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ABsrRAcr

A detailed description of the physical and chemical properties of ten South African

scheelites and of the synthetic CaWOr-CaMoO4 series is given. Three variation diagrams

of values of 2d with chemical composition of this series are also given, by means of which
the MoOs content of a member can accurately be determined from its r-ray difiraction
angles to witlllin 1/6.

INrnolucrron

Powellite (CaMoOa), although less common than scheelite (CaWOr),
is found at several localities in North America and also at Minusinsk,
Siberia. Scheelite free from molybdenum is very rare in nature, the re-
placement of W by Mo being usually of the order from 1 to 15 per cent.
The same range appears to apply to the replacement of Mo by W in na-
tural powellites. These indications that scheelite and powellite may form
an isomorphous series is strongly supported by the fact that the ionic
radii of hexavalent W and Mo are both 0.68 A (tf, p. 167).

Scheelites from ten localities in South Africa were examined but not
one contained more than 2 per cent MoOa. Neither natural powellite nor
other intermediate members of the postulated scheelite-powellite series
were available. However, the end-members as well as some intermediate
members were successfully synthesized.

The *-ray difiraction patterns, and hence also the crystal structures
of synthetic CaWOn and CaMoOa are identical with those of natural
scheelite and powellite, respectively. At the same time an rc-ray method
was devised for determining the composition of a member of the series
in terms of its end-members to an accuracy ol 2 per cent CaMoOa, or
about 1.5 per cent MoOr by weight.

The natural scheelites examined in this research came from the follow-
ing South African localities:

Speeimen Number
1
z
J

n

5
6

Locdi.ty
Gwelo dist., Southern Rhodesia.
Schurry's Claim, Natos Mine, South West Africa.

Jofie's Claim, Groendoorn River, Cape Province.
Boksputs, Gordonia, Cape Province.

Jackalswater, Namaqualand, Cape Province.
Leydsdorp, Transvaal.

* Published by permission of the Honourable Minister oI Mines, Union of South
Africa.
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Locdity

".A.ltemooi," Steinknopf , Namaqualand, Cape Prov.
Stavoren Mine, Potgietersrust, Transvaal.
Forbes Reef, Swaziland.
Glynn's Reef , Vaalhoek, Pilgrimsrust, Transv.

Speci,men Number
a

8
9

10

Cnl'lrrc.lr PnopBnrrn s

Samples from the localities listed above were analyzed chemically and
spectrographically. Material used for these analyses was examined mi-
croscopically and no impurities or inclusions could be seen.

SprctnoonnPnrc ANAT.YSES

No attempt was made to compare the intensities of the Ca'or W-lines
as.these constituents and Mo were determined chemically. When the in-
tensities of the Mo-line (3,903 A; ior difierent scheelites were compared
visually, variations in the intensity of this line were in very good agree-
ment with the relative amounts of MoOs determined chemically.

The results obtained on other minor constituents and listed in Table l,
represent a rough semi-quantitative guide of the abundance of these
minor constituents. It is considered that none of these is present in
quantities exceeding 0.5 per cent. The intensity of each element-line has
been visually estimated using an arbitrary scale from zero to 10. This
allows a comparison vertically, but not horizontally, in Table 1.
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SOUTH AFRICAN SCHEELITES

Samples were arced in hollowed copper anodes, (the cathodes were
slightly pointed) for 20 seconds at 5 amps (for Cu. analyses carbon elec-
trodes were used). A large Hilger Littrow-type spectrograph was avail-
able.

The following elements were absent in all scheelites: Ta, Nb, Pb, As,
Bi, Y, Yb, Ce, In, Sb, Li, Zr, B, Rb, Cs, Be.

Tl.rl-n 2. Cnnurcar, Axer,vsns or' 10 Scnrnr,rrrs, Sounr Arntc,t

721

Percentages by Weight of Components*
Sam-
ple

No .

