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Abstract
Li-rich micas are crucial in the exploration for and exploitation of Li resources. The determination 

of Li in mica using classical bulk chemical methods or in situ microanalytical techniques is expensive 
and time-consuming and has stringent requirements for the quality of micas and reference materials. 
Although simple linear and nonlinear empirical equations have been proposed, they are inconsistent 
with the complex physicochemical mechanisms of Li incorporation and commonly lead to large errors. 
In this study, we introduce a refined method of multivariate polynomial regression using a machine 
learning algorithm to estimate Li from multiple major oxide abundances. The performance of our 
regression model is evaluated using the coefficient of determination (R2) and the root-mean-square 
error (RMSE) of the independent test sets. The best-performed models show R2 of 0.95 and a RMSE 
of 0.35 wt% for the test set of data set 1 (all compiled data, n = 2124) and R2 of 0.96 and a RMSE 
of 0.22 wt% for the test set of data set 2 (only data obtained using in situ techniques, n = 1386). Our 
results indicate that integration of electron probe microanalysis and multivariate polynomial regression 
(based on data set 1) presents a robust and convenient approach to quantify Li contents in micas. The 
application of the proposed approach to micas from central Inner Mongolia, NE China, suggests that 
in addition to the Weilasituo ore bodies, the Jiabusi granite and greisen and the Shihuiyao metamor-
phic sediment formation have good potential for Li exploration. Our study also provides preliminary 
constraints on the genesis of Li deposits.
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Introduction
Micas are members of phyllosilicates in which the structural 

unit consists of one octahedral (O) sheet between two oppos-
ing tetrahedral (T) sheets to form a “TOT” layer. Due to their 
specific layered structure and flexible crystal lattice, micas are 
able to accommodate rare elements, such as Li, Rb, and Cs, in 
the interlayer or octahedral structural sites to various extents 
(Bailey 1984; Rieder et al. 1999).

Lithium is the lightest solid element in the alkali metal 
group. Due to its unique electrical and mechanical properties, 
Li is widely used in the ceramic and glass industries, recharge-
able batteries, lubricating greases, metallurgy, air treatment, 
pharmaceuticals, and polymer products (Naumov and Naumova 
2010; Bradley et al. 2017). With the increased demand of Li in 
batteries for electric vehicles (EVs), Li has been recently defined 
as one of the strategic metals for green technology (Gruber et 
al. 2011; Kesler et al. 2012; Linnen et al. 2012; Bradley et al. 
2017; Tian et al. 2018). Li-rich micas, such as zinnwaldite and 
lepidolite, constitute a dominant component of Li resources 
(Linnen et al. 2012; Bradley et al. 2017; Martin et al. 2017; 
Rentsch et al. 2018). Quantification of the Li contents in micas 
is important for the exploitation of Li resources. In addition, 
a detailed study of composition and microstructure of micas 

could be used to interpret the complex magmatic-hydrothermal 
evolution of granitic magmas and associated mineralization 
(Černý et al. 1985; Henderson et al. 1989; Charoy et al. 1995; 
Breiter et al. 1997, 2017a, 2019; Mohamed et al. 1999; Roda 
et al. 2007; Vieira et al. 2011; Neiva 2013; Garate-Olave et al. 
2018; Codeço et al. 2020a).

Electron probe microanalysis (EPMA) is the most frequently 
used analytical technique to obtain qualitative elemental compo-
sitions of polished solid samples at a micrometer scale. However, 
EPMA cannot be utilized to detect Li because of its low atomic 
number. Although some classical bulk techniques (such as wet 
chemistry) and microanalytical methods [such as laser ablation-
inductively coupled plasma-mass spectrometry (LA-ICP-MS) 
and secondary ion-mass spectrometry (SIMS)] are capable of 
determining Li, they are expensive and time-consuming and 
have stringent requirements for the quality of analyzed samples 
and reference materials. Alternatively, an empirical approach has 
been proposed based on linear or nonlinear correlations between 
Li2O and other major components, such as SiO2, MgO, or F, in 
micas determined by EPMA or other analytical methods (Monier 
and Robert 1986; Stone et al. 1988; Henderson et al. 1989; Tindle 
and Webb 1990; Tischendorf et al. 1997; Tischendorf 1999). 
Empirical equations, which are either generalized, as those 
obtained by Tindle and Webb (1990), Tischendorf et al. (1997), 
and Tischendorf (1999), or formulated for particular cases, are 
commonly used (Roda-Robles et al. 2006, 2018; Roda et al. 
2007; Neiva et al. 2008; Van Lichtervelde et al. 2008; Vieira et 
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