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ABSTRACT

The small ionic radius of lithium ions (Li� = 0.6 Å) poses a significant challenge in visualizing and
quantifying their presence within the lepidolite lattice. Nevertheless, the use of spherical aberration-
corrected transmission electron microscopy (AC-TEM) in conjunction with electron energy loss spectros-
copy (EELS) offers an innovative approach to surmount this challenge. In this investigation, we conducted
a comprehensive analysis of lepidolite samples obtained from lithium-rich pegmatites in the Shaliuquan
region of theQuanjiMassif, situated at the northwestern periphery of theQinghai-Tibetan Plateau in north-
west China. Utilizing AC-TEM in tandem with EELS, we captured sub-angstrom images revealing the
presence and spatial distribution of lithium atoms within the lepidolite lattice. Additionally, we quantified
their concentrations and determined the formula for lithium-rich mica. This study solves a long-standing
problem regarding the accurate determination of lithium concentration and showcases the viability of
AC-TEM-EELS for both visualizing and quantifying lithiumwithin the lepidolite lattice. Our finding facil-
itates the differentiation of cation ordering, polytypes, and lepidolite’s chemical compositions, which is
helpful for advancing lithium extraction techniques and constraining the forming process of pegmatites.
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INTRODUCTION

The surge in electric vehicle and portable electronic device
use has spurred lithium battery advancements (Deng et al.
2022). Consequently, the demand for lithium resources is inten-
sifying, expected to soar to ∼1 million metric tons (MT) by
2040—eightfold the total global 2022 output (Friedman-
Rudovsky 2011; Benson et al. 2023). This projection under-
scores the importance of research into Li deposit origins and
the minerals that contain ore-grade lithium (Li) concentrations
(Chen et al. 2020). Global Li resources are predominantly con-
tained within pegmatites, greisen veins, and high-altitude evap-
oritic brines, where they account for most of the present-day Li
production (Benson et al. 2023). Extracting lithium from pegma-
titic deposits is gaining traction in addressing this rising demand
(Li et al. 2016b; Sedlakova-Kadukova et al. 2020). Lepidolite
contains higher Li concentrations compared to lithium brines
and is, therefore, a key critical mineral in Li exploration (Vieceli

et al. 2018; Tadesse et al. 2019). Extensive studies have delved
into the structure of lepidolite, lithium extraction methods, and
lithium enrichment mechanisms within pegmatites (Luong et al.
2014; Magna et al. 2016; Kunz et al. 2022; Phelps and
Lee 2022). During the research processes, it is imperative to
determine the lithium content in the lepidolite lattice (Grew
et al. 2018). However, the small ionic radius of lithium makes
visualizing and quantifying its content in the lepidolite lattice
technically challenging (Tindle and Webb 1990; Tischendorf
et al. 2001).

Spherical aberration-corrected transmission electron micros-
copy (AC-TEM) in tandemwith electron energy loss spectrometry
(EELS) enables in situ atomic-scale observation at sub-angstrom
precision, facilitating accurate visualization and quantification of
minor or trace elements within crystal lattices (He et al. 2014;
Robertson et al. 2012). In AC-TEM imagery, different elements
often manifest varying intensities due to discrepancies in their
atomic numbers (Akita et al. 2001; Schoen et al. 2016). Currently,
AC-TEM iswidely used to determine the structure, chemical com-
position, and properties of metals, graphene, lithium batteries, and
other materials in materials science (Bueno et al. 2017; Guo et al.
2022). Techniques such as annular bright-field (ABF) scanning
transmission electronmicroscopy (STEM) pairedwith EELS have
successfully visualized hydrogen in hydrogen storage materials
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