, 32(5) : 142~145 (in Chi-
nese with English abstract) .

LiZK, Li J W, Zhao X F, et al. 2013. Crustal extension Ag-Pb-Zn
veins in the Xiong’ ershan District, Southern North China craton:
Constraints from the Shagou deposit [ J]. Economic Geology, 108
(7): 1703~1729.

Li Ziye, Xing Huan, Li Suimin, et al. 2)17. Flui | inci ‘sions test of Lou-
li gold deposit and their geological s mificahce) *].  Contributions to
Geology ar~-Minc tal Resources Research, 32(2): 205~213 (in
Chinese wit!~k hglis . abstract ) .

Liu Songyan, Z. ang/i>d, Yang Mingjian, et al. 2024. Characteristics of
chl ites from the Haopinggou Ag-Au polymetallic deposit in the
Xiong’ ershan ore concentration area and its exploration implications
[J]. Journal of Geomechanics, 30(1): 129~146 (in Chinese with
English abstract) .

Liu Xinyao. 2016. Petrogensis and Metallogeny of Hongshan Orthophyrein
Southern Taihang Mountain [ D ]. China University of Geosciences
(in Chinese with English abstract) .

Loucks R R. 2014. Distinctive composition of copper ore forming arcmag-
mas[ J]. Australian Journal of Earth Sciences, 61(1): 5~16.

Ma Wanwei, Huang Xiaolong, Yu Yang, et al. 2020. Characteristics of micas
in the Limu granites, South China; An indicator of the hydrothermal
processes related to tin mineralization[ J ]. Geotectonica et Metallogenia,
44(6) : 1 143~1 159 (in Chinese with English abstract).

Mallmann G and O’ Neill H S C. 2013. Calibration of an empirical ther-
mometer and oxybarometer based on the partitioning of Sc, Y and V
between olivine and silicate melt[ J]. Journal of Petrology, 54(5) .
933~949.

Mernagh T P, Leys C and Henley R W. 2020. Fluid inclusion systematics
in porphyry copper deposits: The super-giant Grasberg deposit, Indo-
nesia, as a case study[ J]. Ore Geology Reviews, 123 103~570.

Miller C F, Stoddard E F, Bradfish L J, et al. 1981. Composition of plu-
tonic muscovite; Genetic implications [ J ]. Canadian Mineralogist
19(1): 25~34.

Monier G, Mergoil D J and Labernadiere H. 1984. Générations succes-

sives de muscovites et feldspaths potassiques dans les leucogranites



o5 4 1

ERl S RAT IR BE LA G 87 IR 1 2z B SR Ye 1 Ik B H AR AT 7 X 945

du massif de Millevaches ( Massif Central Frangais) [J]. Bulletin
de Minéralogie, 107(1) . 55~68.

Neiva A M R. 2013. Micas, feldspars and columbite-tantalite minerals
from the zoned granitic lepidolite-subtype pegmatite at Namivo, Alto
Ligonha, Mozambique[ J]. European Journal of Mineralogy, 25(6) :
967 ~985.

Ohmoto H. 1997. Applications of sulfur and carbon isotopes in ore deposit re-
search[ J]. Geochemistry of Hydrothermal Ore Deposits, 517~611.
Pacey A, Wilkinson J J and Cooke D R. 2020. Chlorite and epidote min-
eral chemistry in porphyry ore systems: A case study of the North-
parkes district, New South Wales, Australia[ J]. Economic Geology,

115(4) . 701~727.

Pak S J, Choi S G and Choi S H. 2004. Systematic mineralogy and chem-
istry of gold silver vein deposits in the Taebaeksan district, Korea:
Distal relatives of a porphyry system[ J]. Mineralogical Magazine , 68
(3): 467~487.

Portela B, Sepp M D, van F J A, et al. 2021. Using hyperspectral im-
agery for identification of pyrophyllite muscovite intergrowth \ and alu-
nite in the shallow epithermal environment of the Yerington j wrpiyry
copper district[ J]. Ore Geology Reviews, 13147) ;|104012.

