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5o R Er(CHe) /n(*He) 4 0.13~5.32 Ra(F34 1. 13 Ra) , ¥ F5elR S8R He Z 18], HR4EWH FH KK 7T
i IR A B TR SR A R A g AR LG Ry 3.55% ~ 48.92% ,F-Y{E N 14. 67% ; ToH £ A S5 4
Bl o b 08 A L 1.70% ~ 81.79% , F-Y{E N 17.13% . &0 AR & 5 0 W AR 9 n(PAr) /n(PAr) K
552.50~13353.00,n( “Ar™ ) HHXT S A 46. 52% ~ 97.79% ,“FI{E A 87. 25% , KA Ar STk Y90 12. 75%, 43
Bras A SR T SR B LASS TR A4 R 32, 38 7 0 YR AL AR RN B TR RN SR SOK R B T A4, BB T VR R AT,
g He 5K RAUK S Ar 845 Frigisl . (EARER R RE LAY R A T2 IR Y O HE R T g
Y A7 TR A RESE R IR TOU AR A B S s Al o iR R IR BT i — Pl Al 4 L £ P R 0 A O
Al 3 LB B, 368 1L 300 A e R S S0 W R ) O Pty S M e 5 A A P el R A L 8 I T ) S R AR B S 4K

Pre-pub. on line: www.
geojournals.cn/georev

SRR B B A

KR He—Ar [FI 2K ; HBFT T8 ; 02 IR 1 5 R 5 e R %

Fii A 4 Jad DAL 4 ) 4 RN b2 1 I, L 22
J iz M TE BAER iAok | B ZE T AR AR
el AR ] 245 HORRR P i EH B = e IR, X
] R 28 U i R T Hp 282 R JR LA B2 7 X (Shaw
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A ULARGE | 3 PR AR TR0 X ) 1) 9 A B A
TEAIWT ST, ORE A — i P B b5 0 380 %60 6 o 2
WA R A AT B i i AR 4

MR AR He—Ar M RO L5 7L+
A Wi A UK He  Ar LUHOMURE (9 R AE 24 5 PR RS
[vi) 227 )57 3 2H o 22 S SR i, )32 o 3 1
TR B 7S B MoK — B i A& B BIFSE ( Ballentine
and Burnard, 2002 ; Kendrick et al. , 2011; Wu Liyan
et al., 2011; BXMEHESE 2021), CAHMIREYW, A
[F] Pl J2 i A4 1 He | A [R5 2% 2H B0 ELAA I 4 DXl s
TmAKn(CHe) /n(*He) {H H 72 PR AR K 1000 1%
(FEVEFARR(CHe) /n(*He) = 0.01~0.05 Ra; M
W n(He) /n(*He) = 6.00 ~ 7.00 Ra; Stuart et
al. , 1995;Dunai and Baur, 1995) ., He [6] {7 Z 7£ #h
7o 55 i v Y 25 A b 5 A P B A D
i He B9 A 0] LU %) (Sun Xiaoming et al. ,
2009 ; Hu Ruizhong et al. , 2009,2012) . M4k, Hi5%
Ar 5 b Ar 0 B BRI 50, 08 R A
n(“Ar)/n(**Ar) > 40000.0, ¢ PR T K
n(PAr)/n(*Ar) > 295.5, & K M M K
n(*Ar)/n(**Ar)=295.5, Ktk He Ar [F{7 Z7EH
AR IE I B A I RE B 3 (Wu Liyan et al. |
2011; Burnard, 2012; Xu Leiluo et al., 2014; Zhai
Degao et al. , 2015)

AR SCHEREBT /R 28 L X B R 1Y R B hi
RUERAT PR, W e 0 AR N RO B A 9T e T4
TR He—Ar [F] 2 2R B & | XF 13040 3 4% 118 oF 1 Bz
BACHA TS, YR AN X He—Ar [R) 0 2 BYBF 52 25
1, IR BT IR 8 11X T 28 v I 3 LT A b o ™
TR A Wy R IR 5T S (A fi

