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Introduction

Recent research in mineralogy and the emerging specialty of mineral
physics has posed questions concerning chemical composition that cannot
be answered with certainty using the laboratory reference materials
generally available today. Mineralogist, minerals-physicists, and materials
scientists want to measure the stoichiometry of the olivine, pyroxene, and
oxide minerals because deviations from full site-occupancy of cations
and anions or presence of interstitial ions are clues to the presence of
point defects, on which the transport properties of these phases depend.
Analytical chemists are striving to improve the mathematical algorithms
which account for the effect of a mineral's matrix (the chemical and
structural environment surrounding an atomic-species being analyzed) on
the non-destructive X-ray analysis of a species. Also, petrologists and
mineralogists are interested in the occurrence and distributions of minor
and trace elements in minerals. When the mineral to be analyzed is
present in minute quantity or is intermixed with other phases, the electron
microprobe method is commonly the only practical method for the analysis.
Many of the standards described in this report will be useful for this method.

Microprobe Analysis

Chemical analysis using the electron microprobe is a non-destructive
x-ray spectrographic technique for determining the concentrations of elements
in minute volumes (several cubic micrometers) of specimens of interest.

With this technique, a finely focussed electron beam strikes the polished
surface of the substance to be analyzed (the "unknown") and penetrates
several micrometers in depth. Part of the energy of the impinging electrons
is emitted as characteristic X-ray spectra of particular elements composing
the mineral. The microprobe is equipped with spectrometers that permit
examination of narrow regions of the X-ray spectrum, each characteristic of
an element being analyzed.

Microprobe analysis is a relative technique in the sense that two sets
of data are compared. The microprobe analysis procedure involves measuring
the count rates per concentration unit of elements in standards (materials
whose compositions are well known) and measuring count rates from the unknown
samples. The concentration of an element in an unknown is proportional
to the number of X-rays emitted by that element. Similarly, X-ray
count rates are proportional to the concentrations of elements in standards.
Elemental concentrations in unknowns are calculated using the count rates
per concentration unit determined during standardization. Thus the analyses
obtained can be no more accurate than the compositions of the standards.

Microprobe operators need a realistic assessment of the quality of
the chemical analyses of the standards that they use. Previous lists of
standards have included only the chemistry and a homogeneity index (Jarosewich
et al., 1979). This report summarizes the information currently available
to evaluate, for use as standards, materials available in the Reston micro-
probe laboratory and includes, wherever feasible, a critical evaluation of
each standard using elementary principles of crystal chemistry that must
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be met if the chemical analysis is to agree with what is currently known
about the Timits of composition and site occupancies of the analyzed phases.

Quantitative chemical analysis techniques, based largely on energy-
dispersive x-ray spectrographic analysis, have recently become available
for use with scanning and transmission electron microscopes. After proper
sample preparation, most of the materials described in this report that
qualify as microprobe standards will also serve as chemical analytical
standards for electron microscopy. However, few microprobe standards have
been examined with the fine spatial resolution available with electron
microscopes. It is possible that some of the standards which appear homo-
geneous in the electron microprobe (resolution 2 to 3 micrometers) will
prove to be heterogeneous when examined by electron microscopy (300-1000
angstrom resolution for chemical analysis).

Nomenclature

The standards described in this report have 4-letter mnemonic names
that can be included in the computer code used to operate microprobes and
incorporated in the compact format used to print the analytical results.
The first one or two letters designate a mineral group or species:

AM amphibole 0X oxide

AP apatite PX pyroxene

C carbonate S sulfide

FS feldspar SC scapolite
G glass SP sphene

GT garnet ST staurolite
M mica Z0 zoisite

OL olivine

The remaining letters describe a particular standard. Most mnemonic codes
are derived from the name that was commonly used before the 4-letter
mnemonic scheme was introduced. For example, AMKH stands for the amphibole
"Kakanui hornblende" and OLST designates the olivine "synthetic tephroite".
Several standards are not members of large mineral groups; in such cases

the first two letters refer to the mineral species (STBM is the staurolite
from Berkshire, Massachusetts). The mnemonic codes are listed in Appendix I.

Mineral Formulas

Complete chemical analyses have been recalculated to mineral formula
units following the standard scheme for such calculations (see Deer et al.,
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1966, p. 515-518).

basis of the formula unit.

A1l analyses were recalculated using the FORTRAN program
MINCLC (Freeborn et al., 1985).

MINCLC is a general-purpose program that
permits the operator to specify any number of anions and cations as the

The routine will attempt to recalculate the

analysis to the desired anion to cation ratio by adjusting the proportions
of the reduced or oxidized states of the following multivalent elements:

MN (Mn*2) MC (Mn*+3)
FE (Fe*2) FC (Fet3)
CS (Cr+2) CR (Cr*3)
TS (Ti*3) T (Ti*4)

As a general rule, if both ferric and ferrous iron were reported by the
analyst, we present an unadjusted formula unit. If the analyst determined

only FeO or Fep03, we list the adjusted formula unit. Some judgement is
necessary in permitting the computer program to force the analysis to fit a
preconceived formula stoichiometry by adjusting the oxidation states of analyzed
elements. In favor of permitting adjustments is the fact that analyses of

the concentrations of the oxidized and reduced species of an element are
difficult and may be in error. On the other hand, minor adjustments, such as
those that might be brought about by ordinary levels of error in chemical
analyses, are trivial and not considered in this report. Adjustments that
result in unreasonable site occupancies (for example, significant manganic

jons in olivine) or in an incompatible oxidation state and geologic environment
(for example, Ti*3 in a mineral from the earth's crust) are unreasonable.

