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Lithium mineralization characteristics and chronology of spodumene granite
pegmatite in the northern Chaka Mountain, Qinghai Province
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Abstract: Lithium is an important strategic metal mineral, and spodumene granite pegmatite is an important source
of lithium resources. Recently, the spodumene granite pegmatite group has been newly discovered in Chaka Moun-
tain area of the northern margin of Qaidam. This paper determines the mineral formation, evolution and mineraliza-
tion age of spodumene granite pegmatites through petrography, mineralogy and chronology. The spodumene granite
pegmatite has two phases of mineral assemblages. In the early stage, there are coarse-grained spodumene, coarse-
grained K-feldspar, coarse-grained muscovite, coarse-grained plagioclase, coarse-grained quartz and coltan, which
belong to the product of the melt crystallization stage. The late stage is composed of cookeite, Li-rich mica, worm-
like spodumene and fine allomorphic quartz, which is the product of post magmatic hydrothermal metasomatism.
Therefore, it can be inferred that there are two stages of lithium mineralization, and the local alteration of early

spodumene and the formation of later lithium minerals indicate that there is a process of lithium activation and
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reprecipitation in the system. The coltan associated with spodumene gives a U-Pb age of 241.0 + 1.3 Ma, indica-

ting that the melt crystallization age of the spodumene granite pegmatite is the early lithium mineralization age, and

the ore body is the product of Indosinian period.
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Fig. 1

Sketch geological map of the northeastern margin of the Tibetan Plateau (a), geological map of the northern Chaka

Mountain(b) , geological map of the lithium-rich pegmatite area in the northern Chaka Mountain(¢) and the map of the sample
collection area (d) (after Pan Guitang et al. , 2009; Pan et al. , 2021)
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Fig. 2 Photographs of hand specimens and microscopic photos of spodumene granitic pegmatite
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a—spodumene granite pegmatite; b—Dblack spodumene; c—coarse-grained spodumene and its edge vermicular spodumene ( orthogonal polarized ) ;

d—garnet trapped in albite ( orthogonal polarized ) ; e—muscovite and spodumene symbiotic ( orthogonal polarized ) ; f—garnets of different particle

sizes ( single polarized ) ; g—metasomatic residual beryl ( single polarized) ; h—tourmaline in spodumene ( single polarized ) ; i—coltan symbiotic with

spodumene ( single polarized) ; Spd—spodumene ; B-Spd—black spodumene; W-Spd—wormlike spodumene; Ab—albite; Ms—muscovite; Qtz—quartz;

Gri—garnet; Brl—beryl; Tur—tourmaline; Col—coltan
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Fig. 3 BSE photos and energy spectra of cookeite and K-feldspar (a), muscovite and K-feldspar (b) in spodumene
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Fig. 4 SEM photo of lithium-rich mica edge developed from primary muscovite and their energy spectra
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Table 1 Electron probe analysis results of representative Table 2 Electron probe analysis results of representative
spodumene in the northern Chaka Mountain cookeite from the northern Chaka Mountain
, 21CK50  21CK53  21CK75-1 21CK75-2 21CK75-2 Moy COK53-1  COK53-2  COK57-1  COK57-2
: H i iy LA Tt 8i0, 37.94 37.04 36.95 35.57
Si0, 63.81 63.92 64.43 63.75 63.98 Tio, - 0.06 0.03 0.05
Tio, - - - - - AL, 0, 42.47 42.04 43.02 41.76
AlLO;  26.87 26. 83 26. 60 27.14 26.27 TFeO 355 469 275 273
€r20; - - 004 - 0 Ca0 0.02 0.02 0.05 0.08
TFeO 0.71 0.73 0.56 0.37 0.95
MnO 0.16 0.08 0.13 0.28 0.21 MnO 0-63 0-98 135 1.28
Vg0 0.01 0.01 _ _ B Na, 0 0.09 0.03 0. 04 0.05
Ca0 0.01 0.02 0.01 0.01 - K,0 0.05 0.02 0.02 0.05
Na, 0 0.23 0.18 0.19 0.16 0.15 F - 0.01 0.01 0.02
K,0 0.01 0.01 - 0.01 0.01 O=F - -0.00 -0.00 -0.01
P,0; - - - 0.02 - Li,0 " 2.78 2.79 2.78 2.67
Li,0* 7.82 7.85 7.92 7.84 7.88 H,0" 13.72 13. 61 13.63 13.13
Total 99. 69 100. 45 99. 88 99. 58 100. 62 Total 101.25 101.29 100. 63 97.38
0=6,Na+K+Ca+Li=1 0=14,Na+K+Ca+Li=1
Si 2.000 2.000 2.000 2.000 2.000 si 3316 3265 3252 3 246
Ti 0. 000 0. 000 0. 000 0. 000 0. 000 - 0.000 0. 004 0.002 0. 004
Al 0.993 0. 989 0.981 1.003 0.968 Al N 4,367 4,461 4. 491
Cr 0. 000 0. 000 0.001 0. 000 0. 000 o 0,250 0. 346 0.203 0.208
Fe 0.019 0.019 0.015 0.010 0.025
Ca 0. 001 0. 002 0. 005 0.008
Mn 0.004 0. 002 0. 004 0.007 0. 006
Mg 0. 000 0. 000 0. 000 0. 000 0.000 Vin 0047 0.073 0101 0-099
Ca 0. 000 0.001 0. 000 0. 000 0.000 Na 0.015 0-005 0-006 0.008
Na 0.014  0.011 0.011 0.010  0.009 0.006 0.002 0.002 0.005
K 0. 000 0. 000 0. 000 0. 000 0. 000 F 0. 000 0.001 0.001 0.007
p 0..000 0..000 0. 000 0. 001 0. 000 Li 0.978 0.992 0.986 0.978
Li 0.985 0.988 0.988 0.990 0. 990 OH 8.000 7.999 7.999 7.993
# TR, TheO 2k & ik, - HAK TG IR # MR, TReO R4k & i, - K TR

