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Abstract: The Lijiagou pegmatite-type lithium spodumene deposit is one of the typical deposits in the Ke’eryin ore
field, located in the central part of the Songpan-Ganzi fold belt in Sichuan Province, China. Through recent explo-
ration and assessment, the Lijiagou deposit has been identified as a super-large spodumene deposit, drawing signifi-
cant attention from domestic and international scholars. The mineral processing characteristics of the Lijiagou depos-
it vary with elevation, necessitating an accurate evaluation of the industrial value of the ore. Based on detailed mi-
croscopic and hand specimen observations, this study employs various methods and techniques, including X-ray
powder diffraction (XRD), electron probe microanalysis (EPMA), laser ablation inductively coupled plasma mass
spectrometry (LA-ICP-MS), chemical element analysis, chemical phase analysis, and the mineral liberation analy-

zer system (MLA). These methods and techniques are used to determine the composition of the ore, identify the
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types and occurrence states of beneficial and harmful elements, and clarify the ore’s processing properties. The re-

sults will provide theoretical and technical support for the comprehensive utilization of rare metal resources in the re-

gion. The average grade of lithium ore is 0. 94%, with approximately 84. 7% of Li derived from spodumene. The

average grade of Rb,0 is 0. 13%, meeting the industrial-grade requirements for comprehensive recovery of associat-

ed elements. The spodumene exhibits a wide range of grain sizes and is highly heterogeneous, requiring multiple

stages of grinding. Based on the liberation characteristics, it is recommended to grind the material to —0. 075 mm

before entering the final flotation process.

Key words: spodumene; Ke’eryin ore field; process mineralogy; dissociation degree
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Fig. 1 Geotectonic position (a), simplified geological map (b, modified from Li Jiankang et al. , 2006) of the Ke’eryin rare

metal ore field and simplified geological map of the Lijiagou deposit (¢, modified from Deng Yun et al. , 2018)
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Iig. 2 Ore hand specimen and microscopic photographs of Lijiagou deposit
a—W K B BRI B b TP IR AT o— W A SR G TR G s d—ZKO171 HIGFEMR ; e—B SN IEZCRIG T, BIE KL
RO AL (—BSNESROE T, o R A SRR SCR G 5 g— BT IESSIG T, 1 = BT AR B AR AT 5 h—iB
WP, BT ARSI AT 2R i B A ROE T JR R R B AR BSOS RS R Qu—AidE;
Spd—4IHEAT ; Ab—ENK AT ; Ms—H =8 Ser—43 =, Col-Tan—4RAHERH™

a—eutectic columnar spodumene in the ore vein; b—Ilight green spodumene in ore; c—ore is impregnated with dark material; d—ZKO0171 core sam-

ple; e—transmission perpendicular polarized light conditions, spodumene contains heteromorphic granular quartz; f—transmission perpendicular polar-

ized light conditions, muscovite is metasomatized by albite formed wormy texture; g—transmission perpendicular polarized light conditions, muscovite

metasomatized spodumene along cleavage; h—transmission plane polarized light conditions, spodumene edges are replaced by albite; i—transmission

plane polarized light conditions, subhedral columnar columbite-tantalite in the ore; j—transmission plane polarized light conditions, sericite acicular

aggregates; Qtz—quartz; Spd—spodumene; Ab—albite; Ms—muscovite; Ser—sericite; Col-Tan—columbite-tantalite
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Fig. 3 Ore profile and sampling location map of Lijiagou

spodumene deposit
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Table 1 The chemical analysis of multi-elements of ore

