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OPTICAL AND X-RAY DETERMINATIVE METHODS
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ABSTRACT

Microprobe analyses for fluorine in the suite of 14 natural topazes studied by Rosen-
berg (1967) led to the calculation of the following determinative curves:

Weight percent fluorine equals 3.91-+0.24 (2V,); 892.5—99.2 (b cell edge); 155.6—35.7
(Ao21), where Agi= 205,01 200— 20topaz 021 With CuKe radiation. Using refractive indices for
eight specimens, these polynomial regression equations were calculated:

Weight percent fluorine equals — 14434418091 (a)— 5660 (@)% —15373-4+19232 (8)
— 6007 (8)%; — 10247412847 (v) —4018 (v)2.

INTRODUCTION

In 1894 Penfield and Minor first demonstrated that the formula for
topaz is [Al(F, OH)],SiO4 and that differences in specific gravity, optical
properties, and axial ratios of topaz are related to the replacement of
fluorine by hydroxyl. If Deer, Howie, and Zussman (1962) had used all
of Penfield and Minor’s optic angle data to plot fluorine determinative
curves, they would have obtained essentially the one we present here (see
Fig. 1a).

However, they plotted optical properties and density for a variety of
analyzed specimens against the ratio OH/(OH-F). This was an unfor-
tunate choice of an independent variable, both because of the propagation
of error in calculating this ratio and because OH and F analyses are
particularly difficult to make, as Penfield and Minor (1894) noted.
Chaudhry and Howie (1970) also admit that the general deficiency of Si
in their analyses . .. probably may be attributed to negative error in
the determination of the (OH+T) group.” Since there are many topaz
analyses in the literature whose (F, OH) values are inconsistent with
various physical properties of topaz (cf. Fig. 1a), we determined to clarify
the situation with a microprobe study of fourteen topazes characterized
by Rosenberg (1967).

Rosenberg (1967) showed that the 4 and ¢ cell dimensions (and volume)
of topaz increase with increasing OH/(OH+F), and that & and 2V,
show a strong negative correlation. Because precise optical and lattice
parameter measurements were available, this suite of specimens was
chosen for microprobe analysis. The fluorine analyses listed in Table 1

1812



70° - opn  AMS
i MKC A d
M74n +
i MOl A +/
! + ¢
e ¥
[ BBA
|
60 -
L
od
50°
Lo +
1 1 i | i | I | i 1 1 | 1 | i
14 15 16 17 I8 19 20
Weight % Fluorine
(a)
70 -

) Wl

B Pd
12
5 I3|
50° |-
i | i | -/a | i | i 1 i 1 L | i
13 14 15 16 17 18 19 20
Weight % Fluorine

(b)

F1c. 1. (a) Optic axial angle 2V, plotted against weight percent fluorine for chemically
analyzed topazes. The line is taken from Figure 1b. The crosses represent data from Pen-
field and Minor (1894); the open circles, data tabulated by Deer et al., (1962, p. 146); the
square, data from Odman (1950); and the triangles, data from Chaudhry and Howie (1970).

(b) Optic axial angle 2V, plotted against weight percent fluorine for thirteen topazes
analyzed with the microprobe. Size of the data points represent estimated standard errors
of the measurements (see Table 1). 2V, from Rosenberg (1967).
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were standardized to the topaz from Thomas Range, Utah (sample 2,
20.4 weight percent T), and individual values are probably known to
within 3-4 percent of the amount of F present. This is about the same
level of precision that Van Loon (1968) claims in determining the
amounts of fluorine present in mineral fluorides using a specific ion elec-
trode. The only other elements present in detectable amounts are Fe and
Cr, notably in samples 1, 2, and 3 from cavities in rhyolites (Table 1).
These probably substitute for Al in octahedral coordination (Thyer,
Quick, and Holuj, 1967). Ca, Ti, V, Ni, and Co were not detected at the
0.01-0.02 weight percent level, and Mg was not detected at the 0.05
weight percent level (¢f. El-Hinnawi and Hofmann, 1966).

With one exception microprobe analyses of Si proved to be within +1
percent of the amount calculated (+0.15 weight percent) for stoichio-
metric ALSIO4(F, OH).. The exception is sample 14, the most F-poor
topaz in this suite, which is 0.3 to 0.5 weight percent Si-deficient. This
sample yielded the highest Al counts of all specimens analyzed, but they
were within the +1 percent (0.3 weight percent) variation observed
from sample to sample. Sample 14 may be a natural example of the
synthetic topaz solid solution series reported by Rosenberg (1969).
However, the extent of this solid solution is very small in this sample,
and it may be neglected as far as the determinative curves are concerned.

DETERMINATIVE METHODS

2V, and Refractive Indices. The optic axial angle 2V, can be measured
with ease on a universal stage or spindle stage (Wilcox and Izett, 1968).
Fortunately for our purposes, 2V, shows very high correlation with I
content (Fig. 1b; Table 2). The correlation coefficient is 0.988 and the
range of residuals (Fops— Feale) is —0.42 to +0.34 weight percent F. Re-
fractive indices measured for eight topazes across the composition range
also produce useful second order polynomial determinative curves (Fig.
2; Table 2). These curves were fitted by least-squares methods to «, 8,
and v, but they do not exactly predict the 2V,,, values measured on the
same specimens and thus they probably should not be extrapolated far
beyond the range shown. This is not surprising since an error of only
0.001 in (y—a) or (y-+B) produces errors of up to 8° in 2V,.

