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The genesis and SHRIMP U-Pb zircon dating of the Pishan brown nephrite-
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Abstract: The Hetian nephrite belt is the longest nephrite belt in the world with the length of 1 300 km. Be-
sides traditional white, green and black nephrite, a type of brown nephrite was found recently in Pishan Coun-
ty, Hetian, Xinjiang. The nephrite orebody was found in the skarn between dolomitic marble of the Changchen-
gian system and Late Hercynian granodiorite as a metasomatic contact. Under microscope, it is found that the

type of brown nephrite is predominantly composed of fibrous tremolite mineral assemblage with minor associated
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minerals. Brown colors in nephrite have disseminated structure, are distributed in fissures, and occur in forms of
disseminations, veinlets or leaves. EMPA, XRD results suggest that the brown nephrite is composed of tremo-
lite together with illite, Mg-olivine, diopside, chromite and some other associated minerals. Fine-grained tremo-
lite crystals in nephrite formed through metosomatism with dolomitic marble and the replacement of diopside by
tremolite. Whole-rock chemical analyses of nephrite indicate that chemical compositions of nephrite are similar to
those of tremolite. Their bulk-rock REE patterns exhibit strong negative Eu anomalies (6Eu=0.09~0.28)
with declined LREE, flat HREE and low REE concentration, similar to features of host dolomitic marble sam-
ples with negative Eu anomalies, declined LREE, flat HREE and lower REE concentration, indicating a close
genetic relationship between them. Test data of the stable isotopes of the ore-forming fluids acquired at 330°C
show that the H and O isotopic values ( —81.0%0 ~ — 84.0%0 and 3.16%0 ~5.48%0, respectively) of brown
nephrite from the brown nephrite deposit fall in the value ranges of existing marble-type nephrite, but are re-
markably different from values of other serpentine-type nephrite deposits, as evidenced by a comparison with
other types of nephrite deposits in the world. Also, the ore-forming fluids indicate that it is composed of mag-
matic water, meteoric water and CO, decarbonated from dolomitic marble. Although inverse isochron of phlogo-
pite by Ar-Ar dating suggests that the nephrite formed in 285.23 +1.57 Ma, the SHRIMP U-Pb dating of zir-
cons found in nephrite suggest that they formed in 456 =7 Ma, which implies that nephrite formed later than

this age.

Key words: Mg-skarn; brown nephrite; metasomatism; ore-forming fluids; zircon SHRIMP U-Pb dating
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Fig. 1 Distribution of placer, slope and primary nephrite in Hetian, Xinjiang (modified after Liu et al., 2016)
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Fig. 2 Overview of No. 392 Mg-skarn deposit in Pishan County, Xinjiang
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a—overview of brown nephrite pit of brown nephrite deposit; b—red oxidation zones existing in the surrounding area of

the brown nephrite orebody: ¢—typical brown nephrite; d—phlogopite veins cutting across brown nephrite in Mg-skarn
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Fig. 3 Minerals zoning caused by metasomatism distributed between dolomite marble and quartz-diorite

