
SECONDARY ION MASS 
SPECTROMETRY (SIMS)

PRECISION ISOTOPIC ANALYSIS  
AND ELEMENTAL DETECTION

From detection 
of trace elements 
through isotopic 
analysis to elemental 
mapping, SIMS is a 
technique with wide-
ranging capabilities 
to solve problems in 
the earth sciences

MINING
SIMS is a technique often associated with the 
high-tech world of semiconductors, however 
it is equally applicable to the mining and 
geology fields. Whether it be particle analysis 
for a critical element, or light (eg. Li, B, C,O) 
isotopic ratios for sulphide research, SIMS 
can be the technique to provide the answers. 
Even in the field of environmental monitoring, 
it can be applied to analyse the effectiveness 
of remediation and waste management 
strategies.

CAPABILITIES
Diverse capabilities include spatial imaging, 
isotopic analysis, depth profiling and mass 
spectra acquisition. SIMS covers the whole 
periodic table (apart from noble gases). 
Furthermore, detection of molecular species 
is also possible. The achievable resolutions are 
2µm spatially for imaging and 5nm depth-wise 

GEOLOGY & MINING
for depth profiling. Multiple species acquisition 
is possible during a single analysis, and 
detection sensitivities range from bulk to the 
parts per billion (ppb) range. Quantification is 
available with appropriate standards.
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MODES OF ANALYSIS
 ≥ Surface imaging

 ≥ Isotopic ratio measurement

 ≥ Elemental detection

 ≥ Depth profiling

 ≥ Mass spectra

APPLICATIONS AND EXAMPLES
Secondary Ion Mass Spectrometry may be 
applied to both research and production 
challenges. Possible applications include:

 ≥ Spatial imaging techniques may be 
combined with multiple element/ species 
detection so particle surfaces may be 
analysed for adsorption distributions 
in flotation studies. Imaging can be 
performed on specimens to determine 
the presence of precious metals – gold, 
for example. A possible application is 
effectiveness studies of new techniques 
for processing and mineral reclamation 
-uptake on flotation materials for mineral 
extraction processes.

 ≥ Isotopic mass fractionation ratios and 
elemental detection in small particles: 
identification of minerals and their possible 
formation mechanisms can provide insight 
into the locations of possible ore/mineral 
bodies.

 ≥ Mass spectra may be acquired to assist 
with elemental identification in samples of 

unknown composition, in order to identify 
possible contaminants or other species 
of interest. Molecular fragments may be 
identified in this mode.

 ≥ Depth profiling may be performed, for 
example to determine the uptake of an 
element on an extraction medium. This may 
answer questions such as: is the distribution 
surface specific, or does the element 
penetrate into the sample? Conversely, 
depth profiling can also identify species 
leached from the near-surface regions.

 ≥ Other applications include: Monitoring of 
environmental contaminants, pollutants 
and wastes – by using archival sources 
of pollutants, a distribution profile of a 
pollutant may be acquired, allowing the 
effectiveness of the treatment/ remediation 
process to be determined. Further 
examples include gold distribution in ore 
material and zinc adsorption to sphalerite. 

SIMS CAN BE USED TO SOLVE  
A VARIETY OF MINING AND  
GEOLOGICAL PROBLEMS INCLUDING:

 ≥ Estimating where gold losses occur in 
pyrites/arsenopyrites

 ≥ Providing historical information on mine 
sites for feasibility studies and continuous 
monitoring of low levels of pollutants in 
water ways during mine commission and 
closure.

 ≥ Analyse the effectiveness of remediation 
and waste management strategies.

 ≥ Imaging of particle surfaces for adsorption 
distribution in flotation studies.

 ≥    Depth profiling of extraction mediums to 
determine elemental leaching distributions

 ≥    Isotopic analysis of elements such as 
oxygen, carbon and sulphur for measuring 
environmental indicators and mineral 
formation mechanisms.


