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ABSTRACT

There has been considerable controversy during the past few years over the com-
position of talc as used in cosmetic talc products. At one time most of these

pre¢ ‘ cts were reported to contain chrysotile. Although these data were shown to
be erroneous it seemed desirable to examine a large number of raw material

tales from various mines to determine precisely what minerals are present. One
hurdred talc samples have been analyzed by polarized light microscopy, dispersion
staining, x-ray diffraction and, when necessary, by transmission electron
microscopy and electron microprobe. The analytical! methods were refined in
scope, sensitivity and accuracy as a part of the project.

The samples ranged from 1 to 99% talc with an average of 63%. Twenty-three
other minera's were identified including the serpentines: antigorite, lizardite
and chrysotile, the amphiboles: anthophyllite, tremolite and actinolite; the
carbonates: calcite, dolomite, ankerite and magnesite; the talc-like mineral
chlorite as well as quartz, mica, feldspars, magnetite, coal, graphite, hydrox-
vapatite, clays, hydrous iron oxides and rutile. Chrysotile was found in only
nne sample which, however, contained only 1-2% talc. More than one-third of
he samples contained tremolite or actinolite often in major amounts and usually
oartly fibrous. This report was submitted in fulfillment of Contract No. CDC-
210-75~0063 by Walter C. McCrone Associates, Inc. under the sponsorship of
the National Institute for Occupational Safety and Health.
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INTRODUCTION

ging the techniques of x-ray diffraction and polarized light microscopy we have
yzed 100 samples of talc powder supplied by NIOSH. When necessary electron
icroscopy and electron microprobe analysis have been used to supplement the
data developed by the other techniques. The purpose of the work was to furnish.
OSH with the analytical results which are tabulated in the attached Data Summary,
(Appendix A.) While so doing we have tried to refine the microscopical and x~-ray
methods used as they apply to the analysis of talc.

METHODS OF ANALYSIS

Each sample was analyzed by x-ray diffraction and microscopy. The x-ray work
was done using a Philips x-ray generator and diffractometer. Each sample was
first scanned continuously to record a diffraction pattern representing the whole
sample. The minerals identified were listed and any questionable peak assign-
ments were noted, for corfirmation or resolution by polarized light microscopy
including dispersion staining. Quantitics of each comnonent were estimated
wﬁxenever possible, both by polarized light microscopy and from the continuous
scan.

Xi-ray step scanning was done, preferably after microscopy, for amphibole and
serpentine minerals and for quartz, in order to determine any quantities of these
present in the talc. Results of these three types of analysis were reconciled
with each other and then combined and presented in individual reports for each

sample.

X-RAY DIFFRACTION

Sample preparation

To insure the best x-vay powder diffraction results the contract specifies that
samples in which the average particle size exceeds 10 um must be ground finer
before undertaling x~ray diffraction analysis., Judgment of whether size reduction
was necegsary was wade by determining the particle size distribution micro-
sc.Topically. The sample was used as received if the average particle diameter

was below 10 um. If the average particle was larger than 10 um, or if the sample
was not homogeneous because it cartained lumps or huge particles, a 2-gram
portion was milled in isopropanol for about 10 minutes in a McCrone Micronizing

M1il] and dried by slow evapcration to a free flowing powder.
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Initially this powder was packed into aluminum cups which rotate in 2 motor-
driven sample holder of our design in the Philips diffractometer. Satisfactory
line scans were obtained with this sample mounting technique but step scanning
resuits were not at all reproducible. After experimenting with various methods
of mounting the sample, including the use of stationary as well as rotating sa.m;:he
holders, we concluded that the most reproducible results were achieved when the

powder was presged into a pellet and rotated in the sample holder.

We therefore prepared the samples by preasing them in a mol!d with a die, usin

a hydraulic press. The half~inch diameter briquettes or pellets thus produced
had smooth surfaces which gave very much better reproducibility in step scanning.
7he alwmriaumr cup was replaced by a flat alurcinum disc to which the pellet was
attached with e film ol (kigh vacuum) grease. By resting {t lightly on the grease
the pellet can be leveled either in a leveling press or in the sample holder of the
diffractometer, pushing with a flat such as a microscope slide. All crystalline
materials used ir. the sample holder assembly on the surface exposed to the x-ray
beam were found to contribute peaks to the line scan. Brass, aluminum and
Teflon all caused a certain amount of difficulty inthis way. Finally we eliminated
all interference except an amorphous band near 16° 28 by using KEL-F, a stiff
fluorocarbon polymer, for all parts of tie surface exposed to the x-ray beam.
This sample holder is illustrate in the sketch below.

specimen holder of Philips goniocmeter
_,"'_\‘
AN
g ﬁ N1 1 of 4 brass screws holding Kel-F platform to
= SRS brass support
.-Kel-F nolder for

P R -
74 _Kel-F platform ¥ sample briquette

_brass EQ
= iiﬁ -&—-
| *j\/ support T

. ,
gat gcrew 2

, —rotating Kel-F receptacle for sample

fOl‘ brass 5 holde
bleck, to " ! «—-rotating shaft, hcllow, Kel-F d
control ! :

::;g}zz of es—pin throuch metal universal joint

holder : —untversal ,joint
w - potating shaft, metal
v
l to 20 rpm motor !

Figure 1. Rotating sample holder for x-ray diffractometer
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The chief difficulty encountered with pressed pellets was that they were hard to
make with parallel surfaces which, ia turn, made them hard to level perfectly in
the sample holder. For this reason we have sometimes had to correct the angles
in the tables in Sample Data Reports listing step scanning data - we did this only
vhen we were certain from other data of the true identity of the peak in question.
The problem of making good pellets has been largely solved by fabricating a new,
very| well havdened steel mold and die.

Briquetting is thought to have the disadvantage of increasing the preferred
orientations of platy minerala such as talc, chlorite and mica. Although a few of
the samples were run both as pressed pellets and packed powder it is not possible
to determine from the data at hand whether enhancement occurred as a result of
briquetting because too many other variables are involved.

