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Accurate and precise chemical analysis requires matrix- 

and concentration-matched standards.  Availability of 
standards for laser ablation inductively-coupled plasma mass 
spectrometry (LA-ICPMS), however, is limited (e.g., NIST 
glasses).  Lack of certification of some elements (e.g., PGE), 
the standard matrix (i.e., silicate glass), and unwanted 
elements contribute to problems like inability to quantify 
certain elements and problematic atomic and molecular 
interferences.  Simple and rapid techniques for preparing 
matrix- and concentration-matched standards for LA-ICPMS 
are needed so that the technique can be expanded to other 
applications (e.g., analysis of PGE in sulfide minerals). 

We have developed a technique where solutions of 1% 
nitric acid containing known concentrations of dissolved 
elements are evaporated on unhardened, ashless nitrocellulose 
filter paper.  Approximately 1 cm by 0.5 cm squares of paper 
are placed in PTFE vessels on a 100 °C hotplate.  Solutions 
are pipeted directly onto the paper and are allowed to dry.   
After drying, the papers are mounted to a microscope slide and 
analyzed using LA-ICPMS.  

Preliminary results indicate that the solution is absorbed 
by rather than adsorbed onto the filter paper fibers, resulting in 
relatively uniform element distributions within the paper 
despite the relatively crude method of solution application.  
An approximately linear relationship occurs between the 
number of solution applications and the element 
concentrations within the paper, making the technique ideal 
for tailoring the element list and concentration range to a 
specific analytical problem.  Some heterogeneity was 
observed in element concentrations near the edges of the filter 
paper.  Approximately 5% precision, exceedingly low oxide 
levels (< 0.1%) and no apparent deliterious matrix effects (i.e., 
carbide interferences) were observed.  This technique enables 
preparation of LA-ICPMS standards that are more matrix- and 
concentration-matched than those currently available.  
Reduced oxides make the technique useful for analyzing 
solutions by LA-ICPMS rather than solution nebulization, 
where the presence of water creates problematic oxide 
interferences (e.g., LREE oxides on HREE). 
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Quantitative analysis of minerals by laser ablation 

inductively-coupled plasma mass spectrometry (LA-ICPMS) 
has been limited to minor and trace element concentrations 
using an internal standard estimated from mineral 
stoichiometry or obtained using another analytical method 
(e.g., electron microprobe).  The ability to conduct 
simultaneous analysis of minor/trace elements and relatively 
high concentrations (i.e., wt %) of monoisotopic elements 
(e.g., Na) or elements with high relative abundances in silicate 
minerals (e.g., Si) has improved with the introduction of 
newer ICPMS instruments (e.g., ThermoElemental X7), which 
offer control of instrument sensitivity for individual masses by 
tunable mass resolution. 

A suite of minerals from the Strange Lake pluton, 
Quebec/Labrador, Canada was analyzed using LA-ICPMS to 
test the viability of conducting simultaneous, quantitative 
major, minor and trace element analysis.  The suite included 
relatively common rock-forming amphibole (arfvedsonite) and 
pyroxene (aegirine) as well as relatively uncommon Zr-silicate 
(elpidite, gittinsite) and two unidentified minerals.  

Concentration data were obtained by factoring integrated 
counts/second (ICPS) obtained for minerals by the relative 
sensitivity (ICPS/ppm) obtained for NIST 610 reference glass 
standard.  The data were summed and scaled to 100%, the 
resulting factor between the unscaled and scaled data 
representing differences in ablation yield between the mineral 
and NIST 610.  By measuring all major elements and scaling 
the results, internal standardization is not necssary.    
Application of the technique to samples from Strange Lake 
allowed simultaneous analysis of 63 major, minor and trace 
elements on a scale of 10s of micrometers.  Major element 
compositions obtained for arfvedsonite were comparable to 
published data.  The method was effective at identifying and 
determining the compositions of Zr-silicate, Nb-Ta-REE oxide 
and Th-Y silicate minerals and expands LA-ICPMS 
capabilities into identification and quantitative analysis of 
unknown minerals without the need for an internal standard. 


