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Abstract: Nephrite has a long history of mining and use in China, and occupies an important position in China’s

jade culture. According to the occurrence, the genetic types of marble-related nephrite can be divided into contact
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metasomatism type (skarn-type/magmatic hydrothermal type), regional metamorphism and metamorphic hydrother-
mal type, in which contact metasomatidm type is the most important and the main genetic type of high-quality neph-
rite. According to the age of the surrounding rock, the age of the ore belt formed by zircon or mica dating in neph-
rite and the regional geographical location, Chinese marble-related nephrite can be divided into six ore belts: Xin-
jlang (the upper limit of the formation age is 450~350 Ma) of the West Kunlun ore belt, Golmud of Qinghai Pro-
vince (the formation age is 300~240 Ma) of the East Kunlun ore belt, Northeast China (hematite about 250~ 150
Ma, Laoyu about 1 700 Ma), Southwest China, Central South (volcanic rock about 682 + 62 Ma, diabase about
260 Ma) and East China. This paper mainly summarizes the geological occurrence, mineral composition, main and
trace element characteristics of the whole rock, ore-forming fluid composition, zircon/mica age, spatial distribution
and metallogenic regularity of nephrite deposit from the six ore belts in China. The main mineral composition of
nephrite is tremolite. The ore-forming fluid composition of contact metasomatism type nephrite deposit is mainly
composed of magmatic water, meteoric water and CO, derived from decarbonation of the surrounding dolomite mar-
ble in different proportions. The ore-forming materials of Mg and Ca come from dolomite marble, while Si and H,0
come from magmatic hydrothermal fluids (such as Hetan ore belt in Xinjiang). The formation of nephrite mainly
experienced contact metamorphism and metamorphic metasomatism stage, prograde metamorphism stage and retro-
grade metamorphism stage. The metasomatism process was dolomite marble —diopside skarn or epidote skarn—
tremolite skarn ( coarse-grained tremolite) and coarse-grained tremolite —> fine-grained tremolite. Tremolite was
mainly formed in prograde metamorphism stage. The mineralization of regional metamorphic nephrite is closely
related to regional metamorphism rather than magmatic activity, the ore-forming fluid is mainly meteoric water
(such as Chunchuan, South Korea). The ore forming fluid of metamorphic hydrothermal nephrite is mainly meta-
morphic water, and the ore-forming materials Mg and Ca come from marble, Si and H,0 may come from the sili-
ceous hydrothermal solution formed by regional metamorphism and mixed magmatism (such as Xiuyan in Liaoning
Province). Nephrite mainly occurs in the areas with strong tectonic activity and sections with strong contact altera-
tion zone between intrusive rocks and carbonate rocks. The primary marble-related nephrite deposit can be explored
according to mineralization mark, tectonic mark, wall rock alteration mark, secondary deposit mark, ancient mines
mark, etc.
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2014) 3 10T 48 Uil 2 EL VAT B8 R A9 )0 A K 3 40 75
TESRAE A HOKIRN , 3 V& AR BOK X BN, BE IR
JE T iR a1 28 K X IRAE RS, R R A1 78 5 KK it
T, LT A A B B BT R O AR SR
K, K ARAERK, G4 SRR S [
FRHE, ZENT YA RN FEORIEFA A, b
ARG TR A A A K (ERFBLAE ) 2007; KA,
2019) 5 g 2 28 )11 ELAN B 6 49 0 i A 32 2 R AR
K (B, 2012) 3 #HEE A 088 Hk
FHE R KRS FEK(Yui and Kwon, 2002), X L7 IR
TH A9 B AR B S R R) 1 3 2 A KR
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Table 2 H-O isotope values of tremolite in nephrites from different deposits
6180H 0
7 FE 8D 850 D0 : B IR
330C 390C 450°C
392-1 -81.9 4.99 -60.2 5.48 6.11 6.51
392-2 -81.8 4.27 -60. 1 4.76 5.39 5.79
392-3 -84 2.67 -62.3 3.16 3.79 4.19
- 392-4 -82.4 3.63 -60.7 4.12 4.75 5.15 e e
HEp I 392 392-5 -82.4 3.89 -60.7 4.38 5.01 5.41 MEEE, 2007
392-6 -83 3.92 -61.3 4.41 5.04 5.44
392-7 -81.6 4.24 -59.9 4.73 5.36 5.76
392-8 =81 3.5 -59.3 3.99 4.62 5.02
ABY-1 -86.7 3.8 -65 4.29 4.92 5.32
ABY-2 -83 3.2 -61.3 3.69 4.32 4.72
AQB-1 -93.1 6.1 =71.4 6.59 7.22 7.62
AQB-2 -89 4.6 -67.3 5.09 5.72 6.12
AQB-3 -85.1 3.5 -63.4 3.99 4.62 5.02
oo 1T AQB-4 -85.9 3.6 -64.2 4.09 4.72 5.12 .
S By 35 Sy AQB-6 04,7 6.9 7 6. 69 73 - Liu et al. , 2011b
AQY-1 -90.2 4.1 -68.5 4.59 5.22 5.62
AQY-2 -85 3.6 -63.3 4.09 4.72 5.12
AQY-3 -91.6 4.9 -69.9 5.39 6.02 6.42
AQY-4 -90.4 4.8 =68.7 5.29 5.92 6.32
AQY-5 -86.2 3.8 -64.5 4.29 4.92 5.32
MYH1 -97.1 0.8 =75.4 1.29 1.92 2.32
MYH2 -92.5 7 -70.8 7.49 8.12 8.52
MYH3 -107 4.6 -85.3 5.09 5.72 6.12
MYL14 =79.6 2.7 -57.9 3.19 3.82 4.22
MYH6 -62.6 5 -40.9 5.49 6.12 6.52
MYH7 -67 7.3 -45.3 7.79 8.42 8.82
MYHI10 -46.3 4.9 -24.6 5.39 6.02 6.42
MYHI11 -27.5 3.6 -5.8 4.09 4.72 5.12
MYH21 -39.4 5.4 -17.7 5.89 6.52 6.92
MYH24 —-106 3.5 -84.3 3.99 4.62 5.02
MYH25 -41.1 3.7 -19.4 4.19 4.82 5.22
MYH30 -80. 1 2.7 -58.4 3.19 3.82 4.22
MYH31 -85 7.6 -63.3 8.09 8.72 9.12
MYH32 -84.8 1.5 -63.1 1.99 2.62 3.02
e MYH33 -86 1.1 -64.3 1.59 2.22 2.62 .
MYH34 =77 6.6 -55.3 7.09 7.72 8.12 Liu et al. , 2016
R
MYH35 -90.9 2 -69.2 2.49 3.12 3.52
MYH36 =107 2.1 -85.3 2.59 3.22 3.62
MYH37 -91.3 3.4 -69.6 3.89 4.52 4.92
MYH38 -86.5 3.6 -64.8 4.09 4.72 5.12
MYH39 -58.3 6.7 -36.6 7.19 7.82 8.22
MYH40 =76.5 3.9 -54.8 4.39 5.02 5.42
MYH41 =77.5 3.8 -55.8 4.29 4.92 5.32
MYH42 -57.4 4.3 -35.7 4.79 5.42 5.82
MYH43 -108 2.9 -86.3 3.39 4.02 4.42
MYH44 -86.2 3 -64.5 3.49 4.12 4.52
MYHS50 -85.2 4.9 -63.5 5.39 6.02 6.42
MYH51 -99.6 2.2 =77.9 2.69 3.32 3.72
MYHS52 -78.5 7.9 -56.8 8.39 9.02 9.42
MYH54 -87.7 2.5 -66 2.99 3.62 4.02
MYHS55 -103 6 -81.3 6.49 7.12 7.52
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gx2
Continued Table 2
5180112()
7= H [E252 8D 5”0 8Dy o BlE e IR
330C 390C 450°C
MYH56 -95 3.5 -73.3 3.99 4.62 5.02
e MYH57 -109 4.3 -87.3 4.79 5.42 5.82 Lot ol 2016
s du et al. |
B MYHS8 -71.8 4 -50.1 4.49 5.12 5.52 e a
MYH59 -92.6 1.6 -70.9 2.09 2.72 3,12
QB-1-03-4 -87 4.1 -65.3 4.59 5.22 5.62
0B-3-03-1 -73.4 3.6 -51.7 4.09 4.72 5.12
» (B-3-03-2 -49.8 3.6 -28.1 4.09 4.72 5.12
B HoR A Gil et al. , 2015
QJ-1-02 -79.3 2.9 -57.6 3.39 4.02 4.42 ned
QB-1-03-5 -77.2 3.5 -55.5 3,99 4.62 5.02
0B-1-03-6 -77.7 3.5 -56 3.99 4.62 5.02
LHM15-1 -88.23 8.4 ~66. 53 8.89 9.52 9.92
LHM15-2 -75.2 8.5 -53.5 8.99 9.62 10. 02
—— LHM15-3 -93.29 8.8 -71.59 9.29 9.92 10.32
A LHM15-4 ~94.95 9.3 -73.25 9.79 10. 42 10.82 AT, 2019
(MEE)
LHMI15-5 -78.51 10.6 -56. 81 11.09 11.72 12.12
LHM15-6 -93.78 8.2 -72.08 8. 69 9.32 9.72
LHM15-7 -86.58 8 ~64.88 8. 49 9. 12 9.52
R3 -57 14.1 -35.3 14.59 15.22 15. 62
JON R IR VIETE, 2012
R RS -77 14.3 -55.3 14.79 15.42 15.82 VR
NE-1 -108 -8.7 -86.3 -8.21 -7.58 -7.18
NE-2 -114 -8.4 -92.3 -7.91 -7.28 -6.88
NE-3 -105 -9.9 -83.3 -9.41 -8.78 -8.38
NE-4 -107 ~9.0 -85.3 -8.51 -7.88 ~7.48 i and K
sEE A NE-5 -108 -8.2 -86.3 -7.71 -7.08 -6.68 '“ ‘*;002““’
NE-6 -112 -8.6 -90.3 -8.11 -7.48 -7.08
NE-7 ~109 -8.9 -87.3 -8.41 -7.78 -7.38
NE-8 -110 -9.3 -88.3 -8.81 -8.18 -7.78
NE-9 -109 -9.2 -87.3 -8.71 -8.08 -7.68
-72.0 8. 62 6.34 4.35
D-4 -76. 12.
PP A 1K 6.9 3 (250~327°C)  (250°C) (288C) (37¢)
AL E %, 2014
Kk & - 708 0.5 -74.0 8.02 5.74 3.98
' : (250~327C)  (250°C) (288°C) (327°C)
20
or @ R L ER (Liver al, 2016)
0k @ 392 (IR, 2019)
izl 030(;-&:-")1- 551- @ iR (Liveral, 2011b)
' ®<{>‘ S0 @ A Liveral, 2021)
_6{]_
# @ A (RET, 2014)
,r,:f' ~80 © TR (iR, 2012)
100 ST S R (G, 2019)
120} I o141 (Yui and Kwon, 2002)
-140
_Iﬁo L L 1 L 1 L 1
-25 =20 -15 -10 ~5 0 5 10 15 20 25