Analysis of structural water (and fluorine and chlorine) in minerals is
difficult and subject to large uncertainties. Where appropriate, an analysis
was recalculated on both a hydrous basis (includes water and halogens) and an
anhydrous basis (excludes water and halogens and assumes that all anions are
oxygen), using the following formula units:

Mineral Group Formula Basis Cations Anions
amphibole hydrous 15-16 24

" anhydrous 15-16 23
dioctahedral mica hydrous 14 24

" anhydrous 14 22
trioctahedral mica hydrous 16 24

" anhydrous 16 22
pyrophyllite hydrous 12 24

" anhydrous 12 23
zoisite hydrous 8 13

" anhydrous 8 12.5
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Some mica and amphibole formulas depart markedly from the expected
stoichiometry when recalculated on a hydrous basis, yet yield stoichio-
metric formulas when recalculated without water and halogens. In these
cases, the weight percent values of water and halogens may simply be incorrect.
If use of the anhydrous formula unit results in a superior formula unit, the
analytical values for Hp0, F, C1, and the redox species should be viewed with
suspicion, but such suspicion does not necessarily prejudice the rest of the
analysis. Many other analyses will yield the desired stoichiometry after
conversion to an anhydrous formula unit and adjustment of the proportions of
the oxidized and reduced ionic species of the multivalent elements. Evalua-
tion of these cases is more difficult because the analytical error may be
either an inaccurate determination of the oxidation state of a polyvalent
element or an error in the concentration value of another element. Many
micas and amphiboles cannot be recalculated to a formula with a simple
cation:anion ratio and thus appear to have nonstoichiometric formulas. In
amphiboles, specifically hornblende, the nonstoichiometry is likely to be
caused by a partially filled A site in the structure. Non-stoichiometry in
micas can have several different causes: solid solution between di-octahedral
and tri-octahedral components, leading to excess cations (or vacancies) in
the octahedral sites (Foster, 1960); substitution of oxy-components by a
mechanism in which one highly charged cation substitutes for 1.5 or 2.0 less
highly charged cations, leading to octahedral vacancies (or loss of hydrogen);
and intimate inter-growths (interlayers) of alkali-poor compositions leading
to unfilled alkali sites (e.g. chlorite-biotite).

The formal assignment of cations to structural sites of minerals that
have more than one cation site was guided by the results of experimental
determinations of site occupancies in crystals. These results have been
summarized for amphiboles (Hawthorne, 1981), feldspars (Ribbe, 1983), garnets
(Meagher, 1980), micas (Bailey, 1984; Deer et al., 1962), oxides (Rumble, 1976),
sphene (Ribbe, 1980), and pyroxenes (Cameron and Papike, 1980).

Evaluation of analyses

The evaluations in this report focussed on our knowledge of the properties
of materials rather than on effects brought about by microprobe operating
procedures. We sought to identify chemical constituents that might be reported
in error, major and some minor components that might not have been analyzed
(data reduction schemes that incorporate a matrix correction require knowledge
of the bulk composition of the standard), and heterogenous distributions of
components within a material. Five criteria were used to evaluate the suitability
of materials for use as standards: (1) the uncertainties inherent in the
method used to obtain the analysis, (2) the chemical analysis itself, (3) the
formula unit calculated from the analysis, (4) the homogeneity of the material,
and (5) the existence of special problems such as very fine grain-size or
presence of additional phases included within the grains. One could also
have used as a sixth criterion the successful use of the mineral as a standard.
We did not use this sixth criterion because success of a standard depends
upon additional factors (instrument performance, perfection of polished surface,
data reduction scheme, and operator technique) that vary from laboratory to
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laboratory. Thus it is quite possible that a superbly analyzed and

perfectly homogenous material could fail to give reproducible analytical
results some of the time (instrumental instability, poor judgement by operator)
or all of the time (data reduction scheme insufficient for the particular
compositions in question). Conversely, it is possible for an operator to
adjust the instrumental operating conditions or to modify the accepted chemical
analysis of the standard so that the microprobe delivers the desired chemistry.
(This practice leads to satisfying results because it compensates for possible
absolute errors in the chemical analyses of standards and for the failures of
existing correction schemes to account perfectly for matrix effects. Such
satisfying results may be valid in a relative sense, but they cannot have
absolute veracity unless tested by the analysis of independently analyzed
materials, the subject of this report.)

