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Mineralogical fingerprints of crustal silica contamination in the Bayan Obo carbonatite

YULUN XIAO1, WUBIN YANG2,*, XIAOYONG YANG1, YONGHUA CAO2, PENGFEI TIAN3, AND ZHUANG ZHAO4

1CAS Key Laboratory of Crust-Mantle Materials and Environments, School of Earth and Space Sciences,
University of Science and Technology of China, Hefei 230026, China

2Key Laboratory of Mineralogy and Metallogeny, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences,
Guangzhou 510640, China

3The Cultivation Base of Shanxi Key Laboratory of Mining Area Ecological Restoration and Solid Wastes Utilization,
Shanxi Institute of Technology, Yangquan 045000, China

4School of Wetlands, Yancheng Teachers University, Yancheng 224007, China

ABSTRACT

Carbonatites are carbonate-rich and silica-undersaturated igneous rocks. The presence of various
silicates in carbonatites has sparked discussions about the source of silica. In this study, abundant fluor-
britholite-(Ce) and humite group minerals are identified in the No. 1 carbonatite dike at the Bayan Obo
REE-Nb-Fe deposit. These silicates are relatively rare and poorly understood in carbonatite systems.
Mineral textures, in situ EPMA, and LA-ICP-MS analyses have been combined to constrain the mineral
genesis in the carbonatite. Fluorbritholite-(Ce), a member of the apatite super-group, occurs as euhedral to
subhedral crystals in the dike. They are characterized by remarkably high concentrations of REE2O3

(56.0–63.7 wt%), SiO2 (19.6–21.2 wt%), and F (2.47–3.47 wt%), along with relatively lower P2O5

(0.25–3.69 wt%) and CaO (10.3–14.2 wt%) contents compared to common fluorapatite species. Addi-
tionally, their high-Y (961–3435 ppm) and low-Sr/Y (0.59–2.70) values suggest a hydrothermal origin
from a fluid rich in SiO2, REE, and F. Humite group minerals, mainly chondrodite and humite, display
irregularmineral textures. They also exhibit elevated SiO2 (32.5–34.7wt%) andF content (3.59–7.32wt%)
with notably low TiO2 content (0.02–0.08 wt%), indicating a hydrothermal origin induced by fenitization
in the shallow crust. Our results favor a model of crustal silica contamination for the fenitization fluids
enriched in F, LREE, and SiO2. More importantly, the fluid-assisted silica contamination from wall rocks
within carbonatites is likely to be a critical trigger of REE deposition in the carbonatite ore-forming
systems.

Keywords: Bayan Obo REE deposit, carbonatite dike, crustal contamination, britholite, humite
group minerals

INTRODUCTION

Carbonatites are mantle-derived igneous rocks that contain
more than 50 vol% carbonate minerals and have SiO2 content
below 20 wt% (Le Maitre et al. 2002). These rocks typically
have high concentrations of rare earth elements (REE), and
related deposits contribute to ∼51.4% of the world’s REE
oxide resources (Chakhmouradian and Zaitsev 2012; Weng
et al. 2015). The increasing demand for REE as critical raw
materials for high-tech industries has heightened interest in
their petrogenesis, and reported worldwide occurrences sur-
passed 600 in 2021 (Woolley 2021). The low-silica content
in carbonatites has raised debates regarding the very presence
of silicate minerals (such as quartz, feldspar, etc.) within car-
bonatites and whether the silica in carbonatites originates from
the parental magma or is assimilated from siliceous crustal
rocks (Anenburg and Guzmics 2023; Huang et al. 2023). Addi-
tionally, carbonatitic melts and exsolved fluids have been
documented to interact extensively with the upper mantle
and the crust, leading to metasomatic reactions that could
involve significant silica contamination and the formation of
various magnesium silicates and/or alkali silicates within the

carbonatite systems (Vasyukova and Williams-Jones 2022;
Vasyukova et al. 2023; Anenburg andWalters 2024). Fenitiza-
tion is a common metasomatic process occurring between the
surrounding wall rocks and alkali-rich fluids exsolved from
carbonatitic or alkaline melts in the shallow crust. This process
entails the removal of silica from wall rocks and the addition
of alkalis to the resulting fenites (Elliott et al. 2018). It is sug-
gested that a significant amount of SiO2 is released from the
crustal wall rocks during metasomatism and incorporated into
alkali silicate-rich fenites. However, the roles played by the lost
silica and its destination remain unclear (Elliott et al. 2018;
Weng et al. 2021; Sokół et al. 2022). Therefore, it is important
to investigate the mechanisms of silica contamination and
its implications for the petrogenesis and mineralization of
carbonatite systems.

This study focuses on the No. 1 carbonatite dike of the Bayan
Obo REE-Nb-Fe deposit, recognized as the largest REE and the
second largest Nb deposit on Earth (Fig. 1). The Bayan Obo
deposit displays distinct fenitization characteristics in its ore-host-
ing dolomitic marbles, and adjacent crustal wall rocks intruded by
carbonatite dikes (Fan et al. 2016; Liu et al. 2018a, 2018b). A
longstanding debate surrounds the origin of the dolomitic host
rock, with a significant issue regarding whether it is of igneous
or sedimentary origin (Chao et al. 1992; Yang et al. 2017;
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