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Abstract: The superlarge Murong pegmatite-type lithium deposit in western Sichuan is located in the northeastern
part of the Yajiang dome group within the Songpan—Ganze orogenic belt, adjacent to the Jiajika lithium-rich pegmatite
group. Unlike other lithium deposits in the Songpan—Ganze orogenic belt, the Murong spodumene pegmatite is
characterized by a single-vein pegmatite lithium deposit with full-vein mineralization, making it the largest single-vein
pegmatite-type lithium deposit yet discovered in Asia. This study integrates whole-rock elemental geochemistry of the
Murong pegmatite and focuses on monazite within the pegmatite, employing U-Th-Pb geochronology and in situ
major and trace element geochemical analyses to investigate the genesis and lithium enrichment mechanisms of the
Murong lithium-rich pegmatite. The research reveals that monazite can be classified into two types: antecryst and
autocryst, both of magmatic origin. The ages of the two types of monazite are (200.1 £ 1.9) Ma and (196.3 + 2.4) Ma,
representing the early crystallization age and the final crystallization age of the pegmatite magma, respectively.
Autocrystic monazite is more depleted in REE, more enriched in U, has lower Th/U ratios, more pronounced negative
Eu anomalies, and distinct tetrad effects compared to antecrystic monazite, indicating that the Murong pegmatite
magma underwent a highly fractionated, multistage evolutionary process. Comparative studies of whole-rock
elemental geochemistry between the Murong pegmatite and the Jiajika granite and pegmatite suggest that the former
may be an extension of the Jiajika lithium-rich pegmatite group. The multistage evolutionary process identified in this
work is a crucial pathway for obtaining highly fractionated pegmatite magma and may also be the key reason for the
full-vein mineralization and massive lithium enrichment in the Murong lithium-rich pegmatite.

Key words: Murong; lithium-rich pegmatite; monazite; antecryst; magmatic evolution
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Fig. 1 Simplified distribution map of major rare metal pegmatite fields (deposits) in the Songpan—Ganze—West Kunlun metallogenic belt
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Fig. 2 Simplified geological map of the Changzheng-Jiajika dome group
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Fig. 8 U-Th-Pb dating results and rare earth element distribution curves of monazite
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Fig. 9 Major element diagrams of Murong pegmatite, Jiajika spodumene pegmatite, and two-mica granite
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Fig. 10

Rare earth element distribution curves and trace element spider diagrams of Murong pegmatite, Jiajika spodumene pegmatite, and

two-mica granite
(A) A B £ 0 E M B 5 wh & (C1 3R BB 47 £ 4L ¥ Sun and McDonough, 1989);
(B2 kM A (R4 3147 40
CF 45 0 8 288 5] B ST 40, 20215 WA F AL R & 23851 B 5 4 15, 2018)

Tl 0 2k ) P ) 10-B) B, RS i
&4 Cs. Rb, U, Ta, Pb, P, Hf, 1fii #H X} =7 $ii Ba.
La. Ce. Pr, Sr. Nd. Ti JC & ; A [F) £ & A& il £k A
KEAR -3, SHERERE. HKAEML, JT
FEES TR AE, REARYEREERS
LR T R B L R o W A T R
3 M A =X v BE AR DL, U6 W R 5 OR Gl A
M REAAERIIE X R, R FEE SR T oK
— W T

4 i
41 KRAGREMEAREXE
JlJE A E A E N AR GRS R

B, 525 AT OC I f A 5 gt 07 o R BT S A
F i o3 5 VBIAE 0 . A6 B AT b o DA R Bk 1R
CREBCAZERRAE, 20205 F2 1585 2022; ¥4 /07 %,
2024) o M A7 8 R A o b B B Bl IR
PR N TR /NN 25 2 o R B B DT v I TR S L
J& A AT DA BURE A A AN TR A AR R AR P
M fE A AT DA IR B B 2 DR B 2 A, (H
£ A R 5 HRE NS R A5 (Williams et al., 20075
Crowley et al., 2008; Ttano et al., 2018; P IE 45, 2022)

A SO JE A BCA A A, RS S s A B
W AR R, 5 AR E A R EV A

O R A ) Th BT & 8Os E (— R
1%), Z50TE 5%~ 6% & 2 ¥ & (Zhu and O’ nions,
1999a, 1999b; Zi et al., 2015, 2019; % % 45 | 2022;
Wang et al., 2023) ; 17 F4 U FAR 9% A5 ot j Ak s A
() Th T 8 20 BOE 3K F 1%C2 158 55 2022), 3
I8 25 (2022 G2 11 1 A A B PR 288 B0k s A 1) b Ak
SRR 4 iR OR AL S B R =, T &) 11,
12D, A R h S e B e 3 Y L Bu =R
(— 8 6Eu= 0.01~0.20), 17 % 2% 28 Jit 25 1 4 9 Al
& A B B SR RS, B R R 5 E R MR
oL & A ) oBu fH 4 T 0.1~ 0.6, i 4 T 43 ith
2 54 KO s A A r &, {H HREE A X 55 77 $i
(12D o b, 3 s A 1Y BT o0 B4R vl
FEl [ (15000~24000)x10° ] B} {5 w5 T 72 Jo i
[ (1000~11000)x10"°] R SE £ [ (1000~
50000x10°] (11D,

