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Abstract
Ion-adsorption rare earth element (REE) deposits in South China are currently the main source of heavy 

rare earth elements (HREE). The Gucheng deposit in western Guangdong Province is one example of 
HREE mineralization hosted in weathered coarse-grained biotite granites (CGBG). Titanite is a common 
accessory mineral in the CGBG and contains significant amounts of total REE (31 621 to 38 431 ppm), 
especially HREE (18 906 to 22 249 ppm). Titanite with a U-Pb age of 102.6 ± 1.9 Ma in the CGBG 
crystallized under relatively high temperatures (722–798 °C), high fH2O, and high fO2 conditions in the 
late magmatic stage, and has similar Nd isotopic compositions similar to the host CGBG: 143Nd/144Nd = 
0.512062 to 0.512125 and εNd(t) = –7.4 to –8.6.

Backscattered electron (BSE) imaging and TESCAN integrated mineral analyzer (TIMA) measure-
ments show that titanite in the CGBG has been altered partly to fergusonite-(Y), rutile, calcite, quartz, 
and fluorite. The hydrothermal fluid responsible for titanite alteration was enriched in CO3

2– and F, and 
was probably exsolved from the granitic magma. HREE released from the alteration of titanite were 
mostly scavenged by fergusonite-(Y) and rutile, which have been further replaced by gadolinite-(Y) 
and synchysite-(Ce). In addition, gadolinite-(Y) in the alteration assemblages exhibits further alteration 
and is characterized by elevated PO4

3– and SO4
2– contents in the altered parts. These results demonstrate 

that magmatic titanite in the CGBG underwent complex hydrothermal alteration, with a preferential 
accumulation of HREE in fergusonite-(Y) and gadolinite-(Y) in the alteration assemblages. Preferential 
HREE enrichments in magmatic titanite, and its alteration assemblages, are shown to play significant 
roles in the formation of the Gucheng HREE deposit.
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Introduction
Currently, almost 35% of China’s total rare earth element 

(REE) production comes from ion-adsorption REE deposits 
clustered in South China (Sanematsu and Watanabe 2016; Jowitt 
et al. 2017; Li et al. 2017). This type of REE deposit also accounts 
for more than 80% of the global HREE resources (Chi et al. 
2012; Li et al. 2017). The genesis of these deposits has resulted 
in large numbers of recent studies (Li et al. 2017, 2019; Li and 
Zhou 2020). These ion-adsorption REE deposits in South China 
are mostly hosted in the weathered crusts of granites, where the 
parent granites have been proposed to have a great influence on 
ore formation (Bao and Zhao 2003; Murakami and Ishihara 2008; 
Li et al. 2017, 2019; Li and Zhou 2020). In addition, hydrother-
mal events commonly occur during the latest stage of granite 
crystallization, which may have played a key role during REE 
accumulation (Li et al. 2017, 2019). During hydrothermal altera-
tion, REE could have been leached from magmatic minerals, and 
subsequently scavenged by weathering-susceptible REE-bearing 
minerals [e.g., synchysite-(Ce) and gadolinite-(Y)] (Bern et al. 
2017; Li et al. 2017; Li and Zhou 2017). As a result, magmatic 

minerals in granites typically show complex compositional 
textures (e.g., dissolution-reprecipitation) (Li et al. 2017, 2019; 
Li and Zhou 2017). These minerals can respond texturally and 
compositionally to changing physicochemical conditions and 
preserve a wealth of information on hydrothermal processes and 
fluid compositions (Jamtveit 1991; Pan et al. 1993; Van Hinsberg 
et al. 2010; Cao et al. 2015; Wen et al. 2020; Xiao et al. 2021).

Titanite (CaTiSiO5) is a common accessory mineral in mag-
matic rocks. It can typically accommodate significant amounts of 
REEs and high field strength elements (HFSEs) (Pan and Fleet 
1991; Pan et al. 1993; Fu et al. 2016). Previous studies have 
shown that magmatic titanite is commonly enriched in LREE 
and can be partly replaced by hydrothermal fluids to form light 
rare earth element (LREE)-rich minerals (e.g., allanite, monazite) 
(Pan et al. 1993; Cao et al. 2015). The information behind this 
hydrothermal process can be recorded by textures and compo-
sitions of the titanite (Cao et al. 2015; Xu et al. 2015; Fu et al. 
2016). Titanite can also accommodate considerable amounts of 
U and Th (with a high closure temperature of up to 700 °C; Fu et 
al. 2016). Thus U-Pb dating has a great potential on constraining 
magmatic events. In some ion-adsorption REE deposits, titanite 
is a particularly common accessory mineral in the granites (Li et 

American Mineralogist, Volume 108, pages 2051–2064, 2023

0003-004X/23/0011–2051$05.00/DOI: https://doi.org/10.2138/am-2022-8644       2051 

* E-mail: huayongchen@gig.ac.cn


