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A study of the mineralization age of nephrite from Sangpiyu, Xiuyan County,
Liaoning Province
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Abstract: The petrological characteristics of Sangpiyu tremolite jade from Xiuyan County of Liaoning Province were
studied using polarizing microscope and electron probe microanalysis (EPMA). The zircon and titanite grains which
are separated from Sangpiyu tremolite jade were dated by secondary ion mass spectrometry (SIMS). The results show
that Sangpiyu tremolite jade is mainly composed of tremolite, and its secondary minerals mainly include apatite, cal-
cite, chlorite, graphite, limonite, zircon and titanite. Under polarized light microscope, the main textures of Sang-
piyu tremolite jade are felt-like fiber interweaving texture, micro-fine crystalline texture and fibrous metamorphic tex-
ture. The main structure is massive structure. The main chemical components of Sangpiyu tremolite jade are SiO,,
MgO and CaO. The ratio of Mg**/(Mg™ +Fe*") ranges from 0.964 to 0.971. The zircon **Pb/**U age of Sangpiyu
tremolite jade is 1 851+7 Ma, and the titanite® Pb/*®Ph age is 1 848+17 Ma. The Sangpiyu tremolite jade was
formed in the dolomite during the period of palao-Proterozoic regional metamorphism.
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( ERFELSE, 2002) . 2012 4%, 7RI T4 Uil B kg
PSRRI AR L B R B R T R E N A
W IR, HA — i M R SO AN B, BN A
T LTIl B A MR P I T 2 30 km 20 E VA A
PURE T 4 km B RILAH I 04k 2 RUZ MR M &2
AR SRR B —E B (RZBE, 2014)
OB RIS B2 B TN BT s = Rl
BNAENEZY 5, URTERRNENAEY S8 E
BEOATAELN F I, X 5 B2 g [N A1 B0 (RIS AH X it
Zo AR 5 B I TN A TR 1Y B B 7 55
PRECH Wy 4 1 A2 By G5 AR 3 A SR R IR A
FARIEAT T ORI IR L PR R 2 S A8 o AR
IRCTAES, 2018) , HAT Wi oy F2EMEINA T TT
RO RBAL, Ba LT 68 3, 2580, TR 5A4r,
BT (R, 2014) . FBATEE(2019) 38 30 I &
10T I AT S B A ES AT U-Ph 4FI4 2 A FL i 4E 1%
()RR 220. 8+7. 6 Ma, 1% £ L AR TE 1.7 Ga
e, PR b DX R BE A AR AR B & LAY D AR 3 TN A
0,

BINA EN IR — B AER PR, (H e st
DU B A E AR ), DA PR ) 8 4 T
YE—ERAMEE, BT AR ZENA E RS
F AR T H AR Y8 A kT iy (R N
A IS REAA Z AR, H b B AT B2 4k
REEA L IEA—E KRB NA ERIE AR, a0
RIS IE T TR 75 RS A DL E R TR I 45
A HAYER TR A RERT I AR A0 21 7 TR 5 (9
WAGSE, 2014) , TSN A K5 —FEl S P88 4
— PSRBT R L () (Ling et al. , 2015) XA
i U-Pb BRI AR 2 B N A E P B (Xl
AL, 2019)

R TN T it 3 B2 W335 TN A AT R O i A S
b A s AR SRR A SRR 13 TN A B E T
T AR A 2SS R B HRER (SIMS, secondary
ion mass spectrometry ) X tl:éj\*ﬁ%%EZﬂJ@ﬁlﬂEE
TR S A 1 U-Pb AR FIAR A 1Y Pb-Pb 4R
N5 58 B 25 DN A 50T R TR JSCRs) T]  SR R FE
(AR A ARG A [ o) A B I RE P A BB I, e 7
BN ERE G R A M E R B

1 DXt i

1L TR B SR W3 TN A B0 T 4l K VA3 TN
A B SISO B2 B SRRk
& AL R A 8 5 1) R4 o 1Ly L3
EemppteydbsE &2 T RHE R R A & ) R )
R RAEG W2 B0 EZ 7 TN E H
R h Z v R R R A 52 A2 ) A R ) 4
(El1),

LTI B S R I N B 2 £
LA A &R, BRI o BRI AL R R K
A B KANAH =B, B0 PaLER M m il i #5
TC U BRIREE = ZRKAE K G, ILAMA A 4 i A8
KAEVNIEBES i B A et 5 S hkos (R
A 2007; S22 BE, 2014)