(Cafter Tian Guangyin, 2005)
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Table 2 The analyses of major elements ( wy/% ) and trace elements (wp/10 %) from No. 392 brown tremolite
nephrite deposit: Pishan County, Xinjiang
2%y 392-1 392-2 392-3 392-4 392-5 392-6 392-7 392-8 392-9 392-10 F¥IME
SiO, 58.88 59.56 59.37 59.07 59.76 59.17 59.22 59.30 56.52 58.39 58.92
TiO, 0.02 0.01 0.01 0.03 0.00 0.02 0.10 0.02 0.04 0.04 0.03
ALO; 0.62 0.56 0.57 0.41 0.56 0.62 0.47 0.50 2.51 2.34 0.92
TFe, O3 0.66 1.07 1.09 1.12 0.80 1.05 1.08 1.27 1.21 1.00 1.04
FeO 0.52 0.77 0.85 0.83 0.71 0.83 0.85 1.02 0.96 0.75 0.81
MnO 0.08 0.09 0.08 0.08 0.10 0.08 0.10 0.09 0.07 0.10 0.09
MgO 24.31 24.25 24.21 24.29 24.54 24.27 24.4 24.13 25.56 23.29 24.33
CaO 11.95 12.2 12.38 12.06 12.44 12.18 12.34 12.35 10. 66 12.85 12. 14
Na,O 0.17 0.13 0.08 0.14 0.10 0.08 0.09 0.08 0.12 0.04 0.10
K,O 0.06 0.06 0.05 0.06 0.04 0.07 0.06 0.05 0.06 0.12 0.06
P05 0.01 0.03 0.00 0.02 0.00 0.01 0.09 0.01 0.05 0.04 0.03
LOI 2.62 1.90 2.40 2.48 1.92 2.50 2.28 2.26 3.48 2.04 2.39
Total 99.38 99.86 100.24 99.77 100.26 100.05 100.23 100. 06 100.28 100.24 100.04
Sc 0.45 1.21 0.66 0.82 0.27 0.69 3.60 0.85 1.59 1.90 1.20
Co 0.87 2.14 2.48 1.88 0.95 1.61 4.98 2.14 2.93 3.63 2.36
Ga 0.75 0.96 0.84 0.74 0.82 1.00 0.81 0.71 2.18 2.73 1.15
Sr 8.90 8.04 7.10 6.09 7.65 10.9 4.77 5.62 5.18 19.3 8.35
Y 4.06 4.25 2.03 2.89 1.41 2.86 9.5 2.6 1.71 8.99 4.03
Zr 2.65 2.37 2.01 4.20 0.32 3.53 25.57 5.03 8.28 10.4 6.44
Nb 1.95 0.68 0.51 0.35 0.23 0.64 9.6 0.52 0.76 0.54 1.58
Cs 1.05 2.22 1.19 0.29 1.19 2.60 0.03 0.16 1.20 1.81 1.17
La 0.26 7.10 5.24 3.70 0.26 0.41 4.7 5.12 0.39 4.91 3.21
Ce 0.88 11.3 8.28 5.31 0.71 0.89 8.13 7.75 0.98 7.38 5.16
Pr 0.06 1.08 0.78 0.49 0.05 0.07 1.03 0.80 0.09 0.97 0.54
Nd 0.27 3.53 2.10 1.55 0.25 0.31 4.28 2.65 0.46 3.82 1.92
Sm 0.07 0.65 0.32 0.25 0.08 0.11 1.01 0.44 0.15 0.86 0.39
Eu 0.02 0.11 0.03 0.04 0.01 0.02 0.11 0.04 0.02 0.26 0.07
Gd 0.21 0.61 0.32 0.30 0.12 0.21 1.13 0.35 0.20 0.99 0.44
Tb 0.05 0.10 0.05 0.06 0.03 0.05 0.23 0.06 0.04 0.19 0.09
Dy 0.48 0.66 0.33 0.43 0.20 0.41 1.50 0.39 0.27 1.20 0.59
Ho 0.13 0.15 0.07 0.1 0.04 0.09 0.34 0.1 0.06 0.24 0.13
Er 0.43 0.45 0.22 0.27 0.10 0.25 1.02 0.34 0.18 0.67 0.39
Tm 0.08 0.08 0.03 0.04 0.01 0.03 0.17 0.06 0.03 0.09 0.06
Yb 0.58 0.63 0.23 0.23 0.07 0.21 1.20 0.47 0.20 0.58 0.44
Lu 0.09 0.12 0.04 0.03 0.01 0.03 0.20 0.08 0.03 0.09 0.07
Hf 0.09 0.08 0.06 0.12 0.01 0.09 0.99 0.15 0.24 0.31 0.21
Pb 4.51 2.96 5.01 0.65 1.57 0.94 2.11 0.97 0.97 1.25 2.09
Th 0.57 0.19 0.59 0.23 0.05 0.32 1.31 0.6 0.44 1.22 0.55
U 2.04 1.39 0.92 1.33 0.89 1.84 0.56 1.21 0.83 0.56 1.16
Eu’ 0.16 0.17 0.09 0.15 0.10 0.13 0.10 0.10 0.12 0.28 0.14
LREE 1.47 22.9 16.4 11.1 1.27 1.68 18.1 16.3 1.92 17.1 10.8
HREE 1.18 1.28 0.52 0.57 0.19 0.52 2.59 0.95 0.44 1.43 0.97
> REE 3.61 26.52 18.0 12.8 1.94 3.09 25.1 18.7 3.1 22.3 13.5
(Ze-Hf M ND & RS E ILPATH(E ob)e 5 4.3 AT

