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Abstract: Situated in the southern margin of the North China craton, the Xiaoqginling district is one of the most important gold
metallogenic belts and has been the second largest gold producer in China. Although most gold deposits have been extensively
studied, issues related to the source of the ore materials and fluids remain debated. This paper presents a study of the distribu-

tion characteristics of trace elements in gold-bearing pyrite to explore the source of ore-forming materials, the precipitation
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mechanism and ore genesis. The Dongtongyu lode gold deposit is the important deposit in Xiaoqinling and pyrite is the predomi-
nant sulfide mineral. Three generations of pyrite were identified, broadly corresponding to the three mineralization stages, and
termed as the first generation, second generation and third generation (Pyl. Pyll and Pylll). The first generation (Pyl) is
mainly present as isolations or as aggregate masses dispersed in milky quartz veins, consisting of coarse-grained, euhedral to
subhedral crystals. The second generation (Pyll) pyrite occurs as veins or veinlets generally associated with light gray quartz or
cutting milky quartz. Many grains are porous and contain abundant micro-fractures that are usually filled with later-stage
quartz, other sulfide minerals and free gold. The third generation (Pylll) pyrite is commonly intergrown with other sulfide
minerals including chalcopyrite, sphalerite, and galena. Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-
MS) results show that the average content of As in Pyl is 16.63>X10 %, and the contents of Au, Ag and Te are low and often
below detection limit. In contrast to Pyl, the content of As in Pyll is relatively lower. and that of Au., Ag and Te are slightly
higher. Particularly, the stage PylIIl exhibits distinguished compositions and significantly enriched in Au (up to 35.58X10" %),
Ag and Te (up to 79.79 X 10 %), but with most of the content of As blow the detection limits. Moreover, The Co/Ni ratios of
pyrite in different generations are basically =1, and the contents of Co, Ni and Co/Ni in PyIIl are much lower than those in
Pyll and Pyl. The results show that As is always below or only marginally higher than the detection limits, and plays an insig-
nificant role in gold mineralization. There is prominently positive correlation relationship between Au, Ag, and Te in the third
generation of pyrite (PylIID), indicating that tellurium is closely related with gold and silver. Moreover, significant Au, Ag and
Te are enriched in the Pylll, highlighting the role of Te as important scavengers in transfer, transport, enrichment and precipi-
tation of gold and silver. An intimate Te-Au-Ag association has been widely noticed in widespread gold mineralization in
Xiaoqinling gold district, and low-As, high-Te in pyrite, suggesting that the ore-forming materials and ore-forming fluids of
the gold deposits may have come from the deep magma devolatilization or mantle degassing, rather than being involved with the
regional metamorphism.
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Fig.1 The regional geology and distribution of gold deposits in the Xiaoginling district, southern margin of the North China Craton
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Fig.5 Photographs and reflected-light photomicrographs showing different textures and morphologies of different generations

of pyrites from Dongtongyu gold deposit
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AR (LA-ICP-MS) X} # £k 5™ 5 13 2 T & 41 A%
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RO Hi 3T 5 B2 5 7 7 B U 1 R S0 0 = o
HAWF5R R W], LA-ICP-MS B 10l fE 5 5 B 5

i TP R T BRI AL RN A AR A A O R
(Koglin et al.,2010) , P b 1 it 5 5 #h 4% B 55 47 b
2 BICAE i R R T ER A AR X i MR G G & (Clo-
banu et al..2009;Sung et al.,2009) .4 3K H# Ot
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) o B[] 72 A SO Rl i i TT R Y eps A OROG R R 41
MrAS R B AL D RE S AulAg.Te  As 50 1Y A X
B S AT R IR O Bl bR A SR T NIST610. 0%
ik & 4t 18 [ MicroLas 24 w4 7 [ GeolLas
2005, PUZLHF ICP-MS A Agilent 7500a. 3% # fih it
FErp R 2 AR RO AMEE AR R
TAHEHEN ICP Z i g — A T B IR G AR5
B RS (A He) PinA 70 8 501 DUR
fE AN RO | R I BRI A BT RS 2 R (Hu
et al.,2008) . WOERI MR H] 193 nm ArF #E5r 7
S B oY BE B R Ch 48 m], ik vh R R
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8 Hz. # L2490 32 pm 5 44 pm , LB S 44
oW K SN I & s NN 151 o B T TR i
K2y 20~30 s 2 FE5H 50 s AR S S 5 0F 40
FRIAL B BRAE 2 F WL Liu er al.(2008) 46 i i T K 41
FETi,?Cr” Mn, " Fe, " Co. "' Ni,% Cu,* Zn."” Ge,
" As.* Se ¥ Rb.*® Sr.” Mo.'" Ag.'"” In.'"® Sn,
21Sh 0 Te " Au.® Hg ™ T1.** Pb.* Bi. X} 4 #r
B Y 25 L b B CRLFE X RE 5 R ZS (105 5 0 B LR
i R R IE ) Sk H 8 ICPMSDataCal
(Liu et al.,2008,2010) 5¢ i,

