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Fig. 1 Regional geological map of northeast Hunan ( modified after Xu Deru et al. , 2017b&; Liu Qingquan et al. , 2019)
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Fig. 2 Geological map of the Shangshi lithium deposit in the Lianyunshan
(after Wen Chunhua et al. , 2021; Wen Zhilin et al. , 2024&)
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Fig. 3 Geochemical map of lithium in soil in the Shangshi lithium deposit, Lianyunshan
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Fig. 4 Petrographic characteristics of granite and pegmatite in the Shangshi lithium deposit, Lianyunshan.

(a) (e) (f) two-mica monzogranite; (b) (c¢) (h) (i) spodumene pegmatite; (d) (g) pegmatite
Ab—K A B—R & Ms— I =B Spd— A7 ; Tur—HL S A ; Qz— A 98 ; Brl— 46 Gre— A 7441 5
SQI—HI A1 — 1 Je kA 254

Ab—albite; Bt—biotite; Ms—muscovite; Spd—spodumene ; Tur—tourmaline; Qz—quartz; Brl—beryl; Grt—garnet;

SQI—spodumene—quartz intergrowth
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AT R 70 s, Holp 646 20 s I 555Kk
L], 30 s I ATEFE] DL K 20 s A BhyseRsa], %L
PR TR, MR AT NIST612, P45 7T 2 f i Ca,
TR TR AL T 5%, b 38wt A fdi FH
(%%~ ICPMS Data Cal(Liu et al. , 2010)

4 ST
4.1 25F WMETRFHE

BN HACRYE BT S AR AT T 0T
M, SRR 1, i T R A BORRR, 4 7 i
iy B A ) A A ST 0y, B PR AR A AR R A

R1EZLERETRERGRESEE( %) METE (pe/g) ATER

Table 1 Analysis results of the major ( %) and trace elements ( pg/g) of the whole rock samples from