DAFE R B K B e 2 PN A 5 T S FL R A PR
Hi 70 2% 1R i SR AR, el i B AR A s o

FHE 2.84xX10 ©~84.81 X 10 °(Liu e al.>»
2011a, 2015, 2016).

BEE R OB B B, AR B, KANA 50 pm
X100 g ARG TE o X Be Rt A7 L5 B vy 35 14 IR L 58

AT R AR R R AR R SR AL AT LA A
FLBAT B W IR P01 (I 7)), 1K AT fig B X 224
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Fig. 6 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element diagrams (b) for

No. 392 section nephrite samples ( normalizing values after Sun and McDonough, 1989)
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Fig. 7 Cathodoluminescence images of zircon grains of sample from No. 392 nephrite deposit
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JCEFE A A U-Th-Pb %5 A 2448 R IFRA 2 B 0%
(Liu et al.» 2015,2016). == % J5U R 7E T 45 A 1 &
P IR 2 LU v 7R 2 IR AR B T i

X 392 BEFE M 18 M A AT T SHRIMP
U-Pb jE4F. FRZRE AN 810 +11 Ma.218.8 +
3.5 Ma 5 JUAN s il 8 & 1 T 8S ATR GL th a , &
3 18 AN 13 AN R (1200 Ph/ 28 U AT 34

fHM 456 £7 Ma(n =13, MSWD=2.0)(}& 8). #
P AR 98, B0 b 1 s A Bk | T B R R
R IR P IE AN AE RS 2 B B = 2 OB 4
PR FBR
4.4 FRETRIRLERK

R RE— 25 00 BT AT AR (90 4L, X R R )
H. O [FIf #3347 T 5.
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Fa4 ENAHREERMNEINER %o
0.080 Table 4 The results of hydrogen and oxygen isotope
I analysis of tremolite
30y 0
e FEm = 3D 3150 "
=) I 330C 390C 450°C
“jg 392-1 -81.9 4.99 5.48 6.11 6.51
g 0072 3922 -81.8 4.27 4.76 5.39 5.79
I 392-3 -84.0 2.67 3.16 3.79 4.19
392-4 -82.4 3.63 4.12 4.75 5.15
QL0681 : 3925 -82.4  3.89 4.38 5.01 5.41
/ Mean=456+7 Ma
. 410 13 analyses, MSWD= 2.0 392-6 -83.0 3.92 4.41 5.04 5.44
/ 392-7 -81.6 4.24 4.73 5.36 5.76
0.064 L | A 1 L ] L
0.35 0.45 0.55 0.65 0.75 392-8 -81.0 3.5 3.99 4.62 5.02
Zn?l-,h‘,nzﬁu
K8 392 HEREM P A SHRIMP U-Pb 484 18 A1 &
Fig. 8 SHRIMP U-Pb zircon concordia age diagram 5 I‘;J- I‘//E\,

of nephrites from No. 392 deposit

8.28X 103/ T +2.38Ca A W HRE, T H4a X
B, uf BLsR 535 I A 7E 330°C 390°C Fl 450°C
Qb TSP HPIR AR TR RSO 5 VPR AL TR 67 38 8180 Ml W
F 4 ATIE N A 10 A s ) & SRR 3 A 5
F 8D - 80 KA K, vl LG EIE 946