(1) 1If the method of analysis is known, it may be possible to estimate
the uncertainty associated with the reported values. For instance, mineral
analyses performed by conventional rock and mineral analysis methods at the
U.S. Geological Survey are reported to the nearest 0.01% and are commonly
regarded as being accurate to 0.2% absolute if the constituent exceeds 30%,
0.1% absolute for constituents in the range 10-30%, and 0.05% absolute for
constituents below 10% (Clark, 1974, p. 33). Routine rapid-rock-analysis
methods are reported to the nearest 0.1% and should be accurate to the nearest
1% absolute for constituents present at greater than 30%, 2% relative for the
range 10-30%, 0.1% absolute for the range 1-10%, and 0.02% absolute for
constituents present at less than the 1% level (Clark, 1974, p. 35). Some
purported standards have been analyzed only by microprobe methods; the uncer-
tainty of these analyses relative to the standards used can be expected to be
similar to the uncertainties encountered with the rapid-rock analysis methods.
Surprisingly, a brief description of the method used to obtain an analysis is
not always included as a part of the documentation provided us with the
standard material.

(2) The sum of a complete chemical analysis is ideally 100 percent, but
significant departures from that value do not necessarily indicate a serious
analytical error. For instance, not all instrumental methods can distinguish
the oxidized and reduced states of an element. Reporting an oxidized state
as the reduced state results in a low summation because the oxygen, which
forms 50-67 atomic percent of common silicates and oxides, is almost never
analyzed directly. Thus, pure Fep03 reported as Fe0 has a weight percent
sum of 89.9 percent. Summations exceeding 100 percent occur when halogens
or sulfur are present as anions, yet all cations are reported as oxides.

In such cases, an amount of oxygen equivalent to the halogen or sulfur is
subtracted from the analysis. For example, in the case of synthetic fluor-
phlogopite (MFPH), KMg3A1Si301qF2, the elements K, Mg, Al, and Si are all
given as oxides leading, in t%e presence of 9.0% F, to a summation of 103.8%
by weight. An amount of oxygen equivalent (on the basis of charge compensa-
tion) to the fluorine must be subtracted from the summation. In this case,

in which oxygen has twice the charge but only 84.2% the atomic weight of
fluorine, 3.8% by weight oxygen is subtracted, giving the phlogopite a revised
total of 100.0% by weight.

page 6



Confirmation of analytical results by replication, preferably using
a different analytical method, is the most informative line of evidence to
be used in evaluating a standard. Unfortunately, many standards do not
have a single complete chemical analysis, much less two complete analyses.
In those few cases where two analyses are available, and they agree, one
can be quite confident that the bulk compositions are well known. In a case
where the replicate analyses disagree, one must try to decide objectively
which analysis to use, in the process rejecting the other analysis(es). When
an objective decision cannot be reached, the range of possible values must
include both analyses. One is left with the distressing (and ironic)
situation in which a standard for which there is no confirming analysis will
appear to have less uncertainty than a standard for which there are two
equally good (but different) values.

(3) It should be possible to calculate a reasonable formula unit from
the chemical analysis. A reasonable formula has an appropriate cation:anion
ratio and has ions distributed among unlike structural sites to give a
plausible (formal) site occupancy. For example, current knowledge of
crystal chemistry suggests that Sitd s tetrahedrally coordinated in rock-
forming silicates, and the tetrahedral site cannot accept 1arge monovalent
or divalent cations such as Na*, K*, catt, Mg*t, Fett, or Mn*¥, which
commonly occur in octahedral or 8-fold coordination. Following this line
of reasoning, we would conclude that

(Fe, Mg, Mn)2 0o Si1.00 Oa

would be a reasonable olivine formula unit but that analyses leading to
either

(Fe, Fc, Mg, Mn)o g4 Sig.96 04 or (Fe, Mg, Mn)y.92 Si1.04 Og
must include either components determined in error or an admixed phase.

(4) A good microprobe standard is chemically uniform at the scale of
the volume excited by the beam. The homogeneity of each material was measured
using operating conditions under which that material might be expected to
be used as a standard, most commonly 15KV accelerating potential, 100nA
beam current (approximately 10 nA specimen current), and using a focussed beam
spot (1-2 micrometers in diameter, leading to an activation volume with a
diameter of 2 to 3 micrometers). No special care was taken to polish the
materials; the homogeneities reported are for materials prepared as conventional
microprobe standards - sets of many different standards in a polished brass
block or simple polished grain mounts on a glass slides (see Appendix II).
The degree of homogeneity is reported as the sigma ratio, the ratio of the
observed degree of count rate variation to that predicted, on the basis of
counting statistics, from the mean count rate. Counts obtained in 10 or 20
seconds were accumulated from each of 20 points that were distributed among
as many grains as possible. In most cases, three elements were measured
simultaneously. Elements that were measured together are reported on the
same 3 lines in the data sheets. A background value, determined by averaging
five 10-20 second counts on a pure oxide such as Ti0p or Si0p, was subtracted
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from each measurement. A perfectly homogenous material should give a sigma
ratio of unity. We consider materials with sigma ratio values of 2.0 or less
to be sufficiently homogenous for routine use as standards, materials with
values of 2.0 to 3.0 to be slightly heterogenous and usable only with caution;
and materials with values exceeding 3.0 to be unsuitable for use as standards.
In terms of microprobe operating procedures, if the sigma ratio is close to
unity, the operator need only measure and average count rates on 3 to 4 points
during standardization; if the ratio is 2.0, counts from 5 points should be
averaged; and if the value is 3.0, it would be advisable to measure and aver-
age at least 10 points, a lengthy procedure, or to choose a different standard.

