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Metamorphic transformation type critical metal ore: Li-Rb-Cs-Tl-Ga
enriched mica schist
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Abstract: Critical metal minerals are recently proposed resource concept worldwide and are important to the deve-
lopment of strategic industries, but the level of awareness is still low. The Luozha pluton is located in the east of the
Himalayan belt and invaded the Southern Tibet detachment system. On the northeast of this pluton, mica schist is

captured by the tourmaline-bearing leucogranite. The mica schist is mainly composed of phlogopite, chlorite and minor
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biotite. Whole-rock element geochemical data indicate that the mica schist contains higher Al,O, (13. 38% ~
14.32%), K,0 (6.09% ~9. 66%), FeO™ (27. 11% ~30. 09%), MgO (15.25% ~17.21%), TiO, (0. 09% ~
0.26%), and is enriched in Li (650x107°~1 031x107°), Rb (1 649x10°°~2 773x10°°), Cs (98x10°~229x
107°), TI (5.7x107°~12.1x10™), Ga (121x107°~148x107°).

similar to the whole rock, phlogopite also is enriched in Li-Rb-Cs-Ga, and these critical metal elements are incorpo-

The geochemical data of phlogopite show that

rated into phlogopite by replacement of K. Chronological data indicate that zircon records widespread detrital age and
Cenozoic metamorphic events. Therefore, it can be concluded that the original rock of mica schist in the Luoza area is
sedimentary rock, which was captured during the invasion of leucogranite and underwent low-level metamorphism.
The phlogopite mineralization reported in this paper is a new type of lithium ore genesis: metamorphic transformation
type. The discovery of the metals thallium and gallium in the Himalayan orogenic belt suggests that critical metals
also have mineralization potential in addition to rare metals. Our data suggest that the Himalayan belt is another
important target area for the exploration of critical metals. This paper provides new ideas for establishing metallogenic
models of critical metals in the Himalayan orogenic belt. It is necessary to strengthen the exploration of critical metals
in sedimentary or metasedimentary rocks in the Himalayan orogenic belt and the other orogenic belts in the future.

Key words: critical metal; Li-Rb-Cs-Tl-Ga; phlogopite; metamorphism; sedimentary rock; Himalaya orogen belt
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Fig. 1

Simplified geologic map of the Himalayan orogenic belt, Southern Tibet
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MFT—main fronter thrust; TH—Tethyan Himalaya; HH—high Himalaya; LH—lower Himalaya; SH——sub-Himalaya
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Fig. 2 Field occurrence of the mica schist
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Fig. 3 Photomicrographs showing the texture and mineral assemblage of mica schist
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Bt—biotite; Chl—chlorite; Phl—phlogopite; Pl-—plagioclase; Qtz—quartz; a, ¢ and e are taken under single polarized light;

b, d and f are taken under orthogonal polarized light
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Fig. 4 Cathodoluminescence (CL) showing the texture, spot, and respective age of zircon U-Pb dating (a) and U-Pb

