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POLARIZATION FIGURES AS AN AID TO IDENTIFICA-
TION OF POLISHED ISOTROPIC MINERALS

H. V. E,q,rns, Department of Geology, Rhodes University, Sowth Africo.

Ansrnlct

The azimuth of vibration of plane-polarized light falling obliquely on a polished surface

is rotated on reflection. This rotation can be measured with a conventional ore microscope

calibrated for the purpose, giving the refractive index of transparent isotropic minerals

within 0.05. Use of a compensator for measuring the ellipticitl' of the reflected light in the

polarization figure yields a rapid method for approximate determination of the absorption

and refractive indices of opaque minerals. These data may aid mineral identification during

routine examination of polished ores

INrnooucrroN

At normal incidence plane-polarized light is reflected unchanged from

a polished isotropic surface and there is no rotation of the plane of vibra-

tion. At inclined incidence. however. the azimuth of vibration is un-
changed only if it lies in or normal to the plane of incidence. If ry'B be the

angle which the vibration direction of the incident light makes with the
normal to the plane of incidence (E") and ry'n be the corresponding angle

between the normal and the vibration direction of the reflected light,

then, for an isotropic, transparent surface (Jenkins and White, 1957, p.

5 1 6 ) :

tanry'n _ ALq_Q
tantln cos (i - r)

where i is the angle of incidence and r the angle of refraction. It is thus

possible to calculate the rotation due to reflection if the refractive index

and angle of incidence are known. Conversely, the refractive index ma1'

be calculated from the rotation.
For minerals with appreciable absorption the reflected light is ellip-

tically polarized unless the incident vibration is parallel or perpendicular

to E*. The ellipticity resuits from a phase difference between R" and Ro,

the two components respectively perpendicular and parallel to the plane

of incidence, into which the reflected vibration ma1' be resolved' For

transparent minerals this phase difference is 180" for all angles of inci-

dence less than the Brewster angle and the reflected light is thus plane

polarized. For opaque minerals the phase difference decreases from 180"

to 90o for angles of incidence up to the Brewster angle and the reflected

light is thus elliptically polarized. Fuller discussions may be found in

Wood (1934), Jenkins and White (1957) and Cameron (1961).

There are thus two values which may conveniently be determined in

reflected l ight and which ma1'be of assistance in mineral identif ication'
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The first is the rotation of the plane of vibration and the second is the
degree of eilipticity, from which the phase difference between R" and Ro
may be calculated.

Refractive and absorption indices are normally determined by analysis
of light reflected at the Brewster angle, when the phase difierence im-
parted is 90o. The foliowing rapid method may, however, be employed to
give approximate results during the course of routine examination of
polished surfaces. Use is made of the polarization figure, the properties of
which Cameron (1961) has described. With the Bertrand lens inserted
and the nicols accurately crossed, a black cross is seen in the back of the
objective. On rotation of the analyzer the cross splits into two brushes
resembling a centred biaxial interference figure. The degree of separation
of the brushes depends on the rotation of the analyzer.The rotation of
the plane of vibration due to oblique reflection can thus be measured for
any point in the field by rotation of the analyzer. The degree of ellipticity,
which causes faintness or coloration of the brushes, is determined by us-
ing a rotary elliptical compensator. The angle of incidence z, at which ro-
tation and ellipticity are measured, is fixed by confining observation to a
point in the field after determination of Maliard's constant for the
apparatus.

CerrnnlrroN or, MrcRoscopE

A conventional ore microscope with rotating analyzer and polarizer is
used with a rotartr elliptical compensator (retardation 0.1-0.05I) in-
serted, when required, above the objective. A short-mount 50/0.65 ob-
jective gives good results. The instrument is adjusted to ensure accurate
crossing of the nicols, correct orientation of the reflector and reduction
to a minimum of the anomaly in the objective (Hall imond, 1953, p. 94;
Cameron, 1961, p. 30). A reflecting prism of Berek t-vpe is used in prefer-
ence to the coated plane glass reflector since the added complication of
increased ell ipticity and rotation due to return of I ight through the re-
flecting plate is thereby obviated.