In some cases, we report sigma ratios for fewer than 20 points because we
rejected the counts from one or more points and recalculated the sigma ratios.
For each rejected point, we obtained anomalous count rates from each of the
elements being detected simultaneously. Anomalous points can come about from
analysis of included phases, imperfections in the polished surfaces of the
materials, or from analysis of a polished surface that is not located at the
focal point of the X-ray and light optical systems. We do not disqualify a
material from usage as a standard because one or more measured points were
anomalous, but the subsequent operator who chooses that as a standard should
bear in mind that special care may need to be taken to avoid anomalous points.

It is important to realize that our method for calculating sigma ratios
differs from that of Jarosewich et al. (1979). They measured 10 points on
each of 10 grains, averaged the 10 counts for each grain, then calculated
the sigma ratio on the basis of the averaged counts for the 10 grains. This
procedure will give a good estimate of the inter-grain compositional variation
that is of concern when splitting crushed samples for bulk chemical analysis,
but that procedure obscures the smaller scale, intra-granular spatial depen-
dence of the composition that is of interest to microprobe operators. Our
procedure is designed to reveal compositional heterogeneities on the scale of
the X-ray activation volume of the electron beam and, as might be expected,
our sigma ratios are commonly somewhat larger than those measured by Jarosewich
et al. (1979) on splits of the same material.

(5) Some special problems adversely affect the performance of a material
as a microprobe standard. One difficulty that plagues many synthetic materials
is a grain size that is so small that the operator has difficulty locating the
grains or that the excitation volume exceeds that of the grain. The standards
OLSF, OLST, and PXSE have this problem. Another problem pertains to the
ability of the standard to take a polish in either a mount of many standards
(with unlike polishing properties) or a solitary mount (where all grains have
the same properties. Small, very hard grains such as magnetite (0XSM) develop
such great topographic relief, relative to the surrounding epoxy medium, that
there is only a small amount of flat surface area oriented perpendicular to the
microprobe electron beam. The synthetic corundum OXSC, while coarser, is so
tough that it tends to be plucked from the mount during polishing. Very soft
materials such as fluor-phlogopite (MFPH) and pyrophyllite (PYNC) tend to
smear rather than polish. Proper preparation of a well-polished mount containing
such unlike phases is almost impossible. A final special problem concerns
admixed phases. The glass and two oxides admixed with the synthetic cobalt
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olivine, OLSC, present only a mild inconvenience for the operator because the
olivine can be distinguished optically. But the distinction of the pyrox-
mangite from contaminating olivine in mounts of PXHI, however, can be done
only by monitoring the count-rate data, presenting a more serious problem for
the operator because the erroneous data that have been collected must be
recognized and then rejected.

Numerical Ratings

We assign a numerical score (Appendix III) to each standard and potential
standard listed in Appendix I. The scheme for assigning positive and negative
point values is given in Appendix IIIA. Although the relative importance
assigned to various elements of the scheme is subjective, the decisions about
individual criteria can be made objectively. Thus different individuals should
be able to arrive at the same point values. It is important to avoid penaliz-
ing a standard more than once for each shortcoming. Thus, if an element was
not determined and the summation is low, the numerical score should be reduced
only once. Similarly, if the apparent poor homogeneity results from a poor
polish, the standard should be penalized for one or the other, but not both.
The more positive the score, the more dependable is the material for use as a
microprobe standard. Standards with scores of 10 or greater qualify as "known
unknowns" that can be used to check instrument standardization and operation.
Such materials should be candidates for interlaboratory calibrations.

Use of materials with scores less than 4 should be avoided. In some cases,
low scores result from a lack of documentation and will improve as we Tearn
more about the material.

Choice of Standards

The suitability of a substance for use as a microprobe standard depends
to some extent on the purpose for which it will be used. When selecting
standards, the microprobe operator must consider the uncertainty in the
chemistry of the standard because the microprobe analysis can be no better
than the analysis of each standard used to calibrate the microprobe. As a
general rule, Reston microprobe operators want to obtain analyses of known-
unknowns that reproduce the independently obtained analyses to within 1%
absolute for oxides present at the 50% level, 0.2% for oxides present at the
5% level, and 0.1% absolute for oxides present at a level of 1% or less. We
have designated standards with chemical analyses judged better than these
limits for all major elements as standards suitable for use as known-unknowns;
they have numerical ratings > 10 (Appendix III). Other materials are suitable
for use only as standards (4-9), are unsuitable (<3), or are potential standards
whose eventual evaluations await further information (< 3).