240.9+6.5 240.5+4.6 23 237.9+4.7

240.2+10.8 24() 244.0+4.0 239.9+3.6

243 8+4.6
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Fig.5 Coltan measuring points and their ages
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Table 3 LA-ICP-MS dating results of coltan from spodumene granite pegmatite in the northern Chaka Mountain

- [P 338 L B e i 22 AR KR 25/ Ma 27ph AL IE S AR I
R 207 p}, 206y, 20 207py, /235y 20 206 p}, /238 20 WIpL/BSy 2 M6ppL2By 20 26pL28y 20
X21CK51-1 0.051 0 0.001 9 0.276 0 0.0140 0.03850 0.00140 245.0 11.0 243.4 8.6 243.6 8.9
X21CK51-2 0.058 3 0.003 4 0.308 0 0.016 0 0.03870 0.00089 271.0 13.0 244.8 5.5 240.9 6.5
X21CK51-3 0.055 6 0.002 3 0.2950 0.0140 0.03845 0.00077 263.0 11.0 243.2 4.8 240. 8 5.3
X21CK51-5 0.0580 0.0019 0.3082 0.0097 0.03864 0.00054 272.0 7.5 244.3 3.4 240.7 4.5
X21CK51-6 0.051 6 0.001 2 0.273 6 0.0095 0.03850 0.001 10 244.7 7.6 243.7 6.8 243.2 6.9
X21CK51-7 0.051 5 0.001 3 0.269 4 0.0082 0.03806 0.00073 241.6 6.5 240.7 4.6 240. 5 4.6
X21CK51-8 0.051 4 0.001 8 0.265 0 0.0100 0.03787 0.00076 238.4 8.1 239.6 4.8 239.4 4.9
X21CK51-10 0.0492 0.0025 0.2520 0.0140 0.03745 0.00070 227.0 11.0  237.0 4.3 237.9 4.7
X21CK51-24 0.052 1 0.001 7 0.272 8 0.0093 0.03801 0.00055 244.3 7.4 240.5 3.4 239.9 3.6
X21CK51-28 0.0550 0.002 1 0.286 0 0.0150 0.03830 0.00170 254.0 12.0 242.0 10.0 240.2 10. 8
X21CK51-30 0.0506  0.0018 0.2677 0.0097 0.03850 0.00072 240.2 7.8 243.5 4.4 243.8 4.6
X21CK51-31 0.0566 0.0025 0.3030 0.0140 0.03870 0.00073 267.0 1.0 244.7 4.6 241.8 5.2
X21CK51-32 0.052 2 0.003 0 0.271 0 0.0170 0.03779 0.000 86 242.0 13.0 239.1 5.4 238.5 5.6
X21CK51-37 0.050 7 0. 000 8 0.268 9 0.0051 0.03855 0.00063 241.6 4.1 243.8 3.9 244.0 4.0
0.068 | a 254 | b
]
\ 250
0.064 | Interceptat 241.5 + 1.2 Ma
v MSWD =0.73, n=14
246 +
0.060 +
£ a2 |
"5 0056} s\
II'\. 238
0.052 & 7
_2“;(_!_‘ 160 234 1
0.048 | 230 L
Mean=241.0 £1. 3 Ma (MSWD=0.62, n=14)
0.044 226
23 24 25 27 28 29

Kl 6 4AHEKH" U-Pb [A/ii 2 Tera-Wasserburg € (a) FIZ*"Ph #Z 1EJ5 Ph/ ™ U MR- HI4E 14 I (b)
Fig. 6 Coltan U-Pb Tera-Wasserburg curve (a) and weighted mean ages of * Pb-corrected **Ph/**U ages (b)
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