concordia diagrams (b, ¢) for the mica schist
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Table 2 Major element (w,/ %) and trace element (w,/10°) data for the mica schist
PeyaE syl T1362-D1 T1362-D2 T1362-D3 T1362-D4 T1362-D5 T1362-M1
Si0, 38.20 39.08 38. 11 39.37 39. 89 38.41
TiO, 0.22 0.18 0.26 0.22 0.23 0.09
Al, O, 13.95 13.61 14.32 13.52 13.38 14.26
FeO 13.08 12.75 13. 87 13.08 13. 69 12.83
Fe, 05 16.95 15.96 18.02 16. 46 16. 26 16. 45
MnO 0.12 0.18 0.18 0.09 0.09 0.32
MgO 15. 64 17. 06 15.25 15. 87 16.28 17.21
Ca0 1.55 0.52 0.61 0.21 0.12 0.42
Na, O 0.01 0.01 0.01 0.01 0.01 0.01
K,O0 8.25 8.37 8. 67 9.60 9. 66 6.09
P,04 0.10 0.06 0.11 0.07 0.09 0.08
H,0* 1.78 2.00 1.80 0.76 0.82 3.76
CO, 0.17 0.26 0.34 0.17 0. 68 0.17
LOI 2.52 2.38 1.93 0.95 0.70 4.39
K,0/Na,0 825 837 867 960 966 609
FeO" 28.34 27.11 30. 09 27.89 28.32 27.64
B 2.00 2.00 2.00 2.00 2.00 4.35
Be 1.50 1.28 1.13 1. 06 1.27 1.59
Li 725 1 031 650 941 987 955
Sc 23.2 18.2 24.6 22.4 20.3 10.0
\Y 42.9 34.7 46.0 43.4 47.6 7.2
Cr 23.9 20.8 29.8 19.6 21.2 2.7
Ni 21.4 17.6 20. 1 20.7 21.1 11.6
Co 10. 30 10. 60 11.50 9.93 6. 66 9.21
Cu 0.22 0.54 0. 66 0.53 0.42 0.82
Zn 125 247 193 79 84 322
Ga 121 133 129 129 128 148
Rb 2 449 2 298 2 647 2773 2 740 1 649
Sr 5.91 2.51 1.60 1. 16 1.26 2.19
Y 1.85 1.59 2.44 1.62 1.85 3.97
Ir 7.49 26.20 8.61 8.03 16.20 34.20
Nb 26.7 22.4 30.5 26.4 24.8 21.4
Mo 0.07 0. 06 0.10 0.06 0.05 0.08
Cd 0.05 0.05 0.05 0.05 0.05 0.05
In 0.05 0.05 0. 06 0.05 0.05 0.05
Sn 5.02 4.35 5.82 4. 86 4. 40 4.63
Cs 209 195 219 229 212 98
Ba 66. 8 103.0 74.7 96. 4 108.0 31.8
La 0.32 0.15 0.12 0.13 0.14 5.51
Ce 0.45 0.32 0.30 0.31 0.28 13.10
Pr 0.07 0.05 0.05 0.05 0.05 1.37
Nd 0.35 0.23 0. 31 0.25 0.29 5.35
Sm 0.21 0.17 0.23 0.18 0.22 1.74
Eu 0.05 0.05 0.05 0.05 0.05 0.12
Gd 0.29 0.22 0.35 0.24 0.29 1.74
Th 0.05 0.05 0.07 0.05 0. 06 0.26
Dy 0.26 0.21 0.32 0.22 0.24 1.03
Ho 0.05 0.05 0. 06 0.05 0.05 0.15
Er 0.11 0.10 0.15 0. 10 0.11 0.35
Tm 0.05 0.05 0.05 0.05 0.05 0.05
Yb 0.09 0.11 0.13 0.10 0.12 0.26
Lu 0.05 0.05 0.05 0.05 0.05 0.05
Hf 0.27 0.88 0.33 0.31 0.61 1.74
Ta 5.09 4.70 5.82 4.98 4.61 2.68
W 0.22 0.22 0.13 0. 10 0.09 0.23
Tl 10.9 10.2 12. 1 11.8 10.3 5.7
Pb 0.96 0.99 0.24 0.40 0.67 437.00
Bi 0.05 0.05 0.05 0.08 0.07 14. 40
Th 0.06 0.24 0.05 0.08 0.07 2.75
U 0.25 0.38 0.23 0.20 0.33 24.90
Mn 922 1 446 1403 684 704 2 571
Sh 0.07 0.08 0.09 0.05 0.05 0.13
Ti 1 300 1 094 1510 1333 1320 462
As 0.10 0.46 0. 31 0.09 0.25 1.03
Nb/Ta 5.25 4.77 5.24 5.30 5.38 7.99
Zr/Hf 27.74 29.77 26.09 25.90 26.56 19. 66
Rb/Sr 414 916 1 654 2 391 2175 753
SREE 2.4 1.8 2.2 1.8 2.0 31.1
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Fig. 5