B TR T R Y A B4 AT TR ORI B 0 5
JEW R 2E E LT 0 R 27 F 58 vh ol AT BO6 3 ik
ke R STDGL-2b2 (Danyushevsky et al.,2012).
SEES AT AL A SN B #5213 nm OGEE EF Y Agilent
4500 T DU T J5T 1A 9o 3 ol ik R e E A 4l Y 2
(0.7 L/min) , AR BA MY BT g R e 5 5
AR(1.23 L/min) 5B A Z )5 i A BT AL AT
JCR & BN OGRS 50 S 134 A SR OG5
WHAEA 35~50 pm, MR Ny 5 Hz, WOLRE R AR
4~5 J/em® RS F b 43 BT EEE R 90 s, Horp 4
5 30 s (25 FH S (0 22 R 60 s 9 80 )l B

G5 Mg . AR 4 Frf 3% Large et al.(2009).
ik T & AL 5 Ti.°? Cr,” Mn.,” Fe,” Co." Ni,
“Cu. Zn.” Ge.” As.*” Se.® Rb.* Sr.” Mo,
IOQAg‘HB In‘llS Sn\l?l Sb\lz& Te\197 AU\ZOZ Hg\
Y9 TL Ph 2 BiL X 43 B B 1Y 2 4 Ak 38 (AL 48 X+
mn 2S5 5 0 500 135 258 £ 45O MK 3F Longerich
et al.(1996) FRifEJ7 ik K H SILLS 8 {4F#E 47 A0 B,

4 SrHrsh

AR A 4 7 R AS [ By B 5 4k ™ 1) LA-ICP-MS
TR g 5 T £ 1 dh (Hdh DT43 4 Pyl
W, DT65 K Pyll # gk, DT42 i Pylll # 2
TOFE A R T R, B R JC &K (Au. Ag.,
Cu.Pb.Zn) R4 64 L R8T R (CoNiLAs, Te)
() i O TR I BR L Ak, A T R T,
2Cr.” Mn.”® Fe.” Ge.®¥ Rb.*® Sr.” Mo.'""" In,
"9Sn. """ Hg " T1.” Bi ¥J#4> 50 & K 2 50K T4
L 5% 30 S R I 5 2 14 Bt T B R AE iE— 200
WA,

F1 PMEEBFERBETRARHR BT LAICP-MSRETESWER

Table 1

Trace elements analysis for different generations of pyrites from Dongtongyu gold deposit, Xiaoqinling

TR T H (10 %)