Briquetting has the advantage that pellets can be used over and ove: again, as is
necessary for the calibration standards of which the appropriate ones should be
rerun every day that siep scanning is done. The calibration standards were pre-
parea by weighing out requisite amounts of the standard and of Vermont talc which
had ﬂeen microunized for 60 minutes, mixing in isopropanol either in a Waring
Blenc!ier or in the micronizing mill, drying and briquetting. Sample and standard

p.elle}ts are conveniently kept in small glassine envelopes. -

Lire scanning

All x-ray work was done using nickel filtered ¢opper radiation, A fine-focus

Phailips tube powered at 42 kV and 25 ma was used for about 80¢ of the work. The last
20% was done using a standard focus Philips tube at 40 kV and 18 ma. (The step
scanning calibration curves were redetermined every time the generator or sample
form was changed in any way.)

Line scanning for each sample was done from 4° to 70° 28, After considerable
experimentation we concluded that because the samples usually are mixtures of
several minerals it is best to scan ai. the most sensitive possible diffractometer
settings to bring out small peaks which are due to minor constituents of the sample.
This ‘means that the strongest peaks are usually off-scale on the chart. We there-
fore measure these peak maxima by line scanning at lower sensitivity or by step
scanning and the resulting peak intensity data on the line scanning chart.

X-ray line scans recorded in this way provide a good starting peint for identifying
the components in a talc sample. Beginning at 4° 20 the peaks encountered and
their assignments are as follows in Table 1.
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Table 1. X-ray diffraction peak assignments

Iutensity Comments or criteria
°26 d,A /1y Peak assigned to  Alternatives for choice
CuKa
6.3 14.0 80 chlorite vermiculite chlorites have strong
peaks at 12,44°-12,55°
and 25.13°; vermiculite
has much weaker peaks at
12.39° and 24.99°.
8.75 10.1 100 biotite mica muscovite, biotit2 has a strong peak
: phlogopite, at 26.42°, muscovite at
8.88 9.95 95 muscovite mica  biotite, 26.83°, phlogopites from
phlogopite 26.49° to 26.60°
9.45 9.35 10C talc - -
9.59~ 9.21- 50 grunerite : cumming - neither amphibole found in
-9.69 -9.12 (amosite) tonite any talc sample analyzed
9.66- 9,15- 20~ cummingtonite grunerite
-9.79 -9.03 -80 (montasite)
16.52 8.40 100 riebeckite tremolite~ crocidolite not. found i any
(crocidolite) actinolite talc sample; distinguish
by microscopy-crocidolite
10.55 8.38 100 tremolite~ riebeckite is the only asbestos with
actinolite (crocidolite)/ negative elongation
10.61 8.33 100 gruaerite cunmingtonite, anthophy!lite has a
(amosite) (montasite) fairly strong peak at
anthophyllite (27.59°; amosite and
10.61- 8.33-  70-  anthophyllite grunerite montasite not 1"’““" o
(amosite), any talc sample analyze
-10.70 -8,26 ~55 cummingtonite
(mentasite)
12.01 7.36 100 chrysotile lizardite best distinguished b;y
12.06 7.4 100 lzardite chrysotile, polarized light micros-
antigorite copy with dispersio
12.20 7.25 100 antigorite Hzardite staining

continued
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. Intensity Comments or criteria
°20 | d, A I/1 Peak assigned to Alternatives for choice

CuK 1
12.4‘1- 7.11- 100 chlor’*~ antigorite, chlorites have a strong
chrysotile, pea': near 6, 3°
-12,55 =7.065 lizardite
13.04 6.44 60 orthoclase - -
17.38 5.10 50 forsterite - -
17.48 5.07 16 tremolite forsterite look for strong tremolite
peak at 10.55°
17.83 4.97 30 muscovite - -
18.62 4.76 20 tremolite chlorite look for strong tremolite
peak at 10.55°
18.78 4.72 80 chlorite - -
18.99 4.67 66 talc anthophyllite talc peak of intensity 8
“ . enhanced by orientation;
18.99 4.67 20 anthophyllite talc look for anthophyllite
peaks at 14,70° and 27.59°
19.32 4.59 30 antigorite lizardite, distinguish serpentines
talc from talc and from each
19.32 4.59 50 lizardite antigorite, other by microscopy;
talc look fo. biotte peak
19.32  4.5) 20 biotite talc, at 10.1°
lizardite,
antigorite
19.32 4.5¢ 45 talc lizardite,
antigorite
5
continued
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Intensity

Comments or criteria

°20 d, A I/Il Peak assigned to Alternatives {or choice
CuKa
19.45 4.56 25 talc chrysotile look for chrysetile peak
at 12,01°
19.49 4.55 40 chrysotile tale chrysotile peak is broad
and poorly defined
19.58 4.53 12 talc - talc peak seldom observed
19.67 4.51 20 tremolite anthophyllite | look for unthophyilite
peak at 27.59°
19.75 4.49 35 a1. wophyllite tremolite
20.49 4.33 6 talc - seld-r: observed
20.83 4.26 35 quartz -~ -
~0.93 4.24 30 antigorite quartz look for major peaks or
use microscopy
21.03 4.22 45 microcline tremolite look for strong microcline
peak at 27.50°,
21,13  4.20 35 tremolite microcline tremolite at 10.55° and
use microscopy
21.55 4.12 6 talc - galdom observed
22.04 4.03 ! dolomite orthoclase assiygnable to orthoclase
22,09 4.02 90 orthoclase dolomite unless a major amount. of
dolomite present
22,90 3.88 30 lizardite orthoclase, look for major lizacdite
forsterite peaks at 12.05° and
22.90  3.88 59 orthoclase forsterite, 36.03°; look fcr strong
lizardite orthoclase peak at 28. 04",
22.90 3.88 70 forsterite orthoclase, | or use raicroscopy
lizardite
22.96 3.87 16 tremolite orthoclase, look for major tremolite
6 etc; calcite  peqk at 10.55°

continued
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26.42
26. 64
26l 66