"0y /%

B 4 OR[R] =1 A S ik H-0 R R 4,

Fig. 4 H-O isotope characteristics of ore-forming fluid of nephrites from different deposits



660 = A 0w ¥ k& ERNE
WRARIFHEE, 0.64 Ma, #ifiifFia B A 271. 32+ 2. 24 Ma, Kk

2.4 FMHAEDER U-Pb FHFIEH T F 4T
DIFEMBE EF =i LR, BT 8585
2 Je A e i i RE I, AE RS T R R R R B (A
BTRr 3 RN B 1L B 392 W R A ), ANAE D 4 L IX
KA ER HEIR) , I A=t Ar-Ar
SEAE R B4 R D ARk, fEFE &8
A RETR B WA IS B P s A 55 (Liu et al.
2015, 2016; 5%, 2016; X 5 44, 2017, 2019;
Liu et al. , 2021) , FIHEP AT W THE =
T, MEEFRR W, X555 00 LR AR
H A 53— 20, 7 5 R88 5 42 2 s X
MIAE R 72/ 46 B N 7, T A B B 2 RBA, M
HE P 8 A F 2 AR S MIE =l a2 A
¥, 85 CL B K3 BA #b TR BB 19 722 3
Wy, WoRTAR AR RHIE , BT T M =
Wiy, 5AREEARREARRL; FF 50454 BSE B HE
A RRCRECAS KLU () 22482, R T 2 i
TG S ARG 2, FLIX SeEE AV R BA Fo A Ak
Tt BINA ST PR, RWPEEAE ST
FIHERIERL, HAME A IR &7 B A B KA
Jrfffa . BHES A S Y AR (Liv et al., 2015,
2016; F 8, 2016) . sk Al 75 I A gk A i
Fis 03 e 3 i 28 L5 BT 3 307 48 B 2 v s B £
JUEFCSr B AL, Hh b DU A v ) 8 A R
K H ALK A/AG R N A, FH E 8 A 7E La-
(Sm/La) Fl(Sm/La) \—Ce/Ce " ¥ KW EEI51E A
KESATEP, 555 17 PORES A % AP R PR ES A
(Liu et al. , 2015), DAL, 1 F §IE AL AT LA
I R DB T S L BN AR K AR IR
K5 FH E A =B Ar-Ar 4AE R AR (F£ 1),
FE BT Y B G - B R A L 0 A
RIA KA, MAEEFE)AEHE DL EA
RIEEA P, X n]AE 5w E A R A X
B b TRt R A LA A KRS S5 MAINA
FAE o, BEAE KA A RS (Yui and Kwon,
2002) | E X5 5T g R A DG, B v RS - BT R 4
WL A 85 A7 ) U-Pb 488 R 450 ~ 350 Ma
(X H 45 2017, 2019; Liu et al., 2015, 2016;
Liu et al. , 2021) , BiIH7IBHTAE 5 5 ok A AR &
418.5+2.8 Ma, 4 T AIH E L AR IR, &
M8 3 XM £ P s BEAY Ar-Ar 4508 15 5 29
70 Ma, =751 EH K 240. 59+ 1. 74 Ma 247. 86+