§ - .
R e Ni As Au Ag Te Cu Pb Zn
DT43-1 Pyl 112.15 9.33 0.68 0.06 0.15 0.20 0.33 0.14 -
DT43-2 Pyl 301.58 39.62 1.01 — - 0.06 0.28 0.04 —
DT43-3 Pyl 12.60 1.17 39.20 — — 0.48 - 0.05 —
DT43-4 Pyl 0.17 0.06 40.40 — — 0.15 - 0.02 0.19
DT43-5 Pyl 1.17 1.08 - 0.01 0.03 0.43 2.68 0.08 0.28
DT43-6 Pyl 0.61 0.39 — — - 0.78 0.62 0.01 —
DT43-7 Pyl 7.81 4.40 1.86 0.04 0.05 0.02 0.64 1.21 —
DT65-1 Pyll 134.26 9.69 0.98 0.40 0.66 0.65 0.37 0.36 0.22
DT65-2 Pyll 1.21 1.11 — 0.30 0.64 1.41 38.56 0.38 0.29
DT65-3 Pyll 150.76 15.04 21.08 0.59 48.05 0.17 57.13 5.35 2.27
DT65-4 Pyll 72.67 60.11 0.99 0.16 3.54 1.49 2.72 1.29 0.39
DT65-5 Pyll 13.31 10.08 — 0.18 0.96 0.85 3.79 0.15 —
DT65-6 Pyll 126.13 18.59 12.97 0.10 0.89 — 4.58 0.10 0.20
DT65-7 Pyll 77.80 47.88 10.94 0.12 1.11 — 23.15 8.78 —
DT42-1 PylIll 3.65 3.26 0.80 35.58 109.94 79.79 38.45 16.17 4.96
DT42-2 PylIll 3.47 3.24 0.72 13.30 39.20 29.18 121.68 8.72 3.21
DT42-3 PylIll 1.47 0.82 — 1.33 3.79 2.43 3.82 1.15 0.30
DT42-4 PylIll 5.87 5.71 — 4.36 14.26 6.98 11.90 2.10 3.91
DT42-5 PylIll 0.59 0.40 — 5.84 127.16 17.81 48.34 0.98 2.68
DT42-6 Pylll 1.21 1.33 — 13.76 6.43 23.82 2.22 20.70 —
DT42-7 PylIll 1.24 1.15 - 3.57 9.11 7.84 1.93 30.31 -

T — ORI R AT
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AR AR B 25 (Pyl, PyIl & PylID AR 7k
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BN F B B B B BOR H, Aul Ag Te,
As M EITR MG EE B ARG 1 ARy
(PyD UKL Au,Ag Fl Te {5530 B MRAL, 5%
SR (B 6a) , R By BOHDRL 84k Au.Ag
Ml Te Frm K. HEAH DR As(E 6a). 5 2 AR H
BB (PyID i Au.Ag J Te JTCE G 5o WA T+
F L As IfE SR MR H S Au,Ag K& Te W5
SR TE TR R A O B Y AulAg Fil Te,
A As 5 Au.Ag JToH KPE(E 6b). 5 3 AR B2k~
(PylID ki i LA-ICP-MS 34t [ 4% 5 1if 95 4 4
FARH (Pyl PylD & & A [E (& 6c~61), 1%t X2
B b & R E S IR AR W, Ag & Te fi 5 oR E
WARE HYS Au 155 i 250 T 47, w26 3 it
R (PYIID H Au.Ag Fl Te B A %51 #H &
KRMAN, As BIME 550 B ARAR , BEA 1 #0726 AR IK
Bt I A4S Ak, R B TP AR E A

BT AN R it T A T o R A OC R i i —
BHRT Au g Ag.Te As AKX R (8 7). K
WA 4 B PR PyIIT Bk As A5 = 0 B A 55 . (H
Au.Ag fil Te ¥3ZUE 5, H Au 5 Te.Ag ZHfF
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gold deposit
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Fig.6 Time-resolved laser ablation depth-profiles of representative grains of different stage pyrites from Dongtongyu gold deposit
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Fig.8 Time-resolved laser ablation depth-profiles of representative grains of pyrites

8a) , BRI s 19 As B 2 IR T A 0 R A, JHAth I
FAGH As RV EH 0.68X10 °~40.40X 10 °,
SEYS(E R 16.63X10 . Au.Ag.Te.Cu.Pb 1 Zn &
R HRZEE N AL TR R, K, Au & &
A2 3 A THIFR, 4 0.01X10 °*~0.06X10"°,
SEEIE N 0.04 X 10 %5 Ag N 0.03 X 10 ° ~
0.15X 10 °, SFEH{E M 0.08 X 10 ° 3 Te & 40.02 X
107°~0.78 X 10"° , P3N 0.30 X 10 °; Cu ¥
1 0.28X10 ¢ ~2.68X 10 °, EHIEH 0.91X10 °;
Pb &M 0.01 X10 °~1.21 X 10 °*, F¥E N
0.22X10 °;Zn & &M 0.19X10 °~0.28X10 °,F
PIE N K 0.23X10°°,