26,83

27T 08

Intensity

Feak assigned tc

3.86 12
3.8¢ 80
3.73 18
3.89 5
3.65 60
3.63 60
3.62 60
3.54 80
3.43 1
3.376 40
3.37 100
3.343 100
3.34 25
3.32 100
2.29 30

Altematives

Comments or criteria
for choice

i

calcite

~~thoclase

muscovite
dolomite
chrysotile
lizardite
antgorite

chlorite

talc

tremolite

biotite

quartz

muscovite

muscovite

microcline

7

continued

tremolite

lizardite
chrysotile,
antigorite
lizardite

serpentines

biotite

tremolite

micas

quartz

look for calcite peak
at 29.40° and use
microscopy

observed oniy when much
dolomite present

use polarized light

microscopy with dis-
persion staining

look for chlorite peak
at 6.3°
nearly always present

look for tremolite peak
at 10.55°

look for biotite peak
at 8.75°

look for quartz peak at
20.83°

look for muscovite peak
at 26.83°
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Intensity

e . _— _—__— e

°2¢ g, A I/1
CuKa 1
27.26  3.268 75
27.33  3.26 80
27.50 3.24 100
27.59 3.23 50
27.94¢ 3.19 30
28.03 3.18 109
28.58 3.12 55
28.58 3.12 100
28.59 3.121 100
28.68 3.11 100
29.17 3.06 100
29.17 3.06 90
29.40 3.035 100

Peak assigned to  Alternatives

tremolite grunerite
(amosite)
grunerite
(amosite) tremolite
microcline anthophyllite
anthophyllite microcline
muscovite orthoclase
orthoclase muscovite
riebeckite tale
(crocidolite) tremolite
talc tremolite
actinolite,
riebeckite
tremolite tale
actinolite talc
anthophyllite calcite,
grunerite
grunerite anthophyllite
(amosite)
calcite anthophyllite
8
continued

Cor:ments or criteria
for choice

use microscopy; grunerite
has higher reiractive
indices

look for anthophyllite
peak at 10.70° and micro-~
cline peak at 27.08%;

use microscopy

look for muscovite peaks:
8.88° and 26.83°

use microscopy; crocidolite
has negative elongation

enhanced by orientation;
look for talc peak at 9.45°

look for tremolite~
actinolite peak at 10.55°
and talc peak at 9.45°

look for anthophyllite peaks
at 10.70° and 27.59°

use microscopy-grunerite
has oblique extinction

look for calcite peak at
23.02°; use microscopy
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°2 6 0 Intensity
KQ d’ A I/Il

Comments or criteria

Peak assigned to  Alternatives for choice

e et

i

29,90 2.987 35 muscovite - —
30\. 40 2.938 40 tremolite - -
30.96 2.886 100 dolomite - -
31.26 2.85% 25 muscovite - -
31.47 2.84 50 chlorite - —
31.88 2.805 45 tremolite - -
32.48 2.754 70 grunerite magnesite look for amosite peak
(amosite) at 10.61°
32.63 2.742 100 magnesite grunerite confirm magnesite by
‘ microscopy
32.78 2.726 40 riebeckite
| (crocidolite) magnesite look for crocidolite
peak at 10.52° or use
microscopy
33.09 2.708 90 tremolite - -
33.53 2.670 10 dolomite biotite seen if much dolomite
present; use microscopy
33.66 2.66 80 biotite — —_
34.42 2.603 80 chlorite - -
34.58 2.592 30 tremolite chlorite look for tremolite peak
at 10.55°
34.94 2.566 &5 muscovite chlorite look for muscovite peaks
at 8.88° and 26.83°
35.15 2.558 70 chlorite muscoriie look for chlorite peak
| at 6.3°
35.46 2.529 40 tremolite antigorite, look for tremolite peak
biotite at 10.55°
35.59 2.52 90 artigorite biotite look for antigorite peak
at 12,20°
35.80 2.52 40 biotite antigorite look for biotite peak
at 8.75°
35.71 2.512 70 forsterite - —
35.8¢ 2.503 18 magnesite calcite look for magnesite peak
| at 32.63°
9
continued
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°20 . Intensity "Comments or criteria
CuKa d, A I/I1 Peak assigned to Alternatives for choice
35.96 2.495 14 calcite magnesite, look for calcite peak
lizardite at 29.40°
36.03 2.49 100 lizardite calcite look for lizardite peak
at 12.05°
36.25 2.476 65 talc - -
36.52 2.458 80 chlorite forsterite, look for chlorite peak
quartz at 26.64°, forsterite
36.52 2.458 100 forsterite chlorite, peaks at 17.38° and
quartz 22.90°
36.52 2.458 12 quartz chlorite,
forsterite
36.65 2.45 40 chrysotile biotite look for chrysotile peak
at 12.01°
36.65 2.45 80 biotite carysotile look for biotite peak
at 8,75°
37.36 2.405 10 dolomite - —
37.70 2.33¢ 25 muscovite tremclite look for muscovite peaks
' at 8,.88° and 26.83°
37.76 2.380 30 tremolite muscovite look for tremolite peak
at 10.55°
38.48 2.337 16 talc tremolite peak enhanced by orienta-
tion; look for talc peak
at 9.45°
38.52 2.335 30 tremolite talc —
38.76 2.321 40 tremolite - —
39.31 2.285 18 calcite quartz look for calcite peak at
29.40°; use microscopy
39.45 2.282 12 quartz calcite lock for quartz peak at
26.64°
40.28 2.237 6 quartz - -
41.14 2.192 30 dolomite - —_
41.38 2.18 80 biotite - — |
41.72 2.163 35 tremolite antigorite look for tremolite peak
at 10.55°
10
continued
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°2 Intensity Comments or criteria

a d, A I/Il Peak assigned to Alternatives for choice
41.78 2.16 40 antigorite microcline look for antigorite peak
at 12.20°
41.78 2.161 30 microcline antigorite look for microcline

peaks at 27.08° and
27.50°;use microscopy

41.99 2.15 60 lizardite - -

42.25 <2.13 48 talc - -

42.44 2.128 9 quartz - seen only when much

_quartz present

42.99 2.102 45 magnesite - -

43. ‘14 2.095 18 calcite - -

43.25 2.09 10 chrysotile calcite not seen in line scan
of standard

44,95 2.015 15 dolomite tremolite look for dolomite peak
at 30.9€°

44.95 2.015 45 tremolite dolomite look for tremolite peak
at 10.55°

45.30 2.000 60 chlorite biotite look for chlorite peak
at6.3°

45.30 2.000 80 biotite chlorite look for biotite punk
at 8.75 :

45.47 1.993 80 rauscovite - -

45.79 1.980 6 quartz - seen when much quartz

A present.

