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USGS Open File Report 85-718 

One of few published attempts to 
critically assess a wide set of EPMA 
standards in use in the USGS Reston 
probe lab, including the NMNH ones, 
was done by Huebner and Woodruff, 
released in 1985. 
 
They evaluated  
(a) the stoichiometry of the stated 

compositions of standards, and 
(b) whether the compositions of the 
grains in their mounts are the same as 
the published ones (using other ‘good’ 
standards).  

This report probably has not received the attention it deserves. All probe 
labs should have it and read it.  

Preface 1 



Pdf available 

www.geology.wisc.edu/~johnf/sx51.html 



Smithsonian Microbeam Standards Web page 

If you use these standards, 
you need to refer to this 
page for updates…. 

Preface 2 

<mineralsciences.si.edu/facilities/standards.htm> 
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Background to this talk Olivine – “San Carlos”  

Plotting grain averages (above) or 
each grain histogram (right) shows   
while each grain fairly homogeneous, 
there is wide range of compositions 
between grains. 

2 different researchers, over 2 
months, brought in “San Carlos 
olivine” which was NOT from the 
Smithsonian.  I analyzed them all….. 



…resulted in an evaluation of 25 grains of the 
NMNH 111312 San Carlos olivine   

89.8 



Olivine – San Carlos – NMNH 111312 

à Not exactly a normal distribution for Si and Mg: 1σ should be >68, 
2σ>95, 3σ>99 
àThere is a finite probability that 1 of 10 grains will have Si and Mg 
contents > 1% different from the nominal/mean value. 

Two ways to look at these numbers: 



“... When the criteria of these [std dev/sigma] 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) 



In November 2011, a graduate student at another university was 
having difficulty with EPMA of experimental orthopyroxene:  
 
“high totals >101 with decent stoichiometries, 3.99-4.01. But with 
other pyroxenes, decent totals but high stoichiometries (>4.01).” 
 
After ruling out common instrumental gotchas (e.g., PHA, peaking), I 
asked what standards were used and was told: 
 
NMNH hypersthene for Si, Mg, Fe 
NMNH Cr augite for Ca, Cr 
   and also tried 
NMNH Kakanui augite for Fe 
Harvard Sri Lanka enstatite for Si, Mg 
    but no difference 

This immediate pyroxene project 

I volunteered to try my hand at it…. 



…. And I had similar problems! 
 
The problem clearly is Si and Mg as all other elements are minor.  
 
 I acquired many different standards and then processed the same K-ratio 
with different standards, yielding the histogram below, with almost 2 wt% 
differences in MgO and SiO2 using common standards 
 

NMNH Diopside (Mg, Si) 
NMNH Hypersthene (Mg, Si) 
NMNH Kak augite (Mg, Si) 
NMNH Kak hornblende (Mg, Si 
NMNH omphacite (Mg, Si) 
NMNH Springwater olivine (Mg,Si) 
Harvard enstatite (Mg, Si) 
NIST K412 silicate glass (Mg, Si) 
Synthetic enstatite  (Mg, Si) 
UW jadeite (Si) 
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Proposal to Tim Rose @ Smithsonian: he send me many grains of 4 
NMNH pyroxene standards, and I would evaluate them as I had the 
San Carlos olivine. 
 

Hypothesis = the wet chemical analysis of grains was correct, but that 
natural variability intragrain may produce inaccuracies IF a small 
number (1? 2? 3?) grains are used for calibration. 
 
 
Goal = examine as large a number of grains as are available and 
document the variability. 