T RANH B, AT TR FA BN
ARG ARZH I KRS BUE BB, K
130 m, FHYJEEE 4. 57 m V2R GE K 130 m,
fifi i) 20° , {0AR 700, i N A KIS BlE &,
IR FRERAHBI RSt F 2 W = A BN
A, B/ DR S s T AR AR 25, IR AR 1 254
B R ROK, LR, BN A B AR IRE R
AR R IR AR ], 22 U2 R B SR Hb
JEFETRE AR 5 AT (RS, 2007; RZ
HE, 2014) .
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Fig. 1 Regional structural outline of the Xiuyan jade deposit (after Wu Zhiying, 2014)

a  FEsX2im

b FXTi &R

¢ FEEX9EE |

B2 07l B 58 B N A1 Al
Fig. 2 The sample of Sangpiyu tremolite jade
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HEFT A 56 S S S R DA B B & R 52 4%
T 5 XTI A7 A 325 565 DGRBS ' b Al ORI B
FIG53AT , LU 2 Y B 25 4 S B s % 3 R A 3k
R FERIRT DUAE LS S A LR AT
B U-Ph ARSI RIS A /) Ph-Phb 4§45
HRAE D ERFE Bk B 5 sk Wy PR i B A CAM-
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o VRN R Li %5 (2009) F1 Ling 45 (2015)
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17 K e AE FHFRESS £ Plésovice (337 Ma, Slama et al. ,
2008) AL IEARAT LA W DU AR VAT St AR A5 1 v fh
2 1SD=1.5%(Li et al. , 2010) FHEA & I 328 P 0k a5
LRGBS B o R 22, DABRUHERE i GBW04705
A SR A JRRE W DRSS RS 1 2, e AR IR 5 b A ey
T 10 A~ MBARY Ph R E E A SR S A b v
BLR-1( Aleinikoff et al. , 2002, 2007) 3 WAL #4542
P, 58 Ph K2 IE R FH S Ph {8, T I0 45 34
Pb SRR, BE W Ph 3 Ek U TRt #E
W ABIZRI P 154, IS HFE 34 Pb [F 7 R A
. Stacey and Kramers, 1975) /£ A8 Pb 20 AT
KIE, AR AR IR 220 1o, BEZS R4t
PR A 1SOPLOT K4 ( Ludwig, 2001)
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3.1 WHAERR
3.1.1 ot dREARE

R EINA E W B2 YA S BN A, T
o IR, e T 0 11 90E 5 ks n] S 21
AeAR ABDIREE A ARIRIEIN A — BN T 0. 1 mm, HARE

INATR/N0.5~2 mm A5 (K 3a~3c¢) . BT YIS
WD FEAB KA T RO SR A8 AR
W B A A5, BERA TN T K, 0 sk
FEEMIRLR, T A T, N, T m
H, &R kst IRERER, s T ah T %
IR, FER R, AR RS T R AR
o FEEE SR = SR . R AR AR
BINA BRI ERECR 0 (B 3d) . HHAT Y
WORLH ERRIRIZE I BUY  IER 2, S T
f, Z3E A (K 3e,36)

3.1.2 HTHE T

X} 3 45 B R A5 TN A B RE (X2 . X7 . X19) #E 4T
T HTFEREINE BRI S S BB S
BT AT, AT 45 RN T 23 MR E TR
PHES FE5 % 1,

M2 1 "I, RE BN A E F 2o 2
Si0, Mg0 ,CaO, 7 &y [ 435l >4 57. 79% ~ 58. 58% .
22.41% ~22.87% .12. 55% ~ 13. 35% , 2418 43 53 Fy
58.21% .22. 63% . 12. 86%, Lt i% [N A WL 4 # 8 {H
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Fig. 3 Photomicrographs of Sangpiyu tremolite jade ( crossed nicols)
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Table 1 Electron microprobe analytical results of Sangpiyu tremolite jade samples

