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In 1960-70s there was an explosion of e-probes 
being built and sold. Many early applications 
had been in metals and alloys. As it became 
tool of interest to geologists, the need for 
mineral and glass standards increased.  



Gene Jarosewich and co-workers at 
the Dept of Mineral Sciences of the 
Smithsonian’s Natural History 
Museum began a project to identify 
EPMA geological standards. Today 
many labs use the USNM San 
Carlos Fo90.1 standard which is 
distributed as USNM 111312/444 . 
 
There is common acceptance that 
this is an excellent standard. 
 

Eugene Jarosewich 1926-2007 

Composition and statistics for 
this and other standards were 
published as Jarosewich et al, 
Geostandards Newsletter 4 
(1980), 43; errata, 4 (1980) 257. 
 



Natural Forsterite-rich olivine, of 
mantle xenolith origin, is a standard for 
Mg and Si in many geoscience 
electron microprobe labs.  
 
Forsterite (abbreviated Fo) is the 
Mg2SiO4 component of olivine; Fo 
numbers are atomic %. 
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How this study came to be: 
In 2008-9, a coincidence of two different researchers 
at the University of Wisconsin: 
 
•  A SIMS researcher measuring d18O of meteorite 
olivines, using “San Carlos olivine” as a well-
characterized oxygen isotope reference material 



How this study came to be: 

 
•  And  
       A lunar researcher 
characterizing various 
silicate minerals for cosmic 
ray irradiation experiments, 
with a large number being 
described as  San Carlos 
olivine – “Peridot” 
purchased from gem 
dealers 



The EPMA compositions I found from the grains 
of “San Carlos olivine” being used as SIMS 
oxygen standards, mounted with the unknown 
olivines, differed enough from the published 
USNM values to make me wonder what was up. 
 
Three 1-2 mm crystals from the vial supplying 
those used as SIMS oxygen standards were 
analyzed by EPMA for Si, Mg and Fe. 

Wt% oxides Published USNM SIMS “San Carlos” 
SiO2 40.81 40.66 
MgO 49.42 48.72 
FeO 9.55 10.49 
“Fo #” 90.1 89.2 



Study of the Gem “SC olivine” 
for lunar irradiation study 

Thirty-six ~1 cm-size crystals acquired by the 
researcher from a commercial gem dealer were 
analyzed* (1566 spot analyses; 30-40 points per 
crystal)  
 
A range of compositions from <Fo88 to <Fo92 was 
found.  

*15 kV, 20 nA, fixed spot, 10 sec each bk & bkg, measuring Mg, 
Si, Ca, Mn, Fe, Ni with UW-Madison SX51 





Plotting each grain average (above) 
or each grain histogram (right) shows   
while each grain fairly homogeneous, 
there is a significant range of 
compositions between grains 



Plotting each grain average (above) 
or each grain histogram (right) shows   
while each grain fairly homogeneous, 
there is a significant range of 
compositions between grains 

•  The earlier crystals 
apparently are excellent 
oxygen isotope 
standards (though are 
Fo89) 
•  Any of these could be 
used as EPMA 
standards ONLY if they 
were first vetted 
carefully to determine 
each’s chemical 
composition. A clear 
benefit, if shown to be 
homogeneous, is the 
large size. 



The  range of compositions in the non-
USNM San Carlos crystals lead to the 
logical question 
 “What is the range of variability possible 
in the individual grains of USNM San 
Carlos olivine reference material?”  
 
This was a concern of Gene Jarosewich 
and co-workers: 





“Prime prerequisites for microprobe reference samples are 
homogeneity at the micron level and availability in 
reasonable quantities for classical wet chemical analysis”  





“Even if well-described minerals are from the same locality 
or are obtained from a reliable source, they may vary in 
chemical composition. Therefore, a mineral sample 
intended as a reference sample should be carefully 
selected and used only when analytical data on the specific 
specimen are available.”  





“Occasional grains of the reference sample will differ 
in composition because of heterogeneity. These 
problems can never be eliminated...  





“The overall homogeneity of each sample was 
determined using the criterion given by Boyd el al 
whereby the sample is considered to be 
homogeneous if the ratio (homogeneity index) of 
observed standard deviation to the standard 
deviation predicted by counting statistics alone does 
not exceed 3. The ratios were obtained by taking ten 
10-second counts on each of ten randomly selected 
grains...  



... When the criteria of these ratios are used as a measure 
of homogeneity, all the reference samples are very 
homogeneous provided a reasonably large number of 
counts are taken on a reasonably large number of grains. In 
practice, however, fewer counts and grains are normally 
used for standardization, and under these circumstances a 
grain having a slightly different composition may influence 
the microprobe results adversely. For this reason, grains 
showing some discrepancy in composition should be 
avoided. The percentages of these ”impurities” in the whole 
samples are minimal and the effects on the bulk analyses of 
the samples are negligible.” 
 