Mallard's constant for the instrument is determined (Wahistrom, 1948,
p. 154) using standards such as barite and aragonite. A micrometer eye-
piece with a graduated linear scale oriented accurately at 45 degrees to
the analyzer is used and points in the back of the objective at half-cono-
scopic angles of 30" and 20" Iocated. The orientation of the scale thus
fixes the plane of incidence while the positions of the previously deter-
mined points fix the angles of incidence for subsequent measurements.

All microscope objectives rotate the plane of vibration of plane-polar-
ized l ight slightly (Cameron, 1961, p. 158). Determination of the amount
of rotation is essential and this may be done by the following method. A
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polarizing fi lm is taped to the glass piatform of a universal stage (with

hemispheres removed) mounted on the microscope stage, and the micro-

scope, with sub-stage condenser and polarizer removed, is set for trans-
mitted l ight. \\r ith the polarizing fi lm normal to the microscope axis, it is

accuratelv crossed with the analvzer. Appropriate ti l ts are then made
with the universal stage so as to ti l t the polarizing fi im 30' about the
normal to the plane of incidence, as defined by the l inear scale in the
ocular. Light fali ing normaliy on the polarizing fi lm wil l then be incident

on the front element of the objective at 30" to the microscope axis. The
angle between the piane of vibration of l ight leaving the polarizing fi lm,
and the normal to the plane of incidence (angle ry's) is readily calculated
from stereographic projection. Bv subsequent rotation of the polarizing

fi lm about the A1 axis of the stage, the angle ps can be varied. The

analyzer settings which produce a black brush passing through the 30o-
point in the polarization figure for various ry's values are recorded. Read-
ings are then repeated for the point at 20o to the microscope axis, the
universal stage being adjusted accordinglv. Table T shows readings taken
with a Leitz 'Dialux' microscope, using a 50/0.65 objective. Dispersion of
rotation is so slight that white l ight is entirell '  satisfactory. As predicted

by theory (Cameron, 1961, p. 161) the rotation is towards the plane of in-

cidence and it is greatest when ry'p is 45" (Table I). It is convenient to plot

the data graphicall-v so that the angle ry'p can be read off for anv analyzer
setting.

MBesunBnBNTS \VrrH TneNspanpNr MrNB.ners

The microscope is set for examination b1' reflected l ight. With the
graduated l inear scale defining the plane of incidence and the polarizer

'I'ilrr,r I. RorarroN oI Plenn on Vrln,ltroN ol Lrcnt ev rnn Oelrcrrve

?:30 '
Angle ry'q1

Anai 2 Itot.3 Anal.2 Rot.3

0 .0 "
10 .0
20.0
3 5 . 0
45 .0
55  .0
70 .0
90 .0

0 . 0 '
10 1
20.2
35.2
45 .3
5 5 . 2
7 0 . 2
9 0 0

0 0 '
0 . 1
0 . 2
o . 2
0 . 3
0 . 2
o . 2
0 . 0

0 . 0 "
1 0 .  1
2 0 3
3 5 .  s
45 .6
5 5 . 5
70.3
9 0 0

0 0 '
0 . 1
0 . 3
0 . 5
0 6
0 . 5
0 . 3
0 . 0

I Angle given by setting of universal stage.
2 Rotation of analyzer from 45'-position.
3 Rotation of plane of vibration after passage through objective.
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Tesln II. DetrnurNartoN ol ANcr,n ry'n LrsrNc Srer.roanns or KNowN l{rlnacrrvn INorx

Standard Ref. Ind.3
cos (lfr)'z

cos ( l - r )
ry'n meaSured ry'6 calculated

Fluorite

Quartzl
Glass
Coronduml
Zirconl

Cassiteritel
Sphalerite
Diamond
Rutilel

1 . 4 3 4
I . J4/+

1 .659
r . 7 6 8
1 .930
2.000
2.369
2.420
2.6 t4

0.617
0.  670
0.  691
o .709
0 .732
0 .740
0 . 7 7 9
0 783
0. 802

45.2"
45.2
4 5 2
+ . ) . 1

4 5 . 1
4 5 . 1
4 5 . 1
4 5 . 1
4 5 . 1

I Accurately oriented basal section.
2 Angle of incidence, i, is 30'.
3 Ail clata for wavelength 588 mp.

accuratelv set east-west, the angle ty'B is 45o. A slight difference may occur
between the centre of the field and the margins of the polarizatialfigure.
The setting and calibration mav be checked by using reflecting surfaces
of low absorption index. Table II shows measurements made with pol-
ished surfaces of materials whose refractive indices were accurately
known. The procedure consists of bringing the brush of the polarization
figure over the previously selected points in the back of the objective, by
rotation of the anaiyzer. The corresponding angle ry's is then read from
the calibration curve previouslv set up and the angle ry'B calculated from
the refractive indices of the standard.