The characteristics of critical elements T.i-Rb-Cs-T1-Ga enrichment in the mica schist, leucogranites (unpublished data)

and phlogopite in the Luozha area
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Fig. 6 BSE images(a, h) and composition of phlogopite (¢, d)
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Table 4 Trace element data for the mica
Li Rb Cs Ga Be B \ Sn Nb Ta
T1362-1 1 657.40 2 721.85 118. 54 145.83 22.51 7.22 0.10 3.17 25.14 3.35
T1362-2 1761.62  2503.42 112.37 131.38 4.99 13.22 0.23 1.72 26.27 3.12
T1362-3 1653.89  2522.95 112.37 131. 28 7.21 37.24 0.13 3.55 21.52 2.86
T1362-4 1757.49 2 648.30 116. 21 128.34 0.00 0.00 0.26 1.08 13.48 1. 19
T1362-5 1 862.15 2 491.61 106. 51 135.27 0.00 0.00 0.10 2.42 25.01 3.08
T1362-6 1924.03 2 517.69 109. 26 130. 85 8.95 0.00 0.10 2.22 26.08 3.23
T1362-7 1137.99 2 746.49 292. 84 134.70 16. 60 0.00 0.81 20. 00 81.71 4.39
T1362-8 2 069. 74 2 196.52 103.98 135.97 41.61 0.17 0.00 2.18 10. 47 1.29
T1362-9 1 762. 65 2422.25 107. 67 128. 60 9.12 5.58 0.10 3.48 28.82 3.83
T1362-10 724. 65 2 713.36 168. 13 151.70 12.77 21.90 0.13 5.16 35.48 7.04
T1362-11 1 637.03 2 494. 34 111. 44 131.17 0.00 3.73 0.10 2.18 26.78 3.51
T1362-12 643.01 2 804. 66 176.01 142.98 12.29 0.00 0.21 5.12 23.49 4.51
T1362-13 1920.77 2 371.69 102. 53 120. 58 0. 00 0. 00 0.16 2.36 26.44 3.25
T1362-14 1 898. 45 2 372.85 108. 10 127.29 0.00 0.00 0.29 2.46 26.09 3.41
T1362-15 1 857.29 2 179.33 118.61 128. 02 0.00 1.43 0.13 3.07 13. 66 2.08
T1362-16 1 045.88 2 170.37 141.98 156.47 0.00 4.67 0.03 1.68 9.16 1.47
T1362-17 2 000. 61 2 391.37 108.92 123. 69 23.35 11.31 0.14 3.17 10. 36 0.92
T1362-18 788. 58 2 825.58 161. 16 129. 11 0.00 0.00 0.15 2.38 22.94 3.54
T1362-19 1 895.75 2 314.10 117.07 120. 73 1.85 6.67 0.16 2.70 18.57 2.33
T1362-20 1770.07 2 465.91 114. 62 129.22 0. 00 3.99 0.09 2.78 12. 44 1.11
T1362-21 1 677. 68 1795.24 80.72 164. 86 20.02 21.72 0.21 2.54 24. 66 2.43
T1362-22 1251.90 2 178.05 123.73 150. 87 0.00 0.00 0.12 6.05 24.04 3.27
T1362-23 1769.79 2 367. 88 105. 09 131. 12 0.00 1.18 0.11 3.60 26.93 3.31
T1362-24 1403.11 1577.08 77.08 171.72 0. 00 20.53 0.09 2.73 11. 40 1.98
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Fig. 7 Classification of mica(b after Tischendorf et al. , 1997; c after Rieder et al. , 1997; d after Monier and Robert, 1986)

R 20x107°® ) BEE T 10 AR B RE TSI 42 7l
WA PG 2R AT R G T BT
BN AT 21 ORISR S (E
B, 2022) , Zend 10 43k fyih s 52 Bk 5 B
5%, R 0T 5% B0 E A, BT X N 12 3
gl 16 A, "R A Hot R, e FE R 90x
107, BRI T ZE T8 T ARk R R Gl A1, Hnik
T A B AT, Fe e R AR A A A
TRBEES PR, BRAS NI ST A AN, 0 3 A HUfE
BRbE BB MR A AR R A R T (R R
4, 2020) , FRE0 TR £ EERAE T = B AR )
B K H AR s B R e 4 A R DR Y 55%,
DIVLVE ARG O s, ST w7 ) 32 22
RIS, NIk nT DL B R 2 R R 42 01 SRRAE T K]
A HRER R A S S, MV (2013) $E T
FERIAT T A Ny DA 8 b v = B AL Ay b A
M AEONCEAYEOCER SRR N 3x107°, 47E

BT RS kA A Ve I b S B AR R, R A
TET 5 B Wb e 0 R A KA M = B S5 S 1)
T AR R BB XA, T A dd e b, & 40T
Y S B by R A LR A A
i i — R R A I e R R R SR TN, A S
BT E I G I B B A FIAE R A o