Quan Rui, Dong Guochen, Miu Guang, et al. 2u'6.\\Zircon U-bb ages,
Hf isotopic compositions- . d |geochemistry cha acterisitics of the
Hongshan ore-' ‘ar ‘g \\sye. it \orpl ‘ies fron’ Southern Taihang
Mounta s\ ] ) Gedldei il Review, 62(4): 1 064~1 080 (in Chi-
nese with 14zl h abstract) .

Richards J P. 2015. The oxidation state, and sulfur and Cu contents of arc
magmas : Implications for metallogeny[ J]. Lithos, 23(3): 27~45.
Richards J P, Spell T, Rameh E, et al. 2012. High St/Y magmas reflect
arc maturity, high magmatic water content, and porphyry CuzMoxAu
potential ; Examples from the Tethyan arcs of central and eastern Iran
and western Pakistan[ J]. Economic Geology, 107(2) : 295~332.

Schirra M, Laurent O, Zwyer T, et al. 2022. Fluid evolution at the Batu
Hijau porphyry Cu-Au deposit, Indonesia: Hypogene sulfide precipi-
tation from a single phase aqueous magmatic fluid during chlorite
white-mica alteration[ J]. Economic Geology, 117(5) : 979~1 012.

Shi Zhiwei, Dong Guochen, Gao Ting, et al. 2020. Mineralogical charac-
teristics of Jiaochang diorite in Southern Taihang Mountains and geo-
logical significance[ J]. Earth Science, 45(6): 2 103~2 116 (in
Chinese with English abstract).

Sillitoe R H. 1972. A plate tectonic model for the origin of porphyry cop-
per deposits[ J]. Economic Geology, 67(2): 184~197.

Sillitoe R H. 2010. Porphyry copper systems [ J]. Economic Geology,
105(1) : 3~41.

Sun W D, Huang R, Li H, et al. 2015. Porphyry deposits and oxidized
magmas[ J]. Ore Geology Reviews, 65(1): 97~131.

Sun W D, Liang H, Ling M, et al. 2013. The link between reduced por-
phyry copper deposits and oxidized magmas[ J]. Geochimica et Cos-
mochimica Acta, 103; 263 ~275.

Tang Nan, Lin Bin, Li Yubin, et al. 2021. Application of short-wave-
length infrared spectroscopy in porphyry-epithermal system:; A case
study of Tiegelongnan super-large copper ( gold) deposit, Tibet[J].
Acta Geologica Sinica, 95(8): 2 613~2 627 (in Chinese with Eng-
lish abstract) .

Thompson A J, Hauff P L and Robitaille A J. 2009. Alteration mapping
in exploration; Application of short-wave infrared (SWIR) spectros-
copy[ J]. Remote Sensing and Spectral Genl/gy, 16 25~40.

Tian Chenghua, Yang Ligiang, He Wer/ jan} et a.\ 20%°. Characteristics
of short wave infrared spectroscopy o. ‘sericit > gri -p minerals and their
implicatior=—for el bloration in the Yulong porphyry copper deposit,
Tibet[ J |- S&d men. vy Grology and Tethyan Geology, 42(1): 40~
49 (in Chi ‘ese/with English abstract).

l.thend f G, Forster H J and Gottesmann B. 1999. The correlation be-
tween lithium and magnesium in trioctahedral micas: Improved equa-
tions for Li,O estimation from MgO data[ J]. Mineralogical Maga-
zine, 63(1): 57~74.

Tischendorf G, Gottesmann B, Forster H J, et al. 1997. On Li bearing
micas: Estimating Li from electron microprobe analyses and an im-
proved diagram for graphical representation[ J]. Mineralogical Maga-
zine, 61(409) : 809 ~834.

Uribe-Mogollon C and Maher K. 2018. White mica geochemistry of the copper
cliff porphyry Cu deposit; Insights from a vectoring tool applied to explo-
ration[ J ]. Economic Geology, 113(6): 1 269~1 295.