1 X iy 5

BA] IR 2 5 145 57 F P I & 1147 ( Central Asian
Orogenic Belt) H135B , P8 A ) I A bk P B 2% 5 15 5% 5
IR RS AL, 2 — > Z 7Y [ A it 2R AR
AR ( Xiao Wenjiao et al. , 2004 ; Long Xiaoping et
al. , 2008, 2010; Sun Min et al., 2008; F i %5,
2009) . YA AT R AL A e (R AR s
40% ) S /bt oA I IN A A — WA AE AT S 4y
A 252 N T A AL 3 B (B P ) 2  ( Cai
Keda et al. , 2011;X[#455,2020) . 45N R EE A TTHR
HoJZ F o v BB S — A R SRR I TR 2E
i, SE SRR A A R RA KGR, BRI A
7 Li Be \Nb Ta " PR 32 %53 A1 76 0 e —75 1] £F5

fiE B AT b X R AR ) b AR A T
THEX RREURST I X G AR R— S 5w
LEIXEE BT R 282 1Ly B VB R4 v F B
B BT IR L8 B 2 AR A6 4 A d A ( Be—
Nb—Ta B K ;203. 80+ 1. 60 Ma) , e AR T 4 /8
ikl A (Li—Be—Nb—Ta—Cs #" JK; 212.20+ 1. 70
Ma) , Bl B —IERLRE A A 4 I8 AT A (Nb—Ta i
JK ;246. 80+1. 20 Ma) 55 (fEFE 545 ,2011)

2 WRRHL TR

B2 A8 B o B R TR R B
W e — W R AR AR L 2 IR AL T [ ZE s e A6
ARG (1) J8 T RE R SR — PR FE A iy
AR S SEE AR 20 ( XV ,2020) , BFFEIX N HA £
IR TG SRR, R 3 T M S R T, E i
LRIV, SRS E SR A SN
V18 PN A firty 2 S o3 A, B o T A B0 B 1R A
P 7 7 s 4 it = R A T A B A A e K A
23 (A1 A3AR  FEGN ) B AT —E IR R PRI, 7R TR
VIR 4 Sl 1 & BRI AL b A f e Ik R Sk i 22 HL
WX R R R RS R R B
(S, KI*) TRAE R4, BRI —P i vt | A
P BN IR G — K R AU A b s 5T A A
YA )2, G Gt 2 W B i 12 3 5 e b i
KBRS 30, ()2 & A T 5REN A AR I, I
T —EURS RS BCE MRS R FEaE
P2 (5 5B 5E, 2015 5K 855 ,2019) , 7 IXRA
B HE AL A K S A kR
Jik , 46 5 A dib o R IR = ZE A L B R FELE
AR 205. 0012, 00 Ma ( X545 ,2020) . 46
fnce K A BT S R R AR )z ) B s ARAE
W, FEARK AL, R A =8, A1k
i KAk A4S RN B A R R, HURsc R 5 Fk
BB A X, e DA DE R A BT A
i EE s Aot b2 WAk atiah,
SRS B i = . SR X G R e
ik L il AR Y R 2 2 s Bk
W DX b SRR 55 R 7 B A6 05 e Bk AT
T AR B G AR (S, k) A TR R A R,
R PUHERAY 807 5 Bk ALY 806 5 ik Ay A& MY 21
AL B AR S A OE B AR R AR IR . T A
(AR o AT DX 6] (4 1 30 i WO 1, 3589 ki s 35
FAROIIKE A ke T &0 A s
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LA A VB PR AT AR . R 1 He—Ar [ SR IESS 3

AE5AY T A S AN E A A 0 A ST
He—Ar [RI 24307 TAE, REE TR ULIE 1,
3 MM LSO

ARG E T 50 a7 AR A 8
PG TEH s i 7 A5 DL AN EAR A
3 RO AR BRI He £ Ar RIS R AL, A
SCNFH A A7 A T L ] R B 2 B DA B S50 B
RO ETH A O fa F A s b (R
1) A S5 a5 —FArA LS g (.
KLA2017-11-4, KLA2017-15-4, KLA2017-16-1.
KLA2017-16-2 . KLA2017-29-4 . KLA2017-29-5; fif A
A B A MR LA AE L XV 55, 2020 SCEEHh &
3), ASAEEA 2 AER ARSI, R 2
HHYRRAIE R 5 0 A o A el s ()9 45, 2020 S
HE 3d Fle) . Z5 PP, BEMEA 5 A 5

