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ABSTRACT

Regolith-hosted rare earth element (REE) deposits are the world’s primary source of heavy
REEs (HREEs) critical to the global clean-energy transition. Previous studies suggested that
REEs in regolith-hosted deposits are largely inherited from their parent granites. However, several
HREE-dominated deposits occur in the weathering crusts of light REE (LREE)-enriched granites,
where the mechanisms of REE fractionation remain poorly understood. Also, the conventional min-
ing method of regolith-hosted REE deposits has limited efficiencies in REE recovery while causing
enormous environmental contamination. Herein, we have investigated the distribution and speciation
of Y and REEs in three representative regolith-hosted REE deposits (i.e., Gucheng and Shangyou,
HREE-dominated; Renju, LREE-dominated) as well as Y-sorbed birnessite from batch experiments.
Our results show that birnessite in all three deposits is a minor constituent but contains anomalously
high concentrations of REEs and contributes to 25.3, 23.4, and 26.5% of the HREE contents of
mineralized saprolites. Measured Y K-edge X–ray absorption spectroscopic data suggest that Y3�

(representing HREE3�) is adsorbed on birnessite as YO8 complexes in all three deposits but via
different linkages: i.e., the bidentate corner-sharing mode in the HREE-dominated deposits but a mix-
ture of both bidentate corner-sharing and edge-sharing modes in the LREE-dominated deposit. These
binding mechanisms are also observed in Y-sorbed birnessite prepared at different ionic strengths.
Therefore, different binding mechanisms of Y and HREE sorption on birnessite together with its pref-
erential adsorption of HREE not only are responsible for the formation of HREE-dominated deposits
from LREE-enriched granites but have important implications for the sustainable development of
regolith-hosted REE deposits.
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INTRODUCTION

Heavy rare earth elements (HREE), referring to those from
Gd to Lu plus Y, are in particularly high demand because of their
importance in green energy technologies for the global transition
to a low-carbon economy. Currently, ∼80% of the global HREE
productions come from regolith-hosted REE deposits in South
China (Tan et al. 2022). Previous studies on regolith-hosted
REE deposits suggested that the REE patterns of regoliths
largely inherit from the parent rocks (Li et al. 2017). It is also
suggested that HREE-dominated deposits only develop on
HREE-enriched granites, while LREE-dominated deposits form
from LREE-enriched granites (Li et al. 2017). However, our
recent study showed that the Gucheng deposit (Fig. 1), devel-
oped from LREE-enriched granites, has total leachable HREE
and LREE oxides in the regolith of 55 and 45%, respectively,
representing the HREE-dominated type (Feng et al. 2023).

We hypothesize that different sorption mechanisms involving
other minerals such as birnessite are required for the REE frac-
tionation for the formation of the HREE-dominated deposits
from the LREE-enriched granites.

Manganese is one of the most abundant elements in Earth’s
crust and often occurs as various Mn oxides in surficial environ-
ments (Dong et al. 2018). These Mn oxides have large surface
areas and are negatively charged in a wide pH range, and thus
they are excellent absorbents of heavy metal ions, including
REEs. Manganese oxides have been reported to occur as a com-
mon constituent in weathering profiles (Borst et al. 2020) and
thus potentially exert important controls on the REE behavior
in regolith-hosted REE deposits. However, it is surprising that
mechanisms of REE sorption onto Mn oxides such as birnessite
have not been investigated in regolith-hosted REE deposits,
especially concerning their contributions to the formation of
these deposits.

This contribution reports on a comprehensive study on the
distribution and speciation of Y and REE in three representative
regolith-hosted REE deposits (i.e., Gucheng, HREE; Renju,
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