552 AR FE S (PyID Y Co Ni & &K m H
g, Hh Comy &N 1.21 X 10 ° ~150.76 X
107, 3l R 82.30 X 107 °; Ni |y &t 1.11 X
107 °~60.11X10 °,F¥{H K 23.21 X 10 °; Co/Ni
HEAE A 1.09 ~ 13.86. 7% By BEE AR BRI A~ 2 b As
BRI TR I BRI AR AR As B BV LR
0.98X10 °*~21.08 X 10 °,F#{H N 9.39 X 10 ¢
(8 8b). 55 Pyl #i 1L, Pyll ) Au,Ag.Te,Cu.Pb Fl
Zn SR EAE, P AuFEN 010X 10 ° ~
0.59X10 °, SF ¥ H 0.26 X 10 °; Ag & & N

0.64X10 °~48.05 X 10 °,FH(H N 7.98 X 10 %;
BRWGAS s Te & BEAK TR0 PR A1, I Ath 00 A5 35 45
B Te &R N 0.17 X 10 ~1.49 X 10, F {8 N
0.91X10 *;Cu & &M 0.37X10 *~57.13X10 °,
SR N 18.61 X 10 °;Ph & K 0.10 X 10 ° ~
8.78 X 10 ° M Ny 2.34 X 10 *;Zn & K0.20X
10 5~2.27X10° , Sl K 0.68 X 10",

5% 3 AR (PylID 9 Co M1 Ni & 2 411K,
Hrft Co Frt R 0.59 X 10 ° ~5.87 X 10 °, E ¥l N
2.50X107° ;s Ni F 4 0.40 X107 °~5.71X10"° , ‘F-2y 14
9 2.27X107°;Co/Ni HfH K 0.91~1.80. F &A™ H As
18 B R A3 B (AT T A0 B AN A i W 3 3 40
B 0.72 X 1075 Fi1 0.80 X 10~°. PyIIl % {2 4 R fiF &
Au.Ag.Te .Cu.Pb Fl Zn My #3558 (B 8c~8d) - H:
A R 133X 10 ° ~35.58 X 10 °, S {EH N
11.11X10 °;Ag &8N 3.79~127.16 X 10 ° , SF-H4{H K
44.27X10 %3 Te SHN2.43X10 °~79.79X 10, -1
B 23.98X10 *; Cu &N 1.93X 10 * ~121.68 X
1079 S35 R 32.62 X 10 ° s Pb & f 40.98X 10 ° ~
30.31X10 ¢ XM A 11.45 X 10 ° 3 Zn & 4 0.30 X
10 °~4.96X10 ° ,SF-FI{EH 3.01 <10 °.
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5.1 EHRTHMETEARSE

WNHTFT I AR A I 4 B R AP O [ AR ek
(Pyl.PylIl &% PyIID Co.Ni,Au,Ag. Te,As & &
HO AR AR AT 35 22 5 N LA-ICP-MS J0 & # ikt
HS S LT WL T BT Co N {5 5 48 F
LM H S Fe iM% 4 717 (B 9), KB 3T
% Co.Ni R PIKJ [F L 8 LR A7 T 8 ko .
ARHEAC B 2 B9 Co Ni & HF & Co/Ni ol 1 B
AL BRI Co/Ni FefE3EA L#S R T
1T ME N 3.9; F 10a), H Pylll # Co.Ni 7 & il
Co/Ni W AE B AR T PyIl #1 Pyl, 5 PylIl (%I 1§
TR BE IR 5 80 Co Ni 76 35 2k ™ Hp 1 28 5 [R) 4 g
R A K.

SEE WF 5% % W (Seward. 1973), 7 1H E
<350 °C .pH fH I H ¥ 1 & BB $OR Hh Au FE
DAY Au(HS) WMIE AL T & i i gk o
X Au B IR & As DL R AR A TR A0 o
B R ST U A TP Y A E DL ENA R (AuHO JE
AR L S AR Au S As
WA FE W MY 2 1 ¢ R (Cook and Chryssoulis,
1990; Ashley et al.,2000; Pals et al.,2003; Reich
et al.,2005) R IR 4 0 R H Pyl B9 As & &8 &
2 Au F s HABRACPYIL I As & 24 Pyl e iK1 4
T L Pyl B9 Au & e H LA E As.
DL BT S B, ZR A 0 4 7 IR B8k Au 1)
HHES As L& 10b) 5% R Bl 87 /N FR 1
W XA &0 40 K, AR AR 1 LA-
ICP-MS 35 5 i oR As W15 5 50 B B 3541
Je IR 3 AR R P AL — A BORL L As B 5