KEH H237.28+ 1. 14 Ma 301. 38+ 1.54 Ma, %M
TR M R SR 5 2 5 R AE A X (Y
et al. , 2016; TS, 2018) , FIH E I AR
4300~ 240 Ma, /INEEKCRTH E oS G B AR R
416.4+1.5 Ma( 5%, 2016) , 45& RECHIBEH X
Hi X KA R A B A S U-Pb 4E % (396. 242 May;
M, 2013) DL K =25 A S0 V8 B 4R A
A——IR RN KL B AR IS (500 ~ 440 Maj
FROEHESE ) 2006; BRAKTEE, 2013) , HiFEFHES
B F AL T B WL KA — 2wt b, TA
FH AT 18 55 P4 B L DR B A 1 il £k 1) il
15 B BOE BUIAE 3 5 (450~ 400 Ma) 4 %, 10T i
AT R B AR TR (TS K, 2 250 ~
150 Ma) i Ci Ay (£ X, 251 700 Ma) ( E RS,
2007; #R4y, 2019) . A, b n) LU LA A AR IR
LSRN E I BB, anil A 2R B okl A
Rb-Sr 4E{% 1 660+27 Ma, Sm-Nd 4E#4°H 682+62 Ma
(VERIN, 2012) 5 T PHRAL EL VSR A IO B A AR I8 0
260 Ma( %32 H%, 2016) ; #EF)IE KA K-Ar 4F
WM AN AT (210. 5+5.0 Ma) . =B (179. 1£3.7
Ma) 22 =+E(166~170 Ma) ( Yui and Kwon, 2002)
Hpw™ XA 0B RAF B A T T45 6 X S
Jox DA e RS HE R I 125 AE R o Rl — 8 DA [) 4
W %) BN A AT D S S A T st A v 22 T Y =R
P, —SE AR R ) 25 S 3K I HL3EE I B A A
W4T BEAR K A 2K A M e b TR TR A Rl

3 MR

3.1 EMTAE(BFEE)

P fih sz AR AN T E A PR 8 H B AT LR LA
fib: O FZWAF TR ool fob, ROy Rl
ARSI UK R A AT DU I TN A B R
P AT AP BRI @) 23 18] 70 A 2L T M52
SELARAL , BTR Bl AR L AE AT A IhZE
W R HNNAE A A, XS H T AR A AR b T Ik
Wl ZULIRIAAE AL 3, R R T, R
T RV U B R B MURA , D idE (N A IR
AR AL T A Mz [\ 460 O RAS — B A
BRI A A (FE R/ AE B N ) A B0 vh 2
s (OHESa5E) , A £ RIE 4 5 1Y sio,
(TIR3CEE, 2017) 3 @ 2P AT shiit it T
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BN AR AL FE BB 3 T B 1% 20 7 385 TN A 28
e S AHRE N A (T T >Tr T-Telll) , A
T BB A AT &

DA BT 35 407 R0 FH K AT B B2 M5 (Liu et al.
2015) , FITH KW 2 7 T 24 A FH B BE | 5 fh A
JoT RN AR Jt 22 AR B S AR Ty B A e 1 1R A o
BB, AR B ) 2 B RS A B K A R
A1 S 5 ARl RN AR B AS AR B S AR K A I Y
WA RAIE I AR, & &6 Si0, Y e ik i
RIS B B RIS RO, A e R N AT 7 A
M Mg F s BRI Ca & 540 m WP ot KA 5 78
BB, BE RSOKIINA , R FUE 1 IF R R,
B JT IR A SRR R Y 37 TN A AR
PREB PG, 2 5 HRLE TN A7 SO AR 2 TN A 58
R, TE RN & 5 1R AR 5T By B 5 A 2R AR PO
#Jj( Calagari, 2004) , S5z AR B0, 5L,
A6 B 5 1 A AR DG T A o, SR BE R
K, XA AT ey Bk iR Eh & A= 1R AR it F 5 IR
FERIREAR, Fe Pb Zn H,S Fl CO, VA M H& 44 % 4y
WA AT ES, TE R — R 5 Bk ) Tk iR £k 1)
(Liu et al. , 2015, 2016) , F1H T ¥ i i) 32400 72
FH oA KA B AW R AESE T AW R a—
BINARY R HRE N A (Tr- 1) > 40k0SE N A
(Te-11) xRl f->B N A, B P B ) Mg Fl Ca
FERA M = A KBS, 1 Si A H,0 K H AR
W, BT AR T B R K R R K R R B A
CO, IR LBl A AR, =T .

