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ABSTRACT

A table is presented containing compositional data
for 25 minerals, four natural glasses, and one syn-
thetic glass prepared and analyzed for use as micro-
probe reference samples at the Smithsonian Institu-
tion. The table includes new chemical analyses of
minerals and some updated analyses of minerals
published previously.

Detailed descriptions of sample preparation and
evaluation of homogeneity are given.

Introduction

Microprobe analyses are an essential part of
present-day mineralogical and petrological studies.
It can be said that the application of the micro-
probe to mineral studies and material sciences in
general is one of the most significant advances since
the first use of the petrographic microscope in
the middle of the last century. The technique is
now well established, widely used, and capable of
high-quality analyses. As with all comparative in-
strumental techniques, however, it requires well-
characterized reference samples. Prime prerequisites
for microprobe reference samples are homogeneity
at the micrometer level and availability in rea-
sonable quantities for standard chemical analyses.
Either prerequisite is usually easily satisfied by itself
but together are difficult to achieve,

One of the problems with some minerals used as
microprobe reference samples is a lack of proper
documentation. Even if well-described minerals are
from the same locality and/or are obtained from
a reliable source, they may vary in chemical com-
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position. Therefore, a mineral sample intended as
a reference sample should be carefully selected and
used only when -analytical data on this particular
specimen are available. Since natural materials ful-
filling all the above requirements are not always
available, synthetic minerals and glasses have occa-
sionally been prepared as substitutes. Again, homo-
geneity of these materials should be checked and
chemical analyses performed. The assumption that
the precalculated composition is correct is certainly
not always valid.

In general, the most reliable microprobe analyses
are obtained when a reference sample of composi-
tion and structure close to that of the unknown is
used because the matrix and possible wavelength
shift effects are minimized, and only small correc-
tions are needed. It is generally accepted that,
regardless of the type of correction used, results
corrected by more than 10 percent should be viewed
with caution. Difficulties with correction procedures
in the Si-Al-Mg system have been pointed out by
Bence and Holzwarth (1977). Similar discrepancies
have been observed by other probe users.

All minerals and glasses described here, except
one, are of natural origin. Most have been obtained
from the Smithsonian collections and were selected
either in conjunction with specific projects or for
use in silicate analyses in general.

ACKNOWLEDGMENTs.—We wish to acknowledge
those curators and others listed in Table 1 who
provided us with samples for use as microprobe
reference samples. Brian Mason’s careful examina-
tion and assistance in separation of minerals is also
greatly appreciated. :

Preparation of Reference Samples

When a sufficient quantity (at least 2 g) of a min-
eral or glass is available for use as a microprobe
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reference sample, a thin section is prepared for
microscopic examination. Next, a microprobe analy-
sis for composition and homogeneity is performed.
If preliminary results are favorable, the material is
gently crushed, sized usually between 20 and 80
mesh, and further purified using either a heavy
liquid separation or a Franz magnetic separator or
both. In some instances cleaning with a suitable
acid is also useful. As a final step, the material is
examined under a low-powered microscope and
most remaining foreign grains are removed by
hand. The purified grains are again checked by
microprobe for homogeneity (sigma ratios) within
and among grains (Table 2). Finally, a chemi-
cal analysis using classical methods (Peck, 1964;
Hillebrand et al., 1953) is performed on the same
separate that is to be used as the reference sample.

Discussion

In Table 1 are presented the data for newly ana-
lyzed minerals, earlier published analyses, and up-
dated analyses for several minerals that have been
in use for some time. Johnstown meteorite hypers-
thene and Springwater meteorite olivine have been
re-analyzed using what we believe to be much
cleaner separates. Kakanui hornblende has been
re-analyzed for TiO.,.