Distribution of Standards
Communication among the users of standards is important if the documenta-

tion supporting a standard is to be updated to include the knowledge of the
users, Thus, the documentation includes the names and addresses of individuals
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and laboratories to which material has been sent, and incorporates the comments
we receive from individuals who have used these materials (Appendix IV).
Standards which originate within the Reston Microprobe Laboratory are available
for distribution providing sufficient material exists; these standards are
indicated with an asterisk in the 1ist of standards (Appendix I). Standards
which originate elsewhere may be obtained from the original source, listed on
the data sheets. These materials will not be distributed by Reston staff
because up-to-date documentation cannot be maintained.

Future Developments

The evaluations presented in this report may bring about changes in
microprobe operating procedures. In the near term, the groups of standards
used to obtain a multi-element analysis can be improved by making sure that
they include only superior materials. By excluding materials of doubtful
chemistry and homogeneity, we hope to achieve a reduction in the plethora of
standard groups in common use in Reston. These efforts should also lead to
the development of new standard blocks which, because they exclude inferior
materials, can be made smaller and will surely be less misleading to operators.

Over the longer term, it may be possible to investigate systematically
the effectiveness of data reduction schemes (matrix corrections) and the
internal consistency of the various standards chosen to form a set of standards
for a multi-element mineral analysis. One approach involves asking microprobe
operators to check periodically their standardization by analyzing a "known-
unknown" (a well characterized material); building a data file that includes
analyses of "known-unknowns" and identifies the standards used, by using
option 8 of program RDARL4 (Huebner, 1983); then applying multivariate statis-
tical techniques to identify the strengths and weaknesses of individual
standards and sets of standards.
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Appendix 1
List of Standards & Potential Standards in Appendix IV

Amphibole

AMCM Cummingtonite, Mikoni River, NZ

AMEN Engel's Amphibole

AMKF Potassic Fluor-richterite, Synthetic
AMKH Kakanui Hornblende, NZ

AMMN Minnesota Hornblende, Fremont County, CO
AMSF  Sodic Fluor-richterite, Synthetic

Apatite

APCL Chlorapatite, Synthetic
APFD Fluor-apatite, Durango, NM
APRE REE-apatite, Synthetic
APSF Fluorapatite, Synthetic

Carbonate

*CCHM Calcite, Harvard Museum

CCNM Calcite, National Museum

*CDAS Dolomite, Austria

*CDBS Dolomite, Binnetal, Switzerland
CDOS Dolomite, Oberdorf, Austria
*CRAP Rhodochrosite, Alma Park, NM
CSBH Siderite, Broken Hill, NSW
CSIG Siderite, Ivigtut, Greenland
CSTR Strontianite

Feldspar

*FSBO Benson Orthoclase
*FSLC Plagioclase, Lake County, Oregon
*FSNA  Nunivak Anorthoclase, AK

FSTA Tiburon Albite, CA

Glass
GD85 DNigg-Jddig Glass, Synthetic
*GFAB Albite Glass, Synthetic
*GFAN Anorthite Glass, Synthetic
*GFOR Orthoclase Glass, Synthetic
GLBA Barium Glass, Synthetic
*GLDI Diopside Glass, Synthetic
GLJF Basaltic Glass, Juan de Fuca
*GLL1 Lunar Glass (61156), Synthetic
*GLL7 Lunar Glass (77135), Synthetic
*GLL8 Lunar Glass (68415,85), Synthetic
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Appendix I (continued)

Glass (continued)

GLMP
*GLSI
GRE1
GRE2
GRE3
GRE4
*GRLS
GSDI
GSEN
GSWO
*GWOL

Garnet

GTAL
GTKN
GTRV
GTSP

Mica

*MBLM
MBPS
MBST
MFPH

*MMMT

*MPAV

*MPBO

*MSFP

Olivine

oLCO
OLCR
OLMJ
OLNI
OLRF
oLSC
*QLSF
OLSM
*QLST
OLSW

Basaltic Glass, Makaopuhi, HW
Silica Glass

REE 1

REE 2

REE 3

REE 4 .
Rhyolite Glass, E1 Chichon, Mexico
Diopside Glass, Synthetic
Enstatite Glass, Synthetic
Wollastonite Glass, Synthetic
Wollastonite Glass, Synthetic

Garnet 12442

Kakanui Pyrope, NZ

Garnet, Roberts Victor Mine, S. Africa
Spessartite Garnet, Brazil

Biotite, Lemhi, ID

Biotite, PSU, Libby, MT

Biotite, Stillwater, MT
Fluor-phlogopite, Synthetic
Muscovite, Methuen Township, Ontario
Paragonite, Venezuela

Phlogopite, Burgess, Ontario
Fluor-phlogopite, Synthetic

Cobalt Olivine - USNM

Cobalt Olivine - Robie

0livine, Marjahlati, Finland
Nickel 0Olivine, Synthetic, USNM
Fayalite, Rockport, MA

0livine, San Carlos, AZ
Fayalite, Synthetic

Olivine, Susimaki Meteorite
Tephroite, Synthetic

O0livine, Springwater Meteorite
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Appendix I (continued)