Uribe-Mogollon C and Maher K. 2020. White mica geochemistry: Dis-
criminating between barren and mineralized porphyry systems|[ ] ].
Economic Geology, 115(2): 325~354.

Wang Baohua, Hu Rongguo, Si Jiantao, et al. 2021. Chemical variation
and significance of white mica in granite porphyry from Gaofeng tin-
polymetallic deposit in Dachang ore field, Guangxi[ J]. Journal of
Guilin University of Technology, 41(3) ; 471~483 (in Chinese with
English abstract) .

Wang Chunguang, Xu Wenliang, Wang Feng, et al. 2011. Petrogenesis
of the Early Cretaceous Xi’ anli hornblende-gabbros from the South-
ern Taithang Mountains: Evidence from zircon U-Pb geochronology,
Hf isotope and whole-rock geochemistry[ J]. Earth Science, 36(3) .
471~482 (in Chinese with English abstract) .

Wang Wei, Leng Chengbiao, Zhang Xingchun, et al. 2021. Mineral



946 F=

fi 9

i 44 3%

chemistry of chlorite and epidote in Diyanqinamu porphyry Mo deposit
of Inner Mongolia and its implication for exploration[ J]. Mineral De-
posits, 40 (2): 241~261 (in Chinese with English abstract).

Wang Xiaoyu, Mao Jingwen, Cheng Yanbo, et al. 2014. Characteristics
of chlorite from the Xinliaodong Cu polymetallic deposit in eastern
Guangdong Province and their geological significance [ J]. Acta
Petrologica et Mineralogica, 33 (5): 885 ~905 (in Chinese with
English abstract) .

Wang Y H, Zhang F F, Liu J J, et al. 2018. Ore genesis and hydrother-
mal evolution of the Donggebi porphyry Mo deposit, Xinjiang, North-
west China: Evidence from isotopes (C, H, O, S, Pb), fluid inclu-
sions, and molybdenite Re-Os dating[ J]. Economic Geology, 113
(2):463~488.

Wiewiora A and Weiss Z. 1990. Crystally chemical classifications of phyllo-
silicates based on the unified system of projection of chemical composi-
tion; I The chlorite group[ J]. Clay minerals, 25(1) : 83~92.

Wilkinson J J, Chang Z, Cooke D R, et al. 2015. The chlorite proximi-
tor: A new tool for detecting porphyry ore deposits[ J]." "ournal of
Geochemical Exploration, 152 10~26.

Wu D, PanJ, Xia F, et al. 2019. The mineral che istry 'of chlorite | an.
its relationship with uranium mineralization . on| Huargsha ) wraium
mining area in the Middle, % ‘nl\ng Range, SE Ci na[J]. Minerals,
9(3): 199~227

Wu Fuyuan; u" Gigwng, Gac'Shan, 2t al. 2008. Lithospheric thinning and
major destri 6. | of the' North China Craton[ J]. Acta Petrologica Sini-
ca, 24(6): 1 145~1 174 (in Chinese with English abstract).

Xi Chaozhuang, Du Gaofeng, Dai Xueling, et al. 2021. Geochemistry
and chronology characteristics of Kuangshan complex in the southern
Taihang Mountain and the geological significance[ J]. Contributions
to Geology and Mineral Resources Research, 36(3): 308 ~317 (in
Chinese with English abstract).

Xiao B and Chen H. 2020. Elemental behavior during chlorite alteration;
New insights from a combined EMPA and LA-ICP-Ms study in por-
phyry Cu systems[ J]. Chemical Geology, 543(2): 119~604.

Xiao B, Chen H, Hollings P, et al. 2018. Element transport and enrich-
ment during propylitic alteration in Paleozoic porphyry Cu mineraliza-
tion systems: Insights from chlorite chemistry[ J]. Ore Geology Re-
views, 102(1); 437~448.

Xie X, Byerly G R and Ferrell Jr R E. 1997. IIb trioctahedral chlorite
from the Barberton greenstone belt: Crystal structure and rock compo-
sition constraints with implications to geothermometry[ J]. Contribu-

tions to Mineralogy and Petrology, 126(1) . 275~291.