5.1 WYERSEEKE

AR XRD WA 45 A Bl 1957 I A i Rovh 2
WAL B Ao KB N A FeO 5 B4
0.22% ~1.34% , AT TFe,O5 B F LA
0.66% ~1.27% , FTHI W7 IR H 5 K TFe, O3 ™%

20 (WA\N 20
a ol b b il
ok - & 4 ]
40 |- W FEFFH @ < i
7
20 | s [ = REFR 3 (%: o ]
% ok L OME 008 2¢% ]
_oaor (300°C~600C) 60 - 2 ; .
< 2-70 |- ]
Z 60 I < B ] |
=) =)
3 .J—)‘_%#UK = 80 | i
-80 [ 2 Loy ] .
e ® 300C - < i
0o £ 100 |- - il
[+] o B
120 - 1o %x OO = i
! I i
120 |- L) .
140 [ ! <o .
L L L L L L L L - 130 P | | I | |
-20 -10 0 10 20 30 15 10 s 0 5 10 s
alhD:ln..l Yoo 6IRD:1||:.'. Yoo

9 HTEE 392 BEEHTIR OB K AR O-H AL AT
Fig. 9 Characteristics of O-H isotopic values of nephrite samples in No. 392 brown nephrite deposit, Xinjiang
a— B B ARE T A R LS B B A Taylor, 1997), o7 HRGRRAAIEAL s b—8E R I N AT 1 O-H A 38 S H 5 B AR R IR
POZ A AT O-H [FAL 2 o0 Bl s A 50 I e b DX A DR B 2835 DA A UK BT IR s 1— R BRI 2— KR 2% Je /R s 3— 3 [ MR M
W SO TR W IR : 4— VAR Chara Jelgra s 5—401ls 6—MNEE KA 1L; 7—H% K Shulaps thk: 8—#E#HF)I; o—&EFH~
9 51 H Yui and Kwon, 2002

a—components of ore-forming fluids of No. 392 nephrite deposit, suggesting the evolution of ore-forming fluids (modified after Taylor, 1997); b—

O-H isotopic values of tremolite in brown nephrite and other primary nephrite deposits in the world; the primary dolomite-related nephrite deposits

in the world: 1—Turkestan: 2—Cowell; 3—Wyoming; serpentinous nephrite: 4—Chara Jelgra River; 5—Red Mountain; 6—Mount Ogden;:
7—Shulaps Range: 8—Chuncheon; 9—Fengtien (data 1 ~9 from Yui and Kwon, 2002)
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A 1.03%~1.69%(Liu et al.» 2011a), 1R K&
S5 R K TFe,05 M &N 0.77% ~3.97%
(Liu et al.» 2016, AN [A) 068 4K K 1R 2k 75 A
A= BERBUEIEAIY A R IX L3 A ) i 3 A
TCRUHE, J2& DAY BV N T AR SE A ) d A . T X
AT AR A4 L3, ERT R B B A R T
Bl €5 B B SRR I 300 AR i 5 AH S 0 A X
Pl b K B HLTHI A7 A0 R R (0 40 8 BR L  A),
DRI I, AR AT B8 7E T BOZ N A 44 1k S L 4 6 4k i 72
CRCE R I, X S84 A WORE N T 38 N A 3 &
Prbre b mT L, B AR I R R R Bk R 2
DB EHERR, B NI AN A TR B
DATFET AN AR AR I 4. BRSE T
Ko R ET 2 AR BSE B A% 40 i K DL i ik
P LLANEE SO, 4R 2R WL B3 B0 €k
ORL [ AT )2 % 2 B o SC 45, 2013) 0 (HZ
FHRf S R AT T EORE L S R B AR L R A, X
L6 A0 AR HE A A A7 A T7 X BT R A Sk
4)o ARUHFFR A A G, W 45 R I oK Kk
PLIE N A A AL Fes Cr Ni 2500 3R JL AL
¥z AW 2R,
5.2 WRREA