Oxide

OXAL Corundum, Synthetic
*0XBU Chromite, Bushveld Complex, S. Africa
0XCO Corundum
*0XGH Gahnite, Brazil
*0XHA Hausmannite, Synthetic
OXIL Ilmenite, Ilmen, USSR
OXMN Manganosite, Synthetic
OXMT Magnetite, Brazil
OXNC Nickel Oxide, Single Crystal
*0XPA Partridgeite, Synthetic
OXPE Periclase
*0XQZ AQuartz, Brazil
OXRU Rutile, Synthetic
OXR1 Rare Earth Oxide, Synthetic
0XR2 Rare Earth Oxide, Synthetic
0XR3 Rare Earth Oxide, Synthetic
OXR4 Rare Earth Oxide, Synthetic
0XSB Synthetic Bunsenite, Polycrystalline
0XSC Synthetic Corundum, USNM
*0XSM Synthetic Magnetite
O0XSP Spinel, Synthetic
*0XSZ Synthetic Zincite
*0XTB Tiebaghi Chromite, New Caledonia
0XUB Chromite, Union Bay, AK
OXVA Vanadium Oxide (Vp03), Synthetic
0X61 Chromite 55G-4, Stillwater Complex, MT
0X52 Chromite 55G-15AB, Stillwater Complex, MT

Pyroxene

PXAC Acmite, Synthetic
PXAD Adirondack Diopside, NY
*PXA6 Augite DL6, CA
*PXAG Aegirine, Bear Paw Mts., MT
*PXBH Rhodonite, Broken Hill, NSW
*PXBK Rhodonite, Bald Knob, NC
PXEN Enstatite, Synthetic
PXHD Hedenbergite, MN
*PXHI Pyroxmangite, Homedale, ID
PXHY Hypersthene R2467
PXJD Jadeite, New Idria, CA
PXJT Hypersthene, Johnstown, Meteorite
PXKA Auguite, Kakanui, NZ
PXP1 Chrome Augite
PXPS Diopside, Pennsylvania State University
*PXSD Synthetic Diopside
PXSE Synthetic Enstatite
PXSW Enstatite, Shallowwater, Meteorite
*PXWO0 Wollastonite, Mono Co., CA
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Sulfide

*SAS2
*SCDS
*SSB2
*SSNS
*SINS

Other

*ANDB
*KYMG

KYPS
*NEPH
*PYNC

SCMB
*SPHC
*STBM
*TPTM

TSLP
*70PC

Appendix I (continued)

AspS3, Synthetic

CdS, Synthetic

ShoS3, Synthetic

SnSo, Synthetic

InS, Synthetic Sphalerite

Andalusite, Espirito Santo, Brazil
Kyanite, Minas Gerais, Brazil
Kyanite, Pennsylvania State University
Nepheline, Bear Paw Mts., MT
Pyrophyllite, Staley, NC
Scapolite, Brazil

Sphene, Hemet Quadrangle, CA
Staurolite, Berkshire, MA
Fluro-topaz, Topaz Mountain, UT
Tourmaline, Mexico

loisite, Puerto Cabello, Venezuela

*Available for distribution from Reston
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Appendix II. Summary of Positions of Documented Materials in Standard Blocks
and Existance of Polished Grain Mounts.

Standard Blocks: Polished
Code #1 #2 #3 #4 #5 JSH BKG Mn 37A 37B 15A C Gls Ox RE1 RE2 Mica BS Mount

AMCM 14

AMEN 7

AMKF 31

AMKH 3 2 4

AMMN *
AMSF 30 10

APCL 15 7

APFD 10 12 15
APRE 9 8

APSC 14

APSF 8 13

CCHM
CCNM 4

CDAS 9
CDBS
CDOS
CRAP
CSBH 10
CSIG
CSTR

oo
—
* % % ok X

0~
*

FSBO 47 9 13 7
FSLC 45 10 14
FSNA 12
FSTA 46 11 15 6

GD85 20 7

GFAB

GFAN 8
GFOR

GLBA 12 9
GLDI 49 5 30

GLJF 33 1
GLL1 31

GLL7 30 25

GLL8 32

~N oo O
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Code

Standard Blocks:

Appendix II

#1 #2 #3 #4 #5 JSH BKG Mn

(continued)

37A 37B 15A C Gls

0x

Polished

RE1 RE2 Mica BS Mount

GLMP
GLSI
GRE1
GRE2
GRE3
GRE4
GRLS
GSDI
GSEN
GSWO
GWOL

GTAL
GTKN
GTRV
GTSP

MBLM
MBPS
MBST
MFPH
MMMT
MPAV
MPBO
MSFP

oLCo
OLCR
oLmy
OLNI
OLRF
OLSC
OLSF
OLSM
OLST
OLSW

16 16
17 17

33
10

17

16

11

1

13

15

16

17
18
19
20
21

11

19
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23

14

18

14

o

2

12
10

14
13

W N

15

?7

*

* % % %



Appendix IT  (continued)