T3 — 7T R Au Fl Ag . Te Z M fF1EH
SO IE A O O &L Hoh ot U PyIII el A
(K 10c~10d). Pyl ) Au,Ag.Te & & % K T4 I
PR, A B0 53 BT o5 B R (Au Ag Bl Te B35 553
A 0.03X107°,0.06 X 10 °F1 0.60 X 10"°), Pyll
) Au, Ag Al Te F3¥ & & MK KN 0.30 X 107°,
8.00X 10 °F1 1.10 X 107 °, ¥ Lt Pyl (y4H M T £ &

& Pylll 4 Au.Ag Fl Te ﬁéﬂ%i‘ﬁﬂy,ﬁj Au

ﬁjy13o><1oﬁ~3560x1oﬁ HHh
3.80X 10 ®~109.90 X 10 ° fl Te /‘\gjﬂ 2.40 X
10 °~79.80X10 °, H Au 5 Te Z R ff# B3 H
T B LR TEAH G ¢ &R AR L FT LLIK Ry s Te Gl AS &
As) R ZR A I 4 0 R IE i # v 4 0 4 s e AR B
A E AR R (Afifi et al., 1988a, 1988b; Ciobanu
et al.,2006,2010;Bi et al.,2011; Grundler et al.,
2013;Bristol ez al.,2015).
5.2 EHHH HhEFRITIE L H

il J2 Hb 5% LR Y S HOT R CREE 1 X107 ~

1610 B 45 Bt A9 3 BR AL~ P S AR ) DA kg 3= 52
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et al., 1987). 7§ M 1) Golden Mile ( Shackleton
et al.,200) FE LT IR KA RKEMEFE T
fifi A . A2 A6 Jb 2% 1 7R B CBR AR 2000 B 5 S5,
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Fig.9 The distribution and absolute contents of Co and Ni from the first generation of pyrites in the Dongtongyu gold deposit
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FHAE &K B Au-Ag Wb . & — T R0 ) &
R T4 — Wy W —FEZENET YR KB
et al.,2011) s /NZEIR G IR G IR S16 5k Te &
HEA 1565 g/t(BE RS ,2004).

il 14 3 % R TC € A2 LA U AR 14 VLB L O L
i8R AR5 A P R A R, B O TRl Ak 0 1 AT 5 ET
S R B 1 F B B ) 42 4t 2245 B (Bar-
ton and Skinner,1979; Afifi et al.,1988a;Cook and
Ciobanu, 2004 ; Cepedal et al.,2006). — Bk ., H
A T B VR B (oAt ) B I T R B R I A 1
T A A vl BT W ST R R AR W T QRO
2000) AR A I3 42 4 R B Pyl Fl PyIl A & 805 A 1R
IR Te 1 Au, 5o BUH™ B B U 14 19 B % B AR =
T s 19 AR ARG, BB T T o R ek 4 A R A 1 B Ak
Pylll &4 Te Au M Ag FiMEILE . H Te § Au,
Ag fAAE B ZF R IEMHCH, B8 Au.Ag TTRES Te
DA il 2 1 0 b [ s R R R AR S L W AR S U0TE
(Seward, 1973 ; McPhail, 1995) . 25 ol 19 $L 4 s WL T
INZE UMb DX Y 1 A 5 I KR A R I IR 1Y
BERTILIE W A1 3 B B (Pyl, PyIl # PyIID , H
o PyIIT iy Bk WURE A9, {3 LA-ICP-MS 43 §7 i R
WU TeM T EREHAS Au.Ag Z RIAFTE R
FH W IEAH OGO R L 3R W ) 0k P AR ZEAS AT UL 1Y

W 4 R AL AL PyTTT 2 )5 T3 K
] DL 4 VR ERAR A 5 A A AR A SRR ALY
() 8 LB (Bi et al..2011) . 3EF 11, FoATTHR 245 H
WA 4 1 AR (LA B /0N 28 0t DX HC Al 5 s 79 4 00 A 1)
A A S BRI 43 Sl A B B R B B T AR BB
W rPOE R BN A WL e, 5 2 &R
T B B 0 e BT O T R EJE B, AT RS R U A
Py AR 2 A 1 J P8 A0 S R i e T R R
FE A G s R B BT B o AL AT UL A i 4 Ak ) IR A A
A1 5 BB AL P 0 2L rh AR D BOR UL SR A 1Y B AL )
(Bi et al.,2011).
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19795 Afifi et al.,1988a) AR M U3 & 5 IR B9 4 17 By
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5.3 EHERY HWHRERSH KKBENETR