il ZKO111 ~ ZKO171  ZKO172  PDI
TFe 0.23 2.29 1.2 0.26
Si 34.5 30.91 31.48 36
Al 8.02 7.4 7.78 7.68
Ti <0. 01 0.23 0.11 <0.01
K wy 2.19 2. 14 1.86 1.16
Mn 0.077  0.076  0.073  0.094
Ca 1.2 0.15 2 0.12
Na 2.25 2.26 2.33 2.84
Mg 8 120 7 960 4200 52.9
TREO 7.22 200 98.9 7.89
Li . 5830 2 300 3320 5990
wy/10
Rb 1 830 506 1 240 1 090
Cs 92.8 104 284 182
Be 65.2 35.6 77.3 101
Li,0 1.25 0.50 0.71 1.29
Rb,0  wy/% 0.20 0.06 0.14 0.12
BeO 0.02 0.01 0.02 0.03
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Tl 48 4%, TREO BeO & A, YA JE T
FIHTCER . 850U REFC LA BR 2 7 AR A 58
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A% pE 7E kAR W b X gk AT SR A R L FE
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BT AT A FE RO At A R
K (kA R kon BRA)  RE K
AERA MEHA Kok a) Aotk BAA,
PR RTINS AN AL - e SN @ AN e
B B e S sk A B BB B
W A R SR, RES TN A
I3 51H 28. 2% 19. 59% 12. 05% L4}z 10. 65% , Bk
RN R (22 2) . PD1 RSP S 4 i
W, AR A A s T HA 3 AR, Ao
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Table 2 The content of the major minerals in ore

T HH Hz= K% AE# Hesr
i 4 R K7 Y
PDI 28.20 2.51 69.23 0. 06 0.00

ZKO0111 19.59 1.94 78.20 0.03 0.24
ZK0171 12.05 1.47 79. 68 0.03 6.77
ZK0172  10.65 2.75 83.13 0.01 3.46
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W, R EEE G IR RRA,
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Al, /b Na K Ca f0BF Li, & Fe B MERIE A 7K
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LA-ICP-MS s, 253 a0k 3 fion . #E A  Fe,0,



%54 W NP RRING HEZE S R T Z8 )i 1333

200000 + Meas. data:LIG-H

Muscovite-2M1, KALISLATY,O (OH),. ——
R O-058-2035
150000 - Chlorite-serpentine(NR), (Mg, AT)(Si. A

ADLO, (0 H),. 00-052-1044
Ilite-2M2, heated, (K H) AL(Si,AD
O (OH), xH.O, 00-058-2017

100000 - Biotite 1M, Ti=nich, K{Mg, Fe, Ty, Al

51, 0,(0H), .F,.0,.,, 01-088-1900

Sucssite, Fe,Si. 0-035-0519

Quartz, Si0., 0]-086-2237 —
50000 -

Intensity(counts)

I\

ak A )

| " Chlonte-serpentine{NR), (Mg AT)(STATLO 0 ), 00-052-T049

14,1090
72

29081
26118
42
1646

2
2
1.6663
1.5317

he-2M2, heated, (K H), AL(S1,ADO, (OH), xH.0, 00-058-2017

2 o T Ul-(llSS-IfJUU
1

| Biote 1M, 'I'I-Irch\ KiMg, Fe, __.']'I_...!.I'\]_ 51,0, (OH), .F,
I T T TR | i i

I ) 1 I I L

10 20 30 40 50 60
20°)

K4 R AR G AR
Fig. 4 The composition of dark material

a—ROIR YW BB LORR YD A1 b— R YRR RS A A1 R R RO o—BERIY XRD B ST 5T 05 (5]

a—dark mixed material disseminated ore in spot shape; b—the ore with higher degree disseminated is black; ¢—XRD powder diffraction

peak figure of dark mixed material

x3 EEARNNKERSER w,/ %
Table 3 Chemical composition of spodumene
LJG-2-2-1 LJG-2-2-2 LJG-2-4-3 LJG-3-2-3 LJG-3-2-4 LIG-19-4 LJG-19-5
Na,O 0.13 0.10 0.09 0.08 0.10 0.11 0.13
Ca0 - 0.01 0.02 0.02 0.01 0.03 -
P,04 - 0.01 0.05 0.01 0.01 - -
K,O0 0.01 0.01 0.03 0.01 - - 0.00
Fe, 04 0.56 0.15 0.83 0.17 0. 65 0.31 0.52
MnO - - - - - 0.05 0.16
Si0, 65.87 66. 26 59.37 64. 10 63.59 64.29 64. 46
Al, 04 27.28 27.41 27.95 28.29 27.69 27.85 27.68
MgO - - 0.01 - 0.01 0.00 -
Cr, 05 - - - - - 0.03 0.01
w(Li)/lO'6 31 651 30 435 29 182 31 652 28 475 32 674 31 858
Li,0 6.81 6.55 6.28 6.81 6.13 7.03 6. 86
At 100. 66 100. 50 94.63 99. 49 98.19 99.70 99. 82