Xu Wenliang and Gao Yan. 1990a. Rare earth element geochemistry of

intrusive rock series of Yanshan stage from Han-Xing district, Hebei
Province, China[ J]. Acta Petrologica Sinica, 6(2): 43~50 (in
Chinese with English abstract) .

Xu Wenliang and Lin Jinggian. 1990b. The magmatic evolution of Hb-di-
orite series of Yanshan stage in Han-Xing district, China—The am-
phibole-dominated fractional crystallization[ J]. Journal of Jilin Uni-
versity ( Earth Science Edition) , 20(3) : 259~264 (in Chinese with
English abstract) .

Xu Y G. 2001. Thermo tectonic destruction of the Archaean lithospheric
keel beneath the Sino-Korean Craton in China: Evidence, timing and
mechanism[ J]. Physics and Chemistry of the Earth, Part A: Solid
Earth and Geodesy, 26(9~10) ;. 747~757.

Xue Q, Wang R, Liu S, et al. 2021. Significeve o chlorite hyperspec-
tral and geochemical characteristics'/in '_xplo. 1tion'\ A case study of
the giant Qulong porphyry Cu-Mo ‘depost 1 “collisional orogen,

Southern Tihet[ J1 | Ore Geology Reviews, 134 104~ 156.

Yang C, Beaudoi\\, Ting J 'L, et al. 2022. Cu-sulfide mineralogy, tex-
ture, and | ~ochZuistry in the Tiegelongnan porphyry-epithermal cop-
pet. ystem, Tibet, China[J]. Mineralium Deposita, 57: 1~21.

Yang Changqing, Ba Yan, Wang Yanhui, et al. 2023. Ordovician mag-
matism in the North China Craton—Evidence from U-Ph age of the
inherited zircon from Cretaceous diorite in Lingtou area, Anyang,
Henan[ J]. Geological Review, 69(3): 1 150~1 160 (in Chinese
with English abstract) .

Yang Hang, Qin Kezhang, Wu Peng, et al. 2023. Tectonic setting, min-
eralization and ore-controlling factors of porphyry Cu-Mo-Au deposits
[J]. Mineral Deposits, 42(1): 128 ~156 (in Chinese with English
abstract) .

Yao Shixin, Wu Liangshi and Pei Rongfu. 1993. Geological, geochemical
and mineralization characteristics of Hongshan intrusive complex in
Handan-Xingtai Area, Hebei Province[ J]. Geology and Explora-
tion, 5(1): 11~16 (in Chinese with English abstract).

Ye Meifang, Liu San, Xie Guwei, et al. 2016. Characteristics of micas
from sericitolite of the Gongpoquan and Baishantang deposits,
Beishan area by scanning electron microscope, X-ray diffraction and
electron microprobe analyses[ J]. Rock and Mineral Analysis, 35
(2): 166~177 (in Chinese with English abstract) .

Yin Ming, Guo Min and Zhang Haidong. 2014. Petrogenesis and evolution of
Mesozoic complexes from Southern Taihang Orogen [ J]. Northwestern
Geology, 47(3) : 43~53 (in Chinese with English abstract).

Yin R, Han L, Huang X L, et al. 2019. Textural and chemical variations
of micas as indicators for tungsten mineralization: Evidence from

highly evolved granites in the Dahutang tungsten deposit, South Chi-



55 4 1

El S RAT IR BEE LA & 87 IR 1 2z B SR Ye A1 I B H AR AT 7 X 947

na[ J]. American Mineralogist, 104(7) : 949 ~965.

Zane A and Weiss Z. 1998. A procedure for classifying rock-forming chlo-
rites based on microprobe data; Una procedura per la classificazione
delle cloriti sulla base di dati microchimici[ J]. Atti della Accademia
Nazionale dei Lincei. Rendiconti. Scienze Fisiche e Naturali, 9.