X2-1 X2-2 X2-3 X2-4 X2-5 X7-1 X7-2  X-7-3  X7-4  X7-5 XI9-1 X19-2 X19-3 XI19-4 X19-5

Si0, 58.20 58.37 58.28 58.30 58.25 58.35 58.48 58.37 58.39 58.58 57.79 57.82 57.86 58.00 58.04
TiO, 0.00 0.00 0.00 0.02 0.03 0.00 0.00 0.02 0.01 001 0.00 000 000 0.02 0.03
Al, O, 0.47 0.38 0.48 0.53 0.54 0.32 0.43 0.36 0.41 032 069 079 05 073 0.8
Cr, 04 0.01 0.02 0.00 0.00 0.00 0.00 0.02 0.01 0.00 001 000 0.00 002 002 0.0
FeO 1.38 1.45 1.34 1.42 1.44 1.31 1.45 1.36 1.33 1.40 1.36 1.38 .30 1.25 1.27
MgO 22.67 22.60 22.66 22.65 22.63 22.63 22.81 22.78 22.87 22.64 22.46 22.63 22.41 22.52 22.49
NiO 0.02 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.01 0.01 000 0.00 0.00 0.00
MnO 0.10 0.12 0.10 0.11 0.12  0.09 0.11 0.15 0.15 0.10 0.15 0.15 0.12 0.11 0.14
CaO 12279  12.72 12.80 12.71 12.63 12.85 12.68 12.86 12.73 12.55 12.80 13.35 13.13 12.97 13.35
Na, O 0.04 0.03 0.03 0.03 0.07 0.03 0.06 0.07 0.07 004 0.06 008 0.03 0.0 0.06
K,0 0.04 0.02 0.00 0.04 0.06 0.00 0.03 0.01 0.02 0.02 0.04 0.03 0.01 0.01 0.04
Total 95.71  95.71 95.72 95.80 95.76 95.61 96.05 95.98 95.98 95.67 95.38 96.28 95.48 95.85 96.32
Si 8.06 8.08 8.07 8.06 8.06 8.08 807 806 806 810 8.04 7.99 804 803 801
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.08 0.06 0.08 0.09 0.09 0.05 0.07 0.06 0.07 005 0.11 0.13 0.10 0.12 0.14
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.16 0.17 0.16 0.16 0.17 0.15 0.17 0.16 0.15 0.16 0.16 0.16 0.15 0.14 0.15
Mg 4.68 4. 66 4.68 4.67 4.67 4.67 4.69 469 471 4.67 4.66 466 4.64 4.65 4.63
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 001 0.02 002 001 001 0.02
Ca 1.90 1. 89 1.90 1.88 1.87 1.91 1.87 1.90 1.88 1.86 1.91 1.98 1.95 1.92 1.97
Na 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.02  0.02 0.01 0.02  0.02 0.01 0.02  0.02
K 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01
Sum 14.91 14.89 14.90 14.90 14.90 14.89 14.91 14.91 14.91 14.87 14.92 14.96 14.91 14.92 14.93
( M;\fgj—;/e% ) 0.967 0.964 0.967 0.967 0.965 0.969 0.965 0.967 0.969 0.967 0.967 0.967 0.969 0.971 0.969

Cr,0, NiO Na,0 f1 K,O0,

MR E bR Yy U238 0 ) Wy 44 2 01 234t
HEFA TN A 43 23 HE 7 00 ff1 TN A0 I fim 48 T 38, 4
Mg/ (Mg® +Fe* ) = 0. 90 ~ 1. 00 I} >y i% [N 47, 4
Mg™ /(Mg* +Fe™ ) = 0. 50 ~0. 90 i Jy BH & 47, 24
Mg/ (Mg™* +Fe*) =0.00~0. 50 B ik BHAC A7 (5K
F, 2006) , FZIEN A ER Mg™/ (Mg™ +Fe’ ) {H
4 0.964~0.971 314 0. 967, 75 & EBrT P2 19
NG 4407 5

3.2 R ER
3.2.1 #%4 U-Pb F#%

X MR A X19 HR Rk ok () 13 BiES A (1054
WA 21~713) #4777 SIMS U-Pb 4381, AU ]
AT T 10 NS AARFE S, 75 B AT AR I 4 160. 0
+1.6 Ma, SHEFE 159. 5£0.2 Ma (Li et al. , 2013) 7E
TRZEE R A — 3, RUVLESFRE T AE . ASHE S A7 1%
SEHNGR 2 R 4, 0] WS A 0 SIS EAE T 4ok 4 4,
¥ 14 Z-1~2-7, U = 549x10°~1 322x10°, Th=
16x107°~94x107°, Th/U=0. 03 ~0. 07, &5 £7 F N 45