i He B0, *He {55 HE RSB AR 20, " He S
TREM AR, B TFIRAE 4.5 KV, HLJE 1218 pA,
trap HLJE 15.56 V, HLJE 450 pA, @ Ar B3 Ar 2
KT, Ar A Ar LR BRI, Ar ARG #5422
W, BFURHEE 4.5 kV, FLJE 454 pA, trap HL R
15.02 V,HLI 200 pA, [Ff 2 O Z5 R OE, FIH
MRS SR UE B 45 R NS SR (A TEAE i
IEER . 25 Wn(CHe) /n(*He) FrUEE R 1. 4x
107, n(“Ar) /n(*Ar) Fln (P Ar) /n(**Ar) brUE(E 5>
SR 295.5 F15.35, A 0.1 mL 45 #E < He
(52.3x10°° ¢m® STP) FI*Ar(4.472x107® cm® STP)
Bt BRAESRAE Y[R 2R AR 5 9 DL B R
A i BT o (R A B ek 25 R R S 2R 100 H
7 5 N BRE A BT ) AR A A Y He (em® STP/g)
A Ar(em® STP/g) & i,

88° 50’ 88° 52/ 88° 54’ 88° 56’ 88° 58’

Y50 BLB Bt dv a B AT U 70 88° 48’
T A DI He Ar T 5o o

A2 7 ] b SR 2 e 7 B A TN

GO 48 VR L T 5 VR 4T

RS, ] Helix SFT #iA7 fA

B A 4, 28 4 e 1 | 4 Ak A 5 1 2R

GEH A, TEm HAS N R aifl £

BiE 25 nx 107 Pa, U RGEE 2 K nx

107 Pa, JUils s TR Nier, RIGEXS  47°

He 7F 800 wA B FL IS 47 F 2% 10 amps/

Torr (‘amps/Torr = A/1. 33 bar = A/0. 133

MPa) , %t Ar 7E 200 wA BfF L 45 F 1%

IO_Samps/Torr 040Ar A LFRNT 1x

1072 em?® STP/min,36Ar KRIE/NT 5x107* ol

cm® STP (STP fEFRMEIR HORZS) o EPLEE 54/

PRIFHEAR > 400, B 71 HEER 73 B> 700,

Ak He H*He \HD +H, 5 He 165 443

I SRR K AL 40~ 60 H AR

an SE I ZE K e ARG BTN

1 km

Sz_3KL

P VE 20 SM AR HET B0 5~1.0 g % 5%
ARG B e T RS 3 R A e e, o
TNEE] 130~ 140°C FF455E2 40 h £H KR,
DA 2Bk A= 2 A VRS i 3% 1T R R A He
A Ar, IR Y He—Ar [ 407 2 41
AR LG AR 9 R 24 AL, FH 100 ~
150 kg/cm® AR 7 FERRAE & BE 5 H A 62
BRI 5rF I AR L) SRS 8 5
g aifh, 5 B W4l He Ml Ar, @D He

B REEARE T LA

» | Silurian Kurumuti Group

TatHERE
two-mica granite

BARENKE

biotite granite

i d o B A e 5 TR REEX
pegmatite dikes and their numbers I\l rivers | I | Kalu'an mining area
KEEOL BRI S

Sampling site and its serial number

P 1T B PR TR P (22 . Feng Yonggang et al. ,

FTREFER X

Azubai mining area

fault | 11 |

2019; X1 %45 ,2020)

Fig. 1 Simplified geological map of the lithium deposit in Kalu” an, Xinjiang
(modified after Feng Yonggang et al. , 2019;Liu Tao et al. , 2020&)
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R R R BV A R A S AR B AR
He Fl Ar [AIf A B AHCSEN 3R 1,

B IR0 A R A AR R A
(9 He He & 4 (106. 74 ~ 4031. 96) x 10 em® STP/g,
AT YR f B AR Y He 4 (0.16 ~7.10) x 10" em’
STP/g,n(*He) /n(*He) {8 7 [ 43 5l 2 (0.39 ~
2.31) Ra | Ra 8 % K" M L {H; Ra =
[n(SHe)/n(A‘He)],;\% = 1.4 x 10°}.(0.25 ~
75.96) Ra; JoB™ A &b 5 A B A4 AL 2 f& h i He Ry
(0.15~13.79)x10*ecm® STP/g,n(*He) /n(*He){H
H(0. 13 ~47.48) Ra; Hh Bl 5 i A A 95 9 4 0 22
A*He H (0.54 ~ 1.17) x 10°%cm’ STP/g,
n(*He) /n(*He){H A (0.14~0.69) Ra, 4 #% 1 FF
i Yt He W 387 38 = 140 DA o, T BB A2 = B
I (R S A SR n (CHe) /n(*He) {H
A0 S (B A, B AR LU ABLYE [ 3 — 3 00— 7
T, SV R LR AR Y Ar 8t KRB, BEM
S Hn(CHe) /n(*He) fHE: % K F MORB {H (8 ~
10 Ra: Graham,2002) , 5230 H MBS AEARAE . 455 H0
NPT (5 4% 2015 3K HEZE 2019 ; X545
2020) 5 By &b Hb BT g5 52, AT X A W
n(*He) /n(*He) {A (bl A RFAE ) MAE SO AT L2
W&, 3% Al RE & T Li e i Li (n,
o) — He MU S E 51 n(*He) /n(*He)
S (3 1 RIS 2016) |, 33 26 53 B AN 7E
FERHE