Zang W and Fyfe W S. 1995. Chloritization of the hydrothermally altered
bedrock at the Igarapé Bahia gold deposit, Carajas, Brazil[ J]. Min-
eralium Deposita, 30(1): 30~38.

Zeng Shuming, Zhang Yan, Han Runsheng, et al. 2023. Characteristics
and geological significance of chlorite in Wengkongba copper poly-
metallic deposit, southwestern Yunnan [ J]. Mineral Deposits, 42
(4): 828~844 (in Chinese with English abstract) .

Zhai Mingguo, Fan Qicheng, Zhang Hongfu, et al. 2005. Lower crust
processes during the lithosphere thinning in eastern China: Magma
underplating, replacement and delamination [ J ]. Acta Petrologica
Sinica, 21(6): 1 509~1 526 (in Chinese with English abstract) .

Zhang Bo, Su Shangguo, Wang Guodong, et al. 2020. Mineral chemistry
of clinopyroxene from the Hongshan syenite complex in Wu'\ 'n, Hebe’
Province; Implications for magma evolution[ J]. Geology in Ch na,
47(3) . 782~797 (in Chinese with English ab-ract \.

Zhang Haidong, Liu Jianchao, Chen Zhengle, et «.". 1014. Petroj ensis of
the Pingshun complexes in ‘e { outhern Taihang . lountains: Petrolo-

gy, geochronole. v ad \zeochen <try[ [ . GeoteC —nica et Metalloge-

nia, 30.'2) "\ 454~11\in Chinese with English abstract).

Zhang Juan, Liv Xi 'xing, ‘Wang Yitian, et al. 2021. Characteristics of
chlorite from the Baguamiao gold deposit in Shaanxi Province and its
geological implication[ J]. Geological Bulletin of China, 40(4) .
586~603 (in Chinese with English abstract).

Zhang S, Xiao B, Long X, et al. 2020. Chlorite as an exploration indica-
tor for concealed skarn mineralization: Perspective from the Tonglus-
han Cu-Au-Fe skarn deposit, Eastern China[J]. Ore Geology Re-
views, 126 103~778.

Zhang W, Zhang F F, Wang Y H, et al. 2022. Chlorite chemistry, HOS-
Pb isotopes and fluid characteristics of the Yuhai Cu-Mo Deposit in
Eastern Tianshan; Implications for porphyry copper mineralization and
exploration[ J]. Journal of Geochemical Exploration, 241, 59~107.

Zhang Zhanshi, Hua Renmin, Ji Junfeng, et al. 2007. Characteristics and
formation conditions of chlorite in No.201 and No.361[J]. Acta Miner-
alogica Sinica, 27(2): 161~172 (in Chinese with English abstract).

Zhao Youdong, Wu Jungi, Ling Hongfei, et al. 2016. Mineral chemistry of
biotite and chlorite in western part of Fucheng granite, southern Jiangxi

Province ; Implications for uranium mineralization[ J]. Mineral Deposits,

35(1): 153~168 (in Chinese with English abstract).

Zhou Dong, Zhao Taiping, Zhao Pengbin, et al. 2018. Chlorite EPMA
characteristic and its geological significance of the Kangshan Au-Ag-
Pb-Zn deposit in west of Henan[J]. Mineral Exploration, 9(5) .
803 ~824 (in Chinese with English abstract).

Zhou Ling and Chen Bin. 2005. Petrogenesis and significance of the
Hongshan syenite in the South Taihang Mountains: Zircon SHRIMP
geochronology, chemical composition and Sr-Nd isotopic characteris-
tics[ J]. Progress in Natural Science, 11(1); 1 357~1 365 (in

Chinese with English abstract).

Mt Fr 3255 SOk

JKE, REPE. 1998, WZERIFT RIER AT [T]. dLs ks
R AR L 34(1) 2 994107,

FUaT A, 2022, FERE BTl X HE L 2 Am T8 Bt U 4 T A T 5
[D]. Ao i bR

oW, BRELR ANt 2020, HRRTBE LA D L
HHRL)]. SR, (1) 37, 39.