Mt )a|, WA EE (T | B (Ga) 45 8 FULEK,
Hir Bl S 0 iR BHEORAOR RE IR Y 2 e B A 26 e i
YA, BIAR 2274 J5 A3k B 2 24 4 21 HH40 1Y) S )
W, ME B e ST AR (2 107 B,
TE AT PR R 38, I — N TERRIE D E T i 80
T R IR T AR BRI X O TR
JA BB S8 + 0 s, BOR i 2 1 R B 7 B
PR B AU S (IR IUEESS | 2020) , B2
— i (R A i il R AR B PR T T A
GE» WA BRAE R BH RE L v AT B T A PR K B, ok
%é%%%*ﬁ#@‘mﬁiﬁﬂ?renzel et al. , 2016; &

O KT ICE T EE K A F Kenneth B. Periodic Table of Elements. Environmental Chemistry. com. 1995 ~2022.
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PSS, 2020) , BRI HBFEF R 18x107° IR A
ML), FERE DA S B, R L
BB R KB L - TR IR | SRR IR |
s di S TR R FNA SRR IR (IRIUERESE , 2020) , &
55 T B bR Ak 2 P T 5 AR AR AL, LR A
P, FEAAA I IR b BRIRAE TR BB
HbE, KA Han i vg sl ot B i 48 1 16
M BETEC SR YE | WRATINERES | JbsE AL, 4R
SRR AL | LT R S b4 R A5 T T LA A i)
foME, RERHITEEEE R 0. 6x10°°, AP E
BRR TR L0 X AH ik A =R K A
(Rader et al. , 2018) ., HBI A 148 B BB 58 A0 X
eSS, 1 T A NI IR A iR o R A IR
LIRS TR 4545 25 5 IR DUEESE (2020 ) ¥ 480
KEN 53 B FA B Tl B ST R A, BMIEE
PRI PRANHOCRBR AL 7 & e IR .

TR EARW R A R 2 B 32 AT 1 K B 4K B s
e L AE B A R UTRR 3 R (B LA, 2022)
LAV ER A 48 Li-Rb-Cs FIH B4 8 T1-Ga (19
BRAGSFASAE , W] LATE ) Li-Rb-Cs-T1-Ga #57T LA/ E T
B TR =S R s Y S R O
Hoatk(E 7e, Wang et al. , 2007) , = ShiEr (L
BRIGHD DA 7 o B Y s B o AR = B ([
7d, X%, 2021) RSP EET YN S B RES
e b d s B R A AT

DU /7 11 2 5 85 15 R DU &
BR(LhES%, 2022), FE RN 5 % HE
oA KRR Li.Ga =Mt X (2%,
2021) , FREWIE DRSS R —EELL &
)R [T — AN AR [T T A R S e RN R R DR 1
B AEARAE B T 2w T DL LB B A S A, R TR
(A8 B A R I A b onT LU 5 4 B 0 B S R U AR
HE. WNESA CLIR(F 4a) ERTUE W, s8R A
B AR EE /N O LR 2 Ph/ U AR S 4 A v
FIAR) (Kl 4b) )8 T E# A, 18.4 ~16.0 Ma Fil
13.5 ~12.1 Ma WIS BT (8] 4 ) IELFXE I T
FLHB X BT AEACH 20~ 15 Ma F1 12 Ma Pil 53235 5
(Edwards and Harrison, 1997; Huang et al. , 2017)
FIFATT LI R 38 FLH X = BF 2 B JEE Ui A
FEROAE R A RS R IR S B S ik A4 T
IR AR o WA — H F50R 36 2R 35 1T 21K PR [XC
PRSA LA s B Y o R = B (B 7h, 5 7k
S, 2022) B - Al A TR T 0 LA AR TURUA &

ERHR A7 B R A - AR R O R, AR S = B
A A 1Y Li-Rb-Cs-Tl-Ga PAZE R R R I B K F
A&, SUTR A 1 5l AR 6], B 2L, 34T
NI FLHLIX R S B T KM b A2
BRAT R B A 2 AR Tk A

FRATTA BN G 723 2R & A= A 315K R A 25
FRIER S o AR B AL X A & AR OGS )8 W . Sn B,
Be.Cs. Tl %, Sn. Cs Tl Be JC & 72 1k 5 B 43 9 My
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