46.81 1.939 12 magnesite - -

48,04 1.892 50 tremolite - -

48,50 1.875 17 calcite talc look for calcite peak at
29.40° or use microscopy

48.64 1.870 40 talc calcite look for talc peak .t
9.45°

50.08 1.817 17 quartz _ —

50.55 1.804 20 dolomite - -

51. 1‘7 1.786 30 dolomite - —

1.781
51.62 1.769 4 magnesite —_ -
53.88 1,700 35 magnesite - -
11
continued
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°29 . Intensity Comments or criteria

CuKa d, A I/I1 Peak assigned to Alternatives for choice

55.03 1.672 7 quartz - -

55.70 1.649 40 tremolite - —

57.40 1.604 calcite - -

58.89 1.567 dolomite - -

59.09 1.562 40 antigorite - doublet with peak at
60.20°

59.60 1.550 70 chlorite - -

59.80 1.545 10 dolomite - -

59.98 1.541 15 quartz biotite look for quartz peaks at
26.64° and 20.83°

60.02 1.54 80 biotite quartz look for biotite peak
at 8.75°

60.2v 1.536 40 antigorite - doublet wita peak at
59.09°

60.24 1.535 60 chrysotile antigorite chrysotile has single peak,
anti-torite has doublat
(59.09° and 60. 20°)

60.41 1.531 70 lizardite talc doublet with peak at
61.80°

60.50 1.529 55 talc - -

60.58 1.527 40 talc ; - -

61.80 1.500 60 lizardite anthophyllite  doublet with peak at
60.41°

61.80 1.500 25 anthophyllite lizardite look for anthophyllite
peaks at 10.70° and
27.59°

© 62.35 1.488 6 magnesite - -

65.38 1.426 4 magnesite - -

67.09 1.394 20 talc — -

67.36 1.389 15 dolomite — -

67.74 1.382 7 quartz -~ -

68.14 1.375 11 guartz - -

12
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°20

68.30
68.36

69.00
69.34

d, A

1.372
1.371

1.36
1.354

Intensity
1/ Il

60

Peak assigned to

Comments or ciiteria
Alternatives for choice

quartz
magnesite

biotite
magnesite

13

quartz look for magnesite peak
at 32.63°, or use
rnaicroscopy

QE-CPC00003988



Step scanning

Samples were analyzed for tremolite, anthophyllite, cirysotile and quartz by step
scanning. Because the samples are mixtures, sometimes very complex, it is
better to step scan the strongest peak of each mineral that is reasonably interference-
free than to use too weak a peak, e.g., the 1.54A line of quartz, even though it is
better resolved from interfering substances. The regions chosen on this basis for
step scanning are as follows:

Line Region
atinolite ~ *remolite (29 = 10.55°, 8.38A): 10.30° - 10.70° 26
anthophyllite (20 = 10.70°, 8.26A): 10.50° = 10.90° 26
or (29 = 27 58°, 3.23A): 27.50° - 27.80 28
ch:.ysotile (20 = 12,01°, 7.36A): 11.90° - 12.40 26
quartz (26 = 26.65°, 3.343A): 26.55° - 26.75° 260

Counting times of 100 seconds and steps of 0.01° 26 were found best. Some peaks
" were scanned using shorter counts, especially when microscopy had indicated

the absence of the mineral being sought. In no casa2, however, was the shorter
count ¢ver less than 30 seconds and usually we used 50 s~ nands,

Interference with the 10.55° 20 tremolite-actinolite peak was essentially nil but
the tail of this peak overlaps the anthophyllite peak at 10.70°, making a weak
anthophyllite peak difficult to distinguish. As an alternative the anthophyllite
peak at 27.59° ~an be used except when an interfering mineral such as micro-
cline is pres<ut, as in Sample 076.

Chrysotil» was detected in only one sample, No. 048, by light microscopy with no
detacton by step scanning. The chrysotile peak at 12.01°, the lizardite peak

at 12.05° and the antigorite peak at 12.20° may not always be distinguishable from
ore another. Since other serpentine peaks in the line scan do nct always stand

o1t we have relied more upon microscopy to confirm which polymorphs are present,
than upon the criteria for x-ray peak assignmerts given by Mumpton*, although

the latter are useful when the serpentine concentration is great enough.

* Mumpton, Frederick A. Characterization of Chrysotile Asbestos and Other
Members of the Serpentine Group of Minerals, Siemens Review XLI (1974),
Seventh Special Issue, X-ray and Electron Microscopy News.

14
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The quartz peak at 26.65° is three times the intensity of the next strongest,

at 20.83°, and is preferred except waen ruscovite mica is present. The 26.65°
quartz peak is usually distinguighable by step scanning from the muscovite peak
at 26.85° and the biotite mica peak at 26.42°, but not from the 25% intensity
muscovite peak at 26.66°. When much muscovite is present, as in Sample 125,
the 20.83° peak is preferable.

Mm}mum levels of detection by step scanning found for standards in talc using

the peaks discussed above are: tremolite - 0.5%, anthophyllite - 2.5%,

chrysotile - 3% and quartz - 0.2%. Our tremolite standard is predominantly
nonﬁbrous others have reported that fibrous tremolite gives about 1/4 to 1/3 the
response at 8,384 obtained from nonfibrous tremolite in talc*. Most of the
samples in which we found tremolite contain a preponderance of the nonfibrous habit.