Laitice parameters. In the topaz structure recently described by Ladell
(1965) and Ribbe and Gibbs (1971a), the b cell-edge is normal to the
close-packed anion layers of alternating (F, OH).0, and O, Composition.
Figure 3a shows that b increases with increasing substitution of OH for I,
The reason for this is that two-coordinated OH is ~0.04 A larger in
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Table 2. Equations for least-squares regression lines. Estimated standard
deviations for the intercept and regression coefficient are given in
brackets.
Range of Correlation
residuals coefficient
wt, ZF = 3.91 + 0.24(2VY) -.42 to +.34 0.988
[0.25] [0.01]
wt. Z F = 155.6 -  35.7(4g21) _ _
[0.4] [2.7] .37 to +.51 0.971
wt., % F = 892.5 - 99.2(b) ~.51 to +.60 -0.967
[0.4] [7.91]
wt. 4 F = 465.5 - 1.3(Volume) -84 to +.57 -0.881
[0.8] [0.2]
Polynomial regression equations for refractive index
determinative curves.
wt. % F = -14434 + 18091(n ) -5660(n )’
wt. Z F = -15373 + 19232(n6) -6007(nB)2
we. 7 F = -10247 + 12847(n, ) -1.018(%)2
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Fic. 2. Refractive indices, np, plotted against fluorine content of eight specimens
(see Table 1). Estimated precision of e, 8, and v is +0.001. The polynomial regression
equations are listed in Table 2.
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F1c. 3. (a) Variation of the b cell parameter and (b) unit-cell volume of topaz with
fluorine content. Data from this paper (Table 1) and Rosenberg (1967) are represented by
crosses whose sizes are indicative of the estimated standard errors of the measurements.
The triangles represent data from Chaudhry and Howie (1970)., Equations for the regres-
sion lines are listed in Table 2.
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radius than two-coordinated F.! The equation for the least-squares re-
gression line relating b to weight percent F is given in Table 2. The a cell
edge (space group setting Pmnbd) varies by only 0.006 A (Rosenberg,
1967) and shows nearly zero correlation with F content; the ¢ cell edge
vs. F has a correlation coefficient of only —0.551. Thus, considering the
propagation of errors, unit-cell colume is a poor estimator of F (Fig. 3b;
Table 2).

Aoo1 = 208401 200— 2640psz 021. Another parameter for fluorine determination
can be measured easily on powder diffraction patterns to topaz with
reagent grade NaCl as an internal standard (see Rosenberg, 1969). Using
CuK, radiation, scan the 20 range 26.5°-32.5° at a suitably slow speed and
measure to the nearest 0.001° the separation of the topaz 021 peak 27.9°
and the NaCl 200 peak near 31.7° to obtain Agi. Use the graph (Fig. 4)
or the regression equation (Table 2) to calculate the F content. Our data
showed a maximum deviation in Agy of 0.005° from the average of four
measurements made on each of fourteen specimens. The regression anal-
ysis indicates that F can be predicted within 0.5 weight percent.

Evaluation. Specimen 5 (Table 1) was not analyzed by microprobe meth-
ods, but the three determinative methods discussed above predict the
following fluorine contents: 2V, 19.3 weight percent; A, 19.4 weight
percent b, 19.2 weight percent. It is obvious from Figure la that the F
contents determined using 2V, for Penfield and Minor (1894) and
Odman’s (1950) topazes agree very well with their chemical analyses.
However, this is not true of the specimens examined by Chaudhry and
Howie (1970). Except for specimen Mj, the predicted F contents differ
significantly from their analytical values (see Table 3 and compare Figs.
1a, 3a, and 3b). Thus it is our opinion that their determinative curves are
incorrect and should not be used.

The reported optical properties of their topazes and three others
(Kempe, 1967; Table 3) yield F contents that are consistent within 0.5
weight percent. Since the errors in refractive index and 2V, measure-
ments are likely to be small, it is probably best to rely on these for I
values predicted using the b cell edge and Ay as calculated from reported
determination. By contrast there are rather obvious inconsistencies in F

! This value was obtained from a comparison of the volumes of the essentially pure F
end-member (specimen 1) and the most OH-rich specimen 14, which has the approximate
formula ALSiO.F,;0Hos. Assuming that rgIII=1.36 A and rrI1=1.285 A (Shannon and
Prewitt, 1969), the radius of OH™ must be 1.325 A if the difference in volume is due en-
tirely to F=OH substitution. Using bond length differences in F and OH amphiboles, it
can be shown that OH js likewise ~0.04 A larger than IFIII (see Ribbe and Gibbs, 1971b).



FLUORINE IN TOPAZ 1819

392

390° - —
388 |- ‘I'—
386 \

384° -

-20 fopaz 021 (Cu Ka)

2 6 NaCl 200
£

382° - Mol
L] i Bi—Hi
<§' 380° ; \+3
; U
LY
3.78° i | i 1 I L L | A | 1 | i 1 z 1

13 14 15 16 17 18 19 20
Weight % Fluorine
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Maximum error in measurement of Agy is 0.005°, The equation of the regression line is in
Table 2.

values of & and ¢. These indicate errors in lattice parameters which may
have arisen from misindexing or the failure to use internal standards.
[Kempe (personal communication) has recently confirmed that his cell
edges were in error.]

Saito and Ushio (1968) report cell dimensions and refractive indices for
synthetic topazes of composition ALSiOQ.F,(OH),_,, where 2>x>0.8.
These data are totally inconsistent with both natural topazes (this study)
and with synthetic topaz solid solutions (Rosenberg, 1969, and unpub-
lished data).

CONCLUSION

Since most natural topazes are apparently free from chemical impuri-
ties which significantly effect optical properties or lattice parameters, it is
felt that any of the methods presented here can be used successfully in
determining F content. However, difficulties may arise if extensive solid
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solutions of the type AP*4(F, OH)"=Si**4 02>~ described by Rosen-
berg (1969) are found to exist in nature.
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