9
10

CaO WOt
%

CaWOr

9 6 . 0
94.84

-/a

CaMoOr

1
z

J

i

J

6

7
8

1 8 . 9 6
1 8  . 8 7

19.44
19.36

7 7 . m
76 40

78 .30
77 .63

0
I . J J

78 .36
7 5 . 1 6

97 .50
93 .30

95.67
97 .86

'  97  .61
97 .66

0 .  75
0 .05

2 . 6 2
0

0 .  10
.o.09

97  . r7
96.25

77 .08
78.84

78.64
78 .68

0
0

* Chemical analyses by C. J. Liebenberg, Division of Chemical Services, Pretoria.

From Table 2 it appears that all the specimens contain impurities'
However, these were not visible under the microscope or ultra-violet
Iamp.

In the calculation of the norm, an excess of CaO was often found after
all the WOs and MoOg had been allocated to CaO to form the scheelite
and powellite molecules. This excess of CdO may be linked with the
silica, alumina, or vanadium, the most common elements present in the
scheelites. In sample No. 2 a small quantity of Ca was replaced by Cu,
and in No. 6 Sr replaced some Ca. These minor replacements of Ca by
Cu and Sr caused some deviations in many values ol 20 for many of the
reflections in their r-ray diffraction patterns.

Svxrrlpsrs ol MEMBERS or. TrrE
ScnBorrre-PowEr,LrrE SnnrBs

Pure CaWOa and CaMoOa wer€ synthesized by the Manross method
(13) by fuslng NazWOa.2H2O and NazMoO+.2H2O, respectively, with
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722 F. 11. S. VERMAAS

CaCIz'2HzO. The melting points of these substances, when they have
lost their water of crystallization, are as follows:

CaClz :772" C.
NagWOr :698" C.
NazMoOr:687' C. (1, p. 369)

Intermediate members containing 207a, 4070, 607o and 807o CaMoO+
were synthesized as follows: pure Na2WOr.2HzO and Na2MoO4.2H2O
were mixed in the required proportions to yield the aforementioned mem-
bers of the series. These mixtures were then melted in an open crucible
over a bunsen flame and thoroughly agitated to ensure a high degree of
homogeneity before adding CaClz 2HzO. The mixture is then heated for
another 15 minutes before cooling.

By grinding the product to about 200 mesh and boiling with water, all
of the NaCl formed in the reaction as well as all excess reagents were re-
moved. The final products were dried at 150' C.

The chemicals employed in the syntheses were analyzed reagents
which contained alkalies as major impurities but in quantities not ex-
ceeding 0.2/o. Other impurities were SOa2-, Pb, Fe, Ba and NHaOH, but
none was present in quantities greater than 0.005/6. Spectrographic a-
nalyses proved that no Mn, V, Cr, Cu, Si, Sr, Ti, Be, Mg, or Al were
present in the reagents, and tended to confirm the manufacturer's anal-
yses.

Fruonpscpwcn

Natural scheelites as well as all synthetic mixtures fluoresced when ex-
posed to ultra-violet light (I:2536 A), the synthetic material showing a
somewhat brighter fluorescence than the corresponding minerals. The
fluorescent colors of the minerals and their MoOr content are listed in
Table 3.

Tenln 3. Fruonnscntcn Cor,ons. 10 Scurrr,rrrs. Sounr Alnrcn

Specimen No. loMoOe (WSt.) Fluorescent Color

I
2
3
4
5

6
7

8
9

10

< .0004
0 .96
0 .54
0.039
0.070
0.0062
1 . 8 7
0.0004
0.0023

<.00(),1

Pale blue
Yellow
White
Pale blue
Pale blue
Pale blue
Yellow
PaIe blue
Pale blue
Pale blue
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The fluorescence of the synthetic CaWOr was pale blue, similar to that
of the seven samples poor in MoO3 (Table 3), but all the other synthetic
samples showed a yellow fluorescence. A sample containing abofi 0.5/6
MoOa was also synthesized, and it fluoresced white like the natural
mineral of about the same composition (No 3).