FI7E CL B AFHISE (18] 4a) > Ph/ 2 U AR N
FCOEHA{E A 1 840+18 Ma(20, n=7), *"Pb/*Pb 4F
HAJEFEITE 1 85328 Ma (20, n=7) ZIH], U-Pb [alfii %
ZH MR IR 22 V0 Bl N — 2, U-Ph i FI4E 3 A 1 851+7
Ma (20, n=7), HAth 3 4N Z2-8~7Z-13, U=142x10"°
~614x10°, Th=74x10°~322x10°, Th/U =0. 32 ~
0.83, *Ph/?U 4 U HI7E 2 487~2 032 Ma, X 3 41
MBS A AR US| B A AR IR AR &, X Se g A AT
REMARRES AT ok A BUE . B0 NS5 I 7E CL &
B g (Bl 4a), REIWENAE DA
AP PL/ U AR /MY 1 4120 1 85147 Ma( I 4¢)
AR I —EH B A A i 422 0 58 B2 W2 TN A 1B
BUAERE
3.2.2 #8f Pb-Pb 4Fi

X MRE A X19 Hrkak ok () 17 i 4 (18543
WIS Y1~Y17 )HE4T T SIMS Pb-Pb 4E#570#r, 25 5 0
23, WA B Ph/™Ph =321 ~1 881,48 KT 100,15
ST Y-16 F1 Y-17 B9°°Pb/**Pb {H KT 1 000,
2 BRI 24> 43 B a5 018 3 30 A b O R R A
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Fig. 4 U-Pb concordia diagram for zircons from Sangpiyu tremolite jade

*3 REIBENAEREA Pb-Pb ERSITER
Table 3 Titanite Pb-Pb age analytical results of Sangpiyu

tremolite jade

IR 2P/ Ph fae/ % Pb/*Ph o AFfE/Ma to
Y-1 503 3.72 0.136 0.8 1780.8  34.8
Y-2 452 4.13 0.144 0.7 1867.7 49.1
Y-3 540 3.47 0.138 0.9 1841.0 33.2
Y-4 424 4.41 0.143 0.9 1809.3 39.9
Y-5 802 2.33 0.135 1.1 1923.4 33.9
Y-6 678 2.76 0.133 1.0 1926.0 32.6
Y-7 604 3.10 0.136 0.8 1865.5 30.5
Y-8 753 2.48 0.130 0.8 1838.6 27.2
Y-9 579 3.23 0.140 1.2 1912.6 44.9
Y-10 758 2.47 0.132 1.0 1866.8 31.8
Y-11 799 2.34 0.131 0.7 1864.8 23.1
Y-12 670 2.79 0.135 0.7 1884.2 25.1
Y-13 775 2.41 0.130 0.6 1849.0 21.7
Y-14 321 5.84 0.155 1.0 1839.7 50.8
Y-15 582 3.21 0.134 0.8 1818.4 39.0
Y-16 1881 0.99 0.120 0.4 1846.8 10.1
Y-17 1017 1.84 0.124 0.5 1804.1 15.4

T fooe MW CPh (5 E2Ph &Y E 4, 4RI 2 P/ Ph

Y

B fros MRBGEFEIHR 0.99% ~ 5. 84% , R A 43 BT 54,
Y-16 # fops /DT 1% , T 0T 153 BT 15 Y-16 93
2 CPh (5 SO Ph (HRAR, [F B > Pb/* Pb 4F #3153
ZEiR/N, BRI IR A B Ph / 2°Ph INECE 1Y
AEWE K 1 848+ 17 Ma (20, n=17, MSWD=1.9,
5).

2040
2000
1960

19201

1880| 1 l l
1840 l I l
1800

1760}
1720
Mean=1 84817 [0.92%] 95 conf.
1680} Wid by data-point errors only
MSWD=1.9, probability = 0.020
(error bars are 2a)
1640

