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Abstract

In this study, the mineral chemistry and alteration of bastnäsite-(Ce), parisite-(Ce), and synchysite-
(Ce) was investigated by EMPA, TG, DTG, CHNS, and SCXRD techniques. Relevant chemical data on 
light and volatile elements and X-ray diffraction data useful to evaluate the effect of OH content on the 
unit-cell volume of such carbonates are provided. Significant amounts of OH in both the parisite-(Ce) 
and synchysite-(Ce) were found, and these data are the first direct evidence of hydration for these car-
bonates. Single-crystal X-ray diffraction data showed that hydration causes an increase in the unit-cell 
volume for parisite and synchysite. Parisite-(Ce) and synchysite-(Ce) OH end-members have not been 
described in nature so far, and the amount of water must be taken into account for evaluating changes 
in stability field conditions. Textural relationships and replacement processes are discussed.
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Introduction

The crystal structures of bastnäsite-(Ce) and synchysite-(Ce), 
based on the old definition by Donnay and Donnay (1953), are 
the two end-members of the Ca-REE fluorocarbonate mineral 
series, however, they can be also considered as belonging to the 
bastnäsite-(Ce)–vaterite (CaCO3, hexagonal) series; parisite-(Ce) 
[CaCe2F2(CO3)3] represents the intermediate-member struc-
ture type formed by the unit-layers of the two end-members, 
respectively, bastnäsite-(Ce), CeFCO3 and synchysite-(Ce) 
CeFCO3·CaCO3 in the proportion of 1:1 as reported in Donnay 
and Donnay (1953). Further investigations on minerals of this 
series showed that they form mixed-layer compounds charac-
terized by syntactic intergrowths, polytypism, superstructures, 
stacking faults, and twinning along the (0001) crystallographic 
plane. The structures of Ca-REE fluorocarbonate minerals have 
been investigated by high-resolution transmission electron 
microscopy (HRTEM) and several polytypes of the Ca-REE 
fluorocarbonate mineral series B2S and CaCe3(CO3)4F3 [a mixed 
member between bastnäsite-(Ce) and parisite-(Ce)] have been 
previously described (Landuyt and Amelincks 1975; Wu et al. 
1998; Meng et al. 2001, 2002). 

This work reports the occurrence of bastnäsite-(Ce), (Ce,REE)
(CO3)(F,OH), parisite-(Ce), Ca(Ce,REE)2(CO3)3(F,OH)2, and 
synchysite-(Ce), Ca(Ce,REE)(CO3)2(F,OH) within the cavities 
of the alkaline granite-syenite pegmatites of the Mount Malosa 
pluton in Malawi, associated with rhabdophane-(Ce), (Ce,La)
PO4·nH2O, rhabdophane-(La), (La,Ce)PO4·nH2O, and cerianite-
(Ce), CeO2 that replaces bastnäsite-(Ce) and/or parisite-(Ce). 
Note that synchysite-(Ce), rhabdophane-(La), rhabdophane-(Ce), 
and cerianite-(Ce) have never been documented before in the 

pegmatites of Mount Malosa. The crystal chemistry of these 
Ca-REE fluorocarbonate minerals has been investigated by (1) 
electron-probe microanalyses (EPMA); (2) thermogravimetric 
(TG) and (3) differential thermogravimetric (DTG) profiles; (4) 
elemental (CHNS) (GC) analysis of total carbon and hydrogen; 
and (5) single-crystal X-ray diffraction.

EPMA, TG, and DTG analyses allowed us to quantify the 
contents of F, CO2, and OH, as chemical data on light elements of 
Ca-REE fluorocarbonates are poorly represented in the literature 
and sometimes totally absent (Anthony et al. 2000). 

The aim of this study is to describe the mineral assemblage 
of bastnäsite-(Ce), synchysite-(Ce), parisite-(Ce), rhabdophane-
(Ce), rhabdophane-(La), and cerianite-(Ce), the textural relation-
ships, and the replacement processes occurring among these 
Ca-REE fluorocarbonates. The common alterations observed 
at Mount Malosa are goethite + K-feldspar after parisite-
(Ce), rhabdophane-(Ce) + bastnäsite-(Ce) + cerianite-(Ce) 
after parisite-(Ce), rhabdophane-(Ce) + rhabdophane-(La) after 
parisite-(Ce), and illite after bastnäsite-(Ce). Aggressive late-
stage hydrothermal alkaline fluids are responsible for partial 
to complete replacement that affects Ca-REE-carbonates in the 
pegmatitic cavities at Mount Malosa. Elsewhere replacements 
after REE-carbonates have already been observed in alkaline 
and agpaitic pegmatites: for example at Lovozero Massif (Pekov 
2000), Khibiny Massif (Yakovenchuk et al. 2005), and at Mount 
Saint Hilaire (Horváth and Gault 1990). To address the strong 
enrichment of Ca-REE fluorocarbonate in alkaline pegmatites 
of Mount Malosa this work also relates the role of complex-
ing agents that allowed the transport of REE in hydrothermal 
fluids, and the geochemistry of magmatic sources responsible 
for enrichment of light rare-earth elements (LREE) and high 
field-strength elements (HFSE) represented by Nb, Zr, and Ti 
in alkaline pegmatites of Mount Malosa. * E-mail: fabrizio.nestola@unipd.it