Black Rock Summit Flow, Chromian Augite, 
NMNH 164905  

Kakanui Augite, NMNH 122142 Natural Bridge Diopside, NMNH 117733 
 

Johnstown Hypersthene, NMNH 744 
 

54 grains 
270 pts 

49 grains 
245 pts 

24 grains 
120 pts 

17 grains 
85 pts 



Black Rock Summit Flow, Chromian Augite, 
NMNH 164905  

Kakanui Augite, NMNH 122142 Natural Bridge Diopside, NMNH 117733 
 

Johnstown Hypersthene, NMNH 744 
 

Grains are typically a couple hundred microns in size; free of zoning  



Roadmap for following slides: 
 

For each of the 4 NMNH pyroxene reference materials 
•  Green Histogram of 10 second counts (P+B) w/ σ
•  Red Histogram of all measurements wt% oxides 
•  Blue Histogram of averaged compositions of all grains 

2
σ

3
σ

1
σ



A comment about the use of these histograms: 

2σ
3σ

1σ

Relative to mean (82709) 
1 sigma: 37 of 84 (44%) 
2 sigma: 61 of 84 (73%) 
3 sigma: 75 of 84 (89%) 

•  Optimally the distribution of 
grains should be “normal” with 
the wet chemical analysis 
representing the mean value. 

•  68.2% of random analytical 
points should be within 1 sigma 
of the chemical analysis 

•  95.4% within 2 sigma 
•  99.6% within 3 sigma 

The histogram to the right differs 
from the above ideal case (e.g. 
only 44% of the analytical points 
fall within 1 sigma of the mean), 
suggesting at least for this 
element in this suite of grains, 
the distribution is more complex 
and more care is needed in 
assuming any grain is 
representation of the mean. 



NMNH Kakanui Augite - 54 grains -- 270 analyses 

2σ

3σ

1σ
2σ

3σ

1σ

Ca Ka Cnts (peak+bkg) 

2σ

3σ

1σ

Relative to mean (78353) 
1 sigma: 140 of 270 (52%) 
2 sigma: 222 of 270 (82%) 
3 sigma: 255 of 270 (94%) 

Relative to mean (19150) 
1 sigma: 149 of 270 (55%) 
2 sigma: 231 of 270 (86%) 
3 sigma: 263 of 270 (99%) 

Relative to mean (17418) 
1 sigma: 160 of 270 (59%) 
2 sigma: 231 of 270 (86%) 
3 sigma: 262 of 270 (97%) 



NMNH Kakanui Augite - 54 grains -- 270 analyses 

NMNH Kakanui Augite - 54 grains – averages of grains (below) 
é 

15.5   15.75   16.0   16.25   16.5 



Huebner & Woodruff: “The classical/wet chem analyses have sums 
that are slightly high…preferred analysis can be recalculated to 
perfect stoich px. Kak Px is homogeneous [average of 18 pts] wrt all 
major elements. Should be excellent std and superior known-
unknown for major elements in px. It has not been used as much as 
it deserves.” 

è 

è 
è 

è 



NMNH Johnstown Hypersthene- 17 grains -- 84 analyses 

2σ
3σ

1σ

Relative to mean (82709) 
1 sigma: 37 of 84 (44%) 
2 sigma: 61 of 84 (73%) 
3 sigma: 75 of 84 (89%) 

3σ

1σ
2σ

Relative to mean (31195) 
1 sigma: 30 of 84 (36%) 
2 sigma: 50 of 84 (60%) 
3 sigma: 63 of 84 (75%) 

Relative to mean (1507) 
1 sigma: 16 of 84 (19%) 
2 sigma: 27 of 84 (32%) 
3 sigma: 37 of 84 (44%) 

3σ

1σ
2σ



NMNH Johnstown Hypersthene- 17 grains -- 84 analyses 

3σ

NMNH Johnstown Hypersthene- 17 grains – average of each grain (below) 



Huebner & Woodruff: “…is very homogeneous [5 pts] wrt Si & only 
slightly less homogeneous wrt Mg and Fe. Should be a good std for 
Ca-poor px and may serve to check standardizations for Cr2O3 in 
silicates, provided sufficient # of pts is collected.” 

From the NMNH microanalysis standards web page: a caution 
regarding the NMNH hypersthene: use of Al and Ca may produce 
“inferior results”. 