Standard Blocks: Polished
Code #1 #2 #3 #4 #5 JSH BKG Mn 37A 37B 15A C Gls Ox REl RE2 Mica BS Mount

OXAL 10 *
0XBU *
0Xxco 22 5

OXGH 23 8

OXHA 24

OXIL 25 2 10 4

OXMN

OXMT 26 12

OXNC 8

OXNI 4

OXPA 36 27

OXPE 17 28

0xQz 12 16

O0XRU
0XSB
0XscC *
0XSM 66 12 18

OXsSpP 1

0XSz 11 *
0XTB 29 9 14

0oxuB 13

OXVA 7 6
0X51 51 6

0X52 52 29

0XR1 11
0XR2 14
0XR3 13
0XR4 12

~N W

~NOYOo &

PXAC *
PXAD 5 5 5 4 9

PXA6 28

PXAG *
PXBH 40 9 21

PXBK 20 29

PXEN 15 10

PXHD 198 31

PXHI 17

PXHY 20 30

PXJD 44 13

PXJT 24 15

PXKA 2 19A 27

PXP1 2 13

PXPS 10

PXSD 48 3 30 17

PXSE 15

PXSW 6

PXWO 31 27

page 18



Code

Standard Blocks:

Appendix II

#1 #2 #3 #4 #5 JSH BKG Mn

37A 37B 15A C Gls

(continued)

Ox

RE1 RE2 Mica

Polished
BS  Mount

SAS2
SCDS
SSB2
SSNS
SINS

ANDB
KYMG
KYPS
NEPH
PYNC
SCMB
SPHC
STBM
TPTM
TSLP
Z0PC

15

29

10

32

32

33
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A
Al

A2

A3

C

D

APPENDIX III. NUMERICAL EVALUATION OF MICROPROBE STANDARDS

ITIA. Criteria

The analysis. (Al + A2 + A3) > 0
Method of analysis:
classical wet chemistry or equivalent
rapid rock, XRF, or equivalent
quant spec, minors
microprobe
semiquant spec, minors
method unknown
theoretical formula
synthesis under conditions know to preserve
composition of starting material
ditto with optical or X-ray characterization
ditto with optical and X-ray characterization
synthesis not documented

Incomplete analysis (Al + A2) > 0
each missing nonvolatile major oxide anticipated
each missing volatile likely to be present

Agreement between independent analyses
analyses disagree:
1 or 2 elements except redox, Hy0
3 or more elements
analyses agree:
same method
different methods

Summation
excellent summation, sum within 0.2% of 100.00%
adequate summation
poor summation, not within 0.5%

Formula Unit
excellent formula unit of 4 or more cation sites
excellent formula unit of 3 cation sites
excellent formula unit of 2 cation sites
reasonable formula unit of 3 or more sites
reasonable formula unit of 2 cation sites
formula unit not definitive
impossible short formula unit
impossible 1ong formula unit

Homogeneity of major elements (D > -6)
A1l S.R. values < 1.5
most S.R. values < 1.5, rest < 2.0
Any S.R. values 2.0 to 3.0
Each S.R. value exceeding 3.0
Most S.R. values exceed 3.0
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+1 to
+3 to

+4
+2
+2
+1
+1

+2
+3
+4

-1
-0.5

-2

+2
+4

+2
-2

+4
+3
+2
+2
+1

-4
-2
+4
+2

-2
-6



Appendix IIT (continued)

Special Problems:

Poor polish in multi-mount block (inconvenience) -1
Poor polish in individual mount -2
Grain size small (<15 micrometers) -2
Admixed phases not easily distinguished -2
Decomposition under focused beam (2 u) -2
Decomposition under defocused beam (15 u) -4
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NAME

AMCM
AMEN
AMKF
AMKH
AMMN

AMSF
APCL
APFD
APRE

APSF
CCHM
CCNM
CDAS
CDBS

CDOS
CRAP
CSBH
CSIG
CSTR

FSBO
FSLC
FSNA
FSTA
GD85

GFAB
GFAN
GFOR
GLBA
GLDI

GLJF
GLLL
GLL7
GLL8
GLMP

GLSI
GRE1
GRE?Z
GRE3
GRE4

Al

+4
+4
+4
+4
+2

+4
+4

+4
+4
+2
+4

+4
+4
+4
+4
+4

+4
+4
+4
+1

+4
+2
+4

+3

+4
+4
+4
+4
+4

+2
+3
+4
+4
+3

IT18.