EOELKRE, B O, % 2017, WA R LA k£ 4
B ARG [ R]. WA LB KA.

Miiiise, 0 B, S0, 45, 2007. R BHOE &5 R G Rk
AIAFHAEL)]. AR, 23(9): 2 085~2 108.

UL, B PR, BSR4 2023, NEEE AN LI REA A A
PR B i e 3 A —— 5 T LT A | B 1A N D R A
FHRRFFE[)]. HASIR, 39(11) : 3 461~3 478,

BB, JE, SR, 45 2022, WHEARATILRE BT I A e e R AR
FHURARIS R ST L[], 22k, 29(1) « 342~363.
FERN, 20H], SRFRRE, 4. 2023. PURHCRFE S IR 4B R H P A
AL BRAL SRR AE B T AT 42 Ja B AR R[], AR AR

TR (AR , 46(6) : 555~575.

ERERR ) RNGE, R S5 2020, B T IRE A RIS RS
Ve ARHE S T X[ 1], M S5, 56(4) : 704~713.
R, D54, By AR, 2023, KAT LR Bodk A b SRR Bk

FAERLI]. Wb B R 224k, 46(4) : 90~100.

OWR, AL T, 22017, BB IRERALE IR R
WL NI W) ARRAE B PR BRI —— L) P A e vl (SRR B ) |
WSR2 RG], HuEkeEH, 38(5) . 767~778.

SREAR, XIBAR, WK, . 2012, 302 A REHR AR LS
A IIER ], M LT, 28(1) : 35~41.

B30, AR ME, RIEIT, 452003, PURRERHSERT IR (4) B R A
LY FRAE BB LT ] MR, 97(6) : 1 938~1955.

Ferapg, W/ANE, MR, 4F. 2007, WIS KEEASEREAEE[T]. W
fCHBRR, 21(2): 332~351.

IR R R



948 =

fi 9

2
¥R &

i 44 3%

AR, S, R 5, . 2024, VAL BRI X S BEA AR
(&) RBE IR A 5 4 2 10 S b T 38 [ T]. e e, 70
(3): 885~906.

ZEHESC, AL, B EE, . 2006, A5RAR T RO TG I BE4 B
TRE R 1], 57 RITT, 25(S1): 19~22.

ZERARS, ZE TR, AU, 25 2022, JTILIRESHELLARE Ar-Ar A1 U-Pb 4F
12 B S AT IARAIBRE [J ] LT, 49(2) : 575~585.

BEW, TALE, BB, % 2016 KATILEI B L ALK A
SRHELT]. BRI, 32(5) : 142~ 145.

Zesgpe 8 Wk, ZERERY, 5. 2017. KM H R TEAIR K R
HX[T]. HWEERE M, 32(2): 205~213.

XSS, 3k ik, B, 4. 2024, BEHILEEIX I Ag-Au 24
B PRERUE A RAE S H 0 3 L[], MR ) 223k, 30(1) .
129~ 146.

XIWFRE. 2016, AATILRG Bt L F K eSS s B fE [ D], b5,
rhE SO (B R

i, #NE, F P, 45 2020 FEARER T B EERAE X
B A AL R AR R [J]. KI5 22 44(6)
1143~1 159.

WOEE, EEE, B, %2016 KATIIE B FACIE D o
LA-ICP-MS #5450 U-Pb 4% Hf R0 3 40, 5% Bk e, fE ) 1.
HUFIEDE, 62(4) : 1 064~1<30.

sk, FEE, &, S 200, KT I B IR K A
FRAE B ot B L B, 45(6) 1 2 103~2 116.

REORE, OBROCELEEE R, SE 2021, I LLAMGIEEEORTERE S -
BREAR 032 10 it FAVTR I PR o 14 7l ——— A W Ak A o i A 2
A TR RBI[T]. M, 95(8) : 2 613~2 627.