CaMg[ CO, |,( H=f)+ 2 Si0,"— CaMg| Si, 0, |
(EMAT) + 2 COM (1)
5 CaMg[ Si,0,] (iBWEA )+ H,0—

Ca, Mg, [ Si;0,, ] (OH),(i&EN A1) +3 Ca™ +6 Si0, (2)
5 CaMg[ CO,],(H=A47) + 8 Si0,+ H,0 —
Ca,Mg;[ Siz0,, ] (OH),(i&ENAT) + 3 CaCO,( JTfifE A1)

+7C0,7T (3)
3.2 RETERAMERMAKRE

X a2 J R P AT PR LA DU 1 R A E (E
Fz, 1993) MG, FHET AL T 2ERNE
Bekmih a2, RS XAR 1R FH 2% VA
XK, MMM S IIGE, 57K T4 A i - A
FARBIAE A, R AT L2 D T S A T 4
i S IE AT H 4 AR e AR R, s Rt
AR SA-A-BINA, Haofa KEE S5EER
WA EAE, 7EWAA CO,/H,0 {H/NRIFM T eI

B A, WA B T, PR GE N A YA
CO,/H, 0 fEEH & i v HHE BB IN A, W2
kST, 7 DN ACRE 0% A RN EE RO A (W
B, 1994) , {HFNH E B B & AR A R A AR A 1
BLF, IR i W A, B INA AR
BRHRLE TR 1 2514 500 ~ 600°C .4 000%10° ~5 000
x10° Pa, W TR AR A5 09 i R 45 1 o Tk
oA e A A e AR A B S (7)) AT, IR R B B B
SR LY ARTE AR FH B A Bif i) PR b A28 A T 2 ] 7 A
SO 7 AT R A
3 CaMg[ CO, |,(H= A1) +4 Si0,*“'+H,0—
Mg, [ Si,0,, ][ OH], (1) +3 CaCO,+3 CO, (4)
5 Mg, [Si,0,,] [OH] (¥ 41) +6 CaCO,(J5fiff1) +
4 8i0,—3 Ca,Mg,[ Si 0,, ] (OH),(iBEN ) +6 CO,+
2 H,0 (5)
5 CaMg[ CO.],(H=f) + 8 Si0,+ H,0 —
Ca,Mg,[ Si0,, | (OH),(iBINAT) + 3 CaCO,( J7 A7) +
7C0, 1 (6)
Ca,Mg,[ Siz0,, | (OH),(#EN 1) +3 CaMg[ CO, ],
(Fz47) +H,0+C0,—2 Mg, [ Si,0,, ][ OH ], (¥ 41) +
CaCO,(J5fifA1) (7)
BTG BRI TR s B8 E
( ERTRLSE, 2007) 5], F1H ERIE LD T TR
YERT 2 B AR & A AV E T PR S A E T S
ZIEHIRALVER . A= SO BE & A R ot iR
(20 (O 224 ), RIRIBARDUR, TR T 404 )
Z BENRKATHAA =5, Nils ERIE 2 E
T FEENYEER; B a BB R Tl
RIGEH (18 A A AT ), IXIRAR A F il Ji s A= 2%
JRASIEAER, H s mas A = KRB, 3
BRI TSR 4% T o3 EE A A U A B A
EEEA KRB IN A 55 RIS E B Bk A=
TERITH AR (17 A4, PR Z A AR R
FFNRA SRR, TR T & rER ORI, 4
TP AR A, A SAE, Al i
Si Al H,0 5 KBUA T Ca Al Mg &5 B T2 1 T 4L
A EMENA ER AT IR KAERIB B, &4
e (6 THERS), HILRMBIEN], #REE
MR M) EAZEH] Fe,0, WWMEYL, HENAE
HHEE, 5 B AT RE ST E SR AR, &
AR B s FTDURR, DB BT AR RN
R IR (RS ) 2007)
I AGE A 77 8 o7 5 4 DRIV s 2 1S R MR
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i W

A
= % Gk

41 3

(142 T 28 13 AR T 1 N3 TR T T o 19 (1 st
25 2007), Frai 745 (2010) 8 i W B E 52 E
A S BRI IE AR 45 5 BE RN 45 @ S 5 R B
T] s v 1 SR AL AR TE RO 5 — 5 £ DN A A 1 45
N, TS A BRI INE - S
RS R4 dh, LA, TS T 5% T p9Hs oo &R
Be o e B AR IR AR I8 55 5 T AF AR OR 25
5, BT S £ 5 2 Y B BIL I R % 2 AS R Y
T B T TR BN 1% -5 KBRS AL B 2 42 fik 3 AR AR
AR A S (FRET, 2019)

4 FOHH T (2 (8] 3 A RE R AR AT 5 7]

ASCR R 8RS0 6 A0 T X,
ALFE VY R - Bl IR 4 1Ly A i (95 25—k A
~TH HAR-ERH ) FRECH R E B IRAR
(R/NKE K =80 RO ) ARkl X (1277 i
A BIRTIE T PURHLIX (B A | P
JNAREFIIEZR) AR X g 28] R I )
PERAL) FIAEAR M X (VTR R AR ) o
4.1 ARC-MRLSUMNBENH(FFEHEX)

FTH B4 RZEA T R ALV R0 -db AR 1 4otk
2 I EILcoh </ /7 N 2~ = S 1) = S B =
THE, REPANARNAIEE, KA 1300 £
TR B L Jpk A R T R AR R S, B P 1 AR
ARG A4 =3 A - F I HoR-4598 3 0
OB S, 1994) SR A SRy HLZ A hooly
S s B R RAEIRAR , X2 T AT BER K
A, R B0 I B 2R T P A8 7 1
INKE G BIR A, TH A BB 1842 Al 1T S ey 22 4K
PR RIA WS R (T IR3CAE, 2017)

4.1.1 PWE-MHIX

FEIARZE 76° ~78° Z [ L IX. | 58 A1 IR 1] %
PEAIBIATI ] i 22 (R A AR H R IX, XN
P12 B E o] — AL Pa ), A A S TR
BZARER R BT 2L 2 5500, B fls Wk 1 85 K 24
70 km, EH 8 F LA KF L0 LB EH BHIR
IS EDSF, AR EY RY L — B9 3~5 m,
WHKEE0.1~0.6 m, Wi 2y 100 m £, H4”
Pk 1.4~1.8 m, EAUHFE FAENE, LEN
HE (A5, 2011)

4.1.2 FH-FHH#X
FER 4 78° ~ 820 Z Al YL IX , B2 1l b3 2 i

A EZARSRAFEN, A ST 5 — Bt 5 R gk
AR, BV S EEAREEILE RS FENLEY FR
PURLEA BUA% Jm o (R L) B BT B 3 i 45
WAL T EE B8 K 2 450 km, & Jik— K 10 ~200
m, JE0.3~1.5m, EALUHE HFHE. FENE,
TR A AE VR A () R fir v A
(29 ) S R R L | (JRIE4E ) 2011)
4.1.3 HAR-#HIEHIX

FE /R 820 ~ 84° Z [A] By X 3, FIH KA 5 3 A
FEBT /R 4 1L PG BEAU 3, B T b BEFIr Ak B4 ) 3t A7
P& LA Hb 15 (BT 7R 4 W e Ry L8 A8 1 25 1) b
KRA—m ity £ 8 F LAY E
BATBKRED &l -REET L REEET &,
JRATRA K — K 10~40 m, JE0.1~2.6 m, U
BHHEE ME EEREIEE, 2011),
4.2 RECHHAERET & (FERRAMHE)

