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Assrn,{.ct

By means of a graphical method, rapid derivation of e for trigonal carbonates may be
obtained from the values of o and ef which are determined from cleavage fragments.

Iwrnonucrrorr

In utilizing the immersion method to identify species of trigonal car-
bonates in certain industrial powders, the writer felt the need for a rapid
method of determining the principal refractive indices. The presence of a
perfect rhombohedral cleavage and the lack of any distinct optical indi-
cation as to when the c crystal axis is perpendicular to the optic axis of a
microscope necessitates, in the determination of €, a series of repeated
observations of fixed or motile particles. A graph is presented to facilitate
determinations carried out under routine conditions where absolute ac-
curacy is not essential.

DrnrvertoN ol rrrE Gnapn

The principle of the method is based on the determination of the ap-
parent refractive indices obtainable when a cleavage fragment of a tri-
gonal carbonate rests on any one of its cleavage planes. The apparent

Frcs. 1-2. Optical and crystallographic relations in cleavage rhombohedra of trigonal
carbonates. Fig. 1 (left). View of rhombohedron in direction of optic axis of microscope to
show vibration-directions o and eI. Fig. 2 (right). General view of rhombohedron to show

4 (OC, direction of optic axis of microscope; CC', crystal axis c).
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refractive indices thus obtained are c,r and e' (Fig. 1) (Rogers, 1923), and

e/ is related to e by the equation,

, a e' :a *- -
where { is the angle between the c crystal axis and the direction repre-

senting the optic axis of the microscope which is normal to one of the

rhombohedral cleavage sets (Fig. 2) (Salomon, 1896; Johannsen, 1918;

Wahlstrom, 1943). The above equation has been applied by Hutchinson
(1903), Gaubert (1919), Mountain (1926) in connection with refractive

index determinations by the refractometer or prism methods, but no

references have been found associating the equation with a practical use

of the immersion method for the trigonal carbonates generally.

Tesr,r 1. Cnvsrlrr-ocnepuc Dlre, roR TrrE Cr-eav.qct
RrrouroraonoN or Tnrcoxer- ClnsoNarns

Mineral
Species

calcite
dolomite
rhodochrosite

siderite
magnesite

sphaerocobaltite

smithsonite

CaCOr
CaMg(COa),
MnCOs
FeCOa
MgCOs
CoCOs
ZnCOs

a '

(2)

101"55',
102"38',
102050'
7030 4',
103018'
703"23',
103"28',

o
(3)

c/a

( 1 )

0 .8543
0.8322
0.8259
0.8184
0.8t12
0.809
0.8063

M"37',
43052',
43"39',
43"23',
43" 8',
430 2'
42"57',

(1) Axial ratio values taken from Dana (1892) except for rhodochrosite (Winchell,

1933) and sphaerocobaltite (after Baccaredda, 1932\,.

(2) Values of the rhombohedral angles of cleavage fragments from Bragg (1937)Ford

(1917 ) ; after Dana' (1892), Baccaredda (1932).

(3) Values of the angle between the c crystal axis and ttre rhombohedral normal ob-

tained from the equation,

These values correspond with the (0001)n(10I1) values as given by Dana (1892).

The valuefor sphaerocobaltite is not given by Dana; t}at for rhodochrosite applies for

an axial ratio of 0.8184.

The application of the equation necessitates a knowledge of the angle

f, which varies for difierent species of the trigonal carbonate minerals
(Table 1). The largest value, for calcite, is 44037'; the smallest, for

smithsonite, is 42"57' . The average value for @ is therefore 43o47', and it

is suggested that for the purpose set out in this paper the value be as-

2 c d '
s i n 4 : T - t a n r .
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sumed for all the trigonal carbonates irrespective of species. The maxi-
mum error on this assumption is *0.003, which is not unreasonably
high (Table 2).

Tasr,E 2. Rnr.nacrrvn frgonx DAre r.oR TrrE Tnrcorver, CannoNares

Mineral
Species

calcite
dolomite
rhodochrosite

siderite
magnesite
sphaerocobaltite
smithsonite

e' Calcu-
lated

with
True
Value
o f d

1 .566
1 .587
r .702
r .748
1.602
r .722
1.732

e'Calcu-
lated
witl

Assumed

Value
oI 6

1 .569
1 .587
1 .701
1 .746
1.600
1 .719
t .729

Difference

+0.003
0.000

-0.001
-0.002
-0.002
-0.003
-0.003

1 .658
7.679
1.8r7
1 .875
1 .700
1 .855
1.849

1.486
r .502
r .597
1 .633
1 .509
1.600
t .621

o, c, and e'values from Winchell (1933).

A graphical representation of the relationship between co, € and €'for
6:43"47' is shown in Fig. 3. For given values of cr and e', the cor-
responding value of € can be directly obtained from the graph to an
accuracy of *0.001.

By assuming the arbitrary value of 43o47t for S, the total error incurred
in the use of the graph in Fig. 3 is therefore * 0.004. As will be shown in
the next section, this error can be substantially reduced by the appli-
cation of a correction factor.

ConnBcrtor Facron
A knowledge or partial knowledge of either the chemical composition

or one of the angular values of the carbonate cleavage parallelopiped
(from *-ray data, for example) can be utilized to reduce the error as-
sociated with the use of the graph in Fig. 3. It is to be noted that this cor-
rection factor can be applied as a result of preliminary data obtained from
the refractive indices themselves. The magnitude of error plotted against
a',6, and. the chemical composition (denoted by kations only) is shown in
Fig.4.x Theoretically, the error after correction is reduced to +0.001.