Values shown in Table II are averages of 10 readings made with each
standard, read to 0.1o. The average value of ry'B is 45.1'; a series of read-
ings repeated over the point at 2Oo from the microscope axis gave the
same average value. Close to the centre of the field the angle /n is 45.0o.
From this it is ciear that the rotation of the plane of vibration of l ight
travell ing downward throngh the objective is verv small awav from the
centre of the field.

A curve may be drawn b.v plotting the rotation ol the anall,zer against
refractive indices (Fig. 1), and this can be used for subsequent rapid de-
termination of refractive indices of isotropic minerals of low absorption
index. The slight degree of ell ipticitv exhibited by sphalerite and ruti le
does not affect the accuracy.

The standard deviation for the analyzer settings is normally below
0.15" and refringence is thus determinable within 0.02 up to a value of
1.7. The accuracy falls off with increasing refringence to 0.05 at 2.6.
These measurements mav assist identif ication. The refractive indices of

33 .  1 "
34 .0
3 4 . 8
35  .4
36.3
36 .6
38 .0
38.2
3 8 . 8
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minerals l ike magnetite and chromite with relatively low absorption rn-
dices are, for example, readily determinabie by this method.

Preliminarv tests with oriented sections of uniaxial minerals suggest
that, in certain cases, the optic sign may be determined. Cassiterite and
rnti le consistentlv show a smaller rotation of the piane of vibration of in-
cident light parallel to the optic axis than normal to it, indicating positive
optic sign. Hematite, which is optically negative, shows the reverse rela-
tionship. Accurate setting of the mineral in the extinction position is es-
sential in order to avoid rotation of the plane of vibration due to aniso-
tropy.

RrrrecrroN BY OPAeUE MrNBn.q.r,s

With increasing absorption index the brushes of the polarization figure
become less distinct when the analy2sv is rotated from the crossed posi-
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ROTATION OF ANALYZER

l'ro. 1. Refractive indices of standard minerals plotted against rotation of analyzer re-

quired to produce extinction at point in polarization figure at 30o to microscope axis. The

ellipticity shown by hematite is appreciable and the upper part of the curve is therefore less

reliable.
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tion, due to increasing degrees of elliptical polarization of the reflected
Iight. No significant loss of definition occurs with minerals such as
sphalerite. Silver, with a very high value of the absorption index r is an
extreme case in which an analyzer rotation of only 3o is sulicient to cause
the brushes to vanish. With a rotary ell iptical compensator inserted
above the objective, the phase difference between Ru and Ro can be com-
pensated and the brush restored. Since the dispersion of ell ipticity may
be strong with some minerals, the restored brush may be strongly col-
oured and monochromatic l ight should therefore be used.

rn practice a standard deviation of less than 0.15o for the setting of the
anaryzer is not difficult to attain for successive readings on different parts
of the polished section, provided that the surface is uniform. The
standard deviation of the compensator setting is l iable to be slightry
higher. The method entails the following steps:

L. D eter mination of the zer o r ead.ing oJ the co mpens ator. The analy zer is fi rst
accuratelv crossed with the polarizer by producing a black cross in the
back of the objective. silver is to be preferred as the reflecting surface.
The compensator is then inserted and rotated to produce zero phase
difference. This is its zero position.

2. Adjusting to ertinction. With the mineral under investigation on the
stage, maximum density of the brush over the 30"-point is produced by
alternate slight adjustments of the analyzer and compensator. Readings
should be repeated on difierent parts of the surface and mean values for
the rotations of the analyzer and compensator determined. If the rela-
tions are as indicated in Fig. 2, a clockwise rotation of the compensator is
regarded as negative.