R E7 A7 TR AR & (— s BT ) AR
B AU W 240 iy ( — it ipon) h B, SRR
AR AR M B ER AR B AR B K LA S ()
A%, 2012), 5 A H E5 6 F R — a5
o AR BT A, A A BRSNS
(=8 SR (N Mk Fdahr g8 3 A~ 2
H 30 Z AN [FHLET T Sy M £ KA (F4 =
5 02012) , A A B IAR R RS E L E
FE AL R A A R R R 1 3 AR = 1 (1 156
HESE | 2004 ; Siqin et al. , 2012) . K (/) 4 kAT
Y Nl ST R SR (2 ] [ E DR R KW N E 7 2N
TARAGK A AR B IN A AL, FEAAE
HAHE ML, =8 0MAE>=ThHooh AT E
IREIRIREL 4 5 S A A R I R, A
PARREAY | — 2 S WA 2 i 7 T KO AR S e g £
T2 A s AR, R R AR i TR R B
AETHPRR T, TENAE HAE . HE,
WA EFFRTT E ; Hhoe e L £ = F ool A
T3 VAR ORI 548 T VG MRS 5 Tk ) 422 ik S
i, FEAEE MEMEE, Aa Al BN
Ak S AR (FE AL, 1996; JEEF4E, 2006;
WA A, 20125 FHRICE, 2017) .
4.3 FRitHX

ZRACHB X R B PR = A T 10 T A il B
TR E AT AR RILA BT, DU T A s B
I EH R R B,

LTS EAHEES RO FAILH & R
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#B, LR G R - ) A A P, AR
TFla B Ak p T b, S AFRZ R« &
F7 . MU E = F oo i R AL = B i
N 2 SR 3EE T A ) i M ARt (), ™ A A2 1l )2
JE T AR s ], Ok J2 A A A AR X i AR AR A
WA IR o R — P8 2 H B0 A etk ootk , 7 ik
K25 120 m, 2100 m, BJE2~3 m, FlAWMAZ N
BINA sesCa b Al e A b kiR $h A
b, Horag N AR LR, &R A R B R
AENHEKE, 5SHANEE TR A2 R
g, MHRZ W AEE”, BN ER T EIRET
iR AR BT, R AR T B 67 T 40 78 A
F VD VATA] 25 TG B A 2 ) — R B b e D BR A 2
A0 5 3 L 7R VA A R0 T M S AR P 1 A A, KT
km, MM AFRZ R EE L LA, 40 YA
A BB I A 5 A0V ] A VTR (AR TR ) 28
L, BEFREEA i BT PR | Ia] 18 ME RN /52 [ 1
WA AT 34, K25 km, ] B8 £ 7 i XAk,
TR BE A — Wl (A B, B B 21 1B T
TRAE AR S (E LS 2007)

4.4 FEEHKX

VYR HLIX A B £ 2T 3 & F A HE Y
JEARERIE 2 LLSEHI S 2 ) ELRHE £ 97 IR
i,

SEMNE W m B R R A T A TR A AR
iy, LA PG, AT B 2R UEIR BB
AR A FII) P Btk 7= T v g — B R A s S R AR
M D, A 5EA RS ECR,
BZRE 10~ 35 cm, #H L 3 ~8 em (T KL,
2017), M EE HE A EFMERE GRIEAR
4 2015)

4.5 HEHKX

HH R b DXORT R0 T2 A VT R A 2R )1 B i
FA G E AP AR XA R, DU R4 48
JI BRI 5 A,

TR 281 LR I B4 R T A bl e ma 2%,
AR h e Ly LS, 0 ARG 4 7= i 8l
W, BRKE HE, FB 7 T RSk Dk R I )
ANELEE T Y, 5 e S0 SRR SR A ] 4
fi, BEA—K 1.5~4m, JF20.1~0.3 m, 294 8
SR E R R BRRHES, i R A HOR =
M EFE K, KA A6 (BT, 20065 %k

B, 2012)
4.6 *EERHX

IR MK R R R 2 T TR B T
g m T, DAV 95 48 B BH TR B AT R
i,

VLI B BH T AT R8T PR A 5 BH B/ N U4 A
IR EETR, SO Mgls 17 R 2 R | AR sk
ANFROUAR =28 LU0 Jek PG 4 1) -5 oy 2 AR Tk P
AR, MHE UK A G- K E 6N,
B — o BB 0 K 0 (BhARFR, 20005 22214
45 2008) .

5 HIHERFRA 5 m

FHEEREPEEZGIESET >, HRT &%
7 A4

(1) WAkbris. 180 RE L siw b M%, W E
FERT IR

(2) My bRaE . A 327 T4 16 shsm 5
FIHBIX , BRI o 5 2 A O Y IR 4 b 24 K 8 4 A
T W2 22 B A 1 3 B 3 3 (33 TN A 1 A kL
k), UEET WA RIS

(3) BlAtRE. MEHETIRFEE>=TFRASS
F 2 A RH S 3 fal i AR 7 5 00 R B0 G 1Y)
RS EE PR XILIRAE KA (AnfE R 5 Tk
RINK A INK S, DEO S (IS
EF

(4) Bl A phAs R A BB R FZ = 1T
et AR de sk L L B, R BRI M A 1L B
N SRR AL e 8o 04 AT B8 R FIGR
H IR 25T, PR OHAEG T PR 85 10 4 i 3 553 oy, v
IR AR 52 A & B ) bty BLAT R B 4R 55

(5) FRVILLE K PR AR BT IR . i H X
TR AT WL AT SR A v HURE T X 4 4%
BUA B A A IR, SR AR R B R IR A DL
FOE SR 04 P > 328 R 2R 2 = W 35 R oK )1 3/
YR RAL , UK T3 3l 26 T AR A s SRR 4K
X R BBy A, JEAE T B R 2 Iy ) 21
WALIS RS, Z )5 %2 B IE R R s, Az
AT B KR RS

(6) HAFRE . TR A bR 5 (g
IV AT 44 B 3 9)) (Liu et al. , 2016)



664 F=

FERE N 7/ B /S

41 4

References

Bai Daoyuan, Wu Nengjie, Zhong Xiang, et al. 2016. Petrogenesis and
tectonic setting of Indosinian Wawutang granites, southwestern Hunan
Province[ J]. Geotectonica et Metallogenia, 40(5);: 1 075~1 091
(in Chinese with English abstract) .

Bai F, DuJ M, Li J J, et al. 2020. Mineralogy, geochemistry, and
petrogenesis of green nephrite from Dahua, Guangxi, Southern China
[J]. Ore Geology Reviews, 118 103362.

