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Laser ablation inductively-coupled plasma mass
spectrometry

Laser ablation inductively coupled plasma mass spectrome-
try (LA-ICP-MS; ‘laser ablation microprobe analysis’ or ‘laser
probe analysis’) has rapidly evolved during the past decade
as a powerful technique that complements, but does not
replace the electron microprobe. Like other relatively new
techniques (proton and ion microprobes), LA-ICP-MS allows
in situ analysis with appreciably lower detection limits (a few
tens of ppm or lower) albeit with a reduced spatial resolution
compared to the electron microprobe. The method is rapidly
establishing itself as an efficient method for determination of
trace element concentrations in situ within mineral samples.
Application of the method to industrial minerals can include
determination of harmful elements in ilmenite, rutile, talc or
other minerals, e.g., REE concentrations at the ppm level
within carbonates. Larsen et al. have discussed the determi-
nation of impurities in 'ultra-pure' quartz in this volume.

The LA-ICP-MS method, described by Perkins et al. (1995),
allows quantitative analysis of nearly all elements in the peri-
odic table, including most of the light elements within all
types of minerals. The method also allows determination of
the abundance of individual isotopes and has found consid-
erable application among geoscientists as a tool for determi-
nation of stable isotopes (Wright 1995) and notably for Ar-Ar
dating of minerals (Kelley 1995). Matrix effects, although far
from as serious as in ion probe analysis, infer that the ability
to obtain precise and accurate quantitative analysis depends
on careful selection of suitable standards with comparable if
not exactly the same matrix. Unlike the electron microprobe,
however, the method is destructive and the volume of sam-
ple analysed is larger; ablation craters have a typical size of
20-80 um in diameter. Rapid technical development of LA-
ICP-MS methods, as well as an expanding catalogue of suita-
ble mineral standards, is likely in the coming decade and the
method will undoubtedly play an increasingly important role
as a mineral characterisation tool in the future.

Concluding statements

Various other methods are available which have application
to mineral deposits, including stable and radiogenic iso-
topes, microanalysis using Micro-PIXE or SIMS methods and
fluid inclusions. Several reviews of these and other microana-
lytical methods are available (e.g. Cabri & Vaughan 1998,
McKibben et al. 1998). Transmission electron microscopy
(TEM) is also used extensively as a diagnostic tool in the study
of minerals at the sub-microscopic scale (Buseck 1992), e.g.,
in cases involving mineral polytypism and stacking disorders.
Application of TEM is also standard practice in the investiga-
tion of asbestos mineralogy.

The number and combination of techniques used in a
given study will vary from case to case and will depend upon
the questions requiring resolution. The type of information
obtained can be individually tailored to meet the require-
ments of the end-user. Typical end results include identifica-
tion of a particular mineral or range of minerals as the host for
a particular useful or harmful element, depiction of composi-
tional variation in a particular mineral across a given spatial
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area, or a full determination of mineralogical balances in ore
and their corresponding mineral products. In many cases, an
integrated approach is necessary, involving several of the
methods referred to above in order to give the fullest miner-
alogical characterisation possible. For example, electron
probe microanalysis, LA-ICP-MS and image analysis can be
combined to provide information on the mineralogical distri-
bution of harmful elements (e.g. Ni) in different types of ore.

In all cases, selection of a statistically valid number of rep-
resentative samples is a prerequisite for obtaining meaning-
ful data. Furthermore, since mineral deposits, like other geo-
logical objects, are almost never homogeneous, it may be
necessary to repeat the mineral characterisation procedures
during the lifetime of a mineral deposit, in order to recognise
changes in mineralogy within the deposit as it undergoes
successive exploitation.
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