R. S. Cannon, K. J. Murata and F. S. Grimaldi of the United States
Geological Survey worked out the variation of fluorescence of scheelite
with molybdenum content quantitatively with great success (14, p. 65).
The variation in fluorescent color that they observed in the natural
scheelites was confirmed by preparing synthetic samples of identical
chemical composition, and the resulting method they suggested com-
prises the comparison of the fluorescent color of a scheelite of unknown
molybdenum content with the fluorescent colors of a standard series con-
ta in ing scheel i tes wi th 0.05,  0.19,  0.33,  0.48,0.72,0.96,  1.4,2.4,  3.4,  and
4.8 per cent molybdenum. By employing this method the molybdenum
content of scheelites containing less than 4.8 per cent of molybdenum can
easily be determined to an accuracy exceeding any industrial require-
ments.

This pioneering work is of great importance in the industry, the only
difficulty is that the molybdenum content cannot, according to this
method, be determined accurately in samples containing more than about
5 per cent of molybdenum.

In a detailed study Greenwood (2, pp. 56-64) also noticed a change in
fluorescence of scheelite from blue to yellow with increasing molybdenum
content, but also related the fluorescence to some impurities, especially
manganese. In view of his findings, and the presence of Mn, Fe, and es-
pecially V in some of the South African scheelites, some experiments
were made by incorporating these components in some synthetic ma-
terial. First, scheelites were prepared by adding quantities of Mn, Fe,
and V varying from about 0.0170 to l/6 to NazWOn.2HzO and CaClz
.2HrO. (These impurities were added in the form of FeO, FeCI2, MnO,
MnCl2, and VzOs). Ilowever, the fluorescent pale blue color remained
unchanged. The procedure was then repeated in the preparation of pure
powellite;the fluorescent bright yellow color remained constant.

For MoOs percentages greater than about l/6 the fluorescent color re-
mains yellow but becomes somewhat brighter with increasing molyb-
denum content. Hence the intensity may serve as a rough guide to the
content of MoOa in the scheelite-powellite series in this range of composi-
tion. However, this method must be considered unreliable not only be-
cause of difficulties in the direct measurement of intensities but also
because other factors as yet unknown may influence the intensities.
Marden and Meister (16) have studied the decrease in fluorescence in-
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724 P. 11. S. VERMAAS

tensity caused by various foreign elements when incorporated in syn-

thetic scheelite.

Spncrlrc Gnevrrv DrtBnurNarroxs

Two ordinary quartz specific gravity bottles of about 7 cc. capacity

were employed. Triple distilled water which was freed from air was used.

All possible precautions were taken to reduce evaporation to a minimum.

Air bubbles adhering to the particles were completely removed by heating

the bottle with the particles and about ? of its volume of water to about

60' C. under diminished pressure. Corrections were also made for the

difierence in the displacement of air by the volume of the contents of the
pyknometers and the volume of the weights used with the balance.

Three determinations were made on difierent portions of each sample
and the difierences did not exceed 0.005. The results given below may

therefore be considered correct to the nearest unit in the second decimal
place.

Tasln 4. Spncrrrc Gna.vnv, 10 Scnnrr,rres, Sours Armcl

Sample No. Specific Gravity (Ga25) fr MoOr (wst )

6.08
6 . 0 1
6 . 0 2
6 . 1 0
6.08
5 . 7 2
6.00
6 . 0 9
6 . 1 2
6 . 0 6

<0.0004
0 .96
0.  54
0.039
0 .070
0.0062
1 . 8 7
0 0004
0. 0023

<0.0004

The specific gravities of scheelites containing less than 0.5/6 MoO3 are
fairly constant, but that of sample No. 6, which contains 0.46/6 SrO is

substantially different from the others. This reduction in specific gravity

may be due to the expansion of the unit cell owing to the replacement of
Ca with ionic radius of 1.06 A Uy St with radius I.27 L (11, p. 168). On
the other hand, this replacement should tend to increase the specific
gravity because the atomic weight of Sr is more than twice that of Ca.