Even after the most careful preparation of the
reference sample, a grain of accessory mineral or
matrix may remain in the sample, which, in the
course of preparation of the standard discs, could
be included with the reference sample. Occasional
grains of the standard itself will be “off composi-
tion,” due to inhomogeneity. These problems can
never be totally eliminated. The user should be
aware of the possible presence of such “impurities”
and make a thorough check for them. For example,
occasional grains are found that are lower in sodium
and higher in potassium than usual in the reference
sample microcline, lower in manganese than usual
in Rockport fayalite, and lower in sodium than
usual in Lake County plagioclase. Infrequent inclu-
sions in the glasses 72854, 111240/52, 113498/1, and
113716 are also found.

The overall homogeneity of each sample was de-
termined using the criteria given by Bovd et al.
(1967) whereby the sample is considered to be homo-
geneous if the sigma ratio (homogeneity index) of
observed standard deviation (sigma) to the standard
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deviation predicted from counting statistics alone
does not exceed 3. The sigma ratios were calculated
with reference to ten ten-second counts on each of
ten randomly selected grains. Table 2 gives sigma
ratios for the ten grains of each reference sample
for major and some minor elements. The values in
parentheses indicate the worst sigma ratio observed
for an element in a single grain. This does not,
however, imply a single worst grain, as different
grains may exhibit differing degrees of homogeneity
for each element present. When the criterion of
sigma ratios is used as a measure of homogeneity,
all the reference samples prove to be very homo-
geneous 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 dif-
ferent 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.

These samples were prepared in only small quan-
tities, but they can be judiciously made available to
microprobe users interested in the analysis of geo-
logic materials. Potential users should remember
that the purified samples differ in bulk chemistry
from the specimens from which they were separated
and should be very specific in their requests—
Le., the requests should be made for microprobe
standard USNM no. n rather than simply material
from specimen USNM no. n.
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Key 1o TasBLE 1
Analysts, Sources, References

Analysts:

1. E. Jarosewich, Dept. of Mineral Sciences, Smith-
sonian Institution

2. ]. Nelen, Dept. of Mineral Sciences, Smithsonian
Institution

3. J. Norberg, Dept. of Mineral Sciences, Smith-
sonian Institution

4. E. L. Munson, N. M. Conklin, J. N. Rosholt, and
I. C. Frost, U.S. Geological Survey

5. B. Wiik, Geological Survey, Finland

6. U.S. Geological Survey, Geochemistry and Pet-
rology Branch

7. D. Mills, X-Ray Assay Laboratories, Ontario,
Canada; J. Nelen; J. Norberg

8. E. Kiss, Dept. of Geophysics and Geochemistry,
Australian National University

9. J. J. Fahey and L. C. Peck, US. Geological
Survey

Sources:

1. P. Desautels, J. S. White, Jr., and P. J. Dunn,
Dept. of Mineral Sciences, Smithsonian Institu-
tion

2. B. Mason, Dept. of Mineral Sciences, Smith-
sonian Institution

3. G. Switzer, Dept. of Mineral Sciences, Smith-
sonian Institution

4. W. G. Melson, Dept. of Mineral Sciences, Smith-
sonian Institution

5. T. L. Wright, US. Geological Survey

6. H. Staudigel, Massachusetts Institute of Tech-
nology

7. R. S. Clarke, Jr., Dept. of Mineral Sciences,

8.

Smithsonian Institution
J. H. Berg, Northern Illinois University

References for previously published analyses:

1.

Stewart, D. B., G. W. Walker, T. L. Wright, and
J. J. Fahey
1966. Physical Properties of Calcic Labradorite
from Lake County, Oregon. American
Mineralogist, 51:177-197.
Young, E. J., A. T. Myers, E. L. Munson, and
N. M. Conklin
1969. Mineralogy and Geochemistry of Fluora-
patite from Cerro de Mercado, Durango,
Mexico. U.S. Geological Survey Profes-
sional Paper, 650D:84-93.

. Mason, B, and R. O. Allen

1973. Minor and Trace Elements in Augite,
Hornblende, and Pyrope Megacrysts
from Kakanui, New Zealand. New Zea-
land Journal of Geology and Geophysics,
16(4):935-947.