granite and pegmatite in the Shangshi lithium deposit, Lianyunshan

- 23-LYS | 23-LYS | 23-LYS | 23-LYS | 23-LYS o 23-LYS | 23-LYS | 23-LYS | 23-LYS | 23-LYS
4-A 6 -8-C -11-A | -11-B -4-A -6 -8-C -11-A | -11-B
HYE TR T KNS PO P TEETRERE B
Sio, 73.69 | 73.46 | 74.29 | 74.89 | 74.34 Sn 30.0 27.0 27.0 85.0 75.0
TiO, 0.05 0.05 0.03 b.d.l | b.d.1 Cs 56.5 73.7 44.2 103 84.2
AL O, 15.11 | 14.86 | 14.68 | 16.21 | 16.17 Ba 9.6 89.4 19.1 6. 60 b.d.1
Fe,0,T 1.19 1.10 0.95 0.60 0.58 Hf 1.60 1.50 1.30 5.00 2.90
MnO 0.07 0.07 0.07 0.20 0.16 Ta 5.90 4.50 5.40 101 87.0
MgO 0. 18 0.17 0.13 0.02 0.02 W 4.00 3.00 2.00 1.00 1.00
Ca0 0.54 0.78 0.39 0.09 0.11 Pb 48.9 40.6 45.6 10.2 11.0
Na, 0 3.47 3.89 4.03 2.49 3.45 Bi 4. 41 3.74 7.10 1.16 0.77
K,0 4.37 4.26 4.19 1.44 1.55 Th 5.31 5.57 3.16 7.61 6.79
P,0; 0.09 0.11 0.08 0.03 0.02 U 2.17 12.9 7.81 3.41 3.80
Pek 1.10 0.62 0. 88 0.57 0. 48 La 7.70 7.50 3.40 0. 80 0. 80
a8y 99.86 | 99.37 | 99.72 | 96.54 | 96.88 Ce 15.4 15.7 7.20 0. 90 0. 60
Li 286 353 116 | >10000 | 9150 Pr 1.94 1.88 0.92 0.09 0.05
Be 8.65 13.9 9.66 140 141 Nd 6.70 6.50 3.00 0.30 0.10
Ge 0.12 0.12 0.11 0.11 0.09 Sm 1.84 1.80 1.12 0. 06 b.d.1
Sc 3.60 2.60 1.60 0.10 b.d.1 Eu 0.20 0.18 0. 06 b.d.1 | b.d.1
Ti 380 360 230 50.0 b.d. 1 Gd 2.07 2.08 1.40 0. 05 b.d.1
v 4.00 3.00 2.00 1.00 1.00 Th 0.39 0.39 0.29 0.01 b.d.1
Cr 11.0 9.00 8.00 14.0 11.0 Dy 2.41 2.34 1.77 0. 06 b.d.1
Mn 496 555 499 1290 1095 Ho 0.44 0.42 0.31 0.01 b.d. 1
Co 0.70 0. 60 0.40 0.20 0. 10 Er 1.16 1.09 0.81 0.03 b.d.1
Ni 0. 80 0. 80 0.50 0.90 0. 60 Tm 0.16 0.16 0.13 0.01 b.d.1
Cu 4.90 2.70 22.9 1.00 0. 50 Yb 1.02 0.97 0. 86 0.03 b.d.1
Zn 49.0 55.0 35.0 55.0 52.0 Lu 0.14 0.12 0.11 b.d.1 | b.d.l
Ga 25.3 24.4 24.6 32.5 33.4 LREE 33.8 33.6 15.7 2.15 1.55
Rb 411 457 506 494 582 HREE 7.79 7.57 5.68 0.20 -
Sr 59.9 58.4 21.4 4.00 3.60 SREE 41.6 41.1 21.4 2.35 1.55
Y 14.2 14.0 10.6 0.50 0.20 | LREE/HREE | 4.34 4.43 2.76 10.8 -
Zr 34.0 32.0 20.0 32.0 24.0 (La/Yb) y 5.41 5.55 2.84 19.1 -
Nb 18.6 17.4 18.5 70.0 84.9
Ce/Ce* 0.98 1.03 1.00 0. 82 0.74
Mo 0. 86 0.64 0.55 0.99 0. 82
cd 0.04 0.04 b.d.1 | b.dl | b.dl Euw/Eu”® 0.31 0.28 0.15 - -
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5%. TE TAS ElfitH (Kl 5a) , A4 RS R 25T
ERA X IR, A Si0, & v B4 (73, 46%
~ 74.89%) , B0 E R RRAE , R A B b,
%% Ca,P Mg Ti FFEME, 7E Si0,—K,0 K i (&
5b) A6 B B s TR T e A e R 413
D R A R R S R TR A AR R 5
SR BE R 50 0] ) P X3, i R AL R LA o
AR BURRIE (B 5¢) , K ZH0OME ah i A/CNK {H >
1. 20, B ME A7 4R & A A/CNK B AH X 55 55, 23-LYS-
11-A #E 8 A/CNK #2358 T 2.79, F—A—C
i s (18 5d) , RZEE R ARG I8 v T
S BUAERG A YE N, 25 BV B IX N AE 5 2 o i
RIS 40 0T S FUAE 7 .

Fis 70 2 A 0 2R e BRRL A R U b
{E (Sun and McDonough, 1989) # 17 4 —fk 4k BH
S LT R BB R RS 2 A, 5T
DR AW ZE b VD 55 48 B e R - 0 3 R AR — 3L
15 /A T S A URRIE 3% 2 LA AR L e 22
(Bl 6a), MWE At KX A S SREE H
GRBAK(21.4~ 41.6 pg/g) ,LREE & (15.7 ~
33.8 pg/g) . HREE & & (5.68 ~ 7.79 pg/g) .
LREE/HREE (2.76 ~ 4.34) . (La/Yb), (2.84 ~
4.41) EwEu* (0.15 ~ 0.31) . Ce/Ce" (0.98 ~
1.03), Hifi Eu 559, L B Ce 4, Bt L 4%
T AR, A R B, BV A SREE H
Ak, M 1.55~ 2.35 pg/g, Hi 23-LYS-11-B £%k
M TR AR TR O PR #8130 2% 0k Y [T R
(Kl 6b) b7 B4 Rb . Th U K& FEATLR
K Ta 5w e, FE 5 Se.Ti Ml Ba Zr AN
METTER,
4.2 &5 Sr—Nd RfIE