    --Jarosewich, Nelen and Norberg, 1980 (my emphasis 
added) 



The Department of Mineral Sciences of the 
Smithsonian supplied me with 2 small vials of 
the USNM 111312 material (with at least 25 
grains in each), which allowed me to look at the 
natural variability in the USNM San Carlos 
material 



Here I report on EPMA measurements on 236 
points in 25 small (200-300 um) grains from 1 
vial, mounted in epoxy and polished.  
 
The electron probe was operated similarly as 
above, with the exception that the mean atomic 
number background method was used. 



These 2 histograms show the USNM 111312 standard 
material. It could be inferred from the very narrow range of 
composition that Jarosewich and co-workers selected only 
one ~cm-size crystal of the gemmy San Carlos material for 
their standard development. 

R a n g e  i n  P e r i d o t s  



Jarosewich et al calculated homogeneity indices with 100 
total measurements on 10 grains (values <3 were 
considered OK). My 236 measurements on 25 grains of 
USNM 111312 show a bit wider range of heterogeneity in 
Si and Mg than reported in the 1980 paper:   
 
Si 1.83 (vs 0.81), Mg 2.24 (vs 1.00) and Fe 1.08 (vs 0.9). 
 
 These current values, despite being larger than previously 
reported, are still indicative of a nicely homogeneous 
natural standard material. 



These "Boyd" numbers are to me less easy to 
comprehend than a simple “k-ratio”-like criteria, using 
peak counts on the standard one wishes to evaluate. 
 
I find another possible approach to evaluation, using 
counting statistics sigma approach, to be simpler. 
 
You want 99% of your actual standard counts to be 
equal or less than the counting statistical error spread. 



 (1) Determine total peak counts counts, with the 
average=exact value; using the count rate, determine 1 
sigma, then look at . Below, for Si, 
1 sigma = a divergence of 0.5% from the measured average, 
and 50% of the measurements fall within this window. Two 
sigma is ±1%, and contains 78% of the Si measurements; 3 
sigma have 90% of values within 1.5% of the average. Or 
said another way, there is 1 chance in 10 that a Si 
measurement will be 1.5% different than the mean value.  



As Jarosewich said, if there are a large number of 
measurements of points on a large number of grains, 
then these values will be averaged out. 
 
But not necessarily if there are a small number of 
measurements on 1 or 2 grains – which just so 
happen to vary some from the average value of the 
standard.  



       (1) Crystals of "San Carlos olivine" (peridot) available from 
gem dealers cannot be assumed to be of the same composition 
as USNM 111312.  
       (2) There is a small but finite probability that EPMA users who 
assume that any ONE grain of USNM Carlos olivine is EXACTLY 
the published composition could be making an error of 2-3% in the 
characteristic X-ray intensity for Mg and Si,  and 4-5% for Fe.  
EPMAers need to acquire "a reasonably large number of counts 
on a reasonably large number of grains" (Jarosewich et al, 1980).  
        (3) It is beneficial operating procedure for a lab to run several 
standards for an element and then compare the results for 
consistency.  
       (4) Periodic use of applications such as "Evaluate" (Probe for 
EPMA software) provides one way to cross-check all standards 
and determine whether some grains of well known standards may 
not be exactly the published values and should perhaps have their 
compositions modified. 



QC Proposal: That a probe mount of at least 25 grains of 
USNM 111312 San Carlos olivine be made available to 
any EPMA lab for a short period of time, to run as a 
primary standard, to compare one's own few grains of 
olivine standard with and verify the composition of the 
lab’s particular grains. 
 



Corollary: That potentially gem-dealer peridot San Carlos 
or Kilbourne Hole olivines be “qualified” as “second tier” 
olivine standards by use of such a QC mount.  

 One comment  is that the small size of the USNM 
standard grains makes mounting and polishing/
repolishing a difficult procedure.  Being able to “certify” 
larger crystals (using a “chain” approach?)  is desirable. 

Kilbourne Hole, NM 

Kilbourne Hole 
xenolith 

25 mm 



Data for KH olivine: composition using SC USNM mount, 
and XRF data (JS Lackey, Pomona College) 

Wt% oxide XRF1 EPMA2 
SiO2 39.88 40.66 
MgO 49.56 49.26 
FeO 9.72 9.74 
CaO 0.10 0.10 
MnO 0.14 0.14 
NiO 0.38 0.38 
Total 99.94 100.29 
Fo # 90.0 90.0 

1 Also: 0.14 wt% Al2O3; Cr 210 ppm; Zn 104 ppm; Na, K, P, Ti=0. 
2 Using USNM San Carlos (26 grains averaged) as standard 

Theoretical 
40.60 
49.04 
9.71 



In 2006 I reported on shifts in  
Mg Ka, using the SX51 as a 
poor-man’s spectrometer. At 
AGU in December, Philippe 
Jonnard and I will report on 
high resolution spectrometer 
results corroborating this. So in 
some cases, a “good” standard 
may be a “bad” choice. 