K5 REUEENAEMAT Pb-Ph AIACEEIAE K
Fig. 5 Weighted average Pb-Pb ages diagram for titanite

from Sangpiyu tremolite jade
4 g

4.1 SIMS $&4A U-Pb EEITLLHEA Pb-Pb EE
BTz TR LS AR s 5
BRI AT YRR RE, TEREIEN
AL, AR RMIE, Sk, 2958 60~80 pum,
[, 85 A 1) U B i A R Ph % i, 5 Phb
THEBAL, FILE AR SRZER N, HBNAE
W B A R S A AR RS A, DR AT A
A HE FI WP — 2 A 08 T 422 3 37 TN A R TR AR 1%
AWFFILAG B 4 A A F R, b HARFERR 1
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n2
°F

i
HekEa A BARE Th/U {8, 55556 78 i 4%
FFIE,

e Ay S — o A7 AE T 25 b R M R A=A
RIS AR IR TS U R, B
— PR EAR R T B, e R s P A AER )
AIRIHHHE (Li et al. , 2010) , 755 EZIRENAE
bR A A R /DN, & o R D, AR SR
ATPh/ 2P RE AR, W R I 2 Ph WA FE 4
B, B AT A5 B4R 27 Ph/ 2O Ph 4E IS . AR Y I % 4R 45
I AR A ORI A5 2 1 4 — B4R RS H R HE
()T o, s A T BRI R OE (2
£, 2004; RZHE, 2014)

BRI B 2 M R AR R R N ) 3%
AN K I 0 b S5 = R R ) 3 R HE DL R E IR
TR ST B AR PR A ) M B A AR (Liu et al.
2011a, 2011b) . B84 R PE | Pk F s A 2 2
R v AR i B /D BT R R H UL R
[T A8 A S Rk Rl , & 5 A Py Ak A
KA RN, T AT S5 22 3078 T = R I AR 5 8L, 3
A T B T AR Y P-T-¢ Bk ( F 8, 2016)
F R IRIE TN A7 T BB PR PR 2 78 R A8 o BB IR
SR A AE E, W8 A S A T R G E N A R
F14) Hl T A4
4.2 M ERSHT

FA ) FH A A0 58 T 45 i 28 30 25 1 4 1%
Ling % (2015 ) i i3 Uk W1 28 )11 4% £ 5 H b (9 4 4 [7)
UR IR AT E TR B4R A 1 848417 Ma, 55
HAEA U-Pb 4FE#4 1 85147 Ma 7615 22 0 H N — 2L,
MR 2 g 3 R AR FT AL, B T SIMS #5 A E AR Y
T3 1% AR A 8 AF 1) 7 VR TR I &5 47 U-Ph AR 3% 1R
22/NFHEA Pb-Pb 4RI IR 22 MR, it 515
DN A (TR A ARG A 00 1 P 4 8 T Ay 422 30 37 TN A K 1Y)
SEBRIE AR, 5 4 A AR ] DL MG IN A &
RS RRBE N A AR T FR AR S A A I
BRI IEIN A ERYAERY 1 848+17 Ma, 5 H 4k
A1 U-Pb 4F{% 1 85147 Ma IR 2T —3L,

REZKE T B 2 AR s AR A A G, anvl
HRR RS PR E HI AR R SR ET KA T
Hz BURBA 546 5 A =2 AR il (Liu et al. |
2010, 2015, 2016) , il Tl AR ET KR hr
PG AR (EB) 1L 7248 10 W B — 5B 43, 10 EB 7E
IR (2. 2~1. 9 Ga) B 1T 54 kA4 T W
S wh—fif 48 ( Zhao and Zhai, 2013) , %W X K%y

£ 1Y

TE 1.8 Ga &5 T XIS AR I, T B = A KB
o BJE, F2s A RO 9 T A O AR LA B
BT, ARG B B, 1 2 A KB 2 B Ak o A
WEIE WGE N AT K (Zhang et al. , 2019) , X —7%
T REFE /N T SR B2 % N TR BRI . i
BRET IRKEEA T 4 A1 AR BB, 4000 |
AU B | 1 2 i DX el A8 T B B AR s AR B
B WA ERIBT B, LR ENA B ERFER 14
f 8541 U-Pb 45430 1 851 +7 Ma, HirPF AYHE 47 Pb-Pb
AEWS N 1 84817 Ma, HEM 5% Koz [N A1 £ 19 IE i 7E
F 2 2 FR X A8 s 3

5 58

(1) 1L T B S i A 5 0 20 %
G RIBEINA G W) o LGB K A 7 A sk
P s WA B A A4

(2) HFRE A R 1T il A B S R Ua a2 TN
A EAEN EE RN Si0, MgO Fl CaO, & A D h
f%) AL,O, .FeO il MnO,Mg™ / ( Mg™* +Fe™") {HE N
0.964~0.971,