+4
+4
+3
+3
+2

NUMERICAL EVALUATIONS

+2

+2
-2

+2
+2

+4

+2
+2

+3
+4
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NN

P HAPAEMN PN~ DN O

SN

~NOO OV O

Date

08/06/85
08/06/85
08/06/85
08/06/85
08/06/85

08/07/85
08/07/85
08/08/85
08/07/85

08/07/85
08/07/85
10/25/85
08/08/85
08/07/85

10/25/85
08/07/85
08/07/85
10/25/85
08/07/85

08/07/85
08/07/85
08/07/85
08/07/85
08/07/85

08/07/85
08/07/85
08/07/85
08/07/85
08/07/85

08/07/85
08/07/85
08/07/85
08/07/85
08/07/85

08/07/85
08/07/85
08/07/85
08/07/85
08/07/85



I1IB. NUMERICAL EVALUATIONS (continued)

NAME Al A2 A3 B C D E SUM Date

GRLS +4 - +4 +2 - -2 - 8 10/17/85
GSDI 0 - - - - +4 - 4 08/07/85
GSEN 0 - - - - +4 - 4 08/07/85
GSWO 0 - - - - +4 - 4 08/07/85
GWOL +2 - - - - +4 - 6 08/07/85
GTAL +4 - +1 -1 +3 -2 - 5 08/07/85
GTKN +4 - +2 0 +3 0 - 9 08/07/85
GTRV +2 - - 0 0 0 - 2 08/07/85
GTSP +3 - - -2 -2 0 - -1 08/07/85
MBLM +4 - +2 +2 +2 0 - 10 08/07/85
MBPS +4 - +2 +2 +2 -6 - ? 08/07/85
MBST +4 - - +2 0 -6 - 0 08/07/85
MFPH 0 - +1 - - -2 - -1 08/07/85
MMMT +2 - 2 0 0 -6 - -2 08/07/85
MPAV +2 - 0 -2 0 +2 - 2 08/07/85
MPBO +4 - - -2 +2 0 - 4 08/07/85
MSFP 0 - - - - -2 - -2 08/07/85
OLCO 0 - - - - +4 - 4 08/07/85
OLCR +1 - +1 -2 +1 0 - 1 08/07/85
OLMJ 4 - +2 0 +2 +? - 10 08/07/85
OLNI +2 - - - - +2 - 4 08/07/85
OLRF +4 - - -2 +1 +2 - 5 08/07/85
0LSC +4 - -2 +1 +4 - 7 08/07/85
OLSF +2 - - - - 0 - 2 08/07/85
OLSM +4 - - -1 +2 -6 - -1 08/07/85
OLST +4 - - - - -2 - 2 08/07/85
OLSW +4 - - -2 0 +2 - 4 10/25/85
OXAL +3 - - - - -6 - -3 08/07/85
0XBU +4 - +2 +2 +2 +2 - 12 08/07/85
0xco 0 - - - - +4 - 4 08/07/85
OXGH +4 - - +1 +1 0 - 6 08/07/85
OXHA +4 - - - - - -2 2 08/07/85
OXIL +4 - +3 -2 +2 0 - 7 08/07/85
OXMN +2 - - - - - - 0 08/07/85
OXMT +4 - - -2 +2 +3 - 7 08/07/85
OXNC 0 - - - - +4 - 4 08/07/85
OXPA +4 - - - - 0 - 4 08/07/85
OXPE 0 - - - - 0 - 0 08/07/85
0xQzZ +1 - - - - +4 - 5 08/07/85
OXRU 0 - - - - 2 - 2 08/07/85
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NAME

0XSB
0XsC
OXSM
0XSsp
0XSz

0XTB
oXuB
OXVA
0X51
0Xx52

OXR1
0XR2
OXR3
OXR4
PXAC

PXAD
PXA6
PXAG
PXBH
PXBK

PXEN
PXHD
PXHI
PXHY
PXJD

PXJT
PXKA
PXP1
PXPS
PXSD

PXSE
PXSW
PXWO
SAS2
SCDS

SSB2
SSNS
SINS
ANDB
KYMG

+4

+4
+3
+3

+3
+2
+3
+2
+2

I118.

A2

o ]

NUMERICAL EVALUATIONS (continued)

A3

B C
+2 -
0 +2
+2 +2
- +2
- +2
0 -4
0 +2
- 0
0 +1
-2 -4
0 +3
0 -4
+2 -4
+2 +2
0 +2
-2 +2
+2 +3
+2 +2
+2 +2
+2 +2
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SUM

P WO s

P PPOPd OO

—

NOO OO, S wWwMN WO

Date

08/07/85
08/07/85
08/07/85
08/07/85
08/07/85

08/07/85
08/07/85
08/07/85
08/07/85
08/07/85

08/07/85
08/07/85
08/07/85
08/07/85
09/12/85

08/27/85
08/07/85
08/07/85
08/07/85
08/07/85

10/11/85
08/07/85
08/07/85
08/08/85
08/08/85

08/08/85
10/25/85
08/08/85
08/08/85
08/08/85

10/08/85
10/11/85
08/08/85
08/08/85
08/08/85

08/08/85
08/08/85
08/08/85
08/08/85
08/08/85



NAME

KYPS
NEPH
PYNC
SCMB
SPHC

STBM
TPTM
TSLP
Z0PC

Al

+2
+4
+4
+4
+4

+4
+4
+4
+4

ITIB.

A2

NUMERICAL EVALUATIONS (continued)

+1
+4

+1

B C
+2 +2
0 0
+2 +3
+2 +2
0 +2
0 0
+1 -
+2 -2
0 +2
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D

-2
+4

+4
+2

SUM
10

11
12

—
Gl -~

Date
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