BT P 0 RIS 2 A fl 8 AR AR T A FH R4 f
B AE B W A ( Leaming, 1978; Harlow and
Sorensens 2001, 2005; Yui and Kwon, 2002; Liu ez
al.» 2010, 2011a, 2015), M HEE R HL A A K IiE
PAA TR A DA T DR 3 2 2 8 i 2 AR A i 1AL
1 379392 3% N A1 TR 4 IR, A N KA R A
BN = R HA H, FEAE R oty TS e TR
FATIR, AT A8 bR AR T P o n] DL IR g A
1 R T R IR 1 2 Ak A AR AR A FH CEL 3D

AR T A7 A8 R B 2 R0 N K T, DR 7
K BLEFIE Fom et vh I T A B N A
AT T AR, B kAT A AR R A B
(Liu et al.» 2010, 2011a,2015), X" R IR IR
AT RESE KB B Rl R (9 BE RS R A IR CE Bl £
BRCRAE A R AR 32 B30 37 TN A A AR K B RS
ARG, B — W0 E T XA HER . AR 4 DL 5T
T8 DL, A0RLIZ [N A (9 s R ] DA RS O« 22 30 UK 16 7
Bl U0 2 W DR B T, 3 AR R 4RI I A
AR T FIARIRLIE N AT o X R PR R 4y i
PALAT 03 A DR TR s PRI S ABL, - T o o 5 34 PR
(Liu et al.» 2010~ FH [ ] 1 58 ] IR A2 32 [N

AR B IR (Liv er al.» 20160, CABFFLRHM
HHE ) IR 0 PR T 24 0t 50 R R A 35 B Bk AL
ST, JO IR AR FE s T R ) 25 R ) AR g3
T H B, ATE BT e A A A S AR R R P B
W REHIR . 379/392 A7 RS A B AT AL RFAE o

Bl A A o B F B o0 i 2 45 R 2R, Eu
i (SEu=0.09~0.28), LREE T[4 1 HREE -
W 6a), X PR 1 HC 73 B 5 K 70 K BUE (R
TSR TR A I KOS v AU — 2845 K A (1)
e R SR 2L Ea [ IE 5 ALE 48 LREE
(Bhattacharya et al.> 1998; James et al., 2002;
Charlier et al.,» 2005). ¥ & ALH IEH D & 1
REE(1.94 X 107°~26.52 X 10"%). %0 K 5B hr
RATH 7 SN = S EE R 7 N 3 S TR 7 NI R 7 SO e ol
Dok SN T BpIVE el €L (A (O C o o ) NL L
WRAEREN R, AR AW T3 8&R S Eu i %
i LREE A 0iF1 HREE # -t~ 3 8 % B 43 A 2,
BETURHLE BAT LU AR A 1 d o B R -
SR IRE S (Liu et al.» 2011as 20150, #EH 1AL
IR b R A R AR R T A A AR
S ELE IR AL SRR
5.3 FHTRIREERK

JSAT A SDAE M — 81.0%0 ~ — 84.0%0» ¥I1H
H = 82.25%0, T T 330°C 4 A T BT T AK S0
M 3.16%0~5.48%0» SBMH 4.38%0; 390°C 4 F T el
WA §¥0%0 M 3.79%0 ~ 6. 11%05 ¥IE 5.01%0: 450°C
ST AT FAE 5 O%0 N 4.19%0 ~ 6.51%0, I 1{H
5.41%00 IXLEEL R R 2R 1 BB AE 7 KK AE I
GD = — 80% ~ — 40%0s 88O = 0.79%0 ~ 7.89%0)
(Ohmoto, 19860 . Ty H. Fifi 5 iff FE& Tt i B4 43 o ) 5
K DRI A, i B AR M 88 1) KA B 7K I AL
AT DU ™ 30 A 22 o 28 HGRRn KA R 7K L )
Y. HIAEA REES 5B BN, #O b/
ERIER CO(Liu et al.» 2011a,2015). HH™ i A4
P DX R AR K S A R KRR HEE R ) CO, BAANTA]
Peivi & o 5 e R AR R0 R AR bE Clann 5 [ 1
PRAR I M B2 KBRS s in 5= K Shulaps th kO,
HTH DI Ty A0 R E P 1 O-H R 4A7 3 24 %
FEIE5 50 = H 1¥) O-H [R) A7 38 4 A [ 5 54 3¢
B TURY R A ALK AT IR (9 G 5 R
KA O IR ROAR LLCE 9b) , AT X 3808
H O-H 21 BCRFfiE AR A [, A B 5 1 7 B REAiE
DRI O-H [ 25 4 T DA D49 R0 HH X B TRy - 45
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IR S e B bR 2 —.
5.4 MREERE

