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andalusite schist, and staurolite schist (Li et al. 2019, 2020;
Yan et al. 2020). Li and other rare metal elements,
including Be, Rb, Cs, Nb, and Ta, were enriched during
thermal metamorphism (Li et al. 2020; Wang et al. 2020).
For example, the lithium content of cordierite schist can be
10 times as much as ordinary schist (Wang et al. 2020). At
this time, these orogenic movements could also cause the
melting of the ancient crust with mantle-derived materials
and the formation of Li-bearing silicate magma. This Li-
bearing magma ascended, undergoing fractional crystal-
lization and fluid exsolution. The ore-forming fluid
exsolved from the magma and moved upwards or outwards
through the secondary fractures generated by the formation
of the dome (Li et al. 2007a). At the late crystallization
stage, the fluid exsolution can produce H,O-poor silicate-
rich and H,O-rich silicate-poor pegmatite systems (Zhang
et al. 2021). The H,O-poor silicate-rich pegmatite magmas
migrated only short distances, filling fractures and gaps
within the host metamorphic strata with weak metasoma-
tism and inconspicuous addition of meteoric water, form-
ing common pegmatite veins (Zhai et al. 2011; Thomas
et al. 2012). In contrast, the H,O-rich silicate-poor granitic
pegmatite magmas over longer distances within the frac-
tures in host rocks enabled the replacement of some early-
formed minerals and mineralizing elements (e.g., Li, Be,
Nb, Ta, and other rare elements) in the host rocks and the
obvious addition of meteoric water, forming spodumene
pegmatite veins (Zhai et al. 2011; Thomas et al. 2012).

The obtained He—Ar-H-O isotope data from the Jiaka
lithium deposit suggest that the ore fluids are most likely
derived from the crust and modified due to mixing and
dilution with meteoric waters. The lithium and other rare
metals, i.e., beryllium, and probably niobium and tantalum
originate from both local sedimentary sources, which are
further enriched through geological processes such as
metamorphism, remelting, fractional crystallization, and
fluid exsolution. The magmatic fluid exsolved from the late
stage of melt is likely to represent a supercritical fluid,
which is an important carrier of lithium. Therefore, the
continuing addition of meteoric water and fluid exsolution
during the formation of pegmatite are the key to the form
of Li ore bodies and led to the enrichment of Li in the
altered surrounding rocks (Triassic sedimentary rocks of
the Xikang Group).

6 Conclusions

We performed an integrated analysis of He—Ar-H-O iso-
topes to trace the evolution of magmatic-hydrothermal
fluids and determine the processes of mineralization of the
Jiajika superlarge lithium deposit in western Sichuan Pro-
vince, China. Our main conclusions are as follows.
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Fig. 8 *He/Q versus “He/**Ar for Spodumene and Quartz from the
Jiajika superlarge lithium deposit. The calculation formula is *He/
Q = 3Hel**Ar x [*®Arlmasw/(Cr h) from Turner and Stuart (1992)
and Burnard et al. (1999), where [*®Arlmasw is the concentration of
%Ar in MASW (7.65 x 10~ "cm*STP/g), Cp is the specific heat of
MASW (4.4 JK~* g=%) and h is the temperature increase of the cold
fluid (°C). Solid horizontal lines = range in “He/**Ar of EPR (East
Pacific Rise) vent fluids and plumes (Lupton et al. 1989, 1995);
Box = Lucky Strike vent fluids (Jean-Baptiste et al. 1998)

(1) He and Ar isotope compositions suggest that both
mantle- and crust-derived materials were involved in
the Li mineralization and that the proportion of
crust-derived materials in spodumene pegmatites
increases significantly in the late stage of the
magmatic evolution.

(2) The dDy_smow and d*®0,0_vsmow Values indicate
that the ore-forming fluids derived from magmatic
water gradually mixed with more meteoric water in
the late stage of the magmatic evolution.

(3) Detailed mineralization processes for the Jiajika
lithium deposit include sedimentation, metamor-
phism, deep burial, remelting, fractional crystalliza-
tion, and fluid exsolution. The ore-forming metals
are mainly derived from the upper continental crust
with a minor contribution from the mantle. The fluid
exsolution and addition of meteoric water during the
formation of pegmatite contributed to the formation
of the Jiajika lithium deposit.
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