3. Calcwlat'ion of ellipticily. The difference between the respective rota-
tions of the analyzer and compensator, designated B (Fig. 2), vields the
ellipticity of the reflected light. Calcuiation ma-v be made either by using
Poincar6's spherical projection (Shurcliff, 1962) or by direct substitution
in the expression:

sin 2rl : sin 2B.sin A*,"

where

2df :phase difference at 45o to the axes of the ell ipse of vibration of
the reflected lieht

and

A*,y: anguiar retardation of compensator.

Similarlv,

tan 2a : tan 2p.cos A",y
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Frc. 2. Conditions at extinction ivhen ellipse of vibration is converted to plane-polar-

ized light along OA. OP-plane of vibration of incident light; OA-normal to plane of

analyzerl OC-fast vibration direction of compensator; Ru-plane of incidence; R"-

normal to plane of incidence. Broken lines shou' circumscribed rectangle and its diagonal

for compensation of phase difference between components along R" and Ro.

where

a:angle between fast  v ibrat ion of  compensator and semimajor

axis of ellipse.
It is convenient to prepare a graph bv plotting 2t] and d against values of

B within the range encountered (Fig. 3), thus eliminating calculation.

4. Calculation, of phase diference. The phase difference Aa between Ru

and Rp is given by:

tan 23
tan AP : -sin 

zo"

where

an: angle between semimajor axis of ellipse and Rp
: 45o*a*rotation of compensator

In practice, since either ao is close to 45" or 2rl is small' no significant

error is introduced by writ ing An:2d.

5. Calculation of **.. The angle Bo represents the angie between Ro and

the aximuth of vibration for 180o phase difference between Ro and R"
(see Fig. 2), and {rn:90o-0o. In practice, if 2r} is small or ao is close to
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45o, no significant error is introduced by writ ing /n:90o-oo. Finally,
f11 must be corrected for exaggeration by the objective, according to the
values shown in Table I.

6. Calcwlalion oJ x and, n. The absorption index is given by the expression:

r : sin An.tan 2/n

M E A S U R E D  A N G L E  P

Fro. 3. Graph used for conversion of measured values of B to 23 and a.

and the refract ive index by the expression:

n  :  s in  ; .1un; . -g -W!- (Wood,  1934,  p .554)
I f cos An.sin 2y'n '

Ten readings can be taken on different parts of the polished section in
less than five minutes, while calcuiation requires but a few extra minutes.
An example is shown below and in Table II I  are shown determined values
of n and x for some common metals and minerals. Figure 4 illustrates the
settings of the compensator and analyzer for minerals of respectively high
and low absorption index.

Erample. Native antimony, cleaved parallel to (0001)

Rotation of analyzer : 1.4" 1 ̂
Rotation of compensator : - 2.7o Jg 

: J'5-

1. From Fig.3,2d : 175.65o
.'. AR : 175.65" (approx.)

2. From Fig. 3, a : 2.7"
3. ao : 45" + 2.7" - 2.lo : 45.60

: Bo (approx.)
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4. tR uncorrected : 90o - 9p: 44.4"

/R corrected : 43.8o (from Table I)

5.  r  :  s in 175.65o. tan 87.6 '

:  1 . 8

cos 87.6o
6. n: sin 30".tan 30o.

1 - l-  cos 175.65o.sin 87.6'

Drscussrox

As a means of determining accurately the optical constants the method
is of little value, but it is useful as a supplementary aid to mineral identi-
f ication. In particular, quantitative measurements can be made to sup-
plement the descriptions of polarization figures of isotropic minerals
(Cameron and Green, 1950).

It is not necessary to calculate the optical constants if all that is re-
quired is a comparison of an unidentifi.ed mineral with a known standard
from a reference collection. In this case the respective arl'alyzer and com-
pensator readings may simply be compared, since they are characteristic
values fixed by the apparatus used and the mineral under examination.
For the determination of refractive indices of isotropic minerals with low
absorption, direct reading from the graph (Fig. 1) is more rapid. The re-

