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INTRODUCTION

Precise and accurate determination of F in minerals is far
from being completely and routinely achieved. Usually F in
minerals, glasses, and other geological materials is determined
by means of EMPA. This technique, however, is limited by sev-
eral factors such as: low count-rates using large single-crystal
reflectors (e.g., TAP) in wavelength-dispersive spectrometry,
and interferences from the higher-order lines of heavier ele-
ments (Raudsepp 1995); the presence of “matrix effects” re-
lated to high X-ray absorption in the specimen; the lack of
suitable standards; peak shifts and changes in peak shape be-
tween chemically and structurally dissimilar specimens
(Solberg 1982).

A considerable improvement in terms of count rate has re-
cently been achieved by means of the new LSM reflectors, i.e.,
layered synthetic microstructures (Potts and Tindle 1989). They
give better peak-to-background ratios [an improvement of 14
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ABSTRACT

Accurate determination of F in minerals is a difficult task even when high F concentrations are
present. Fluorine usually is determined by means of electron micro-probe analysis (EMPA) stan-
dardized on non-silicate-matrix compounds (e.g., fluorite), and some previous work has revealed the
difficulties in determining F at high concentrations such as found in the humite-group minerals.
Moreover, when both single-crystal structure refinement (SREF) and EMPA are available for the
same crystal, the two estimates do not always agree. On the other hand, the secondary ion mass
spectrometry (SIMS) technique is not easily applied at high F concentrations due to the existence of
matrix effects related to the chemical composition and structure of the sample as well as to the
concentration of the element itself. We tested the agreement among these analytical techniques in
the estimation of high F contents and propose an analytical procedure for the analysis of fluorine.
Our results indicate that careful selection of working conditions for EMPA of F together with appro-
priate correction, can yield accurate fluorine concentrations in minerals. Fluorine data extracted
from refined site occupancies are systematically overestimated. New accurate working curves have
been worked out for SIMS analysis of F taking Si and Mg, in turn, as the reference element for the
matrix. Humite-group minerals show SIMS matrix effects on the order of ~10%. In analyzing
fluoborite in the most unfavorable cases, the difference in Ion Yield (F/Mg) between “disoriented”
humite-group minerals and “oriented” fluoborite samples can reach ~27%. Finally, a lower than
expected IY(F/Si) from the F/Si working curve (made with humite minerals) is shown by topaz,
which can be ascribed to chemical matrix effects, as well as to the covalent-type bonding between F
and the major element in the matrix (Al).

times for the FKα with a W/Si (2d = 60 Å) microstructure], but
they possess lower resolving power than TAP (Fialin et al.
1993). With these new reflectors, multiple-order interferences
greater than the second-order are absent (e.g., the third-order
PKα peak in apatite). Nevertheless, interferences due to sec-
ond-order peaks from Mg and Al and first-order L-lines from
Fe still survive and constitute a limitation in the determination
of fluorine in minerals rich in Mg, Al, and transition elements
(Raudsepp 1995).

 Matrix effects on light elements have been accounted for
with the development of  φ(ρz) programs (Bastin and Heijligers
1991; Goldstein et al. 1992; Reed 1996). Accurate analysis of
elements such O, N, C, and B have been reviewed in some
papers and monographs by Bastin and Heijligers (1986a, 1986b,
1986c, 1986d, 1988, 1989, 1991). However, very little infor-
mation has been published on the problems concerning the
analysis of the heaviest of the light elements, i.e., F. Moreover,
the accuracy of mass-absorption coefficients could be a source
of error in the correction of intensity data.

The valence electrons of light elements affect K emission
(Fialin et al. 1993; Raudsepp 1995), which produces dramatic
changes in peak shape and peak shifts. Those changes have
been reported for BKα (Bastin and Heijligers 1991). Addition-
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