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ABSTRACT

Boehmite and diaspore are the two economic oreminerals of karstic bauxites. Although their genesis
has been studied from different perspectives, their formation mechanism is controversial. The random
forest (RF) model of machine learning was employed to extract the combined characteristics of trace
elements in boehmite-type bauxite (BTB) and diaspore-type bauxite (DTB). The BTB predominantly
exhibits higher median concentrations of Co, Ni, V, and Cr, while the DTB exhibits a more significant
enrichment in elements of U, Hf, Th, and Zr. Combining the characteristics of La/Yb andGa/Al ratios, it
is found that disparities between BTB and DTB are mirroring those between basic rocks and interme-
diate-felsic rocks. Furthermore, the Zr-Cr-Ga diagram and Ni/Zr vs. Cr/Zr plot were utilized to examine
the correlation between karstic bauxite (BTB or DTB), lateritic bauxite, and their respective weathered
parent rocks. It is found that BTB exhibits consistent characteristics with lateritic bauxite weathered
from basic rock and its parent rocks. Similarly, DTB exhibits consistent characteristics with lateritic
bauxite weathered from intermediate-to-felsic rocks and their parent rocks. Through studying the rela-
tionship between Ni content and Fe3�/Fe2� ratios, it has been discovered that the presence of trace
elements like Ni in source materials can affect or regulate the ore-forming process, ultimately driving
the transformation of gibbsite into either boehmite or diaspore. Consequently, the formation of BTB
and DTB is significantly influenced, or even governed, by the composition of their source materials.
Our study highlights a novel insight into the significant impact of the source material’s geochemical
composition on the formation of boehmite and diaspore.
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INTRODUCTION

Bauxites are the only raw material used in the commercial-
scale production of alumina, mostly composed of Al-hydroxides
{gibbsite [Al(OH)3], boehmite [γ-AlO(OH)], and diaspore
[α-AlO(OH)]}, clay minerals, Fe-oxy-hydroxides, and Ti-oxides
(Mondillo et al. 2021). Bauxites are formed from intense lateritic
weathering of aluminosilicate protoliths, and the Al-hydroxides
are ore minerals in bauxites. Based on the bedrock lithology,
bauxites are commonly divided into lateritic type and karstic
type (Bárdossy 1982). Lateritic bauxites are formed through
the in situ weathering of underlying aluminosilicate rocks. The
rock-forming minerals undergo intense lateritic weathering to
form clay minerals (e.g., kaolinite). During this process, elements
such as Al, Fe, and Ti are released from the minerals and subse-
quently precipitate under appropriate conditions, forming simple
oxides or hydroxides, including gibbsite, hematite, goethite, and
anatase (Öztürk et al. 2002; Liu et al. 2010). In contrast to lateritic
bauxites, karstic bauxites develop on carbonate rocks and are
allochthonous deposits with significantly different mineral

compositions compared to lateritic bauxites (Mondillo et al.
2021). The genesis of karstic bauxites ore mineral, boehmite or
diaspore, has been widely studied over the past decades, and
has not been well defined (Valeton 1972; Bárdossy 1982;
MacLean et al. 1997; Mongelli 2002; Liu et al. 2020; Wang et al.
2021; Yang et al. 2022; Zhao et al. 2023a).

Several studies have explored the origin of boehmite and
diaspore from various perspectives (Bárdossy 1982; Yu 2017;
Yang et al. 2022). Early laboratory experiments demonstrated that
diaspore can transform from boehmite under high-temperature
and high-pressure conditions (Laubengayer and Weisz 1943;
Ervin and Osborn 1951). However, field evidence indicates that
most bauxite deposits worldwide do not experience such extreme
conditions, with the exceptions of those that have undergone
metamorphism or hydrothermal alteration (Franceschelli et al.
1998; Hatipoğlu et al. 2010; Wang et al. 2021). A key distinction
lies in themineral assemblages found in karstic bauxites: boehmite
commonly coexists with hematite, goethite, gibbsite, and kaolin-
ite, while diaspore is associated with goethite, siderite, pyrite, and
chamosite (D’Argenio and Mindszenty 1995; Zarasvandi et al.
2012; Zamanian et al. 2016; Liu et al. 2012a, 2013, 2023; Sun et al.
2023; Mondillo et al. 2025). These variations suggest that boehm-
ite and diaspore might be formed under distinct Eh-pH conditions.
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