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Abstract

Amblygonite–montebrasite series and lacroixite from Nagatare Li–Cs–Ta (LCT) pegmatite, 
Fukuoka Prefecture, Japan, were investigated by powder X‑ray diffraction (XRD), electron micro-
probe analyses, and transmission electron microscope (TEM)/scanning transmission electron micro-
scope (STEM) analyses. Scattered patchy or lamellar lacroixite was contained in montebrasite and 
amblygonite in all observed specimens. TEM/STEM observations revealed that the patchy and lamellar 
texture comprised lacroixite and low-fluorine montebrasite having same crystal orientations as that 
of host montebrasite and the boundaries corresponded to well-developed {110} planes. The observed 
microtexture was newly discovered, and it is an important evidence of the exsolution process. In XRD 
experiments conducted at high temperature, the unit-cell parameters of amblygonite were closer to 
that of monoclinic structures such as lacroixite with increasing temperature. Results suggested that 
scattered patches or lamellae of lacroixite were exsolution textures from a high-temperature phase.

Montebrasite and amblygonite specimens from other localities involved varying textures correspond-
ing to their occurrence. The amblygonite–montebrasite series from petalite-bearing pegmatite included 
low to high lacroixite contents and that from lower-temperature pegmatite with spodumene either did 
not possess or involved low lacroixite contents. Gem-quality montebrasite from drusy vugs formed 
at low temperature did not include any exsolution texture or lacroixite. The variety of texture of the 
amblygonite–montebrasite series indicated in this study generated new possibilities as the indicator 
of pegmatite-forming process.
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Introduction

The amblygonite–montebrasite series is widely considered to 
be primary phosphates occurring in Li–Cs–Ta enriched (LCT) 
(Černý and Ercit 2005) pegmatites and topaz-bearing granites 
(e.g., Černá et al. 1973; London et al. 2001). The chemical 
compositions correspond to a solid solution of LiAl(PO4)F 
(amblygonite) and LiAl(PO4)(OH) (montebrasite) with triclinic 
symmetry (C1). Extant studies investigated the changes in miner-
alogical properties corresponding to the F/(F+OH) ratio and also 
indirectly examined quantitative determinations of the F/(F+OH) 
ratio with respect to mineralogical properties such as optical 
properties, XRD patterns, unit-cell parameters, and Raman 
spectra (e.g., Černá et al. 1973; Kallio 1978; Greiner and Bloss 
1987; Groat et al. 1990, 2003; Rondeau et al. 2006). Despite a 
complete solid solution, previous studies have not documented 
the amblygonite end-member. Moreover, the amblygonite–mon-
tebrasite series from pegmatites generally contain intermediate 
amounts of fluorine. This is restricted by the fluorine contents 
of pegmatite-forming melts based on the partitioning of fluorine 
between the amblygonite–montebrasite series and melt (London 
et al. 2001). Hydrothermal alteration of the primary amblygonite–
montebrasite series to various secondary phosphates during the 

late stages of pegmatite formation was reported in a few pegma-
tites (London and Burt 1982; Baldwin et al. 2000; Galliski et al. 
2012; Shirose and Uehara 2014). In these situations, secondary 
montebrasite is also produced along the fractures and cleavages 
in the primary amblygonite–montebrasite series. Secondary mon-
tebrasite indicates lower fluorine contents and higher interference 
color under a polarized microscope when compared with the cor-
responding properties of the primary amblygonite–montebrasite 
series (London and Burt 1982; Shirose and Uehara 2014). Typi-
cally, the amblygonite–montebrasite series has fine textures with 
lacroixite, NaAl(PO4)F with monoclinic symmetry (C2/c). Prior 
research discredited a species reported as “natromontebrasite,” 
(Na,Li)Al(PO4)(OH,F) and indicated that it comprises a mixture 
of OH-rich amblygonite and lacroixite with subordinate amounts 
of wardite (Fransolet 1989; Fransolet et al. 2007). Groat et al. 
(1990) refined the crystal structure of the amblygonite–monte-
brasite series using a C-centered cell, and the findings revealed 
that the pseudomonoclinic structure was topologically identical 
to the monoclinic structure of titanite group minerals including 
lacroixite. The study also pointed out that it was not possible to 
substitute the amblygonite–montebrasite series with sodium or 
calcium owing to crystal structure restrictions. In several cases, 
amblygonite–montebrasite crystals contain sodium components 
in the form of a fine lacroixite intergrowth. However, the for-
mation process of the amblygonite–montebrasite series with 
patchy lacroixite is not clear. Although there are possibilities of 