A Bl 1) A RN TR 2R A s 4 1 DR 1) B 4
J& 0 R R AN R B PR HL A R AR, BT
KA GG AR BIETE J7 6 &0 IR R B 4 B R
PRIHATRRAE #8522 F N A WAL W 1 Te AL R A
AT RE B R BT B 5ok R Y 7 5 7] (Ciobanu et al.
2006 ; Fornadel et al.,2014) ,{HZ 4 H 1F B Fr I if
A DURH G  BCR B AH — AR E B B
AT 438 1Y s S WAL 0 R R 2 T 5 E K
YEFA DGR BT R IS AU vh 3 26 57 R A 456 1 A T 4
WAL & W K (Pals et al.,2003; Plotinskaya et al.,
2006 ; Yuningsih et al.,2012;Zhai and Liu,2014) .
HORBRAL Y B K (Térmanen and Koski,2005) (/Y F
B AR 407 PR (Cepedal ez al.,2006) A B 40 R
(Ciobanu er al., 2006) . # ¥ 4 B i 1k ¥ 0 JK
(Helmy,2005) , 5 5 M 5 A7 ¢ 1Y & 07 K Cok il £
2000; B 5t L5, 2003; Cook et al.,2009) 4. ik 4%
W IR H 5 A A R OGS T FE R AL
FLIE B JRCHR 4 B IR B3 1 R G T R L kB AL )
(Shackleton et al., 2003; Oberthiir and Weiser,
2008;Ciobanu et al.,2010). AKX KT IR 5 A5 KA
(6 BRI AAAE AP, H 2 /0 T — 3 4340 IR 1 B P
5ARE S A O, nde 56 Rl 8 b i A J
Tintina 4 B 674 & & 09 MK R & 07 K K 5 1
Cheonan il #” 1F BY Yuryang Au-Te # JK (Sillitoe
et al.,1998;Pak et al.,2006).

WLTE 30 Z4F R . Boyle(1979) 78 S 45 th A I i 1k
YRG0 R AL AR A B S s 0 1 i Ab ) 5 K R
At 5 Z& .Fulignati and Sbrana(1998)7E & K F| La Fossa
IR IS A B3 8 o A S v e K S H SR L
IR 4 ORI 574 7 (9 BiPb. Te Al T1 & L, A Te
I Bi FEk A A5 <. Rubin(1997) %t B @ Loihi
T LS 1Y AR A 0 T 58 7 Te A HAB % &
PE 4 & 32 BRI T IR AR 6 IR 0 <. B8 e S N 8 SOk
(1989) & AL A 5 417 180 1 2 A1 T 1) 938 B ) Ak o 2L 4
W R EE KR Au-Ag-Te RIVE Y ; it VAL 2 1K

R 2 R 2R RRAIE © 28 E B AR T 4 42 87 IR 1 BT ) JoT
CELFETE) 3k B & 3K A0/ 8 Hs b8 (Chen et al.,2009; Fan
et al.»2011) 35 0 AT L) 25 4 T o 25 A0S 4 7 K+ 1)
il 7T B 32 R R T 2 e A AR L X S L
et al.(2012) BINIH—EK.