The following parameters are given in the literature:

Brdgg (4, p. 133) Sillen and Nylander (5, PP. 1-27)
CaWOr:  a:5.24 A,  c :11.28 A :  CaWOr:  a:5.23 A,  c :11.348 A
CaMoOr: a:5.23 A, c:n.aa A : CaMoOr: a:5.21 A, c:11.426 A

If the specific gravities of scheelite and powellite are calculated from:



where

SOUTH AFRICAN SCH EELITES

d : nM/Nv . . . (1) (3, p. 108)

n:8 for the scheelite group.
M:molecular weight.
N:Avogadro's Number (6.0597 +.0016) X10H A
z:Volume of the unit cell

the following values are found.

Bragg Sillen and Nylander
CaWOn: Sp. Gr.:6.141 : CaWOr: Sp. Gr.:6.125
CaMoOr: Sp. Gr.:4.231 : CaMoOr: Sp. Gr.:4 253

Since the volumes of the unit cells of powellite and scheelite are prac-
tically the same, the variation of the density in this series will be a func-
tion of the molecular weight, or a function of the MoOs content.

Using the unit cell dimensions of two intermediate members of the
powellite-scheelite series given by Odman (7), their specific gravities
were calculated according to formula (1). The results are:

(a) Sample with22.l/sMoOz. Sp. Gr.5.56
(b) Sample with 59.3/6 MoO3. Sp. Gr. 4 60

The available specific gravity data suggest the simple relationship pre-
sented in Fig. 1.

The specific gravities of the South African scheelites are below 6.13
(calculated sp. gr. for pure CaWOa), and thus may be due to the fact
that all the natural scheelites contain impurities in the form of silica,
alumina, and vanadium, causing the experimental values to be lower than
the calculated ones.

RBlnacrrvB INlrcBs

The refractive indices of natural and synthetic scheelites were deter-
mined according to a single variation method using phosphorus liquids
as described by West (6, pp. 245-249). Grains were orientated on a Uni-
versal Stage and the indices matched at room temperature by adjusting
the wavelength of a monochromator. All indices are given for Na-light
at 22" C. and are correct to *.003. The variation in refractive index
from powellite to scheelite offers a fair method of determining the MoO3
content of a member of this series. The refractive indices of the South
African scheelites, except for samples Nos. 2 and 6 varied as follows.

o from 1.914 to 7.926 and
e from 1.931 to 1.939

The average of the refractive indices of the scheelites containing less
than 0.5/e MoOa are as follows:

u:1.921 (+.003)
e:1.938 (+.003)
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06 MoO3'(weisht)

Frc. 1. Graphical representation of the variation of the specific gravity of members

of the CaWOr-CaMoOr series. No specific gravity determinations was attempted on the

synthesized members because of their very fine grain size.

10070
CaWOe

20%
CaMoOr

t .946
t . 9 3 2

40%
CaMoOr

1 . 9 5 4
1.942

60%
CaMoOn

80%
CaMoOa

1 . 9 7 3
t .966

r007o
CaMoOr

r .984
r .974

| .967
1 . 9 5 1

The refractive indices for natural and artificial scheelite are identical

within the l imits of errors viz. a:1.921 and 1.920, respectively.

The birefringence (€-@) for the synthetic series decreases flom 0.015 for

CaWOn to 0.010 for CaMoOn.
The refractive indices of sample No. 6 which contained 0'46/6 StO

was found to be:
o=1.912 (+.003)
e:1.925 ( +.003)

The following refractive indices were found for the synthetic material:



SOUTH AFRICAN SCH EELITES

% CaMoO+(weiqht)

Frc. 2. Graphical representation of the variations of the refractive indices o and e
with the chemical composition of the synthetic CaWOcCaMoO4 series.

For sample No. 2 which contained 0.547a CuO the refractive indices
are:

o:1.930 (+.003)
e:1.947 ( + .003)

The specific refractive energies of WOa and MoOa were calculated ac-
cording to Larsen and Berman (15, pp. 30-31) as 0.133 for WO3 and
0.233 for MoOr. It wil l be noticed that Larsen and Berman (15, p. 31)
quoted exactly the same specific refractive energy for WOr but the cal-
culated value for MoOa difiers greatly from the 0.241 as given by them.