POLARIZED LIGHT MICROSCOPY

We have applied two kinds of microscopical analysis in identifying components of
talc samples. First, petrographi~ observations in plane polarizei light (mainly
morphology and refractive indices) and between crossed polars (morphology,
birefringence, type of extinction, extinction angle and sumetimes interferencs
figures). Second, the use of dispersion staining to identify minerals. Appendix C,
the analytical dispersion staining chart, is specifically designed for talc samples.

Most of the above observations are macde at 200X magnification using the 10X
dispersion staining objective with a 20X ocilar. High power objectives are some-
times used to examine the smallest particles and fibers or for interference
figures. Our usual procedure is as follows.

Procedure

1. Analyze the x-ray line scan to identify the major components and define any
questions to be answered by microscopy.

2. Mount representative samples, about 0.1 mg each, of the unmilled material
in the Cargille refractive index !liquids specified below. Observe central stop
dispersion staining colors in each liquid and relate them to the curves in Appendix 3.
Check birefringence and extinction between crossed polars,. and refractive indices
relative to the mounting medium. Look for fibers by dispersion staining and
between crossed polars and check whether particles are really fibers or plates on
edge by making them tumble in the liquid to exhibit all views - tapping on the
coverslip with a needle will make the particles tumble into a succession of random
orientations. Table 2 gives the refractive indices of most minerals of interest in
talc samples.

‘TJ. Schelz, private communicatio
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Table 2. Refractive indices of minerals sought in taic samples

Mineral Refractive Indices, n2D5°C
a OT w g Y or €
chrysotile 1.544 1.552 1.555
quartz 1,544 1.553
lizardite 1.545 - 1.558
antigorite 1.545 1.557 1.560
talc 1.546 1.588 1.589
chlorite 1.566 1.567 1.596
tremolite 1.599 1.6190 1.621
anthophyllite 1.6032 1.617 1.628
actinolite 1.633 1.641 1.647
forsterite 1.543 1.663 1.682
calcite 1.653 | 1.486
gmnerite (amosite) 1.669 1.681 1.697
dolomite 1.677 1.500
magnesite 1.69%4 1.509
riebeckite (crocidolite) 1.698 1.703 1.708
16
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Minerals, especially silicates but also the isomorphous series of carbonates
(calcite, dolomite, magnesite etc.) vary in refractive index. Table 2 and
Appendix C show average indices for the minerals which might be found in talc.
Generally, the dispersion staining curves fcr these minerals move parallel to
themselves as the composition changes. The birefringence values ( y-83, p-a
and € -w) will generally remain nearly constant for a given mineral although the
indices themselves may vary considerably.

Both worphology and optics are noted in order to identify the asbestiform
minerals. To be asbestiform requires that they be fibers, (as defined by NIOSH)
‘measuring <5 /m in diameter, <200 um in length and have a length to width
ratio of at least 3:1.

Cargille high dispersion liquid n%s 2 1,550:

A representative sample mounted in this liquid will show characteristic xo

colors for any of the following; talc, quartz, chrysotile, lizardite, antigorite

and many fibers (paper, silk, viscose rayon and human hair, etc.). The
crystallographic data in Appendix C and morphological observations should ensure
identification of most cf these substances or allow the conclusion that any other
substance showing colors in this liquid is not one of those listed (Figure 2).
Characterization of this extraneous substance will often be possible by referring
to the Particle Atlas.*

25
Carzille high dispersion liquid n b = 1.585

This lUquid is useful for distinguishing talc from chlorite. Edge views of chlorite
are magenta for the index perpendicular to the plate. Talc is magenta for the
index parallel to the plate.

25
Cargilie high dispersion liquid o, = 1.605:

Chrysotile and all other substances giving dispersion staining colors in liquid
1.550 will be white or pale blue in 1.605 (Figure 3). Talc is the only substance
in this group that shows a X\ g close to the visible (cr 700 nm). All talc plates
show both n's (B &Y ) close to 1.605 in the red hence the central stop shows a
pale blue in all directions lying in the talc plate and white corresponding to the

a direction. Other minerals showing colors in np = 1,605 include tremolite,
chlorite and actinolite (Figure 4).

he ﬁcCrone, W.C. and J.G. Delly. 1973. The Particle Atlas, Edition Two.
‘ n Arbor Science Publishers, Ann Arbor, Michigan
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Talc:

B
Y *——{——b wifite-yellow (<400)

whitefyellow (<400)

a
b v4v—T > » white yellow

white-blue (»702)

az blue (660)

> -
i red maghnta (520)
[d

i
. r Y '~ red mp}?nta (5209
1’

B

Paprr fiboars:
Zaprr [10ofs

{rrcgu. ac
rounded fibers

)
4 e —
yellow-vhite XX/\ " M ===

Ypale blue .

guar:z:

conchoidal flakes, all show A, ca
680 nm corresponding to w on rotidtion
of the stage; 90° froa the w orirnca-
tion efther ¢ (lo = 590 nm) or any c¢'

(590 <A° <680).

"Lizardite:

sggregates of very fine plates,
n's slight > chrysotile, £ & v in
plane of platecs A, ~600 nm {i ue

magenta) . 0
Antiprorite:
l? (ca 410)

B palc

X vellow
ale ?] .
7"——" P Q pl.e
yello #J ycllow

a golden yellow (/70)
{ Y~ (ca 400
1

,
Figure 2. Ceniral stop dispersion staining colors in Cargille liquid r%a— 1.55

(HD series).
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Cargille Liquid = 1.60S5:

Talc: Tremolite:

d/ blue-green (650)

£ pala blue (ca 700) Y
yellow fca 400)
r‘*{—‘ pald blue (ca 7C0) 7 a

}
E AL yellod
golden yellow (460) '

i

o i ——<¢ pale bdlue
| (ca 700)
white
(>>700)
Actinolite:
Chlorice: a

4 pale yellow

/; mayenta (540) 7‘74
<B’—{—" lue (600) pale ytllow
) f
.. B

pale yellow
:
a} blue-green (G40) L Y 14— pale y}llo-.:

——1 3

f

Anthophyllite:
.tl blue violet (615)

l Y <4  yallow  (400)

e el

3 or-nge yellou (47N)

l" (=--= yellow (400)

