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INTRODUCTION

Parisite-(Ce), Ce2CaF2(CO3)3, is a calcium rare earth (RE)
fluorcarbonate mineral, along with bastnäsite, synchysite, and
röntgenite. The RE fluorcarbonates have generated consider-
able interest because of the pervasive syntactic intergrowths
among the phases and their economic importance as the prin-
cipal ores of RE metals. Understanding the detailed crystal
chemistry of the RE fluorcarbonate minerals will provide in-
sight into the formation of RE mineral deposits that are the
primary source of rare earth elements for industrial use.

The crystal structures of RE fluorcarbonate phases were first
studied in detail by Oftdel (1931a, 1931b). Donnay and Donnay
(1953) offered a crystal-chemical summary of the mineral se-
ries and, on the basis of X-ray precession photographs, eluci-
dated three hexagonal subcells and a real hexagonal cell with c
= 84.1 Å for parisite. They predicted the positions of the heavy
atoms and some atoms of the carbonate groups for parisite-
(Ce), by analogy with other RE fluorcarbonate phases.

The parisite crystal structure, along with those of other Ca
fluorcarbonate phases, resisted solution because of the “uni-
versal” (Donnay and Donnay 1953) syntactic intergrowths
among the phases. Van Landuyt and Amelinckx (1975) con-
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ABSTRACT

The crystal structure of parisite–(Ce) was solved and refined to R = 0.044, Rw = 0.037 using
three–dimensional X–ray diffraction data (XRD). In contrast to the putative hexagonal cell, weak
XRD maxima on precession films demonstrate that the parisite–(Ce) is monoclinic with a space
group C2/c or Cc.

The unit cell was refined as a = 12.305(2), b = 7.1053(5), c = 28.250(5) Å, and β = 98.257(14)°.
The structure refinement confirmed the space group Cc. Like bastnäsite and synchysite, parisite
possesses a (001) layer structure, with layers of (Ca) and (CeF) separated by layers of carbonate
groups. The [001] layer stacking sequence is … (Ca), (CO3), (CeF), (CO3), (CeF), (CO3), (Ca),
(CO3), (CeF), (CO3), (CeF), (CO3)….

The parisite-(Ce) structure can be considered as two portions of the bastnäsite structure con-
nected by a (Ca) layer. The insertion of a (Ca) layer would create long [001]* structure voids in the
F columns if the bastnäsite portions stacked hexagonally; therefore, the two bastnäsite portions are
offset along [1

–
10] by a/6(sin60°) (or [1

–
00] in hexagonal cells, by a/3) such that the oxygen atoms of

the vertical edges of the carbonate groups occupy the voids. Polytypism results because a bastnäsite
portion can shift equally in two possible directions, ±120° from the previous offset vector. The
parisite-(Ce) structure elucidated herein is the simplest and most common polytype possible, 2M.
The polytype 6R, which was previously believed to be the most common, has not been found during
our extensive study.

cluded that it was not possible to determine the details of the
crystal structures of these minerals by XRD techniques because
of the impossibility of obtaining a crystal free from
intergrowths. Transmission electron microscopy (TEM) stud-
ies have revealed a variety of syntactic intergrowths that can
be described as mixtures, Bm Sn, of bastnäsite [B; Ce(CO3)F]
and synchysite [S; CeCaF(CO3)2] (van Landuyt and Amelinckx
1975; Wu et al. 1998; Yang et al. 1994), which can well ex-
plain their chemical composition. In addition to the four most
common mineral species of the series mentioned above, nu-
merous other intergrowth domains have been reported on the
basis of TEM studies (Yang et al. 1994; Wu et al. 1998). No
domain has been found, however, with a greater Ca compo-
nent than in synchysite. In addition, although TEM images re-
veal the stacking sequence of mixed layer domains, Bm Sn, the
details of their atomic arrangements remain unclear; for ex-
ample, the orientation and stacking sequences of the carbonate
groups cannot be determined from the TEM images. The re-
cent successful structure determinations of bastnäsite (Ni et al.
1993) and synchysite (Wang et al. 1994) have provided the
first detailed structure information about the mineral group. In
the present study we are able to continue that effort by report-
ing the crystal structure of an exceptional parisite-(Ce) crystal.

The solutions of the structures of bastnäsite-(Ce) and
synchysite-(Ce) have revealed the features of the (001) layer
structure and elucidated the geometry of each structural layer:
the (CeF) layer, the (Ca) layer, and the (CO3) layers. These*E-mail: hughes@miavx1.muohio.edu