25 Sr—Nd R R AN 2 s, T Y

BB TR AR AR A 147 Ma SEHE A1 F5
Eh e AE R 4 140 Ma( Wen Chunhua et al. | 2021) %
FERFN B 5 4R 1% 4 828 Ma( Wang Jinggiang
et al. , 2016) ,itHEM XS, AVPE 2K
AR A n(YSe) /n(*Sr)= 0.761951 ~ 0. 872664,
[n(¥Sr)/n(%Sr) ], = 0.7215 ~ 0.7249 ,n('*Nd)/
("Nd ) = 0.512074 ~  0.512328,
[n("*Nd)/n("™Nd)], = 0.5119 ~ 0.5122,&,,(t)
-3.87 ~ -8.80, fhid A n(¥Sr)/n(*Sr) =
471852 ~ 1.717676, [ n (¥Sr)/n (¥Sr)], =
6949 ~ 0.7076, — B F AT n(YSr)/n(%Sr)
0.766708 ~ 0.781020, [ n (Sr)/n (*Sr)], =
L6991 ~ 0.7133,n("*Nd)/n("Nd) = 0.511970
0.512117, [ n ("*Nd)/n ("*Nd) ], = 0.5113 ~
0.5114, &,,(t) =-18.06 ~ —=20.93, HIHE "=
BT R AL A B B Nd BERAE IR R 1,93 ~
1.41 Ga, = BER AT ZFrBe Nd B4R R K 2. 25
~ 2.01 Ga,
4.3 #BEAE METEFE
POV e Th OV F AR A S B B 2R (R
3) 1 Li, O & f i o FRAR A 2% G be AN 28 o (W] 4 i
B EAS (B 425245 ,2020) o AR H TR 50 AT
K Li, 0 Frmit g R s B A RE TR &
AR AR 2 K R B A B Sio, 1Y & AT
63.65% ~ 64.73%, Al,0, %) & & K 28.02% -~
28.73% ,1i,0 &8N 7.79% ~ 7.98% , H:h Fe Jy
FEMIFTICE, FeO" 1 0.29% ~ 0.79% , 8%
/LY MnO (0.09% ~ 0.49%)  Na,0 (0.09% ~
0.24%) %, SQI 45K 1y ( BLABIE 7 &) Si0, 17 it
1E 65.00% ~ 66.64% ,Al,0, B &N 28.60% ~
29.03% ,1i,0 554 8.01% ~ 8.23% , KB/
= TESME 8. 03%, 14 Li,0 &t i Ptk

n o =

o

1§

K2 ERLEAET RERN-FREMZaEHE Sr-Nd B EHM

Table 2 Sr—Nd isotope of granite, pegmatite and two mica schist in the Shangshi lithium deposit, Lianyunshan

b e SRS n(¥Sr) /n(*sr) n("¥Nd)/n( " Nd) [n,(87sr) [n(143Nd) ui(t) TUMz

(Ma) | iy 2 i 20 n(®slo | LN L] T
23-LYS-4-A | ZEBHERSE | 147 | 0.761951 | 0.000009 | 0.512074 | 0. 000006 0.7216 0.5119 -8.80 | 1803
23-LYS-6 | “=REERA | 147 | 0.767156 | 0.000007 | 0.512328 | 0.000003 0.7249 0.5122 -3.87 | 1408
23-LYS-8-C | “=HRFER A | 147 | 0.872664 | 0.000008 | 0.512142 | 0. 000008 0.7215 0.5119 -8.48 | 1929
23-LYS-11-A | S A | 140 | 1.471852 | 0.000012 - - 0.7076 - - -
23-LYS-11-B | BEA RS | 140 | 1.717676 | 0.000011 - - 0. 6949 - - -
23-LYS-5 TETEAE | 828 | 0.766708 | 0.000011 | 0.511970 | 0. 000006 0. 6991 0.5113 -20.93 | 2253
23-LYS-10 AT | 828 | 0.781020 | 0.000005 | 0.512117 | 0. 000009 0.7133 0.5114 -18.06 | 2014
PER R S UK (3 w7y oLl I8
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&5 ozl FAERE X AL R A A B o EIfR (a) TAS EIfE (IEIEE Middlemost, 1994) ;(b) A/NK—A/CNK &l (JiK
P& Maniar and Piccoli, 1989); (¢) Si0,—K,0 Kl (JIE Bl ¥ Peccerillo and Taylor, 1976) #1 (d) F—A—C KIf# (F=n

(FeO" )+ n(Mg0), A=n(Al,0,)—[n(Na,0)+n(K,0) ], C=n(Ca0) ;JEEE#E Chappell and White, 1992)