X-Rev ExaMrNarroN

X-ray powder difiraction patterns were obtained by using 114 mm.
diameter cameras in which the film is mounted accordinq to the Strau-
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F. H. S. VERMAAS

manis method (9, p. 726).The time of exposure was2l hours using un-

filtered Cu-radiation at 35 K.V. and 20 m.a. The temperature during the

exposures did not vary more than 1" C. above room temperature (22" C) '

The variations in room temperature for different exposures did not ex-

ceed 3o C.
The films were allowed to dry for two weeks before measuring. The

centers of the entrance and exit holes in the film were determined by the

Tanr,n 5. X-nav Dlre oN 10 Scnnrr,rtns, Sourn Alnrcl

Average of samples I Sample No. 2 con- | Sample No. 6 con-

No.
Int.
(est)

7
8
8

1,3 ,4 ,5 ,8 ,  9  and 10  |  ta in ing  0 .54Vo CuO I  ta in ing  0 .46Vo SrO

20 (Cu) 20 (Ca) d L 20 (Cu)d A

t0
8
9

8
9
8

1

J

n

6

59.71
76.4r
90.76

29.01
47 .30
58 .05

29.05
47 .41
58.  19

59.  75
76.42
90.70

99.4r
1 16.90
142.97

r50.92
152 -Ol
165 .80

3 . 0 7
1  .918
1 .585

28.99
47 .30
58 .08

7
8
9

10
1 1
l2

99.43
Ir7 .02
142.99

150.91
r52 .13
I O J .  J J

0. 7958
o 7936
0.7764

1 .010
0.9039
0.8123

0.7957
0. 7938
0 .7762

59.  58
76.30
90.  70

99.27
tt7 .o2
142.85

r50 74
151  .87
165 .50

All reflections with 20)90'are a1 reflections.

accurate measurement of the lines on either side of these holes in order

to obtain "check points" from which a shrinkage correction factor was

determined.
The measuring of the films was carried out as described by Wasser-

stein (8, p. 106). The films were measured four times using different parts

of the scale in order to eliminate any possible errors due to incorrect cali-

bration of the measuring scale or vernier. Each line was measured 5

times at the four difierent positions in which the film was placed on the

scale. The more prominent lines were measured 10 times. The variations

in 2d did not exceed 0.05 degrees for different positions along the scale

and all values givenoin Tables 6 and 7 are hence considered correct to

0.03 degrees.
The variations in 2d of corresponding Iines for those scheelites con-

taining less than l/6 MoOt never exceeded 0.06 degrees, but larger devia-

3 .08
I .923
1 .589

.549

.247

.082

1 . 0 1 1
0.9033
0.8127

0.7967
0.794r
o 7765
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730 F. .A. S. VERMAAS

tions from these values oI 20 ior corresponding lines were found in
samples Nos. 2 and 6, which contained CuO and SrO, respectively. X-ray
diffraction angles were converted into interplanar spacings by using suit-
able tables (10).

The above mentioned deviations of 20 lor the more prominent re-
flections for samples Nos. 2 and 6 form the 20 values forscheelites con-
taining Iittle MoO3 are listed in Table 5.

Table 5 illustrates that the partial replacement of Ca by Cu and Sr
causes definite line shifts, but these are irregular. Although both samples
contain some MoO3 it is clear that this deviation in 20 is not due to the
MoO3 content. The replacement of W by Mo causes a systematic shift-
ing of lines as will be pointed out below. A detailed study of the Sr and
Cu-bearing scheelites seems desirable.

% CaMoOr(weiqhD

Frc. 4. Variation of 20 ior Iine No. 1 rvith variation in the chemical composition

of the scheelite-powellite series.

@



SOATH AFRI CAN SCH EELITES

An X-Rlv MBuron lon DBrBnlrrNrNG THE
Cnnlrrcar ColrposrrroN oF MBMenns or,

ure Scnenr,rrr-PowrrrrrB SnnrBs

Members of this series may be considered to form solid solutions with
complete solubility between the end-members CaWOa and CaMoOE.