BT R e A — e — A, R
KEET R AT IR I = BESE T8 4R 1
4. AR IR E ZILE 4 = B R Ar-Ar ¥55&
AR T Ea B K S8, A . A
XF 392 IR H IR 4 2 BE2R Ar-Ar E4F, 3RS
(1) 2 A0 B S SRR O 285.23 +1.57 Ma.
XA EHE R TR K-Ar 7250045 1R B R R A
IRG: 2 BE 48 X 4F W 249 Ma K 258 Ma (PR 1
1985933 o 1M1 AWK 2 BE Ar-Ar 11K 45 3 Kk
L, A PIASE LI Ar SR By, HX AN B
BRI Ar AR R AR T 4R 1K 209% o PR X A
AEUR AR AEAE by bl A AR I B0 FH R AR 5 B R SLw™
ZNIAD K S IS P N/ o N A DN [ €N
T D53 N A TR B CE 4dD, 1R T g A
T2 G 2 REK AR 1t e 1328 TN A 1 BT 35, 1A
I T A A AR HME AR RZ I A TR K IR T AT 7%

AR, fEE N A TR B R T K& 18 A
(Liu e al . » 2015,2016), 3 H@EAT T @ F ALY iy
R B AR DL R B A AT 1 AR AS . H
AT, R R 28 Tk B 1 5 o R ) BRE Y
EHRME AR AR T Iz N, Bl
LERT WY RE T K e O R ), i AN REAERY R
T I B WA, RS 1 4 R 24 R ™
AR (Ling et al.» 20150 AW, BRI T X
SRR R EE T 456 £ 7 Ma, 7T AMREERY K51
B AEIS TR 3K — AU 5 R By 3 7L RN
T AT A R R AR ) R R AR — B

CLD B8 B2 LR ™ A 7 T I Ik 2R SRRk B A% A
BRSO 0 i 3000 D I KA R iy L
WA S KB S I B T KB e A e
B RE B AR ) o R S R A
Il AR S DR R A = P e s AR

(2) R HL - HREEAT X OB I, A OB £ 1Y
TR dE N A AL 5 B PRI S BRI A
A S 2% U, BERIORE A 1) R DL AR W] A% DB
{19 % S JBE T i L R F DX 3k G e B RS I 2 e R

FER T W LS 1 DX [ L B0 K S () £ 48
XA R

(3) BRI o A AR TG 3 5 [ I
24 5 TN R T K B 9 2 (1 31, AN I 1 B
214575 20T BE IR A5 R RE 1R 30 0 1 20 A RNl o
JCERFAE, P AR X FH AR 7 Hh %5 IR AE . T4k K R
(1) O-H IRz 28 ) ) DA Ay 32 i 48 e A

(4) AN IR 1) Ry e A4 et e R A7 22 Ak 2 A
Bl B, BRI O-H A AL 2= BB 5 O R B
TR R R H s e 1 — B0 2 — 20 X L &
eI A R KA I B il A AR T B, BT I
A T B 2 IR ARROR R  K A R TF 5 AR B
T CO,

(5) TSR R A I S e S A R
fifi SHRIMP U-Pb jEF, 3K13 [ I FI4- %8 456 + 7 Ma,
TXANERE T LA A T 20 S0 PRAERE 11 B
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