Fig. 5 Diagram of major elements of granite and pegmatite in the Shangshi lithium deposit, Lianyunshan (a) diagram of TAS (after
Middlemost,1994) ; (b) A/NK—A/CNK (after Maniar and Piccoli, 1989); (c) Si0,—K,O (after Peccerillo and Taylor,
1976) and (d) F—A—C (F=n(FeO")+ n(Mg0), A=n(Al,0,)—[n(Na,0)+n(K,0)], C=n(Ca0) ; after Chappell and
White, 1992)
250 B A5 AT A — 2 B T RAEREEARES | A (Wen Chunhua et al. , 2021) ;3 2 10 = 2 B KB R AR
5] [ (Wang Jinggiang et al. , 2016; ¥FUN1% 2017a) , N
Hollow legends are all references to previous data: Baishawo two-mica monzogranite data from Wen Chunhua et al. , 2021; Lianyunshan two-mica

monzogranite data from Wang Jinggiang et al. , 2016; Xu Deru et al. , 2017a&, The same below

b SQUEEK oA A SE L 1 Si0, i, HAERNfE  KDIREREA AR EL ,Si0, (AL O, SRR 28 LR
PO P Si0, WA R, S B LL0 EhE TR AERAR,

ARBE A RIS BB, 45 2R ROCR & & 20 5l o P AT LA-ICP-MS J5L A7 o DX A o0 2% 73 B 5K
Fe0'(0.27% ~ 0.44%) ,Mn0(0.06% ~ 0.31%) .  #ill3 4, MRG0 R 0 Hr i+ 58 15,0
Na,0(0.11% ~ 0.22%) 7, SQI ZitfbmlisrS &8, SWHE EPMA Bt i m Li,0 &2
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B 6 7%z Il AR XA A A 6 R e L B () AU JC R IR (b) (B B R ik e B4
>k A 3CH#k Sun and McDonough, 1989)

Fig. 6 Chondrite normalized rare earth element (REE) diagram (a) and primitive mantle normalized trace element diagram (b) of

granite and pegmatite in the Shangshi lithium deposit, Lianyunshan ( Chondrites and primitive mantle normalized data from Sun

and McDonough, 1989)
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Fig. 7 Diagram of [n(¥'Sr)/n(*Sr) ],—ey, (1) (a) (after Zhou Xinmin et al. , 2007#) and

exa(t)—t(b) ( after Shen Weizhou et al. , 1993&) of granite in the Shangshi lithium deposit, Lianyunshan
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Hi7¢ B K87 IR ( Chen Jianfeng et al. , 2019; Mao
Jingwen et al. , 1999, 2013; Stein et al., 2001) ,
Wen Chunhua %5 (2021) #fF 5% & B V055 P2 40 07 IR
A e A0 L o3 B HESH T Re 3 IR (<9
pe/g), N LY R E T b 7e, (HAg o 8%
(2011) A HHESHA™ Re 5 & A AL 0T i 5 H HL
M7= H RS B VAR OC | 704 3 o kORI AE B v =
FIMEERT VT BE & (H 1% Re & mFEMIL, B HLZE (2015)
H T REEHETH Re 5 1T LR IR B0 4 Bk R
AL SR TR, AR HOAR i M 4H 9 Re 7 1208 H W
BT ) 0 ok U5 O TG B2 MK 4. Wen Chunhua 55
(2021)383d AV E — a B KR A TR A H
ABARH & (¢0) 5 CFIME-10. 1) J2 HE ZFr Bt
XAEWE R 1.70 ~ 2.08 Ga, N NAVE —mt K
A< R T4 S e R oI, AR,
WE s KK EaEREARE D
[n(¥Sr)/n(*Sr) ], (0.7215 ~ 0.7249) , % i )
ey (1) (=3.87 ~ =8.80) , HE [ n(*Sr)/n(¥Sr) ], .
% &g (¢) BRI R 2H i B B IR T 5e . AR EE
EnIll Zam B KRS LIEEG S (ey (1) =
-10.02~ -13.65) , A& =t KLk A HA
T ey, () H(-3.87 ~ -8.80) , HIkHE &
RIXATREAAAE —E 2R, TE[n(VSr)/n(™Sr) ], —