With the usual limitations the composition of any member of the
series can be determined fairly accurately from its specific gravity or its
refractive indices (Figs. 1 and 2, respectively). More accurate determi-
nations can be made by means ol r-ray diffraction analyses, with ad-
vantages inherent in this method. For this purpose diagrams have been
prepared (see Figs. 4, 5 and 6) based on synthetic material and verified
with available natural scheelite containing up to 2.62 per cent of CaMoO+

f CaMoO+ (weight)

Frc. 5. Variation oI 20 for line No. 2 with variation in the chemical composition
of the scheelite-powellite series.
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T.q.nr,r 6. X-nev Der,r. ron CaWO+ AND CaMoO4

(The d values were derived from the measured 20 values

through the use of the tables of Ref. 10)

I  Int.
N o .  | , ,

I  (oDS. , l

Natural Scheelite Synthetic CaWOr Synthetic CaMoOr

2s (Cu) d (A) 20 (Cu) d.(A) 20 (Cn) d (A)

tli
3 l 1 0

i l i

18.82
26.04
2 9 . 0 1
34.42
39 4l

4 .72
3 .42
3 .08
2.605
2 .286

1 8  . 8 6
2 6 . 1 0
28.96
34.39
to ?o

4 . 7  |
3 . 4 1
3 .08
2 .608
2.287

1 8 . 8 7
2 6 . 1 1
29.00
34.48
39.59

4 . 7 1
3 . 4 1
3 .08
2.601
2 .276

613
7 t 1
s l1
e l3

1 0  1 8

42.50
43.48
44.29
45.60
47 .30

2 . r 2 7
2.081
2.045
1 .989
1.923

4 2 . 5 5
4 3 . 5 3
44.37
4 5 . 6 5
47 .32

2 . 1 2 5
2.O82
2.042
1.987
r .921

42.49

44.42
45.79
47 .34

2.t28

2.04r
1.982
1.920

t r  l 6
1 2  1 4
1 3  l 11 4  l 4
l s l z

49.31
5 2 . 1 0
53 .40
54.48
56. 60

848
/ .).)
716
684
626

49.33
52.04
53.28
54.52
56.  53

1.847
l . l 5 l

1 . 7 1 9
1.683
1 . 6 2 6

49.54
5 2 . 1 8
53 .57
54.42
56.46

1.840
r . 7 5 3
r . 7 l l
1. r )60

1.630

1 6  l e
1 7  l 8
1 8  l 4
1 9 ) 4
2 o l  s

58 .05
59.7r
64 91
67 .80
69 34

1 . 5 8 9
I .549
1 . 4 3 7
1 . 3 8 2
I  . .1.) . ' )

58 .07
5 9 . 6 8
64.94
67 .84
69.54

1 .588
1 549
1 . 4 3 6
1 . 3 8 2
1 .355

58 .06
5v .  /5
65 .00
o / . d J

69.59

1 .589
1 . 5 4 5
1.435
1 . 3 8 2
I  . J J I

2 1  1 4' ) )  )  J
t '

2 3  l 2
2 4  i e
2 5  1 1

70 64
72.30
7 5 . 2 9
/ o  + l

78 t6

1 .333
1 .309
1 .262
1 247
1 . 2 2 3

70.64
72.24
/ . )  .  J O

76.41
78.07

I . J J J

1 .308
1 .261
1 .247
1  t 1 4

70.73
72 .57

76 .32

t .332
1.303

1 .248

2 6  l 6
2 7  1 6
2 8  l 6
29 1
30 1

79.52
80.86
8 2 . 3 0
8 6 . 1 9
88.  18

1 . 2 0 5
1 .1887
1 . r 7 1 5
1.1283
1 . 1 0 8 0

/ 9 .  5 . )

80. 87
82.40
86.  19
88 25

1 . 2 0 5
1 .1886
1 . 1 7 0 3
1.1283
1.1072

79.80
81 .07
82.68
86.08
89.72

1 . 2 0 2
| 1862
t . 1 6 7 l
1 .1297
1 0927

3 1  l 8
z ) l J

3 3 2
3 4 7
.t.) | z

90.76
9 5 . 1 2
9 6 . 5 1
99.43

1.0822
1.0437
I 0323
1 0097

90.79
95.02
96.53
99.41

100.86

1 . 0 8 1 9
t .oAs
1.0322
1 0098
.9992

91 .00
9 5 . 5 /

96.47
99.80

r .0799
1.0400
t.0326
1.0070
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TAsr,o 6 (Continueil)

/ J J

No. I rnt '
| (obs.)