Bai F, Li G, Lei ], et al. 2019. Mineralogy, geochemistry, and petro-
genesis of nephrite from Panshi, Jilin, Northeast China[ J]. Ore Ge-
ology Reviews, 115 103171.

Calagari A A. 2004. Fluid inclusion studies in quartz veinlets in the por-
phyry copper deposit at Sungun, East-Azarbaidjan, Iran[]J]. Jour-
nalof Asian Earth Sciences, 23 (2): 179~189.

Chen Jing, Xie Zhiyong, Li Bin, et al. 2013. Petrogenesis of devonian
intrusive rocks in Lalingzaohuo area, Eastern Kunlun, and its geolog-
ical [J]. Journal of Mineralogy and Petrology, 33(2): 26~ 34 (in
Chinese) .

Chen Youxin, Pei Xianzhi, Li Ruibao, et al. 2013. Zircon U-Pb age,
geochemical characteristics and tectonic significance of metavolcanic
rocks from Naij Tal Gronp,east section of East Kunlun[ J]. Earth Sci-
ence Frontiers, 20(6): 1 215~1 216(in Chinese).

Cui Wenyuan, Wu Weijuan and Liu Yan. 2002. Study on Liyang tremo-
lite jade[ J]. Acta Petrologica et Mineralogica, 21(z1): 91~98(in
Chinese) .

Dong Bigian. 1996. Geological profile and jade characteristics of Golmud
nephrite in Qinghai Province[ J]. Building Materials Geology, (5):
23~28(in Chinese).

Du Shaohua and Qiu Ruizhao. 1989. A preliminary study on the REE
evolution characteristics and their formation mechanism of the granit-
oids in Xianghualing district[ J]. Acta Geoscientia Sinica, (1) 131
~142(in Chinese) .

Feng Xiaoyan and Zhang Beili. 2004. Study on compositions and texture
characteristics of nephrite from Qinghai Province[ J]. Journal of Gems
and Gemmology, 6(4): 7~9(in Chinese).

Gao S J, Bai F and Heide G. 2019. Mineralogy, geochemistry and petro-
genesis of nephrite from Tieli, China[ J]. Ore Geology Reviews, 107
155~171.

Gil G, Barnes J D, Boschi C, et al. 2015. Nephrite from Zioty Stok

(Sudetes, SW Poland) : Petrological, geochemical, and isotopic evi-

dence for a dolomite-related origin[ J]. The Canadian Mineralogist,
53 (3): 533~556.

Graham C H, Harmon R S and Sheppard S M F. 1984. Experimental hy-
drogen isotope studies: Hydrogen isotope exchange between am-
philbole and water[ J]. American Mineralogist, 69: 128 ~138.

Grapes R H and Yun S T. 2010. Geochemistry of a New Zeland nephrite
weathering rind[ J]. New Zealand Journal of Geology and Geophysics,
53. 413~426.

Guo Xianpu, Wang Naiwen, Ding Xiaozhong, et al. 2006. Palaeontologi-
cal proof of the Naij Tal Group-Complex as Mélange aggregation in the
eastern Kunlun orogenic belt and its geologic significance[ J]. Geolog-
ical Review, 52(3) : 289~294(in Chinese).

Harlow G E and Sorensen A S S. 2001. Jade: Occurrence and metasomat-
ic origin[ J]. The Australian Gemmologist, 21 7~10.

Harlow G E and Sorensen A S S. 2005. Jade (nephrite and jadeitite) and
serpentinite; Metasomatic connections[ J |. International Geology Re-
view, 47(2): 113~ 146.

Jin M'S, Shin S C, Kim SJ, et al. 1993. Geochronology and thermal his-
tory of the Chuncheon granite in the Gyeonggi massif, South Korea
[J]. Journal of Petrological Society of Korea, 2: 122 ~ 129 (in
Korean) .

Kostov R I, Protochristov C, Stoyanov C, et al. 2012. Micro-PIXE geo-
chemical fingerprinting of nephrite Neolithic artifacts from South west
Bulgaria[ J]. Geoarchaeology, 27 457 ~469.

Leaming S F. 1978. Jade in Canada[ M]. Ottawa: Geological Survey of
Canada Papers Press, 1~59.

Lei Cheng. 2016. Genesis of Xiaozaohuo Nephrite Deposit in East Kunlun
[D]. China University of Geosciences ( Wuhan) (in Chinese).

Li Hongbo. 2003. Geological Characteristics of Nonmetallic Deposits and
Gemmology of Nephrite in Xiaomeiling, Liyang County, Jiangsu Prov-
ince[ D]. China University of Geosciences ( Beijing) (in Chinese).

Li Hongjun and Cai Yitao. 2008. Study on Characteristics of nephrite from
Liyang, Jiangsu Province [ J]. Journal of Gems and Gemmology,
(3):16~19, 48, 53(in Chinese).

Li Jing. 2016. Mineralogical and Gemological Characteristics of Typical
Nephrites in China for the Origin Identification on Liangzhu ancient
Jades[ D]. China University of Geosciences ( Wuhan) (in Chinese).

Ling Xiaoxiao. 2012. The Geology and Genesis of Nephrite Deposit of Lu-
anchuan, Henan, China[ D]. China University of Geosciences ( Bei-
jing) (in Chinese) .

Liu X F, Grzegorz G, Liu Y, et al. 2021. Timing of formation and cause
of coloration of brown nephrite from the Tiantai Deposit, South Altyn

Tagh, northwestern China[ J]. Ore Geology Reviews, 131; 103972.



553 1

S VR R EORER A BRI AT R AT AR T B i e 4R 5 1) 665

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

Liu Xifeng, Liu Yan, Li Zijing, et al. 2017. The genesis and SHRIMP
U-Pb zircon dating of the Pishan brown nephrite-bearing Mg-skarn de-
posit in Xinjiang[ J]. Acta Petrologica et Mineralogica, 36(2): 259
~273(in Chinese with English abstract).

Liu Y, Deng J, Shi G H, et al. 2011a. Geochemistry and petrogenesis of
placer nephrite from Hetian, Xinjiang, Northwest China[ J]. Ore Ge-
ology Reviews, 41(1); 122~132.

Liu Y, Deng J, Shi G H, et al. 2011b. Geochemistry and petrology of
nephrite from Alamas, Xinjiang, NW China[ J]. Journal of Asian
Earth Sciences, 42; 440~451.

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 Q, Zhang Z Y, et al. 2015. Mineral inclusions and
SHRIMP U-Pb dating of zircons from the Alamas nephrite and grano-
diorite; Implications for the genesis of a magnesian skarn deposit[ J ] .
Lithos, 212~215; 128~144.