exa(t) B (B Ta) i, AV s ZKAEK &
Sr—Nd [FI43 22 55 R TR T #7295 B 4 T2 B A
KR S RIAE AL, TE ey, (1) —t EfE (& 7b)
SRS R I S S kP A = B = VA e Yo B e B L
(T AL X 2 v, H B BE Nd B4R R 1,80 ~
1. 93 Ga, 57T g L H B A0 A48 o 3 e — By B =X
AEIY (1,87 ~ 2. 14 Ga, JLTH N5, 1993 ; 32 FloR 4
2004) #H — %, &AM S BIAE 4 A A B
exa()ME (3. 87) M= 44 o5, H B B Nd #555
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2) I E — SR TR AR, 5
KGR B R A, I, Se—Nd R 28 41 i %
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YIRS, SiE I —m KRR A/ RAEHN
VR XA E A T BESR VR T B AR R Y b A'e
VFEEINAE (2017a) BESEAR HiE S I =BT K
1654 A 2 A2 0N M Y TR = iR A T
A A B, IR R X W o A ; DAL TR
JoT M AR I SR AH A MR JE s @ e ik
K M EAARRKAEKX, AV®E sk
e A H A F A S KRR E N,
M = I = B ARG A W 25 AR A s
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HP—TM I LP—TM A &I e R i i 4k, CGO A 85 i 14 46 5a ¢+

5 m i s 5t 2 ROE TR A 4 R B E Patitio, 1999) ;

(b)FeQ"/(FeO"+ Mg0)—Si0, Ef# (JE K H& Maniar and Piccoli, 1989)

Fig. 8 Diagrams of major elements of granite and pegmatite in the Shangshi lithium deposit, Lianyunshan; (a) CaO/(FeQ"+ MgO
+ Ti0,)—(Ca0 + FeO™+ MgO + TiO,) , HP and LP—TM are reaction curves for high and low pressure, the CGO are curves for

low-pressure hybridization of calc-alkaline granites with high-Al olivine tholeiites ( after Patifio, 1999) ; (b)whole rock’s FeQ"/

(FeO"+ Mg0)—Si0,( after Maniar and Piccoli, 1989)
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Fig. 9 Harker diagrams of granite and pegmatite in the Shangshi lithium deposit, Lianyunshan
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Fig. 10 Diagrams of FeQ"/MgO—(Zr+Nb+Ce+Y) (a) (after Whalen et al. , 1987); (Na,0+K,0)/Ca0 /(Zr+Nb+Ce+Y)
(b) (after Whalen et al. , 1987) ; Nb/Ta—Zr/Hf (c) (after Ballouard et al. ,2016) and Rb—Sr—Ba (d) (after Bouseily and

Sokkary, 1975)
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B Sr Al Rb 7 A ( Deer et al. ,1966) , N1 7 f1
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PRI A7 A B9 S [l 2 4 i f 8 (I o
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[n(¥Sr)/n(%Sr) ], 24T B~ 0. 7215 ~ 0.7249,
TaBRE [ (YSr)/n(*Sr) ], AR F R
0.6991 ~ 0.7133 (% 2)., B ¥ £ 15 & = WY
[n(¥Sr)/n(*Sr) ], Z4LF 0. 6949 ~ 0.7076 Z[H],
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Fig. 11 Diagrams of granite in the Shangshi lithium deposit, Lianyunshan; (a) Li—(CaO + FeO"+ MgO + TiO,) ;