S The straight line in Fig. 4 was derived graphically, and is sufficiently approximate to
the curve obtained from the equation,

1 l L  1 \
A e , -  - ; ( ;  -  

@ , ) t z ^ 6

owingtothesmal lvalueof  Af  andtheapproximateconstancy of  ( l /er-1/o9)e,sfor the
range required.
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Frc. 3. Relationship between o, e, and e'in trigonal carbonates
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to2

d
l0r 5d

ro2'o'

r0210

r02'30',

t02'4d

t02'50

r03.0

r031o' ,

t03.20

t03'301

o
44 40'.

443d

4420'.

44 tc'.

44 0 '

4350

4t4A'

43.30'

4t20'

43 r0'

43 ' 0 '

4 t5d
-0004 -0003 -0002 -0001 +0001 +0002 +0003 +0004

ERROR
Frc.4. Correction factor (a1,4, and composition are plotted against error due to

use of the assumed, instead of the true, value of 4).

RBlnecttvp INppx DnrrnurulrroNs or. SBrBcrBp SpncruBNs

fn order to test the applicability of the graphs embodied in Figs. 3 and
4, twelve specimens of trigonal carbonate species were selected from the
collections of the Geology Department, University of Bristol, for deter-
mination. Samples were crushed to small fragments, and the values of <,r,
e , and e'were determined by the immersion method. The media employed
consisted of various oils and iodide mixturesl a micro-refractometer was
used to determine the refractive indices of the liquids. The source of
light was sodium discharge tube or suitably filtered vrhite light, and the
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temperature at which the determinations were made was maintained at
20o + +' c.

The results are set out in Table 3, which also includes the values of e

derived from the graph in Fig. 3, and the corrected values derived from

Fig. 4 as a result of preliminary information of composition gained by
reference to the data published by Winchell (1933). The accuracy of de-

termination is believed to be * 0.001 for all values except for readings

above 1.8 where the accuracy is probably t0.002.
Inspection of results reveals a maximum error of + 0.004 before cor-

rection, and *0.002 after correction.

T.r.nr,n 3. Drmrunxerrows or Rnrnacuvn INorcns ol Suncrao
SpncrutNs ol Tnrcoxnr- Cennolqnrrs

Determinations e Read
from

Graph

Error in
Reading

o f e

Cor-
rection

Cor-
rected
VaIue

o f e

1.492
1 . 4 9 4
1 .503
I  .502
1  . 5 1 1
1 . 5 2 9
7 . 5 2 3
1 . 5 2 2
1  . 5 1 6
1.606
1 . 6 2 3
I . OJZI

Error
after
Cor-

rection

Specimen
Number

1
2
3
4

6
7
8
9

10
1 1
l 2

@

1 . 6 6 2
1.663
1 . 6 7 9
1 .688
1 . 6 9 1
1.692
1 . 7 0 5
1 . 7 1 3
l . / o J

1 .807
r .847
1 .872

a' l
1 .57s
r . 5 7 7
1 .587
I  .591
1 .595
1.607
1 .608
7 . 6 1 1
1 .630
1 . 7 0 2

l . l + J

t .492
1.493
1 .502
1 .500
1 . 5 1 1
1 . 5 2 7
1 . 5 2 3
1 .520
1  . 5 1 8
1 . 6 0 5
1 . 6 2 1
1.634

r . 495
1 .497
1 .503
t .502
1 .509
r .529
1 .521
1.520
1  .515
I . O(rO

1.620
7 . 6 3 2

+0.003
+0.004
+0.001
+0.002
-0.002

+0.002
-0.002

0.000
-0.003

+0.001
-0.001
-0.002

-0.003
-0.003

0.000
0.000

+0.002
0.000

+0.002
+0,002
+0.001

0.000
+0.003
+0.002

0.000
+0.001
+0.001
+0.002

0.000
+0.002

0.000
+0_002
-0.002
+0.001
+0.002

0.000

1. Calcite; Styria, Austria.

2. Calcite; Mulatto, Predazzo, ItaIy.
3. Dolomite; West Chester, Penn., U.S.A.
4. Dolomite; Schemnitz, Hungary.
5. Dolomite; Hrubschiitz, Moravia, Czechoslovakia.
6. Dolomite; Cumberland, England.
7. Magnesite, var. breunnerite; Carlsbad, Czechoslovakia.
8. Magnesite, var. mesitite; Flachau, Salzburg, Austria.
9. Ankerite; Schemnitz, Hungary.

10. Rhodochrosite; Alma, Colorado, U.S.A.
11. Smithsonite; Laurium, Greece.
12. Siderite; Siegen, Prussia, Germany.
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CoNclusroNs

1. The graphical method of deriving the value of e from determined,
values of <,r and e'can probably be maintained to within +0.004 without
correction, and to within +0.001 after correction. These values do not
include the experimental error.

2. Use of a graphical method in deriving the value of e reduces the ex-
penditure of time and effort since careful orientative measures and re-
peated determinations of the refractive indices are not required. The
method should be suitable for routine determinations.

3. A graphical method of deriving the value of e enables a ready de-
termination of the principal refractive indices of more than one species of
trigonal carbonate in the same powder.

4. The graphs presented in this paper will be found to have other
applications, as for instance in checkinq determinations of <,l and €.
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