(3) B FHE 0, R EIEEN A E W
£12°Ph/PU 4EWE A 1 8517 Ma, B 41> Pb/*Pb 4
154 1 84817 Ma, F A& N A EIE T i oot
B A 2 2 Y DXk A et 40

it vRGBAELLE BERAEEETIE
E IR T A B, L RitA v iRE) bk @A
B IR 5 WSk SRR A T 4 T 8
B, AR AT R B R BT ACBAFA TR E L, T
AEATAR T % % b LA fE s — A
B,

References

Aleinikoff J N, Wintsch R P, Fanning C M, et al. 2002. U-Pb geochro-
nology of zircon and polygenetic titanite from the Glastonbury Com-
plex, Connecticut, USA: An integrated SEM, EMPA, TIMS and
SHRIMP study[ J]. Chemical Geology, 188(1~2) . 125~147.

Aleinikoff J N, Wintsch R P, Tollo R P, et al. 2007. Ages and origins of
rocks of the Killingworth dome, south-central Connecticut: Implica-

tions for the tectonic evolution of southern New England[ J]. Ameri-



54 4

|

AR AFAE: AL B R B N A T T AR IS 833

can Journal of Science, 307(1): 63~118.

Jiang Tianlong. 2014. The Study on Gemological and Mineralogical Char-
acteristics of Nephrite in Sangpiyu, Liaoning Province[ D]. Beijing:
China University of Geosciences ( Beijing) (in Chinese with English
abstract) .

LiQL, LiXH, Liu Y, et al. 2010. Precise U-Pb and Ph-Pb dating of
Phanerozoic baddeleyite by SIMS with oxygen flooding technique[ J].
Journal of Analytical Atomic Spectrometry, 25: 1 107~1 113.

Li X H, LiuY, LiQL, et al. 2009. Precise determination of Phanerozo-
ic zircon Pb/Ph age by multi-collector SIMS without external standard-
ization[ J]. 10: Q04010, doi: 10. 1029/2009GC002400.

Li X H, Tang G Q, Gong B, et al. 2013. Qinghu zircon: A working ref-
erence for microbeam analysis of U-Pb age and Hf and O isotopes[ J].
Chinese Science Bulletin, 58(20) : 1 954~1 961.

Li Zhichang. 2004. Methods and Progress of Radioisotope Geology[ M].
Wuhan ; China University of Geosciences Press, 145~151(in Chinese
with English abstract).

Ling X X, Schmidicke E, Li Q L, et al. 2015. Age determination of
nephrite by in-situ SIMS U-Pb dating syngenetic titanite; A case study
of the nephrite deposit from Luanchuan, Henan, China[J]. Lithos,
220~223. 289~299.

Liu Xifeng, Jia Yuheng and Liu Yan. 2019. Geochemical characteristics
and genetic types of Gobi Nephrite in Ruogiang-Qiemo, Xinjiang[J].
Rock and Mineral Analysis, 38(3): 316~325(in Chinese with Eng-
lish abstract) .

Liu Y, Deng J, Shi G, et al. 2011a. Geochemistry and petrology of neph-
rite from Alamas, Xinjiang, NW China[ J]. Journal of Asian Earth
Sciences, 42(3) : 440~451.

Liu Y, Deng J, Shi G, et al. 2011b. Geochemistry and petrogenesis of
placer nephrite from Hetian, Xinjiang, Northwest China[ J]. Ore
Geology Reviews, 41(1): 122~132.

Liu Y, Deng J, Shi G, et al. 2010. Chemical zone of nephrite in
Alamas, Xinjiang, China[ J]. Resource Geology, 60(3) ; 249 ~259.

Liu Y, Zhang R Q, Abuduwayiti M, et al. 2016. SHRIMP U-Pb zircon
ages, mineral compositions and geochemistry of placer nephrite in the
Yurungkash and Karakash River deposits, West Kunlun, Xinjiang,
northwest China: Implication for a Magnesium Skarn[ J]. Ore Geology
Reviews, 72 699~727.

Liu Y, Zhang R, Zhang Z, et al. 2015. Mineral inclusions and SHRIMP
U-Pb dating of zircons from the Alamas nephrite and granodiorite

Implications for the genesis of a magnesian skarn deposit[ J]. Lithos,

212 128~144.