(b) Li—Fe0"/(FeO"+ MgO). Lianyunshan granite data from Wang Jinggiang et al. , 2016
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Table 4 Trace elements of spodumene( pg/g) in the Shangshi lithium deposit, Lianyunshan
B 23-LYS-|23-LYS-|23-LYS-|23-LYS-|23-LYS- [23-LYS-|23-LYS- |23-LYS- | 23-LYS- | 23-LYS- | 23-LYS- | 23-LYS- | 23-LYS- | 23-LYS-
11A-1 11A-2 | 11A-3 | 11A-4 | 11A-5 | 11A-6 | 11A-7 | 11A-8 | 11A-9 | 11A-10 | 11A-11 | 11A-12 | 11A-13 | 11A-14
Mn 1447 1799 2161 1896 1343 1334 1338 1095 755 759 2124 1648 2066 1612
Fe 3250 3863 3208 2717 2050 2468 1749 1756 2422 2374 3197 3813 3080 2824
Li 38694 | 45963 | 40528 | 36787 | 37780 | 41384 | 32497 | 37089 | 39686 | 34652 | 37839 | 38001 | 44780 | 37825
Li,0" 8.29 9.85 8.68 7.88 8. 10 8.87 6.96 7.95 8.50 7.43 8. 11 8. 14 9.60 8. 11
Ge 11.8 18.7 14.5 9.72 — — 7.13 — 10.2 13.4 12.6 11.6 20.0 —
Ga 59.9 78.9 67.7 57.6 60. 1 61.7 58.6 53.1 60. 8 52.9 65.2 66.0 73.4 63.2
Sn 26.7 68.9 50.9 38.7 29.8 16.3 43.9 24.6 20.4 28.6 153 247 59.1 30.4
Sc 3.23 — — — — — — — — — — — — —
Ti 10.4 22.8 14.7 16.7 9.67 — 19.8 12.6 — 7.87 45.3 20.6 12.8 16.4
Ni — — — — — — — 31.3 — — — — — —
Cu 22.2 — — 6. 88 — 9. 68 — — — — — — — —
Zn 163 — — — — — 130 — 205 — — — — —
Rb 0.78 — — — — — 0.71 — — — — — — —
Sr — — — — 0.37 — — — 0.43 — — — — —
Y — — — 0.18 — — — — 0.24 0.24 — — — —
Hf 0.11 0.11 0.15 0.22 0.09 — 0.15 0.11 — — 0.69 0.19 0.39 —
Ta 0.04 0.10 0.30 0. 06 0.11 0.05 0.23 3.00 0.43 0.25 0.17 0.35 0.22 0. 06
La — — o008 | — — — — — — — | 005 | 005 | — —
Ce — — | 008 | — — — — — 1005|007 | — | 004|008 | —
Pr — — — — — | o004 | — | 004 | — — — | 004 | — | 0.06
Nd — |03 | — — o133 | — — — — o017 | — — — —
Sm 0.23 | — — — | 023 | 024 | — — — — — — — —
Eu — — — — — — — | 008 | — — — — — —
Gd — — — — — — — — ] 063 | — — |04 | — —
Th — — — — — | oot | — — | oo | — — | oot | — —
Dy — o015 | — | 006 | — | 007 |00 | — — — — — — —
Ho — — — — — — — | o.01 — 002 | — — — —
Er 0.05 | 0.02 | — | 001 | — — — 002|002 | — |o008 | — — —
Tm — 003 | — — — — — — — — — — — —
Yb — ] 0.08 | — — — — — — ] 0.08 | — — | o007 | — —
Lu — — | o.01 — — — — — — — — — — —
B 23-LYS-|23-LYS-|23-LYS-|23-LYS- [23-LYS-|23-LYS-|23-LYS-|23-LYS-|23-LYS-|23-LYS- | 23-LYS-|23-LYS- | 23-LYS- | 23-LYS-
11A-15 | 11A-16 | 11B-1 | 11B-2 | 11B-3 | 11B-4 | 11B-5 | 11B-6 | 11B-7 | 11B-8 | 11B-9 | 11B-10 | 11B-11 | 11B-12
Mn 1663 1884 748 741 1540 1333 1484 3211 3309 2842 2402 689 2577 1666
Fe 3261 3265 2396 2060 4724 3869 4172 2650 3052 3531 4155 2147 2072 2651
Li 36257 | 37483 | 42705 | 39391 | 40565 | 34659 | 38714 | 40272 | 42602 | 40969 | 41808 | 42254 | 39950 | 40290
Li,0" 7.77 8.03 9.15 8.44 8.69 7.43 8.30 8.63 9.13 8.78 8.96 9.05 8.56 8.63
Ge 16.2 16.5 — — 15.4 8.39 — — 9.22 — 24.4 11.6 15.8 —
Ga 54.6 68. 4 60. 4 55.8 84.4 73.7 78.6 67.4 76.9 69. 4 85.1 57.5 65.5 61.2
Sn 146 131 15.5 15.1 57.9 59.4 61.7 173 219 496 99.4 18.9 82.0 68.9
Sc — — — — — — — — — — — — — —
Ti 27.2 23.4 16.7 15.2 17.2 23.8 13.6 33.9 26.7 21.6 15.4 11.1 17.0 15.4
Ni — — 37.0 48.2 — 31.0 — — — — — — — 44.8
Cu — — — — — — — 7.08 — — — — — —
Zn — — — — — — 125 — — — — 145 — 180
Rb — — — — 0.70 — 0.53 — 0.85 0.68 — — 0.54 —
Sr — — — — — — 0.42 — 0.70 — — 0.55 0.40 —
Y — — — — — — — — — 0.18 — — — 0.15
Hf 0.78 0.89 — — 0.28 0.18 0.10 1.09 0.96 1.13 0. 65 — 0.56 0.30
Ta 0.18 0.09 — 0.20 — 0.08 0.10 0.12 0.51 1. 04 0.30 0.15 0.37 0.27
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B 23-LYS-|23-LYS-|23-LYS-|23-LYS-|23-LYS-|23-LYS-|23-LYS- [23-LYS-|23-LYS-|23-LYS-|23-LYS-|23-LYS-|23-LYS- [23-LYS-
11A-15 | 11A-16 | 11B-1 11B-2 | 11B-3 11B-4 | 11B-5 11B-6 | 11B-7 | 11B-8 11B-9 | 11B-10 | 11B-11 | 11B-12
La — 0.07 — — — — — 0.07 0.08 — 0.07 0.08 —
Ce — — — — — — — 0.15 — 0. 05 0.11 0.08 0. 05
Pr — — — — — — o003 | — — — | o003 | — — —
Nd — 0.10 — — — — — 0.22 — — — — —
Sm — 0.15 — — — — 0.25 — — — — — —
Eu — — — — 0.05 — — — 0.09 — — — —
Gd — o3| — — — — — — — — — — —
Th — — 0.01 — — — 0.02 — 0.01 — 0.02 — — —
Dy — — — — — 0.07 — 0.10 0.24 — — — —
Ho — o002 |00 | — — | oo — — — — — — —
Er — — — | o0 | — — 0.02 | 0,02 | 007 | — | 0.04 | 0.06 | —
Tm — — — — 0.03 0.02 — — — — — — —
Yb — — — — — — — 0.07 — — 0.12 — —
Lu — — — — | o001 — — — — — — — | o001