1PN T RS REE IR AR R

TR Ar e BERNR A R . AR A T AR
HEAT B Ar W BE N (118.24 ~ 1577.74) x 10 em’®
STP/g,n(*Ar) /n(*Ar) {H K 3747.3~13353.0, 1
B Ar ¥ A (30.52 ~417.44) x 10 *em’ STP/g,
n(“Ar) /n(Ar){H N 372.7 ~7590.7, JoH 1H §h
HOAr W E S (67.96 ~209.69) x 10 em® STP/g,
n(“Ar) /n(*Ar) i K 381.9 ~2855.5, AhH i
HOAr HeFE N (125,37 ~164.90) x 10 ®cm® STP/g,
n(“Ar) /n(*Ar) ) 1013. 1~1957. 2,

5 e
5.1 He Ar BfrE=AMFMEZE
BTGB He—Ar [RI 2 7] DA KB B 4

JEA R AT AR R R (Stuart et al. , 1995; &R
405 2017 7841555, 2018 5 X e e S5, 2021 ) , FRME A

HHERREZHE IREZNT A0S 2N
BUSAY, BT LV A 5 A 0 v i D A A R R
SR T o AR R AR Y R R AR (R S . (R iR
ARG He  Ar [F7 R, BB SRR A
FEIRBIRI UG H, 10 BB T I A A0 22 A bk B A s —
oS A R, RS, O IR EARA Y
If He \Ar §7H0E AR ; @FE i 43 #r 2k A8 v R 467 26 4018
BRATGG ; AR LR B BUA B He  Ar; @
BT S5 AR B s Bl AR (O A 20045 1 Ak 4
2012)

PRBHAE (2016 ) X R &2 87 X 807 5 kAT T
JUEY B P HE ST, Kk IR W E A A Tk b oo
R W F LR E AT Bla b dl A8k, 5k
RECEmASE EEE A, By LUS 3 A SR Y BE
KPR R w A B, A SRR R B2 R
PR R R R N B T A SRR TR 4R A2
PR R AT SRS R R 2R 2377 AR B e 1) 3
W, HA LT 0 d A% T i) He F1 Ar B ik
(Turner and Stuart,1992) , K He W& =R,
XTI T He 15 B2 LK R 22 41 A 23 7 A6 B B
I TEATFFE i (CHe ) /n (P Ar) T A4 {1 75 Rl
(A4 2 (0.01~68.82) x 1073 (£ 1), B B &5
FHRKMAK (ASW) AR B n(CHe) /n(*°Ar) H
5%x107° F1 2x 1077 ( Marty et al. , 1989; Stuart et al. ,
1995 ; Villa,2001 ; Hu Ruizhong et al. , 2009) , #UFE i
Mt AR R R A ARG Rt T A R R
NAFFE L a0 5 1 B s b s v P U oy ™ AR I g
Jo AR VE HIXT A 2 A B He | Ar W1 IR TR 32 4H

(2R /IN (AT, 2004 ) SRS L IR A0 B A H i
SIPEICE (U Th K) A0 77D R 1 He AT Ar,
R 2 IR B 4 S 88T, 1 48 & 9 He
FI Ar EEAR X 5 5 R A P I A AR ) 4

i He Ar [Fl7 3 LUAESZ ML 0, i DA, AR YR S 55 i
I A B VR A i Th AR B 22 R T Y He | Ar
(I3 2% T 7 2 R A A 3R I T A4 i e A B A
.

