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abstract

Britholite group minerals (REE,Ca)5[(Si,P)O4]3(OH,F) are widespread rare-earth minerals in alka-
line rocks and their associated metasomatic zones, where they usually are minor accessory phases. An 
exception is the REE deposit Rodeo de los Molles, Central Argentina, where fluorbritholite-(Ce) (FBri) 
is the main carrier of REE and is closely intergrown with fluorapatite (FAp). These minerals reach 
an abundance of locally up to 75 modal% (FBri) and 20 modal% (FAp) in the vein mineralizations. 
The Rodeo de los Molles deposit is hosted by a fenitized monzogranite of the Middle Devonian Las 
Chacras-Potrerillos batholith. The REE mineralization consists of fluorbritholite-(Ce), britholite-(Ce), 
fluorapatite, allanite-(Ce), and REE fluorcarbonates, and is associated with hydrothermal fluorite, 
quartz, albite, zircon, and titanite. The REE assemblage takes two forms: irregular patchy shaped 
REE-rich composites and discrete cross-cutting veins. The irregular composites are more common, 
but here fluorbritholite-(Ce) is mostly replaced by REE carbonates. The vein mineralization has more 
abundant and better-preserved britholite phases.

The majority of britholite grains at Rodeo de los Molles are hydrothermally altered, and altera-
tion is strongly enhanced by metamictization, which is indicated by darkening of the mineral, loss of 
birefringence, porosity, and volume changes leading to polygonal cracks in and around altered grains. 
A detailed electron microprobe study of apatite-britholite minerals from Rodeo de los Molles revealed 
compositional variations in fluorapatite and fluorbritholite-(Ce) consistent with the coupled substitu-
tion of REE3+ + Si4+ = Ca2+ + P5+ and a compositional gap of ~4 apfu between the two phases, which 
we interpret as a miscibility gap. Micrometer-scale intergrowths of fluorapatite in fluorbritholite-(Ce) 
minerals and vice versa are chemically characterized here for the first time and interpreted as exsolu-
tion textures that formed during cooling below the proposed solvus.
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introdUction

The britholite group minerals are members of the apatite super-
group and have the general formula (REE,Ca)5[(Si,P)O4]3(OH,F) 
(Pasero et al. 2010). Winther (1901) was the first to describe 
the mineral group, in nepheline syenites from the Ilimaussaq 
complex, SW Greenland. Since then, britholite minerals have 
been identified in alkaline and felsic magmatic rocks and 
associated metasomatic zones in many other parts of the world 
(e.g., Nash 1972; Arden and Halden 1999; Della Ventura et al. 
1999; Macdonald et al. 2013; Uher et al. 2015; Zozulya et al. 
2015, 2017; Melluso et al. 2017). Occurrences have also been 
described in carbonatites (Ouzegane et al. 1988; Ahijado et al. 
2005; Torró et al. 2012), potassic volcanic rocks (Orlandi et 

al. 1989), iron skarn deposits (Holtstam and Andersson 2007), 
and in copper ores (Brugger et al. 2006; Ferguson et al. 2016). 
Thus, britholite minerals are widespread rare-earth minerals, so 
it is surprising that few analyses of their chemical composition 
have been published (e.g., Arden and Halden 1999; Lira et al. 
1999; Uher et al. 2015; Zozulya et al. 2015, 2017). Even fewer 
studies have addressed their potential as REE ore minerals 
(Zozulya et al. 2015); possibly because britholite typically is a 
minor accessory phase. The britholite occurrence described in 
this paper is an exception.

In the 1980s an unusual REE occurrence with britholite as 
the major phase was discovered in the San Luis province of 
Argentina during follow-up of an aerial radiometric anomaly 
(Gay and Lira 1984). Further studies of the so-called Rodeo de 
los Molles deposit followed (Lira and Ripley 1990, 1992; Lira 
et al. 1999), and form the background for the detailed work 