MAGAE, Marsik, FISCH, 45, 2022, VLR BEA#I0 R =Bk
AR LT AT e AR B B A (R R B )] DURLE
BRI R, 42(1) : 40~49.

Fhsk, WIZEE, WS, 4. 2021 WA B IS L LR
PRAE B B2 1 25 B AL 2 R AE B H 8 SCT ] AR D R
24, 41(3) ; 471~483.

TH, R, T O, % 2011, KATIIRG BEVE 22 LR A 22 1 A
R TR« #547 U-Pb 4R (HI 0738 ALE A R 24E
Pi[J]. HLBRBE, 36(3) . 471~482.

Foowh, R, TR, % 2021, NS I AR BTABE ST R
LRURAT ST A5 YL 2R HE R F5 R 3 [ T]. R
5, 40(2) : 241~261.

TN, BROC, BER, & 2014, BRIRRFEZEEN IRV
AFFIERITRE X [T]. AT Y%A, 33(5) : 885~905.

RARTC, WA, B WL, FE 2008, At R 5 v R
MR FEZEARPB[T]. AR, 24(6): 1145~1 174,

B, MR, B R, S 20210 KA BT L 4 1A
LA-ICP-MS 45 1 U-Pb 4EAR2F% HbERfb 2% R [T, M
B, 36(3) . 308~317.

VESCR, 5 M 1990a. [ISTRMLIXFELLII 2 A R MO + 00 R BHAE
[J]. HAFH, 6(2): 43~50.

VESCR, MREAF. 1990b. T THS Hb DX 748 L1 301 7 DA DA 4K 2 2R 110 24 S
e——AIN A S ST Y s s e ). KA B
i, 20(3) : 259~264.

Wk, [ M, FHOE, % 2023 b w0 s K
Blj——3 11T R L B Sk b IX 1 T 20 TG 5 P 4k R B A7 U-Pb
AERYIIENR (1], HUBRSIE, 69(3) : 1 150~1 160.

W i, ZvE, B8, % 2023, BEAH-M-40 K MR
W AE R SRR L] 07 RHUBT, 42(1).128~156.

Whtr, SRR, AR, 1993, b T HLL L A A T ER 1k
22 KGR (20 W ARARAE[ ], UL R, 5 () w1~ 16.

MEFE, X =, R B AR 2016, B ELBE-X ST AT -
FHRE I L T L A A T A R T RE )], A
I, 25(2)

HCHA BB, SRIEAR. 2014, RATIIEE B AR A A AR A K
WAL T T]. VLT, 47(3) : 43~53.

BT, gk e, shiEAL, S 2023, MPGREATALIAZ &R B K S
T A E S M R SO B PRI, 42(4) ; 828 ~844.
IR, SR, KRR, S5 2005, AALZR A A R T A R b
R AHIRE BB SIRIUERI]. AR, 21(6):

1 509~1 526.

3w, FRME, FEM, 45 2020 LR ZEIE KA A A A
PRI T WIS REE S A R (7], PR, 47(3)
782~797.

SRUEAR, XUBEW], BRIEAR, %5, 2014, KAT L HE BET A% 2 N
B A A BRI ESE (1], Kb 5 2, 38
(2): 454~471.

ikoE, XUBA, E XK, . 2021, BRI RORT S X \EE 48R
SR FRE B L R[] HUBTE R, 40(4) @ 586~603.

HRE , AR R, FRIRIE, 25 2007. 20 F1 361 TR PRI AR
TERITE A BEB X[ )], %A%, 27(2) « 161~172.

BT, RABAF, BHtQ, . 2016, BEE A R =R AR
FEYIER AT BT Ak B S — e B R R PR T
PRHLT, 35(1) : 153~168.

JEOHR, BT, B, 45 2018, BRI PREEIEA
TARE O RE ST 1], 7 4, 9(5) : 803~824.

JE Ve, BROAR. 2005, g ORAT HE I IE KA A A R FE S B
SHRIMP R0 (b s 40 Se-Nd R ZARRE[J]. F AR
PERE, 11(1): 1 357~1 365.

166~177.