NMNH Johnstown Hypersthene- 17 grains -- 84 analyses 

3σ

NMNH Johnstown Hypersthene- 17 grains – average of each grain (below) 

2σ

3σ

1σ



NMNH Chrome Augite - 24 grains -- 120 analyses 

Relative to mean (79604) 
1 sigma: 64 of 120 (53%) 
2 sigma: 99 of 120 (83%) 
3 sigma: 118 of 120 (98%) 

Relative to mean (20927) 
1 sigma: 62 of 120 (52%) 
2 sigma: 105 of 120 (88%) 
3 sigma: 115 of 120 (96%) 

2σ
3σ

1σ 2σ

3σ

1σ



NMNH Chrome Augite - 24 grains -- 120 analyses 

NMNH Chrome Augite - 24 grains – averages of grains (below) 



è 



NMNH Natural Bridge Diopside - 49 grains -- 245 analyses 

2σ
3σ

1σ 2
σ3
σ

1
σ

Relative to mean (90498) 
1 sigma: 108 of 245 (44%) 
2 sigma: 160 of 245 (65%) 
3 sigma: 234 of 245 (96%) 
 

Relative to mean (22394) 
1 sigma: 132 of 245 (54%) 
2 sigma: 209 of 245 (85%) 
3 sigma: 234 of 245 (96%) 
 

2
σ3
σ

1
σ

Relative to mean (27820) 
1 sigma: 119 of 245 (49%) 
2 sigma: 210 of 245 (86%) 
3 sigma: 237 of 245 (97%) 



NMNH Natural Bridge Diopside - 49 grains -- 245 analyses 

NMNH Natural Bridge Diopside - 49 grains – average of each 
grain 



⏎ 

Huebner & Woodruff: “…Despite [this diopside’s] successful use as a 
reference material, inspection of formula suggests Si value too low. 
However, addition of Si would cause wt% summation to rise to 101% 
and create excess of tetrahedral cations, suggesting Si alone is not 
the only problem with the analysis. Pending reanalysis, the diopside 
should be used only with caution.” 



Concluding thoughts: 
 
That it is ill advised to 
 
Use a small number of grains (1!) of NMNH pyroxene reference 
materials assuming they are exactly the published chemical 
composition… 
 
UNLESS those specific grains in one’s standard mount have been 
“checked” 
 
How would one check them???? 
 
à Acquire  ~100 counts off of ~20 grains of the standard in question, 
to determine the precise composition of the one grain of that 
standard in your mount. This might be considered “traceability” to 
the original reference material. 
 
For this to happen, a mechanism for loaning out for short periods of 
time a block of said grains…. With a deposit of $ to ensure it’s return 
within a reasonable period of time (10 days?).  
 
See me if you are interested. 



Some next steps for this specific project 
 
1.  Increase counts by 4-9x to double-triple precision 

2.  Use same process of evaluation for K411 and K412 glasses 
(which are virtual pyroxene compositions) 

 





NMNH Kakanui Augite - 54 grains -- 270 analyses 

2σ

3σ

1σ

2σ

3σ

1σ

Relative to mean (12649) 
1 sigma: 132 of 270 (49%) 
2 sigma: 218 of 270 (81%) 
3 sigma: 255 of 270 (94%) 

Relative to mean (2582) 
1 sigma: 182 of 270 (67%) 
2 sigma: 259 of 270 (96%) 
3 sigma: 270 of 270 (94%) 



NMNH Kakanui Augite - 54 grains -- 270 analyses 

NMNH Kakanui Augite - 54 grains – averages of grains (below) 



NMNH Chrome Augite - 24 grains -- 120 analyses 

Relative to mean (11530) 
1 sigma: 66 of 120 (55%) 
2 sigma: 103 of 120 (86%) 
3 sigma: 110 of 120 (92%) 

Relative to mean (1905) 
1 sigma: 81 of 120 (68%) 
2 sigma: 110 of 120 (92%) 
3 sigma: 118 of 120 (98%) 



Pyroxenes are one of key 
rock forming minerals, 
and Eugene Jarosewich 
and NMNH co-workers 
developed several 
standards in 1970s. 






