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Optical Mineralogy

The electromagnetic spectrum (Fig. 1)
Nature of light:

· Velocity (V)

· Wavelength ((), amplitude (A), and frequency (() (Fig. 2a)

· V = ( . (
· Energy: E = h (, where “h” is Plank’s constant (6.625 . 10-34 J second).

· Intensity of light is proportional to A2.

· Frequency: remains constant regardless of the medium that light travels through. Therefore, when the medium through which light is passing changes, the velocity and the wavelength change (Fig. 2b).

· Light vibrates in all directions within a plane perpendicular to the direction of propagation. Light vibrating in one direction only (plane polarized light) can be obtained with the help of a polarizer (Fig. 3).

Wave interference:

· Retardation: (
( = i.(
· if “i” is a whole number, the waves are considered in phase

· if “i” is a fraction, the waves are considered out of phase (Fig. 4).

· Constructive (Fig. 4a & b) vs. destructive interference (Fig. 4c).

Refraction

· Refractive index of a substance “n” is inversely proportional to the velocity of light passing through it.

· Snell’s law: (Fig. 5)

sin i/sin r = n2/n1 = v1/v2

· Refractive index of balsam = 1.537

Critical angle: Is the angle of incidence that yields an angle of refraction = 90° (Fig. 6).

Total internal reflection: occurs for all angles of incidence > the critical angle.

Applications:

1- The Optical Refractometer (Figs. 7a & b).

2-The Becke line test (Fig. 8): how it makes use of total internal reflection (Fig. 9) and the lens effect (Fig. 10) (cf. text page 153).
Light absorption and the Origin of Color

Check your notes on the physical properties of minerals!
Dispersion of Light:

· Violet wavelengths are more strongly refracted than red ones (i.e. have a higher angle of refraction). This is known as normal dispersion.

· Abnormal dispersion results when the mineral absorbs a portion of light (some wavelength). This happens only in colored minerals.

· The coefficient of dispersion = nF-nC; where nF is the refractive index for light of ( = 486 nm; nC that for ( = 656 nm.

Plane polarized light:

Methods of polarization:

1. Selective absorption: Examples are tourmaline and biotite. Nowadays, polarizers in microscopes are made of an organic compound known as herapathite that takes advantage of selective absorption. 
2. Double refraction: Takes advantage of total internal reflection. This was the technique used to make Nicol prisms for microscopes back in the 18th and 19 centuries (Fig. 11).

3. Reflection: Technique used in glasses. Imperfect.
4. Scattering: responsible for the blue color of the sky.
Types of Minerals according to their interaction with light

Isotropic Minerals

Are minerals which have one index of refraction, and in which light propagates in all directions at the same velocity. Isotropic minerals are ones that crystallize in the isometric system. Note that mineraloids and volcanic glasses are also isotropic.

Concept of the indicatrix:

An indicatrix is a geometric figure that shows the index of refraction and vibration direction for light passing through a mineral. In an indicatrix, the indices of refraction are plotted on lines emerging from the origin that are parallel to the vibration directions of light. Accordingly, for isotropic minerals, the indicatrix is a simple sphere, the radius of which is equal to the refractive index “n” of that mineral (Fig. 12).

Uniaxial Minerals

Are defined as minerals that have one and only one direction along which light passes with the vibrations moving at equal speed (remember, vibrations are always perpendicular to the direction of propagation). Therefore, in a uniaxial mineral, a wave passing along that unique direction will vibrate in a plane perpendicular to that direction, and in which the refractive index will be a unique value). That unique direction is known as the optic axis of the crystal, and coincides with its c-axis. Uniaxial minerals are ones that crystallize in the tetragonal, hexagonal and trigonal systems.

Light passing through a uniaxial crystal at an orientation other than the optic axis will therefore break into 2 rays: an ordinary ray “o”, and an extraordinary ray “e” (Fig. 13). The ordinary ray always vibrates in that plane perpendicular to the optic axis, and hence has a fixed velocity inversely proportional to the refractive index in that direction designated by “(” (Fig. 14). The planes of vibration of the extraordinary ray will vary with the orientation of the crystal relative to the direction of incident light, and their vibration velocity will therefore vary with this variation in orientation. The maximum or minimum value for this velocity will be constrained by the maximum or minimum value of the refractive index of this crystal ((), depending on whether the crystal is positive or negative. A mineral in which the velocity of the extraordinary ray is less than that of the ordinary one (i.e. ( > () is considered to be optically positive, and vice versa. This is illustrated by the uniaxial indicatrix (Fig. 14). 

Retardation in a uniaxial mineral: (
Retardation is the distance between the slow and fast rays after they have left the crystal.

( = t(nslow-nfast)

(1)

( therefore depends on (i) the thickness of the mineral (or thin section); (ii) the refractive indeces of that mineral (one of which will be (, the other a value less than or greater than ( which we will call (’); and (iii) the wavelength of the incident light.

Birefringence: (
Birefringence is the difference between the indeces of refraction of the slow and fast rays. 

( = (n2 – n1)

Birefringence therefore depends on the path followed (remember, the ordinary ray will always have a constant value for n (known as () regardless of the path followed, whereas the extraordinary ray will have a variable velocity and hence n (known as ( or (’) will vary depending on the path; Fig. 16). The maximum birefringence (difference between ( and () will be a unique and characteristic value for each mineral.

In monochromatic light on a polarizing microscope, uniaxial minerals cause the incident light ray to split into two rays (ordinary and extraordinary). These rays, which vibrate in two different directions perpendicular to one another, then interfere upon leaving the mineral (Fig. 15). The interfering waves then enter the analyzer. If the interfering waves were in phase (( = n() upon entering the analyzer, complete darkness results by the time the waves leave the analyzer (Fig. 15a). If the retardation is equal to n+(/2 one gets maximum illumination. Note that this is the opposite of regular interference discussed earlier, the reasons being that the two waves are vibrating in perpendicular directions, and that we still have to deal with an additional layer represented by the analyzer. 

When white light is used instead of monochromatic light, a retardation of full wavelength (( = n() would not result in complete darkness, but in colors that complement that one color that has been cancelled. These colors are known as “interference colors”. The nature of these interference colors will vary as a function of the thickness of the sample, as well as its birefringence, and can be calculated or predicted from equation (1). The results can be illustrated on a chart known as the Michél Levy chart, commonly used for determining the birefringence of the mineral (Fig. 17).

Biaxial Minerals:

Are minerals with 2 optic axes; i.e. 2 directions along which the light shows no birefringence and vibrates in a circular section with a unique constant refractive index (known as (). Biaxial minerals are ones that crystallize in the orthorhombic, monoclinic and triclinic systems.

Properties of Minerals in Plane polarized light:

1- Color

2- Shape

3- Cleavage and cleavage angles.

4- Pleochroism and its origin.

5- Relief and the Becke line test

6- Twinkling and its causes

Properties of minerals in crossed polars: (apply only to uniaxial and biaxial minerals).

1- Birefringence: refer to the Michél Lévy Chart

2- Extinction and extinction angle: This property applies only to minerals that are either elongated in section, or that have a cleavage direction. Reasons will be discussed under uniaxial minerals.

3- Twinning: Easy to recognize in thin section. Must be able to tell the type of twinning. Causes are the same as those for extinction and extinction angles.

4- Sign of elongation: Another property that applies only to minerals that are elongated in thin section.