o T 1 DX IR A B 9 A SR AR A s 4 T R
(9 BLAT 1) B oR 5 3K SRR AR AR R T A5 SR R WL 1
ZU4 M X 4R 250 IKE BT IR AR 2 & R e ik
(154~118 Ma; Li et al.,2012).3% — I} [A] 5 /N 22 1%
AR FRA% 2 i B[] — HiL IXRT 408 30T b DX A Fp R i — rpr
PEAZ A TE WIS (8] — B0, a0 /N 28 08 A8 A% 2% 5 T2 R
T 142~123 Ma (5K #EVT.55,1998) 5 /NZE 14 b X J H:
A A LR A B VI O SR RIS A A S
rh R T e S A K I L TIORL A AR O A M Tk Y
1R 5 33 46 JE 14 2 Ik 1 g £ RORE A 4R 19 85 A4 U-Pb
AR F 150 Ma 2245 (Ding et al., 2011 ; #9545,
20115 Liu et al.,2013) 5 /NZ2 U4 Mt IX 2R 00 K 1L i 4
BT A BUAE B AR L AR Ry 115 42 Ma (it 23 7755
2008) Ml B — 52 F A b B L B kA
SHRIMP #5417 U-Pb 4E 4 117 +2 Ma Gl H: 75 %5,
2007) A8 BT 2 W A G B DL X A TG
FEETTZ R B YRGS — 50 AR b 5
PLIE R ) K X 52 3 A P e 1 ) 3 1 o 4 1
(Mao et al.,2010;Li er al.,2012) 78 [a] — if 3, IX.
G AR AR R & A A S Bk A g H-O W &R
AL T A 3K BN L BUs oK 5 R KL Z
], 2 WL Ak Bk A T A AR R O HHEAE,
2015). 53 b NE e R C AL R A EE R
—7X10 *~—3X10 *(EERpd, 201, SE K 72K
= A A Z A R e IR R A AL R 2 — B
(Hoefs,2009) , W 7~ & 43 8™ #4% 7T BE ok A A4 9K %
H ok A b PR & Oy 5 b 08 R A R R
(2011) 3 3 7% 4 B JoA Xk W i A <k
[A % (He Ne, Ar) WF 50, #8 75 /NZ2 08 & 07 00T i
AT R b 8 2H 43 (> 25 % (1918 U5 He A1 LA M e
HUE R M Ne) F2A 2K 4 4y iF — 25 150 B i Y8 A
TR IR A A 2 53 A TR 1 PR /N 28 04
X &0 S 3L A 19 T B4 R 4 (Li et al.,2012).
XA & RELE PG 0% S {8 5 A v Bl 45 o0 46
M (2XT10 0 ~5X 107, I 7 Ho i 19 o I8 5 AT TR
P CBE R4, 20115 Li er al.,2012) , A] RE Y K IR 40 4%
KRAEHEAE A b AR ARE S g A7 Tl FE ik &l
A5 J5 b AR v ) A R LB VR T RE RS R A A
aR b e RH B TN S R R AR AR OG22 Jo O 4 & )
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Bl 2 M Ll R R A A B i AR ) R
HLiHI (Phillips and Powell, 2010) . H /]y Z5 I #by [X i
W Hl 5 — RAERE Y 28 AR & A T K R &b oo
AR (R R 45, 2003) L T 4 B R IE BT 1 vp 2
FRCLi et al.,2012). 58K L LA™ It 1A Hh B4 4 AN W >

FORAERE B P RE A SR Ry 5 98 R/ 55 b 8 8 2 K 43
S RFEAE,2003). 25 1 T iR I o AR A s B /N 2% 14
oAb 45 R v 3 5 A7 6 A9 Te-Au-Ag & SRR, 0]
Rl S W AT 4 I/ A I AR T RE R [ TR R A K
P 4y o b A T 5 DX B4R 1 56 RN K.

(1) AR s A 3 Jok 78 4 40 DR v 79 B8 4k T AR T Rl
SR 3 A AR (PyLL PyIL Al PyIID , HA [ (AR A 25 4k
W BA AN G 1 W) 2548 Sy 3 A 20 B R AE

(2) /N A U e B IR Y Te (A 2 As)
Xif 4 1 4 i F e AR B AR LA () AR kT
1 Au.Ag.Te As S5l i J0 R M9 & 2 S 7 A FRAE
HARRENZSS M, EERHNE 3 A E KT
o Au 5 Te JUH & 4 H W H A7 7E b 3 fES e i
PEIEM G CR TS As WA — B H K HE.

(3) AR Al U3 4 4 R v AN () )8 B B il Ak 90 1)
ST YE 3 B X BL T A U AR R Cfs, ) R R
(frre) AR A2 4. & & B0 K 5 5 K AE ]
AEAE BN TT 43 (4 B R BR 2R 2 ] U 4 40 PR 1) 80 A It
P/ BT T T R K F TR B A B 45 K A3 b
i

M. BB LRERXFERKEFT RFH
% ¥ David Cooke # # #= Leonid Danyushevsky
# I LA-ICP-MS 5236 P 32 4545 81
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