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ABSTRACT

The fractionation of lithium (Li) isotopes in saprolites under intense weathering conditions, particu-
larly in relation to precipitation and mineral types, remains a crucial yet complex aspect of geochemical
studies. This study reports Li isotope compositions from saprolites and unaltered bedrock within a basalt
weathering profile on Hainan Island, China, a region known for its high rainfall and low dust levels. We
observe that Li concentrations in weathering products (ranging from 2.36 to 10.65 μg g−1) are generally
higher than in the unaltered bedrock (6.54 μg g−1). Correspondingly, the δ7Li values of these products
range from −9.3‰ to �7.4‰, typically lower than those of unaltered bedrock (�4.3‰). Our findings
suggest that the impact of rainwater Li on saprolite Li isotopes is not a straightforwardmixing of rainwater
and bedrock, but rather is modulated by adsorption and desorption processes involving secondary miner-
als. Notably, the δ7Li values in saprolites correlate with the proportion of specific secondary minerals;
saprolite δ7Li values rise with increased kaolin minerals and drop with more Fe and Al oxide/hydroxide
minerals. Integrating these results with previous studies on suspended sediment leaching, we propose that
the higher dissolved δ7Li values in basaltic catchments, compared to granitic ones, are due to a greater
abundance of Fe-Al (hydro)oxides in basaltic catchments. This mineralogical control on saprolite Li
isotopes also implies a potential explanation for the observed variations in river δ7Li values under differ-
ent precipitation regimes, influenced by diverse secondary minerals in riverine suspended loads.
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INTRODUCTION

Silicate weathering, as themain sink of the global carbon cycle
and the core process of the geochemical cycle of the Earth’s
surface, influences global climate evolution and surface topogra-
phy (Liu and Rudnick 2011; Zhang et al. 2021b). Lithium (Li)
isotopes have been recognized as valuable tracers in silicate
weathering. Extensive research, including studies of weathering
profiles, rivers, and seawater, and experimental investigations
on silicate dissolution and clay adsorption, has highlighted signif-
icant Li isotope fractionation during mineral dissolution and sec-
ondarymineral formation (Chapela Lara et al. 2022; Clergue et al.
2015; Dellinger et al. 2015; Hindshaw et al. 2019b; Huh et al.
1998; Kısakürek et al. 2004; Li and Liu 2020; Li et al. 2021;
Pistiner and Henderson 2003; Pogge von Strandmann et al. 2012;
Zhu et al. 2023). These studies reveal that the light isotope (6Li) is
more likely to be retained inweathering products, while the heavy
isotope (7Li) tends to be retained in dissolved loads. However,
how Li isotopes react to silicate weathering and climate changes
remains debated (Li et al. 2023; Pogge von Strandmann et al.
2021). Riverine δ7Li values are thought to reflect temperature,
tributary mixing, and fluid residence times (Gou et al. 2019;
Henchiri et al. 2016; Hindshaw et al. 2019a; Liu et al. 2015;
Manaka et al. 2017; Pogge von Strandmann et al. 2017;

Zhang et al. 2022). Nevertheless, these factors do not fully
account for all observed shifts in δ7Li values in river systems
(Zhang et al. 2022). Notably, fluid residence times, influenced
by hydrological conditions, yield a global correlation between
annual runoff and dissolved δ7Li values (Zhang et al. 2022). For
instance, lower runoff (or dry season conditions) typically results
in longer water residence times, leading to more extensive clay
mineral formation and higher δ7Li values. Conversely, the low
δ7Li values in rivers of the western Tibetan Plateau, which are
associated with low annual precipitation in hyper-arid climates,
challenge the explanatory power of fluid residence times alone
(Weynell et al. 2021).

Alternatively, the variations in secondary mineral types in riv-
ers under different rainfall conditions could significantly affect the
diversity of dissolved Li isotope signatures (Wimpenny et al. 2010;
Xiong et al. 2022). Besides riverine studies, exploring Li isotope
fractionation in saprolites within weathering profiles can provide
new insights into the relationship between the Li isotope record
and weathering history. Various secondary minerals form during
chemicalweathering in these profiles.Approximately two-thirds of
terrestrial rainfall is recycled over continents (Gimeno et al. 2012),
but how this recycled Li affects terrestrial rock Li isotopes is less
understood. Therefore, constraining the effect of rainfall on sapro-
lite Li isotopes during weathering can elucidate how different
mineral types influence Li isotope compositions across catch-
ments, offering a novel perspective for deciphering the relationship
between dissolved Li isotope signatures and weathering history.
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