Li #iH LA-1CP-MS 7RSI S [R]— SRR 157 B AR, r AR - 8 A 2 4 AT T T 100% 5 —Fm KT BR .
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B
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B YA BRI S0, 48 KR4 Li AR ST )
T RIRAFAE R A, AR Li Z AR [R S8
KR TF A (A B o B2 S RiE
SRR Z IR WA I, F B REdEA 3. 3%
) Li,O MANE S5 44 & AR A AR 16, i LA — 80K Li, 0
FHEET3.5SPMHAHHTHEASR) Hal%s
KR Yh (S FEMHERINE LT ) . A
Wb Li DhglSr 7 98 U A A 0 B A
B BRSO  RERRER D W LT e A 1 i ARIRA T 4
WA R Li (3 IR 20l 84. 67% ., Fe (1)
TR AF IR AS AR X S| =8 Lk A ) T SR A T
PR BT AR T SR LR D 2R 5 [
LA PEEA AT A5 Y, s A
M XA LR L Ph

4 LiflFe TEUEWESHER w,/ %
Table 4 Chemical phase analysis of Li and Fe
TLE RS i 25 ti /%

FERRER 1.210 84. 67
Li PaSS SN 0.219 15.33
BLi 1.429 100. 00
TRIR Bk 0.101 14.23
TREAS 0.014 1.97
Fe Ak 0.156 21.97
HERR Bk 0. 439 61.83
B Fe 0.710 100. 00
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R AR #) 38 4 1K ( Bates and Jackson, 1987) . 4#
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(1 6), K ZKOTTT HEA i KRR 1742 pum,
PARTE 480 wm A2 WER M A LS 2 (2
35.7%) BRI S0 A (Bl 6a) 5 FE i ZKO171
J& THRURLE I S0 A, e KRR R 900 pm, 29 —
BB AR AR KT 700 wm (& 6b) 5 £E 5L ZK0172
1 PD1 Y 23T E & 2 LT 257 BR, 4509 i
Wi S22 5/, B TR S0, B A e KR
99 1018 um F1 1 352 wm KA BBl 43 o 4 v
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Fig. 5 Microscopic process characteristics of spodumene
a— WA 2 AN IR B 1R S ARPE TS M REAR AR /N, FTEAR BERRAIR s b— S S5 DCrr ™ S i A8 3 A B R o, o— O S R ™ 22
AL B W s d— BN S ) S R I A &, R TR S A Y A IS B s e—IEZSHOET A 2
HA e B
a—under the influence of metasomatism in different degrees, spodumene has smaller size and lower automorphic degree; b—spodumene and gangue
minerals are adjacent intergrowth mosaic; c—spodumene and gangue minerals are encapsulated intergrowth mosaic; d—spodumene and gangue miner-
als are edge intergrowth mosaic, symplectite formed by spodumene edges with quartz, albite; e—transmission perpendicular polarized light conditions,

symplectite at the edge of spodumene
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Fig. 6 Process size characteristic curve of spodumene
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Table 5 Spodumene locking and liberation characteristic

1/ %
Bl i 20 KL%/ Kb/ %
174 172 3/4
22.43 -0.6~+0.25 76.15 0. 64 1.84 21.37
PDI 30.33 -0.25~+0. 106 77.33 0.26 1.32 21.09
6. 84 -0.106~+0.075 81.27 0.00 1.01 17.71
40. 40 -0.075 89.94 0.33 5.75 3.98
23.73 -0.6~+0.25 67.93 1.80 4.65 25.61
ZKO111 32.82 -0.25~+0. 106 68.33 0. 06 2.07 29.54
5.58 -0.106~+0.075 85.19 0.14 0.79 13.87
37.86 -0.075 92.28 0.08 0.19 7.45
15.06 -0.6~+0.25 77.53 0.82 2.94 18.72
27.54 -0.25~+0. 106 85.43 0.40 0.59 13.58
ZK0171
8. 66 -0.106~+0.075 91. 06 0.08 0.00 8.86
48.73 -0.075 89. 11 0.23 0.48 10. 18
17.75 -0.6~+0.25 53.40 4.70 9.21 32.70
31.23 -0.25~+0. 106 79.74 1.78 3.35 15.14
ZK0172
8.64 -0.106~+0. 075 89.79 0.12 0.63 9.46
42.38 -0.075 90. 82 0.03 0.00 9.14
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