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INTRODUCTION

Crystal-chemical substitutions involving light elements in
complex minerals such as amphibole, hellandite, tourmaline,
mica, and vesuvianite, open new problems in analytical work
by SIMS. The higher the accuracy in the SIMS data, the more
insight can be achieved. This requires accurate control of ex-
perimental parameters and sample preparation, and a coherent
understanding of the role and extent of SIMS matrix effects for
each “unknown” sample. The existence of such matrix effects
has introduced major difficulties in quantification: secondary-
ion intensities generally are related nonlinearly to elemental
concentrations and depend (to various extents) on the concen-
tration of other element(s) in the matrix. This effect is more
relevant for major and minor constituents than for trace ele-
ments. So far, the only way to circumvent matrix effects is the
empirical approach based on relative sensitivity factors and
working curves. This approach relies on the availability of well-
characterized standards that match as closely as possible the
major-element chemistry of the “unknowns” with well-deter-
mined concentrations of the elements to be characterized. In
this way, matrix effects are not eliminated, but calibrated.
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ABSTRACT

Matrix effects in secondary-ion mass spectrometric (SIMS) analysis of light elements (H,
Li, Be, B, and F) have been investigated in phenacite, kornerupine, danburite, axinite, spodumene,
tourmaline, hambergite, and mica, all of which were epoxy-mounted in a known crystallographic
orientation relative to the primary-ion beam. As reference chemical information, we used data from
electron microprobe analysis (EMPA) and from single-crystal structure-refinement (SREF) on the
same crystals used for SIMS. Quantification of secondary-ion intensities into concentrations was
done using Si as the reference matrix element. The results indicate that matrix effects due to crystal-
lographic orientation are <10% relative, or below analytical uncertainty for most analyzed elements.
In dioctahedral mica, there is a difference in H/Si ion yield (IY) of ~25% relative when the crystal is
analyzed parallel and orthogonal to the main cleavage (which is perpendicular to the c axis). The
magnitude of this effect is significant and higher than our SIMS accuracy for H in micas: ±10%
relative.

Among the analyzed elements, Be is affected least by matrix effects, even when present as a
major element. The most significant chemical effects on SIMS analysis of H, Li, F, and B in silicates
seem to be related to the Fe (+Mn) content of the matrix: the light-element IY decreases as the Fe
(+Mn) content increases, as previously seen in tourmaline, axinite, and kornerupine. Silicon and Al
seem to have complementary and opposite effects on IY with respect to Fe and Mn. The agreement
between SIMS and SREF is close for most light elements when they are present as major constitu-
ents. The results of our study also show that analytical problems are still present for B by EMPA, and
this technique may not be adequate to measure B accurately in some minerals.

In principle, matrix effects are dependent on the chemistry
and structure of the sample. Channeling of primary ions takes
place when the ions bombard a single crystal in a direction
parallel to a low-index lattice direction (Onderdelinden 1968).
Low-density directions will incur reduction in effective stop-
ping power, increasing the ion range: thus the sputter yield may
be expected to show minima in channeling directions. How
deeply “channeled” ions actually penetrate into the solid de-
pends on the type and energy of the ions, and on the type of
channel. Moreover, the channeling can be disturbed by struc-
tural disorder, lattice vibrations, and also by dechanneling sur-
face layers.

Bombardment with reactive ions (such as O–, O+, O2
+)

changes the chemical nature of the target, as O ions are im-
planted in the structure. According to Wilson (1982), a critical
dose of 16O– primary ions from 2 ¥ 1015 to 4 ¥ 1016 ions/cm2 (T
in the range of 250–300 K) implies amorphization of Si at room
temperature in 1–20 s.

Our previous SIMS work in some silicates has shown that
crystallographic orientation effects are minor (Bottazzi et al.
1992; Ottolini et al. 1993a, 1993b and reference therein). Varia-
tion in F/Mg ionization (up to ~27% relative) between differ-
ently oriented humite-group minerals and fluoborite was