Lu Baogi. 2005. The Gemological Mineralogy and Spectroscopy of Neph-
rite Cat’s Eye and Serpentine Cat’s Eye from Shimian, Sichuan Prov-
ince, Southwest of China [ D]. Shanghai University(in Chinese).

Noh J H, YuJ Y and Choi J B. 1993. Genesis of nephrite and associated
calc-silicate minerals in Chuncheon area[ J]. Journal of Geological
Society of Korea, 29: 199~224 (in Korean).

Qiu Zhili, Jiang Qiyun, Luo Han, et al. 2010. Raman spectra and its ap-
plication of graphite enclaves in nephrite-jades in Xiuyan, Liaoning
[J]. Spectroscopy and Spectral Analysis, 30(11) : 2 985~2 988(in
Chinese) .

Sekerin A P, Sekerina N V, Men-shagin Y V, et al. 1997. Principles for
prediction of nephrite deposits[ J]. Otechestvennaya Geologiya. 5: 42
~46(in Russian).

Siqin B, Qian R, Zhuo S J, et al. 2012. Glow discharge mass spectrome-
try studies on nephrite minerals formed by different metallogenic mech-
anisms and geological environments[ J]. International Journal of Mass
Spectrometry, 309; 206~211.

Tang Deping, Lin Guoxin, Jiang A G, et al. 1997. The nephrite first
found in Fujian, China[J]. Geological Journal of China Universi-

tiesf, 3(4) : 396~399(in Chinese).

Tang Hongyun, Qian Weiji, Lu Xiaoying, et al. 2012. Geological and

composition features of nephrite from Qinghai Province[ J]. Journal of
Gems & Gemmology, 14(1): 24~31(in Chinese).

Tang Yanling, Chen Baozhang and Jiang Renhua. 1994. China Nephrite
[M]. Urumgqi: Xinjiang People’s Publishing House(in Chinese).

Tao Weiping. 1994. Minerogenetic Series of Nonmetallic Mineral Deposits
of China ( Deposit, Ore-bearing Construction, Metallogenic Series,
Formation Mode ) [ M ]. Beijing: Geological Publishing House ( in
Chinese) .

Wang Baiyu. 2018. Gems Mineralogy Characteristics and Variety Determi-
nation of Green Nephrite in Linwu, Hunan[ D]. China University of
Geosciences (Beijing) (in Chinese) .

Wang Chunyun. 1993. Geological and physicochemical characteristics of
Longxi nephrite deposit[ J]. Mineral Resources and Geology, 7(3) :
201~205(in Chinese).

Wang Liben. 2001. Hornblende nomenclature—Report of the Internation-
al Mineralogical Association on New Minerals and Mineral Nomencla-
ture[ J]. Acta Petrologica et Mineralogica,20 (1) ; 84~100(in Chi-
nese) .

Wang Shiqi and Dong Peixin. 2011. Classification, Geologic Characteris-
tics and Origin of the Jade From Xiuyan, Liaoning Province, China
[J]. Geology and Resources, 20(5) ; 321 ~331(in Chinese).

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

Xu Liguo and Wang Shiqi. 2016. Gemological characteristics and genesis
of Dahua nephrite[ J]. Acta Petrologica et Mineralogica, 35(S1); 1
~11(in Chinese with English abstract).

Xu Liguo, Yu Xiaojin and Wang Shiqi. 2014. The gemological character-
istics and origin of Donggang Village tremolite jade in Dahua, Guangxi
[J]. Acta Petrologica et Mineralogica, 33(S1): 55~60(in Chinese
with English abstract) .

Yang Lin. 2013. Study on Petro-mineral Features and Genetic Mechanism
of Luodian Jade, Guizhou Province[ D]. Sichuan: Chengdu Universi-
ty of Technology(in Chinese).

Yang Shixia, Xiang Jingde, Du Shiwei, et al. 2016. Jade-searching po-
tential in the Baishui River Basin, Shimian, Sichuan[J]. Acta Geo-
logica Sichuan, 36(3) : 381~385(in Chinese).

Yin Jiangning. 2006. Study on Petrology and Mineralogy of Luanchuan
Nephrite[ D]. China University of Geosciences ( Beijing) (in Chi-
nese).

YuHY, Wang R C, Guo J C, et al. 2016. Study of the minerogenetic
mechanism and origin of Qinghai nephrite from Golmud, Qinghai,
Northwest China [ J]. Science China ( Earth Sciences), 59 (8):

1597~1 611.



666 F=

PR N 7/ B /S

41 3

Yu Haiyan, Ruan Qingfeng, Liao Baoli, et al. 2018. Geochemical char-
acteristics and Ar-Ar dating of different deposits in Qinghai Province
[J]. Acta Petrologica et Mineralogica, 37(4) ; 655~668(in Chinese
with English abstract).

Yu Qingwen and Li Shucai. 2017. Chinese Tremolite Jade and Serpentine
Jade[ M]. Wuhan; China University of Geosciences Press (in Chi-
nese) .

Yui T F and Kwon S T. 2002. Origin of a dolomite-related jade deposit at
Chuncheon, Korea[ J]. Economic Geology, 97: 593 ~601.

Yui TF, Yeh H W and Lee C W. 1988. Stable isotope studies of nephrite
deposits from Fengtian, Taiwan [ J]. Geochimica et Cosmochimica
Acta, 52: 593~602.

Zhang Q C, Liu Y, Huang H, et al. 2016. Petrogenesis and tectonic implica-
tions of the high-K Alamas calc-alkaline granitoids at the northwestern
margin of the Tibetan Plateau: Geochemical and Sr-Nd-Hf-O isotope con-
straints[ J ]. Journal of Asian Earth Sciences, 127; 137~151.

Zhang Yadong, Yang Ruidong, Gao Junbo, et al. 2015. Geochemical
characteristics of nephrite from Luodian County, Guizhou Province,
China[ J]. Acta Mineralogica Sinica, 35(1) ; 56~64(in Chinese).

Zhang Yong, Chen Hua and Wang Baiyu. 2017. Entering Linwu, the
“hometown of nonferrous metals”-tremolite jade ( green nephrite )
[J]. Chinese gem, (4): 198~203(in Chinese).

Zheng Fen. 2019. The Genesis and Zircon U-Pb Age of Nephrite Placer
Deposit, Xiuyan, Liaoning [ D]. China University of Geosciences
(Beijin) (in Chinese).

Zheng Y F. 1993a. Calculation of oxygen isotope fractionation in anhy-
drous silicates[ J]. Geochimica et Cosmochimica Acta, 57: 1 079 ~
1 091.