A SC PG BRSO A B Th, UL Y & & & Th/U
LU B RN AR B T 43 10 26 39 2 102 75, 20220 G2 i Y
A RE A L, H O OBu B W & 7E Th-Th/Ce
P CIEL 13-A), P 20 &0 00 s A 35 9% A R



. 608 - A T R ZFFRCE KB F RO % 53 %
Yl e i — o i

T A | [ = il

G U A 3 | — e
PR e N— - - ' I —

R3O FERE El— — —E

R3O B4 —— ik b

iﬁ 208.45 Ma —{ H=—— |

££7|208.50 Ma —{ = f

iuﬁﬂﬁ 193.53 Ma| e | o a0

0 40000 80000 120000 160000 200000 O 10000 20000 30000 40000 0 0.2 0.4 0.6 0.8 1.0
w(Th)/10°¢ w(Y)/10°¢ J0Eu

fomEs | |

1A i 1 | I

A R A | -
ERWEG | {ig—

30 FRA G| b B

30 BES || —i—

HIAE 1208.45 Ma | =1

44

K47 (208.50 Ma || S —

&

2 [193.53 Ma | . . . . . . . . . . . —L 33—

0 200 400 600 800 0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000
Th/U w(U)/10°¢

B 1 RAEBEMEEREHNThY.USEHN Th/U, sEu EFEFE
Fig. 11 Box blots of Th, Y, and U content and Th/U and JEu values of monazite with different origins

(B KAER . BHRAERAER

B HIEIRA G B E S, 2022;

VR T K iR a4 8 Zhouet al., 2023)

7% J5 i il ; 7F Y/LREE-Si/Ce-Ca/Ce = ff1 43 2 &l fift
W CE13-B), EEIE A A IORNAR A X, A R
ANAE R A X o S5 A s A I TE SRR AE, AR SCIA R
A GEA A A T G B R A R A R R
Ja A, LA AR T LA 2 A6 A A K A AR
B o ORI AR T A A LA Do L4 I, B
— S R A X A 0 A AN R RR L R
o B AERMME A Th, Y. U & ) SEufi
G HARERME A S ESAE 12, 2T,
2022) o AR SCFEAE R A SR A B AT A XS Y
SEu fH, X 7T BB 5 5 ff o 5 J 1 v A PR B A OGS
FORMR R T WA 3 AR Ik R A
WP B R Ok o A SC A R AR A TE
BSE T &5 (1 (4 (& 6), & B BFiE i “$oi 52 1t
FeAE” , (H H @& Th, Y. U i K K oEufd 1
Th/U Fb {5 AF 5 #4080 00 8 A 8% 48 AS )5 1 5
FE R AH T A 1 BN K A AR B R A R
BRAL 2ERFAEAHRICE 11, 120, [ B, 78 Th-Th/Ce
B CIEL 13-A0, A SC B AR dR 0 R A T A 2R

AR M R A L S SRR A E A A
Y/LREE-Si/Ce-Ca/Ce — ffi 4325 &l fif v (4] 13-B) F
TP N T C— A s YR AR B D,
M5 3R 193.53 Ma il Ji A AHiE . Th AU B f
B Ak 2 T B, 2 a4 T E Ak D 5 A
AR, X T 5HREA R A RS
75 Th, U BYRRAE o 0058 U1 25 (2023) 3L T8 1 7 25 18
T B HL X Be-Nb & fk. i & 5 2l & A ThO, it i
43 KM 7.0%~ 13.9%( ¥ H 10.56%, n=26), UO, i
A HON 1.9%~ 4.9%(35 {8 3.28%, n=26) . Wang
et al. (2023) ¢ 38 /9 19 5 17 B —f% FE R S SR 40 1Y
BROE A7 B A A A T s R AR U A7 ThO, Jit
3B 3k 30.45%~ 36.97%( K {H 33.46%, n=30),
U0, i 50 BUH 2.05%~ 3.20%( ¥ {H 2.57%, n=30);
M JE A1 gk U A 22 AR Y B AL ThO, 5T it 43 Bl
&, M 39.73%~ 48.80%( ¥ {H 45.04%, n=9) . 1
JVEFL 5 e = BEGA K A £ b 45 20 A7 Th BT
5148 8.38%~ 15.09% - 4 {H 10.83%, n=22), U Jix
AT 1.88%~ 5.09%CF- ¥ 3.49%, n=22) (7 i



% 3

BHF, F NBAAFEREAET 557 E M - 609 -

10° 10° 10¢
(B)
10° 10° 10°
e 104 104} 104
(= (=] (=]
= 10t = 10°r = 10°r
D10} D 10} o100}
6 g/ E{_j, 7 (200.1£1.9) M
= 10't = 10'F = 10t A=15) Ma
A SCRHEIR B A
100t Eem)Esy 100 b AR SRl = A7 10° | £1(196.3+2.4) Ma
0k o ol e o L AxaEEa
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
6 6 6
10 10 ®| 10 Q)
10°1 10°F 10°
£ 1041 2 104F e 104
= S S
= 10} = 10} = 10}
5 o10) 5 10} 2 10}
g 2 2
= 10'r = 10 = 10
= ; 3 FEE AN A 0 41208.50 M
10° AL 10°F B o S EHRA R i,
o b s ol e 101 L2 R AT 5 193.93 Ma,
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

12 AEBEEMERNRKTES ML

Fig. 12 Rare earth element distribution curves of monazite with different origins
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Fig. 14  Age distribution histogram of rare metal pegmatite in the
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