Jarosewich, E.

1972. Chemical Analysis of Five Minerals for
Microprobe Standards. In William G.
Melson, editor, Mineral Sciences Investi-
gations, 1969-1971. Smithsonian Contri-
butions to the Earth Sciences, 9:83-34.

Jarosewich, E.

1975. Chemical Analysis of Two Microprobe
Standards. In George S. Switzer, editor,
Mineral Sciences Investigations, 1972-
1973. Smithsonian Contributions to the
Earth Sciences, 14:35-86.




TaBLE 1.—Chemical analyses of electron micro
references identified in “Key to Table 1”

on facing page;

probe reference samples; analysts, sources, and
these purified samples all differ, to

greater or lesser degree, from the bulk chemistry of the USNM specimens from which they were

separated (see text).

v/

k4
.
e 3 el
C- IR )
Mineral $i0; 4103 Fey03 Fa0 Mz0 cao Naz0 K30 Ti0p P05 MmO  Cry0;  Hs0 Total < « &
Anorthite, Great Sitkin Island, AL 44.00 36.03 0.62 <0.02 19.09 0.53 0.03 0.03 100,33 1 1
USNM 137041
Anortnoclase, Xakanui, New Zealand 66.44  20.12 0.20 0.87 9.21  2.35 <0.05 99.29 3 2
USNM 133868
Apatite (Fluorapatite), Durango, Mexzicol 0.34 0.07 0.08 0.00 0.01 54.02 0.23 0.01 4C.78 0.0 0.01 99.94 4 1 2
USNM 104021
Augite, Kakanui, New Zealand 50.73 7.86  3.89 3.45 16.65 15.82 1.27 0.00 0.7% 0.13 0.04 100.38 5 2 3
USNM 122142
Benitcire, San Zenito County, Cal 43.75 19.35 100.15 2 1
USNM 86339
Chromite, Tiebaghi Mine, New Caledonial 9.32 13.04 15.20 0.12 0.11 50.5 98.89 2 1
USNM 117075
Corundum, syatketic* 99,29 99.99 1 1
USNM 6578
Diopside, Natural Bridge, NY 54.87 0.11 0.24 18.30 25.63 0.34 0.04 29.53 2 T
USNM 117733 .
Fayalite, Rockporc, MA 29.22 1.32 66.36 0.04 2.14 0.1 39,18 2N &
US¥M 85276
Garnet, Roberts Victor Mine, Souch Africa 38.47 22.27 2.77 13.76 6.55 14.39 0.39 0.59 <0.01  100.19 13 4
USNM 87375
Garner, Robarts Victor Mine, South Africa 40.16 22.70 2.17 9.36 7.17 18.12 0.35 0.19 <0.01 100.22 1 3 4
USNM 110752
Glass, Basaltic, Juzn de Fuca Ridge 30.8L 14.06 2.23 9.83 6.71 11.12 2.62 0.19 1.85 0.20 0.22 0.02 899.86 1 &4 5
USNM 111240/52 vG-2
Glass, Basaltiec, Makaopuhi Lava Lake, HI 50.94 12.49  1.87 11.82 5.08 9.30 2.5 0.82 4.06 0.38 0.15 0.02 99.39 3 %5
USMM 113498/1 VG-399
Glass, Basalitic, Indian Ocean® 51.52  15.39 1.12 8.12 8.21 11.31 2.48 0.09 1.30 0.12 0.17 0.18 100.07 3 &
USNM 113716 )
Glass, Rhyolitic, Yellowstone Nar. Pk., WY®| 76.71 12.06 0.48 0.80 <0.1 2.50 3.75 4.89 0.12 <0.91 0.03 .12 99.56 3 4