Natural Scheelite Synthetic CaWOa Synthetic CaMoOn

20 (Cd d (h) 20 (Cu) d  ( { ) 2a(cu)  |  aGl

3 6  1 2
3 7 t 2
38 l z
3 e  l 84 0 t 6

106.22
108.  16

1r7 .02
120.41

9631
9511

9033
8876

106.29
1 0 8 . 1 7
I  10 .  61
116.99
120.41

9626
9511
9368
9034
8876

106.22 | .e631
108.44 | .949s
110.30 I  .e386
rr7.24 | .9022
121.05 |  .8848

41 6
42  l 343  l s
M  l 6
4 5 t 6

r22.05

1 3 1 . 9 0
134.68
136.64

.8805

.8435

.8347

.8289

122.00
127 .38
131 .86
r34.70
r J o - o /

.8807

.8593

.8436

.8346

.8288

r22.se 
|  

.8782
t -

131.90 |  .843s
rss.20 | .sfir
r37.27 |  .Azl t

4 6  l 84 7  1 3
4 8  l e4 e  l 8
J U l J

r42.99

150 .91
r52 .13
162.24

.8122

.  / vJ6

.7936

.7796

150.90
152.10
1 6 2 . 1 9

96r42 8123

7958
7937
7796

143.s0 |  .8110
1s0.64 |  .7e62
1s2.06 |  .7e37
1s3.26 |  .7917
164.68 1 .7772

s l l 8
I

< ' ) t (
1 6 5 . 5 3
167 .98

.7764

.77450
1 6 5 . 5 4
167 .98

.7764

.7745
166.22 | .77se
168.85 |  .7739

All reflections with 2d)90" are ar reflections.

by weight. Intermediate members of the scheelite-powellite series con-
taining between 20 per cent and 80 per cent. CaMoOa 8r€ r&r€ in nature,
so that synthetic products had to be used in any case for those parts of
the diagrams.

The r-ray difiraction angles for corresponding lines of natural scheelite
and synthetic CaWOa are identical (see first two columns of Table 6),
and it can, therefore, be inferred that the synthetic series will yield iden-
tical powder patterns to those of the minerals.

The diffraction angles for corresponding lines were found to increase in
direct proportion to the CaMoO4 content.

From Tatrle 6 it is seen that the highest variations in20 are found in the
high angle region, the higher the angle the larger the differencein20.To
establish the relationship between the variations oI 20 for corresponding
lines in the spectra of different samples and the chemical composition,
the lines marked 1 , 2 and 3 in Fig. 3 were selected because they are:

(a) prominent and easily recognized,
(b) situated in the high angle region of the patterns where the accuracy of measure-

ment is highest and the variation of 20 is a maximum, and
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(c) the most intense and best defined back-reflection iines and unlikely to disappear

when the sample is diluted with foreign material.

These three lines are identified as follows:

Line No. 1 Line No. 2 Line No. 3

20 (C;.t)
Scheelite
Powellite

152 .10 "
153.26"

150.90'
I 52 .06"

0. 7958
0.7937

d (A)
Scheelite
Powellite

0.7937
0.79r7

0.8123
0 .  8 1 1  1

Line No. in Table 6

Z CaMoO4(weisht)

Frc. 6. Variation of 20 lor line No. 3 with the chemical composition in the

scheeiite-powellite series.

The three variation diagrams for different lines will sufice for practical
purposes.

PnBcrsrom

The values f.or 20 are correct to 0.03 degrees, so that the diagrams rep-
resent the content of CaMoOr accurately to within 2 per cent. If all three
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Iines used in the variation diagrams can be measured accurately, then
the mean of these three values should give the MoOa contenf accurately
to within 1 per cent.
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