Tasr-n IIL Dn'rrnurNno AssoRprrox .e.No Rnlnactvr INnrcrs ol

Soue CouuoN Mnrars .qNn Mrttrnar,s

Determined Values Published Values

Specimen
2t*rAn

Qrartz2
Sphalerite
Hematite2

Galena
Antimony2
Mercury
Copper
Gold
Silver

r79.90"
r79.20
178. 60
t76  .7  5
175 .65
173 .85
167.85
167 .80
170.05

68.0'
7 6 . 0
8 0 2
8 3 . 1
8 7  . 6
87 .9
8 7  . 3
88.4
8 9 . 5

0.004
0 . 0 6
0 .  1 4
0 . 4 7
1 . 8
2 . 9
4 . 5
7 . 6

1 9 . 8

1 . 5
1 n

3 . 3
3 . 9
J . l

1 ,

0 .  5 7
0 . 3 5
o . t 7

1 . 5 4
2  . 3 7  {  . 0 5

4 3 . 1 5  { . 1 3
54.30 50.40
63.04  61 .63
6r.73 62.87
70.62 74.26
60.36  67 .70
q).18 620.2

I Averages taken to nearest 0.05'.
2 Basal section.
3 According to Wooster (Hallimond, 1953, p. 111).
a According to Berek (Hallimond, 1953, p. 111).
5 According to Drude lHallimond, 1953, p. 111).
6 According to Drude (Wood, 1934, p. 558).
7 According to Minor (Jenkins and White, 1957 , p. 524).
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sult is also more accurate since the method does not rely on the determi-
nation of rotation caused by the objective or the use of a rotary compen-
sator.

For consistent results certain precautions are necessary. Polished sur-
faces should always be prepared in the same way. Although polished and

b)
Frc. 4. Conditions at extinction for (a) minerals of high absorption and (b) minerals of

Iow absorption. Analyzer readings are always regarded as positive while clockwise rotation
of the compensator from its zero position is regarded as negative.

951
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natural cleaved surfaces of native antimonv have been found to give
identical results, highly polished surfaces of purchased glass standards
have been found to cause rotations which differ slightly from those given
bv surfaces of the same material repolished by the writer. The latter uses
diamond grit for initial lead lapping and rouge for a final brief burnishing.
Soft minerals such as galena and silver require particular care and mav
appear to be anisotropic unless the final burnishing produces a flat, un-
pitted surface with a non-directionai polish. Minerals which are dificult
to polish, such as bismuth, give inconsistent results, in which case
cleavage flakes ma-v be used. Sections which are badll 'scoured by polish-
ing are troublesome since the surface being examined may not be uni-
formly perpendicular to the microscope axis and the angle'i thus not con-
stant on rotation of the stage. Surfaces should alwavs be fresh (free from
oxidation or tarnish) and thoroughly clean. The field diaphragm of the
incident i l luminator should be closed to restrict observation to a small,
perfectly polished area. An area measuring 0.05 mm across is then ade-
quate for purposes of measurement.

The effects of surface fi lm produced b1'polishing have not been fuil l '
investigated. IIowever, accordant results given b1'polished and natural
cleaved surfaces, as in the case of native antimonv, and the general cor-
respondence of results with those achieved by more precise methods
(Table III) suggest that the inherent l imitations of the method are l ikely
to introduce greater error than the effects of surface fi lm.

AcTNowTBtGMENTS

The writer would l ike to thank Prof. E. D. Mountain of Rhodes tTni-
versity, and Prof . Eugene N. Cameron of the University of Wisconsin for
their crit icisms of the manuscriot and interest in the work.

Rnrnnencr,s

CeurnoN, E. N (1961) Ore Microscopy. John Wiley & Sons, Nerv York.
- AND L. H. GnnBN (1950) Polarization ligures and rotation properties in reflected

light Econ. Geol. 45, 7 19-7 54.
Hartrrtotto, A. F. (1953) Manual of tlte Polarizing Mieroscope. Cooke, Troughton and

Simms, York, England.

JrNxrNs, F. A. ano H. E. Wnrro (1957) Fund.amentals oJ Oplics. McGrau-Hill Book Com-

pany, Nerv York.
Srruncrrnr, W A. (1962) Polari.zed. Li,ght. Oxford Univ. Press, London.
Wenr-stnort, E. E. (1948) Optical Crystallograplty. John Wiley & Sons, New York.

Wooo, R. W. (1934) Physical Optics. The Macmillan Company, Nerv York.

Manuscriptreceired. December 1,1964; accepted.tor publication, January 27, 1965