USNM 72854 VG-568 R
Glass, Tektite, synthetic’ 75.75  11.34  0.6% 4.32 1.51 2.66 1.06 1.88 0.50 0.00 .11 0.10 99.88 &
USNM 2213
Horndblende, Arenal Volcano, Costa Rica 41.46 15.47 5.60 6.43 14.24 11.55 1.91 o0.21 1.41 <0.01 0.1i5 1.21 99.64 Sl T
USNM 111356
Hornblende, Kaksnui, New Zasalang® 40.37  14.90 3.30 7.95  12.80 10.30 2.60 2.95 4,72 0.00 0.09 9.94 100.02 1L 2 &4
USNM 143963
Hypersthene, Johnstown zmeteorite 54.09 1.23 15.22 26.79 1.52 <0.05 <0.05 0.16 0.49 0.75 0.00 100.25 3 2
USNM 746
Ilmenice, Ilmen Mtns., Miask, USSR? 11.8 36.1 9.31 45.7 4.77 99.40 7 (I -
USN¥ 96189 . 8Y Feo
Magnetite, Minas Gerais, Brazill? 67.5 9.2 98.16 = F 3
USNM 114887
Microcline, location unknown 84.24 18.30 0.00 0.04 3.03 0.02 1.30 15.14 0.01 0.04 99.12 8 3
USWM 143966 ’
Qliviae (Feag), San Carles, Gila Co., az!! | 40.81 9.55 49.42 <0.05 0.00 0.14% 100.29 1 2
USNM 111312/444
Olivine (Fog3), Springwater meteorite 38.95 16.62 43.58 0.30 0.02 <0.05 99.47 3 7
USuM 2366
Omphacite, Roberts Victor Mfne, So. Afries | 35.42 3.89 1.35 3.41  11.57 13.75 5.00 ©.15 0.37 0.10 0.02 3100.03 1 3 &
USNM 110607
Osumilize, Nain, Labrador 60.20 22.40 5.38 5.83 <0.03 0.39 4.00 0.18 0.02 99.60 1 8
USNM 143567
Plagioclase (Labradorite), Lake County, OR | 51.2 30.91 0.34 0.15 0.14 13.54 3,45 0.18 0.05 G.01 3.05 100.17 9 1 1
UsyM 115900
Pyrope, Kakanuil, New Zealand 41.486 23.73 10.68 18.51 5.17 0.47 0.28 <0.01 100.30 1 2 &
TSNM 143968
Quartz, Hot Springs, AR'Z 99.99 99.95; I R
USNM R17701
Scapolite (Meionitrs), Braziil? 49.78 35.05 0.17 13.58 5.20 92.94 0.21 99.86 7 e
USNM R6600-1
' S0 0.07; RE;03 1.43; ThOp 0.02; As,0; 0.09; V505 0.01; €O, 0.05; 7 €0, not determined (insufficient sampls); C1 0.00; F 0.01.
503 0.537; F 3.53; CL 0.41; sub-totai: 101.52; O equivslenr to €1, ¥ = Synchetic glass prepared by Corning Slass Company.
1.58; final total: 99,94, % New Ti0, value: 4.72.
Z 330 37.05. ¥ ¥by0s 0.92.
3 Total Fe reported as Feo. 0 Preliminary values: ¥20 9.05; T:0, 0.16; Mn0 <0.01; Cr;03 0.25.
% Emission spectrometric analysis: $i 0.03; Fe 0.003; Mg 0.007; 1! w10 0.37.

Ca 0.003; Na 0.005; X 0.005.

55 0.12; sub-tocal:

100.07-

8 C1 06.13; sub-rotal:

99.36.

100.13; O equivaleat to S = 9.06; final total:

99.59; 0 equivalert to Cl = 0.02; final total:

‘2 Emission spectrometric analiysis:
€2 0.001; Na 0.001; K 0.0003.
'3 co. 2.5: s0; 1.32;

€1 1.53; sub=total:

Cl = 0.32; final totai: 99.36.