5.2 HH REKRIERER

MFE 1 RO R S R A R
He—Ar ¥ BE AL K, — 5 1T, iX W] B AE7E —
BB AR YL L (n, o) — He BEATHCET PR He
R E L S5 AR R R | e gl I A 45 A
fm'er He [A)07 Z R0 HEAT % e ( B 2148 2001) , A
SCKGIX S8 AN IEH 19° He BB 512 n(PHe) /n(*He)
55 (>8 Ra) HEBRTEAR W VIR Z b, T30, 0 T
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R BE ) He 22X n(CHe) /n(*He) (Hy= 5
M, A< SCXE % 0 db A 9 n(CHe) /n(*He) 5°He
5'He AT, NI 2 HAl LA AR E & He 18
E'He #85n(PHe) /n(*He) AN EAG LA 45 45,
S S TR o T I e 2 N N N )
n(*He) /n(*He) {H I /N 52 1 4K J5 il 54 M 1 P He
o He M5EMA . 3 —J7 10, W 8 72 Ak Bl K] fig 48
TN LA AR IR N 2 — M R TR R 1 B I AR
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Characteristics of ore-forming fluids in Kalu’ an hard-rock-type lithium
deposit in Xinjiang Province, China: evidence from He—Ar isotopes

LIU Tao ", TIAN Shihong > ", WANG Denghong » , HOU Kejun » , ZHANG Yujie > *, LI Xianfang >,
g ghong J ] g
JIEKEN - Kalimuhan ¥, ZHANG Zhongli ¥, WANG Yonggiang ¥, ZHAO Yue *, QIN Yan *

1) State Key Laboratory of Nuclear Resources and Environment, East China University of Technology, Nanchang, 330013;
2)MNR Key Laboratory of Metallogeny and Mineral Assessment, Institute of Mineral Resources ,
Chinese Academy of Geological Sciences, Beijing, 100037
3) School of Earth Science and Mineral Resources, China University of Geosciences, Beijing, 100083 ;
4) No. 701 Geological Team, Bureau of Nonferrous Geo-exploration of Xinjiang Uygur Autonomous Region, Altay, 836500

Objectives: The Kalu’ an lithium deposit is located in the Altay orogenic belt in northern Xinjiang, which is a
hard rock type lithium deposit with spodumene as the main mineral. A lot of research on the petrology, mineralogy,
petrochemistry, age and petrogenesis in the Kalu’ an lithium deposit, but few reports have been made on the
Characteristics of ore-forming fluids.

Methods: This paper reports He and Ar isotopic compositions of spodumene and quartz fluid inclusions in
Kalu’ an lithium ore.

Results: The analytical results indicate that the n(*He) /n(*He) ratio of spodumene-bearing pegmatites is
0.25 ~ 3.19 Ra (average 0.97 Ra) ; and that of spodumene—Dbarren pegmatites and outer pegmatites is 0. 13 ~
8. 86 Ra (average 3. 10 Ra), which is between crust and mantle derived He. According to the crust mantle binary
mixing model of ore-forming fluid, the proportion of mantle fluid in spodumene-bearing pegmatites is 3. 55% ~
48.92% , with an average of 14. 67% ; the proportion of mantle fluid in spodumene—barren pegmatites and outer
pegmatites is 1.70% ~ 81.79% , with an average of 17.13%. The n(*™Ar) /n( *Ar) of ore-forming fluid of
spodumene-bearing pegmatites ranges from 552. 5 to 13353.0, n(*Ar” ) values range from 46.52% to 97. 79%,
with an average of 87.25%, and the Ar contribution of atmosphere is 12. 75%.

Conclusions: The results show that the ore-forming fluids are mainly crust derived fluids, and some mantle
derived fluids is mixed with reformed saturated atmospheric water. With the progress of mineralization, mantle He
and atmospheric saturated water reformed Ar decreases. It is worth noting that the mantle-derived fluid in the ore-
forming fluid of the Kalu’ an lithium deposit does not really come from the mantle material invasion, but is more
likely to come from the immature continental crust of the Proterozoic. The Kalu’ an lithium deposit in Xinjiang was
formed into the post-collisional orogenic stage in the late period of continental collisional orogeny. The extension of
the late period of orogeny led to decompression melting of the old crust and the young crust containing mantle-
derived material, and the magmatic fluid formed by the melting was subsequently transformed by meteoric
precipitation to form the present ore-forming fluid.

Keywords: He—Ar isotopes; Crustal fluid ; Mantle-derived material ;lithium deposit; Kalu’ an in Xinjiang
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