w(Li,0") w(li) 30

H:Li, 0" “ e
L0 I =

5 R bR A TR AAAEY) B Ac 4, oI hs Sr Rl
RIENZ—ERE SR AR ARG S
[FIOE AR, 27 1, & K OE B 2 1 (19 48 5 7 R X
SHERIE S 0 A K, B A I BT A S B
JE AR IR B A 25 vk B X RN R R 1 & n 2
i 7 E AR AR A E IR ITE
5.3 #EEANEYIMENER

Hdha PR E AR RERR R ) A 3 Fl,
G0 d B A7 (LiAISI, 0, ) BRE A1 (LiAIS,0,)
AR A (LIAISIO,) . XX 3 R ¥ fe ket i)
LS A E AL OGRS T BN RGN
WFFE( £8,2021) . HAEGT Z Ak, fE 76 & 24T i
FIRR T R A I R A5 1 3 R A
Bk A P TR 55 1 0, T A 8 4 DU LT ol s i
/N (Stewart, 1978; London, 1984) . FHX i, 78
WA A B R A R — R R S R K
JE B 45 SR8 (Stewart, 1978) , A T8 K A7,
P TR = e B9 58T B NS &€ ( Charoy et al.
2001 ), HRHEHERAS Rk BRER R AN A SNH IR B R T 2%
T, B AR S R R Y B 5 ST 1T Lk S8
B 5 B A, R & A S 2 A R 1 DL
( F¥:,2021), Charoy %(2001) 45 S i b &
R R AR B R A SRR S R A 2 Ry
i, Az AR AT — A e R AR AR (SQI) |, i B Re LA
BN E IR B,

A Ml XA A A K AT AR AR R
AREEA FIROR BN A . AT IRBORCR A A7 il A8
PG , WL LR TR Ay e AR R R A

B2 /D DL FLAR AT R R R B R A R 2
Al TR AT A I HOIR /B AR A N A — A 0%
AR K Z A5 T AFFE T RN A 0 1) kL 55
(E 4h i), A& WLk 7 T80 A 52 4 A 7= 0 1
B, B AL SRR A R B A 38 2 (B AH B2
FRELG , SQL G548 2 7 AR SRR A1
AW P 5 SAORE R BV AT 11 3205, Jeg 0 A PR
AURORE, [ B I A A Bk SQI 2544 73 A AN 3
5], R R 4 R 2 B SQI 254, SQI
SERIRTR— /N, R 2803 A kL
() 109% A 3], B DB ) 40%, A, 3B K A7 L
- A ER LA Ry SQU S5, LT R Wk A, A SCHh R
S5 F5E(2021) gt AT A AVE T IR 134
Sk A 1 O AL, HOACh R A —
A AR T AR AR 2 8 U TR il %
g SR, 1R A 1 A e S st | PN A Ak T B K
FE I, 2 )5 B AR A o i A AR BN A — 1
AR AR (SQI 454)