Zheng Y F. 1993b. Calculation of oxygen isotope fractionation in hydrox-
yl-bearing silicates[ J]. Earth and Planetary Science Letters, 120(3~
4): 247~263.

Zhong Huabang. 2000. Study on the geological characteristics and genesis
of Meiling Jade[ J]. Journal of Gems & Gemmology, (1) : 39~44(in
Chinese) .

Zhong Q, Liao Z, Qi L, et al. 2019. Black nephrite jade from Guangxi,
Southern China[J]. Gems and Gemology, 55(2): 198~215.

Zhou Bing, Kong Deyi, Li Weijian, et al. 2011. Geological features and
resources prediction of the Hotan Jade in Xinjiang[ J]. Acta Geologica
Sichuan, 31(2): 196~197, 203 (in Chinese).

Zhou Zhengyu, Liao Zongting, Ma Tingting, et al. 2006. Study on the
genetic mechanism and material source of sanchakou nephrite deposit
in east Kunlun[ J]. Contributions to Geology and Mineral Resources

Research, 21(3): 195~198, 202(in Chinese).

Bt e 32 2% STk

MATEGE, RAEAS, B0 wA, . 2016. HIPE R ED ST B R B A AR AEAR

% ESHERSE[T]. K 5, 40(5): 1075~
1 091.

Mo, WS B, 2 W, 4 2013, RECHIE K KX R A4 R
AHIRH R HABRE L [T]. 074, 33(2) : 26~34.

BRAHT, JEih, 2R, 45 2013, ZRECREBANIR A AR Kl
FEEA U-Ph AR IBRAGSF IR RO 8 [T ). A2,
20(6): 1215~1 216.

EIOG, B, X A 2002, TLHREEMESEINA EMER[T]. A
A YRR, 21(21) : 91~98.

HOUHE. 1996, G HE IR A T 0 0 B ARRAE )] A T
(5):23~28.

Frgate ) BREGIR. 1989 T BI04 4 X A6 B A2 A A0 + e AR
BT AR BOFRT ()] HaBRaE3, (1) . 131~142.

IIGERE, SKAEAT. 2004, TR AT RASRRIELT]. EAME
AR, 6(4): 7~9.

TRIEBE, TIISC, T2, %, 2006. KECHN G A BRI
T A A R R R R (T ]

O 2016, REC/MEKKRES IRBHEMGRID]. HE K
().

AR, 2003, TEIRAEERE S/ 3 X AE 4 8 7 b BURFAE AR E
MR AFBIE[D]. PEMBFE RS (J0R).

ZRLLZE, FERVE. 2008, TLFRER AR ERAERF ST [ T]. A RS A%
R, (3): 16~19, 48, 53.

75 . 2016, U AR R B9 S A S ) SRR SO R Ay
EAR I HE R [ D] L BT A2 ()

GV, 2012, JEZE)IE N A EF RFE AR R AT D], T EH
B (et .

X EEE, SEM, X1 BR. 2019, B IR HoR RBERHECE (1 Bk
PEERFAE L H 28 RIBSE ()], A0, 38( 3) : 316~325.

KB, X B, A, 4. 2017, FERELBETRW R AR (A
Wi ) P B4 /7 SHRIMP U-Ph 54 T]. A AT H¥LE, 36
(2) :259~273.

FIPRAF. 2005, U4 R AR T A BN e S0 A R (9 S 408 2 KO
WEWE[ D], RigR.

EEN, WEZE, % 3, % 2010, i FIlAMEEREE (NG
) A BB e R R ()], JeigaE 5 i,
30(11); 2 985~2 988.

S, MRIEE. 1997, fRAEE KA ELT].

HFTIETE, 52(3) : 289~294.

i Al B A AR



53 4

S VR R EORER A BRI AT R AT AR T B i e 4R 5 1) 667

3(4) : 396~399.

Gz, BB, REBEH, 45 2012, FFHFECE 77 1 B0 H B AE K )
FRAMEE( ], RAMEA¥IE, 14(1) : 24~31.

FRIEW , BRfess, T, 1994, PEAEE[M]. BEAFT. Him
YN T

FELERE. 1994, EAESBT AR5 (5K,
F JB AR [M], dbat: T R,

FHITF. 2018, WSRO T T4 0 W25 X R E [ D].
o E R (a0

THE=. 1993, RBRRED KRR LW AFHE[T].
7(3) : 201~205.

FESLA. 2001, N i 24 E—E bR W) E U 2B S ) i
ATV RMNOLWER RIS )]. HATYyreE, ().
84~100.

CERPBE, BERAE. 2000, WA ARNS R SRR B [ T]. St
RS, 20(5) ; 321~331.

EWPE, BEINE, T b, 45 2007, hEIAEIM]. dbET Bl
hitAt:.

WAL, ERHEL 2016, 7P RAL E 9K E A ERAE R R ALK
[J]. Ham e, 35(S1): 1~11.

WRor R, TRHEL 2014, )P RAARTIRNER A BR S A1
FRERH[T]. A AR, (S1): 55~60.

EEB N RS

W5

B Mk 2013, SEMIBRES YA A RE SRR PSR D], 1
N BB T .

WILEs, M, M, 4. 2016, PUIAGRE FKITHLX B8
RIAALT]. P24, 36(3) : 381~385.

BIVLT*. 2006. N EA MAAF A IRZEDIFID]. o E TR
(demt).

THEHE, PURFEE, B, 4. 2018, HWEAFEG X hER b 2f 4
TEJe Av-Ar EAEIRSE ()], HATPEARE, 37(4) : 655~668.

FHRIC, ZERAT. 2017 YW EBNAEMESCAE(M]. L. P HE
Hb A A

WA, WA, B, S 2015, $ONB MK ET BT R HER{L
FARHERFFR[T]. 0 9°F3R, 35(1) : 56~64.

ik B, B AR, BT 2017, EECRRATRZ S IR
AREACHFE)[I]. REEA, (4): 198~203.

A AF. 2019, 10T hlE T L K B AT U-Ph 4EIR[ D] HhiE
M BRE (AbaD) .

PRAEFR. 2000. IS 00 BURRAE S AR IT[ D). 5 A R A 5
A, (1):39~44.

FOE FLAEEE, ZRdEd, 45 2011, HTEAE E S b B RRAE S
SRR ], DU AER, 31(2) : 196~197, 203.
JRAESE, BISEEE, Thists | S5 2006, ZREAC A EKE R AL K
B YRS T[T ], WBHRTIR A, 21(3) : 195~198, 202.

7N