Figure 3. Central stop dispersion staining colors in Cargille liquid n12)5= 1.605
(HL series).
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Cargille Liquid ny 1.660:

Actinolite:
s v, pale blue (>>700)

Y
%hlue-gretn (ca 6AN)

r

}B pale blue (>700)

l Y —y pale Blup (ca 700)
b

Forsterite:

Y

[ B+ blue-grcen (640)

yellow (480)
3 v. pale blue (>700)

a
L B~ bluc-;.:l:n (640)

Hozablunde:

as nrale hlue (>702)

Y o
™ marenta

(540)

B4 blue-green (G40)

[- Y'—— biuc rtnsJ:ntn (570)
b

Curninntonite:

g, bhluc-green (650)

Y
yellow (),

B blue (580)
L Y '—b~ Latden —\]ellhu (510)

-~
>,
~—

Figure 4. Central stop aispersion staining colors in Cargille liquid n

(RF series).
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Anthophyilite often shows colors similar to tremolite but exhibits parallel ex-
tinction on all views. Tremolite shows parallel extinction for one view but
oblique extinction of 10° to 21° for the a -~ Y view.

Cargille Liquid n, = (RF series)

Non-talc minerals showing dispersion staining colors in n = 1.660 include
actinolite, forsterite, hornblende, calcite, cummingtonite and dolomite (Figure 5).

Cargille Liquid n, = 1.700 (M series)

Minerals to look for in nD = 1,700 include cummingtonite, grunerite, crocidolite
and magnesite.

STANDARDS

LIST OF MINER IS

The following minera’ standards were used for microscopy and quantitative x-ray
diffraction:

Vermont talc (kindly suppiied by Windsor Minerals)
anthophyllite, Haddam, Connecticut

chrysotiie, Victory Mine, Globe, Gila County, Arizona
tremolite, Fowler, New York

a -quartz, synthetic single crystal

In addition, the minerals listed below were used for microscopy and qualitative
x-ray diffraction:

lizardite, Kennack Cove, Cornwall, England
chlorite, Calaveras County, California
procklorite, Chester, Vermout
anthophyllite, Guffey, Colorado
anthophyllite, Cashiers, North Carolina
actinolite, Lake Wenatchee, Washington
tremolite, fibrous, Dahl Creek, Alaska

X-ray line scans of all of the above are attached as Appendix B.

21
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Cargille Liquid n, = 1,700:

Cummingtonite: ) N Crunerjte:
@, white (>>700) a, pale blue (700)
14 14 1
v. pale hplue (>700) yellow ‘490)
4 4 ’
By v. pale blue (>700) By  blue (5950)
l_ Yot v, palil)luc (>700) [_ Y+t ragonra 1(620)
: ' r
Crocidolite: Magnesite:
B, blue (590)
&
blue-grepn (6060) :
¥ white (>>>707)
blue (690Q)

73 yellow (4730)

r Q' nazentaJ(SJO)
Y

[

Figure 5. Central stop dispersion staining colors in Cargille liquid n 5= 1. 700

(M series).

o
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ppropriate samples of these r inerals appear on the analytical dispersion
staining chart, Appendix C, which also includes antigorite, calcite, dolomite,
forsterite, grunerite (amosite), magnesite and riebeckite (crocidolite).

CALIBRATION CURVES

The first five nuineral standards listed were used to prepare the briquettes for
step scamning calibration as described on page 3 of this report. Using these
briquettes calibration data were determined for quartz, chrysotile, tremolite
apd anthophyllite mixed with Vermont talc. The calibration curves follow as
Figures 6 through 15. In each figure at least two curves are plotted, one based
on integrated intensity and one on maximum peak height. In most regions both
curves have slopes similar enough so that either could be used analytically.
When this was not the case the integrated intensity curve was used. Curves
were redetermined completely for the last 20 samples which, because of
generator breakdown had to be run using the standard focus tube at lower power.
Curves were checked at least after every tenth sample, as specified in the
contract, but it was found better to check calibration every day that step
scanning was dcne, i.e., after every one to three sample. Three methods of
determining the integrated intensity werz compared: totalling the heights of
uniform steps under the peak, finding the area under the plotted peak by
planimetry or squre-counting (Figure 9) and cutting out and weighing the plotted
peak (Figure 11). Since we found that all three methods gave equivalent results
we made the greatest use of the first because it required less curve plotting.

23
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Calibration curves, 0.25 - 3% quartz in talc, 3.343 A peak,

Figure 6,

nickel-filtered copper radiation at 42kvand 25ma.
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nickel-filtered copper radiation at 40kv and 18 ma.

25

QE-CPC00004000



40 —

30 4

25 4

20 -

15

10

total of 0.01° step heights under curve, net counts per second, thousands

- 2500

50 100
percrnt quartz in talc

Figure 8. Calibration curves, 3 - 100% quartz in tale, 3.343 Apeak,
nickel-filtered copper radiation at 42kv and 25ma.
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Figure 10, Calibration curves, 1 - 45% tremolite in talc, 8.38 A peak,

nickel-filtered copper radiation at 42kv and 25ma.
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SAMPLE COMMENTARY

The purpose of this section is to put down some random observations concernin
certain samples or the set of samples as a whole.

1. No amosite (grunerite) or crocidolite (riebeckite) asbestos was detected in
any sample. |

2. Chrysotile was found only in one sample, No. 048. This is not really a talc
sample about 70% of it consists of the olivine, forsterite, and only one or two percent
of talc. The amount of chrysotile was estimated at 4-5% by microscopy and a similar
amount of antigorite was also detected by x~-ray diffraction.

3. Two other samples, 062 and 063, coutained modest amounts of forsterite (5%)
but no chrysotile or antigorite, though a little lizardite v'as noted in Sample 062. One
percent or less of magnetite, Fe304, was common to the three forsterite~containing
samples.

4. Tridymite was found in one sample only, No. 090, at a levzal of 30%. This
sample contzined 22% quartz and 25% clay but only 5-10% talc.

5. Small amounts of magnetite, Fe_O,, were found in many samples but one
sample, No. 077, contained 15%. No other sample contained nearly this much.