P& Drysdale 55 (1975) & , 225 A1 4544 S5 85 U
P, X U A TE IS M B A A T AR TR R B v
RE T8 U AR KA . IR AEZS fhad R,
KA AL Fe ARG, HA G W 4 of A K
WOBRHE AT, A, 78 Si—O PO A, Al B4R Si
P R AR S, B AR B, Si—O DU TE AR
FasE tEM2E NI A 5 TF6 A 48 S5 i T R e
FIOCET YA S R (2255 ,2021) , £
¥ ALO, 5 FeO" SIS (E 12a) ,
WIELFE A1 F1 SQL Z5 A TE it B h AT e R A2 T Fe 5
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Fig. 12 Diagrams of spodumene in the Shangshi lithium deposit, Lianyunshan: (a) Al,0,—FeO";
(b) n(Si)—n(Al); (¢) Mn—Fe; (d) (Fe+Mn)—(Sn+Ga)

AL LG AR T 45 AT B, A2 8E T 0 Y 45 i
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Metallogenic mechanism of Shangshi spodumene pegmatite deposits in
Lianyunshan area, Northeast Hunan Province

From whole rock and spodumene geochemical constraints

HUANG Ming""? , LIU Lei""?, LIU Heng"» , ZHANG Yunfei' ” |
WEN Zhilin” , HUANG Baoliang” ,ZHOU Weijian""*’
1) Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geological Environment Monitoring , Ministry of
Education, Ceniral South University, Changsha, 410083 ;
2) School of Geosciences and Info-Physics, Central South University, Changsha, 410083 ;
3) Hunan Province Geological Disaster Survey and Monitoring Institute, Changsha, 410014
4) Xishi Ecological Doctoral Innovation Station, Yiyang, Hunan, 413000

Objectives: The metallogenic mechanism of Shangshi spodumene-bearing pegmatite deposit, including the
source of ore-forming materials and the process of lithium enrichment, remains for further investigation.

Methods: In order to clarify the metallogenic mechanism such as the source of ore-forming materials and the
process of lithium enrichment, the ore-forming mechanism is discussed based on geochemical characteristics of the
major and trace element, Sr—Nd isotope of whole rock, as well as the SQI structure and geochemical
characteristics of spodumene.

Results: The baishawo two-mica monzogranite exhibits high content of Si,0, K,O and Al,O,, with A/CNK
values ranging from 1.20 to 1. 32, and relatively low Zr/Hf values (<25) and Nb/Ta values (<5), belongs to
strongly peraluminous rocks and show S-type and highly evolved features. The spodumene pegmatites likely formed
during the terminal stage of magmatic differentiation, where lithium concentrations reached saturation levels.
Notably, the low &y,(#) values (=3.87 to —8.80) and Nd model ages ( Ty, range from 1.41 Ga to 1.93 Ga) of
the baishawo two-mica monzogranite suggests that the rocks were likely sourced from the remelting of the Proterozoic
crustal materials in South China. The high FeO'/(FeO"+ MgO) ratios (0.85 ~ 0.87), obviously Ba—Sr—FEu
negative anomalies, and low Cr and Co contents of the baishawo two-mica monzogranite imply a water-poor and
reducing environment during formation. The Baishawo granite likely derived from partial melting of felsic clay-rich
crustal sources under such conditions, generating lithium-enriched initial melts. Petrographic textures reveal
spodumene—quartz intergrowths ( SQI') along the margins of early-crystallized spodumene. The SQI structures
potentially formed via petalite decomposition under changing P—T conditions during mineralization.

Conclusions: Overlapping processes—partial melting of lithium-rich source rocks and extreme magmatic
evolution—contributed to the formation of the Shangshi spodumene pegmatite deposit. Positive correlations between
Sn—Ga and Fe—Mn contents in spodumene suggest that rare metals (Sn, Ga) may incorporate into the mineral
lattice through Fe/Mn substitutions, while Fe—AIl and Al—Si substitutions promote crystal growth and enhance
metal enrichment.

Keywords: spodumene pegmatite type deposits; Sr—Nd isotope; spodumene—quartz intergrowth structure ;
Lianyunshan area
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