Ludwig K R. 2001. Users Manual for Isoplot/Ex rev. 2.49[ M]. Berke-
ley Geochronology Centre Special Publication. No. la.

Slama J, Kogler J, Condon D J, et al. 2008. PleSovice zircon; A new
natural reference material for U-Pb and Hf isotopic microanalysis[ J].
Chemical Geology, 249, 1~35.

Stacey J S and Kramers J D. 1975. Approximation of terrestrial lead iso-
tope evolution by a two-stage model [ J]. Earth Planet. Sci. Lett. ,
26 207~221.

Wang Shilong. 2016. Study on U-Pb age and geological significance of
titanite[ J]. Science & Technology Vision, 18: 119 (in Chinese with
English abstract).

Wang Shiqi, Zhao Chaohong, Yu Guang, et al. 2007. Xiuyan Jades in
China[ M]. Science Press Beijing(in Chinese) .

Wang Shiqgi, Duan Tiyu and Zheng Zizi. 2002. Mineralogical and petro-
logical characteristics of Xiuyan nephrite and its minerogenetic model
[J]. Acta Petrologica et Mineralogica, 21(s): 79 ~90(in Chinese
with English abstract).

Wu Zhiying. 2014. Characteristic and Origin of Nephrite from Sangpiyu,
Xiuyan County, Liaoning Province[ D]. Beijing: Peking University
(in Chinese with English abstract).

Yang Yanan, Li Qiuli, Liu Yu, et al. 2014. Zirocon U-Pb dating by Sec-
ondary Ton Mass Spectrometry[ J]. Earth Science Frontiers, 21(2) :
81~92(in Chinese with English abstract).

Zhang Beili. 2006. Systematic Gemology ( Second Edition) [ M]. Beijing:
Geological Publishing House, 342(in Chinese with English abstract).

Zhang Cun and Yu Xiaoyan. 2018. Spectral characteristic and origin
identification of tremolite jade from Sangpiyu, Liaoning Province[ ] ].
Journal of Gems and Gemmology, 20(sl): 41~53(in Chinese with
English abstract).

Zhang C, Yu X and Jiang T. 2019. Mineral association and graphite
inclusions in nephrite jade from Liaoning, northeast China; Implica-
tions for metamorphic conditions and ore genesis [ J]. Geoscience
Frontiers, 10(2) ; 425~437.

Zhao G and Zhai M. 2013. Lithotectonic elements of Precambrian base-
ment in the North China Craton: Review and tectonic implications
[J]. Gondwana Research, 23(4): 1 207~1 240.

Zheng Fen, Liu Yan and Zhang Hongqing. 2019. The petrogeochemistry
and zircon U-Pb age of nephrite placer deposit in Xiuyan, Liaoning
[J]. Rock and Mineral Analysis, 38(4) ; 438 ~448(in Chinese with

English abstract) .



834 s oA

5 40 3

Bt e 32 2% STk

FHXR I, 2014, ILTFREIBHKE T AY YA REME[D]. dbat, b
B R (b nt) .

2B, 2004, JAHERA R TF T R S RIM . BRI, P E
R R, 145~151.

KB, TIEM, X BR. 2019, HrHE o8- HLK S BERHK T 1Y HhER
PRZERHE R RS RBE (1], A0 L, 38(3) : 316~325.
TR, BUAT, M. 2002. AT (BINGE) T HH A%
FRE B B[ T]. Ak, 2135 )« 79~90.
FpEE, B T Bk, 25 2007, FFES E[M]. Jba. Bl

JiAt:.

RZ B 2014, LU E S B R IE N AT R Y A A RAE R R B
(D], dtat. deai k.

FEHSe. 2016, 817 U-Ph 4F I S B R CATIE R [ ], R,
18: 119.

B, 2Rk, X 55, 4 2014, B THREHEEG U-Ph EAE[T].
HhAFHITZ, 21(2) : 81~92.

TRAEFT. 2006. RFEEAF (IR [M]. Jb5T. HuUSH L, 342.

ik AF, R 2018, 3T TR LIGEIN A E R IREGRE " b
bRAEL].

g, X Bk, IKLLHE. 2019, LTINS A AT HhER AL 2R 4
Fekidn U-Ph AR50,

FAMEAZEIRE, 20(S1) : 41~53.

BTN, 38(4) . 438 ~448.