6. Anthophyllite was nct detected unless at least 8% of tremolite-actinolite was
al¢o present. It was found in all samples containing 13% or more tremolite.

7. Tremolite and/or actinolite were found in large quantities, up to nearly 60%,
in many samples. Emphasis on the Gouverneur talcs partly exolains why so many
were found.

8. Quartz was present in all but nine of the 100 samples. The maximum quartz,
contents of 21% and 22% occurred in two samples, 055 and 090, which appear to be
related only by their low talc content otherwise.

9. There were ten very pure talc samples: 009, 057, 067, 068, 069, 071, 072,
109 and 111. The purest of them is 057. Irupurities, waich differed in each sample,
were chlorite, dolomite, quartz, magnesite and mica.

10. Seven samples contained more than 50% of chlorite: 053, 076, 098, 099, 142,
118 and 125. Rutile, TiOz, was identified in two of these samples.

11. Eight samples had high magnesite contents, from 3J to 50 percent, and four-
teen samples were high in dolomite, 10 - 20%. High calcite cuntent was uncomr%on;
one sample, No. 105, contained up to 157 and four others were in the 8 to 10
percent range. One sample, 073, contained 9¢% of dolomite. '
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APPENDIX A
Data Summary

Appendix A is a five page table which summarizes the analytical results for
each of the 100 samples. Four methods of quantitation were used and are coded as
foliows:

method code
x-ray diffraction step scanning S
x-ray diffraction liue scanning ' L
polarized light microscopy M
difference D

The method usually used in finding the quantity of a given mineral is noted
after the % sign in the column heading for that mineral. When a method different
from that noted in the heading was used the letter code for that method follows the
percentage listed in the table for the particular sample.

In the case of tremolite-actinolite "% fibers'' means the percentage of the
total tremolite and/or actinolite that is fibrous, as contrasted with massive particles.
This was, of course, always determined by polarized light microscopy with the use
of dispersion staining.

a5

QE-CPC00004010



" aIoN1Nes
gc-c¢) LD S1-¢/ W0 ] 191560
se-o8| Sio> o1~ W s0> s S~ [Moslppo
gp-s| st0> $1-01 w S0 s> | ¢% 2L 4EH0
_ —
77€-/€ 77 o S1-0/ / 1> o/ m! w0
em: 09-0% :W (Y58~ sr-0/ £~ sr-o/ 0 co ik
~ :
(3 19-¢5 Ob-SE z-/ $-£ 19 Joro
£6-08| sro> of~ z~ sz > .44 U114
uW“WuE“W AA-49 so Tx.\i\:v_ $Z-0T 1-/ £-7 FTTEX0
bS-8F | 320> 0s-0F Wwlil'a> z-1 T 1LEY
0L-09 | ST0> 8§10/ 0z-0/ £~ fz% 1960
ﬁ.ww i So-5h | STO> | () 1>| 08-0% I~ -6 ya3)se0
yyodoltply sl | wlo>| LgSL | s> $-Z 0z-0/ weleco
b6 -85 wi> W oI~ $1> s boo
(so¢ 30)b5 S~ 1t o1 - wzos 705 s/ SrjLoeo
(10 6¢ b~ 70 o7~ Wso> 50> 5 09 |900
(myais| oz~ Ly sr~ I 9 115 {500
ynssy| T6-8/ A 2/-01 Wty > €2-11 ¥3 | #o0
twwu%hm 7286 £ 2o Wid> > 1 74 L8] 600
u\»\hw 7.54-0¢ sto S1-0! > ) #97 {200
i«\\.uq.m 158 -04 £ £1-0/ Wi> 1> z/ sz 400
Samyed | 2j10u7)90 . gﬁa w
mbudo ..aao_mu.c Jn mtgm nu u:munmq 7)pL0EN avdsppry 9} 1uojop j 3101y 3112100 DIyCoYD +3isobpyup [2319
WMLl WYL S % <% s % Y% T% (W% Y% | 3% {s%) 7% W, % We1% T’F

g¢ 39v4
v XIONIddV

QE-CPC00004011



UAINTINGD
L8-9L 0% 02-9) : HH S
48| 97 | il~ - 0i-§ ) 5 P
vy kit SoL|  §¥ 0s-5 121 vofeac
yrqeuy G gy 98-LL | s¥ J - of-$ 12~ LS f2u
- 143 u\.cﬁ\.m Wi S~ oNngix
Bl W2Zo> £5-2b 7 Z-1~ v z-/ Y-/~ 12CR0%
h apydud s L8-28| & A S1-01 wsos |gelso
Z4-$8 ' ” or-§ I~ A -l |TUER8se
b~ S0 A 49 LS
ypda)) @ | sp-sz| b | W10 5 8- 0i-§ T |wio | WS \BW|ISCe
aavdobraphy sz | 15~ | 1z |umesmue . 09~ L] ss¢
u.sL&s%c wyrplosh | 9 90 wi | wis | | $- 514 b50
PP 20094y %5)SH +8-58 7 u\.s.si« oi-§ §-€ g-s i-so | 22 - {sLshese
yymbow -fyiod)d) o-s0|  HT gl wz-i | I~ 3.%& We-2 o~ r1e-| b flL§2s0
?@u\\.\h 56~ 7¢ &.ﬁ&aﬁ L S £/ - $- $YYISOo
(W8] 1~ 41| Ol WS> > $1 yzx|oso
((iyx)0¢| 0-0f 80 $1-0/ wso> 50> o/ 891440
rypopnyol| bl wi- | Wit | si0s a§§h s oss | | € |59 850
$6-£b ws-¥ W z-/ 2L Jik0
Wws0-10 |5tb-b6 | SO - We-7 W2-1 9] 2M0|
i .w“mmu“ A | zuond | s | apsbou sppunan | svdes | e o] 1101 | 21200 pftoues w,..%..m@é