Al 0.9005; Fe 0.01; Mg 0.005;

190.18; 0 equivaient to
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TaBLE 2.—Sigma ratios (homogeneity indices) for all analyzed grains of each reference sample

: : . observed sigma for n grains
(sigma ratio for n grains = — = : — > least homogeneous grain in
sigma predicted from counting statistics

parentheses; dashes = not evaluated)

Mineral $i0p Alo03  FeO Mg0 Ca0 Nay0 K50 Ti0p P,05 MnO Cr,05
Anorthite 0.96 0.81 0.92
(1.51) (1.26) (1.23)
Anorthoclase 1.09 0.79 1.11
(1.60) (1.38) (1.57)
Apatite (Fluorapatite) 1.02 0.97
(1.51) (1.51)
Augite 0.99 0.97 0.84 0.94 1.00
(1.37) (1.66) (1.26) (1.23) (1.25)
Benitoite e 3
Chromite 1.00 1.01 Ll 1.12
(1.47) (1.66) (1.50) (1.49)
Corundum —————————
Diopside 1.07 0.97  0.95
(1.37) (1.50) (1.50)
Fayalite 0.95 1.14 1.03
(1.46) (2.32) (1.58)
Garnet, 87375 0.89 1.01 1.06 1.01 " 0.86
(1.26) (1.42) (1.41) (1.49) (1.11)
Garnet, 110752 0.88 0.94 0.90 1.00 0.87
(1.32) (1.28) (1.20) (1.34) (1.47)
Glass, 111240/52 VG-2 0.94 0.89 0.86 0.96 1.00 1.05
(1.10) (1.11) (1.13) (1.6l) (1.27) (1.31)
Glass, 113498/1 VG-A99 0.94 1.190 1.07 0.92 0.93 1.15 0.97
(1.32) (1.46) (1.38) (1.38) (1.34) (2.10) (1.44)
Glass, 113716 1.32 1.00 0.94 1.01 0.83 1.25
(1.42) (1.30) (1.3%4) (1.36) (1.19) (2.39)
Glass, 72854 VG-568 0.97 1.00 2:31 0.98
(1.81) (1.47) (3.45) (1.36)
Glass, 2213 1.05 0.87 1.01 1.05
(1.72) (1.24) (1.3%) (L.61)
Hornblende, Arenal 1.07 0.97 1.12 2% 5 & 1.01 0.98
(1.67) (1.66) (1.36) (1.67) (1.27) (1.32)
Hornblende, Kakanui 1.01 1.00 1.30 1.16 1.10 1.15 0.90 1.01
(1.38) (1.24) (1.67) (2.38) (1.73) (2.15) (1.29) (1.49)
Hypersthene 1.97 1.10 0.93
(1.55) (1.37) (1.27)
Ilmenite 1.72 1.34 122
(3.60) (1.98) (1.53)
Magnetite 0.84
(1.16)
Microcline 0.94 1.04 1.09
(1.13) (1.52) (1.59)
Olivine (Fogg), San Carlos 0.81 0.90 1.00
(1.13) (1.29) (l.64)
Olivine (Fog3), Springwater | 0.96 1.06 0.99
(1.42) (1:51) «(1.12)
Omphacite 0.89 0.95 0.96 0.3%1 1.02 0.99
(1.23) (1.64) (1.87) (1.30) (1.51) (1.31)
Osumilite 0.96 1.27 1.20 1.00 1.13
(1.90) (1.89) (2.19) (1.790) (1.64)
Plagioclase (Labradorite) 1.09 0.95 1.04 0.91
(1.49) (1.50) (1.65) (1.33)
Pyrope 1.08 0.95 1.09 0.98 0.97
(1.46) (1.20) (1.59) (1.21) (1.18)
Quartz e ——
Scapolite (Meionite) 0.99 0.95 0.91 0.98
(1.29) (1.41) (1.16) (1.41)

observed sigma for all grains
sigma predicted from counting statistics

Sigma ratio for 10 grains =

observed sigma for this particular grain
sigma predicted from counting statistics

Sigma ratio for least homogeneous grain =
(in parentheses)