W IO %L W PO

QE-CPC00004012



PIEE =T rgw ave RUHIVIRRRLY CWILILE | CIOTILE R omi eidspar | { (Ca. - { (A
“!::?.3 yv ]r- oy _ z:-st fg'f oc:l—2 it | teldsp: u:ardm:r!ai:i; :. mica q.uarrz L_l:;f-z‘fzgdu;:g;& m&:l‘cs { {
T P.B 2-3 | . 05 | 76-98
gléar j-2 a2 M _ 02 97-98 (dignph‘k

FOH 40 ~1 <IM ' 1.5 97 @ 59aphik
070|864 ! 5 M | <! 15 90-92

071|261 2:3M | o5 | %-98

012{451 23 M o7 95-97 | Qs hematite
073143 ~90M | ~10M !

oM |34 5-8 3-5 2-3 12 bmtite | 1. 72-80 |5{S8 fim)|12 muytite

orsfas| 12 2 | 58 510 2 04 | 1082 |40t fbws)lmognti

0% )9.95 j-2 | ~50 ~f M ﬁn'aod:h 4 biokike | 1.7 27-35  |SQX fdes)psmunlite

077 Y68 <ITL | 10-20M 8 M /-3 /-2 23 | 42-58 6 |15 magnetit

078 |#45 -5 5-8 5-10 -1 1z 59-70 2 chy
019 |ise 5-10 2.4 85-95

080153 ~5 1-2 15 ‘ ~f 22 | 6776

081 Yo 41 3L | /-2 /5-20 <! | 25 é5-80 :8
o8z} - /2 ' 2.5 70-85

%3] - /2 )L -5 _ 4 78-83

B4] ~ 10-12 . R B X 4 75-86

s |46 b1 3./ 75-87

i cowtrmun .

€10#00000d0-30



¥10¥00000d40-30

APPENDIX A
Pace 39
&\I : a-n;/;r‘i';z' %;@hﬁehf&ri& Cf:/':ldoh:‘m?!f, ftHZ'Pflr liza.:.dft:‘lmgngl fe —mi‘/écf : qLua‘/FrSz Ta’{'cpzzméﬁ- g:q;u:i: her 21,
/2 5 65-83
< 3.5 ~3 Le | 85-93 |i5(0tfien)
i -5 ~15 + |e8-90
~2 8-10 10-20 15-25 24 33-57 L5 ankerite
-5 1-2 ~I'Mm -5 22 5-1om 30fn’4fmilJ25 clay
«1 I-2 Fofiiochs] 2.1 | 88-93 '
092 5 ~ 1 2. 77-90 | 15
o098} - ~1 /-3 /-2 /.3 89-95
094i{ 4.1 5 ~5 Fbiotite | 23 | 67-90
o%s)j3.2 ~5 -2 -5 |Ppixbs] <IM | 16 |59-8
0943 5-8L1 ~f 2-4  iplyicise) j2holite | 12 | é9-90
0971 344 8oL | ¢ 3-8 1.9 72-92
098] 6.95] 3-4 92-93D 02 08 ~1 ¢ 2 rulile
099|433 ~2 86-92) ~5 I4 2-4 &
10016.38 03 3-5 94-96 | £
o1yl - 05 1-3 S (UM 1e7) . IM 1.7 80-94- 8
foz)l ~ 06 90-95D 1.0 5-10L
103(| 705 S-10L 5-10 1.5 70-93 | <ai
104|(4.95 8 5-10 1-2 7 53-77 10
'051|4.66 10- 1514 4-5 /-2 ] 1.2 | 528 10
p—




APPERDIX A

? Pace 40

kﬁg.,n;;::: b ct. | i | e e plit | wic quats | wle” om0 [

oefleor] 81 s 18 | 8293

o7f - -2t is ’ -2 biotite) <a1m | 78-86

08| 6.67 !5 as-1 | 075 | 82-84

094471 ! o | 8 |

1olizso) 3-f ¢t 40-50 oM | 455 <1 ¢oal

fyes| 1-2 ~1 97-%

1211333 . 6 15 30 45-75 <Imaputites coal

131852} | -2 2 45 45-57 Sagpnette » t00l

1#|ess| 1-2 5-8 -2 | 1s20 09 | ci-87 Kl

151417 1-2 /-18 | 0.2 -3 38 29-7/ 44

tb“ 1.55 <f? ~5 06 f0-94 5 glass

1Timnz| 2-3 [-2¢ 2-3 fo-15 /-2 10-15 S5 S55-76

1811434] 12 2-3 82-94D ~lnmh’f¢ <025 2-3(

19358 12 7 <! /-2 3+ | 72-73 /3.5

wl4n| 42 | 05 23 32 32-¢8 | 37 .
oul4s| 15-16 | <I 2 55 3169 | 45 S
%zz 85| | 5 T 12 o (2 biolite | <025 | 90-93 | Q[ fthied) ’
gzs 56 I L 2 Kpkppk | 0.8 | 43-95  |0o1boyfbe
§24 a1 35 | 7785 03 coal  [0AGxH,0
gz.s}l[q.es 80-86D | i e T W1




APPENDIX B

Appendix B consists of 13 x-ray line scans of known minerals, as listed below.

Figure B-1
Figure B-2
Figure B-3
Figure B-4
Figu}'e B-5
Figujre B-6
Figure BT
Figure B-3
Figure B-~9
Figure B-10
Figure B-11
Figure B-12
Figu;rs B-13

X-ray line scan of Vermont talc, full scale = 2000 counts/second
X-ray line scan of Vermont talc, full scale = 500 counts/second
X-ray line scan of anthophyllite, Cashiers, NC

X-ray line scan of anthophyllite, Guffey, CO

X-ray line scan of anthophyllite, Haddan., CT

X-ray line scan of chrysotile, Victory Mine, Globe, Gila County, AZ
X-ray line scan of lizardite, Kennack Cove, Cornwall, England
X-ray line scan of a -quartz, synthetic

X-ray line scan of fibrous tremolite, Dahl Creek, AK

X-ray line scan of tremolite, Fowler, NY

X-ray line scan of actinolite, Lake Weunatchee, WA

X-ray line scan of chlorite, Calaveras County, CA

X-ray line scan of prochlorite, Chester, VT
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