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Optics of Uniaxial Minerals

Introduction

· Uniaxial minerals are defined as minerals that have one and only one direction along which light passes with the vibrations (remember, vibrations are always perpendicular to the direction of propagation) moving at equal speed (and hence with a unique resistance or refractive index). 

· That unique direction along which the ray propagates is known as the optic axis of the crystal, and coincides with the c-axis of the mineral. 

· Uniaxial minerals are ones that crystallize in the tetragonal, hexagonal and trigonal systems.

Interaction with light

· 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. 1). 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 “(” (or in some texts “n(”). 

· 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 extraordinary ray is slower than that of the ordinary one (i.e. ( > () is considered to be optically positive, and vice versa. 

· Remember though, that in uniaxial minerals, ( always coincides with the c axis, regardless of whether the mineral is positive or negative.

Pleochroism:

Pleochroism is the change in color of the mineral as it is rotated in plane-polarized “white” light. It is a phenomenon observed only in some colored anisotropic minerals (uniaxial or biaxial). It arises from the preferential absorption of a specific wavelength in one (or two) specific directions coinciding with specific directions as ( and ( in the mineral (Fig. 2). For example, in tourmaline, the absorption of a particular wavelength in the direction of ( is > than in the direction of (. A crystal of tourmaline therefore appears darker in color when oriented with its long axis perpendicular to the direction of vibration of the polarizer.

Twinkling: 

Is another property restricted to some anisotropic minerals (usually with a strong birefringence) where the refractive index of the balsam or epoxy lies between ( and (, and is closer to one of these values than it is to the other. As a result, the relief of the mineral changes from high to low upon rotating the stage.

The Uniaxial Indicatrix:

· The principal section and the circular section

· The indicatrix is a “biaxial ellipsoid”. Therefore the “XZ” & “YZ” planes are identical.

· Prolate or oblate ellipsoid depending on whether mineral is positive or negative (Fig. 3).

· Three scenarios: (Fig. 4)

(a) light incident along the optic axis: only one refractive index; (.

(b) light incident perpendicular to the optic axis; two indeces; ( and (.

(c) incident light is inclined; two indeces; one ( and the other (’, where . (’ has a value between ( and ( (Figs. 4 & 5).

· Indicatrix is useful for determining the indeces of refraction for a mineral in a particular orientation (( and (’; Fig. 6). It is also useful for predicting the points of exit of the different rays (o and e’) as they emerge from a crystal for a given angle of incidence (Fig. 7).

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

( = t (nslow-nfast)

( therefore depends on (i) thickness of the mineral (or thin section); (ii) refractive indeces in 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 “(” and the origin of interference colors:

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. 5). 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. 8). 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. 8a). If the retardation is equal to n+(/2 one gets maximum illumination (Fig. 8b). Note that this is the opposite of regular interference discussed at the beginning of this chapter, since the two waves are vibrating in perpendicular directions, and so we have to do a wave resolution (Fig. 9). We also have to deal with an additional layer represented by the analyzer which only allows light of a specific vibration direction (e.g. the N-S for our scopes) to pass through (Fig. 8a & b). 

When white light is used instead of monochromatic light, different wavelengths are refracted at different angles so that at the position of maximum illumination (maximum constructive interference where ( = n+(/2), one gets a specific color (complementary to one that has not had as much constructive interference). This color is known as the “interference color”. 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 which plots the wave number (in nm) against the thickness of the mineral. The Michél Lévy chart is commonly used for determining the birefringence of the mineral (cf. Fig. 17 of last week’s handout).

· N.B.: Limits of orders on the Michél Lévy chart are: 1st order colors: 0 – 560 nm, 2nd order colors: 560 – 1120 nm, 3rd order colors: 1120 – 1680 nm.

Uniaxial minerals in monochromatic light and the origin of extinction:

· Light path through polarizer, mineral and analyzer

· Mineral effect: splits polarized light ray to “o” and “e”

· Analyzer effect: splits o to oe’ and oo’, and e to ee’ and eo’.

· Note that both oo’ and eo’ are not allowed to pass through the analyzer (are internally reflected), whereas oe’ and ee’ will now interfere (Fig. 8).

· If ( out of the mineral = 1(, then the two waves will interfere destructively. Constructive interference occurs when the retardation out of the mineral is 0.5 (.

· If the stage is rotated, ( out of the mineral changes. At the “45° position”, the 2 waves emerging from the analyzer interfere constructively (hence the maximum illumination). At the 90° position, the 2 waves interfere destructively, resulting in extinction (Figs. 9 & 10).

Uniaxial minerals under crossed polars using white light:

· Extinction still occurs 4 times in a complete rotation of the stage.

· The use of white light instead of monochromatic light results in some interference between the different wavelengths at positions between 0 and 90°. Therefore, instead of having only increased illumination up to the 45° position (as was the case in using monochromatic light), some of the wavelengths interfere destructively, leaving behind their complementary colors. These are known as “interference colors”.

· Interference colors depend on: (i) thickness of the mineral, (ii) mineral orientation, (iii) birefringence, (iv) type of light source used. 

· Anomalous interference colors: Appear when the mineral preferentially absorbs one of the wavelengths of the spectrum of interference colors. Minerals that display anomalous interference colors are known to have high “dispersion”.

Measurement of extinction angles: (Fig 11)
· Types of extinction: (i) straight, (ii) oblique, (iii) symmetrical (Fig. 12).

· Note that uniaxial minerals seldom show oblique extinction. This depends on the orientation of the grain. Only grains that are “cut” at very strange angles would show oblique extinction (usually relative to the cleavage directions; cf. Figs. 7.33 & 7.34 of your textbook). These orientations are rarely encountered in typical thin sections.
Sign of elongation:

· Is an attempt to find which R.I. coincides with the long axis of the crystal observed. This is carried out with the help of one of the accessory plates.
· Minerals are therefore described as lengthfast or lengthslow (Fig. 13)

· The mica plate (1/4 (): used for minerals with weak birefringence (1st order grey and yellow)

· The gypsum plate (1st order red, 550 nm): used for minerals with intermediate birefringence.

· The quartz wedge: used with mineral grains (variable thicknesses), thick sections, or minerals with strong birefringence (Fig. 14).

· The Quartz wedge is also used to determine the order of the interference color observed (Fig. 14).

Uniaxial minerals in convergent white light: (conoscopic examination)

· Differences between conoscopic and orthoscopic examinations (Fig. 15)

· How to obtain an interference figure: (i) condenser lens flush with the stage; (ii) cross the polars; (iii) use the highest power objective lens (40X); (iv) make sure your objective lens is well centered; (v) Bertrand lens in.
· Components of an interference figure: Isogyre, melatope, isochromatic curves or rings (Fig. 16).
· Types of Uniaxial interference figures:

1- Optic axis figure (Fig. 17)

2- Off-centered optic axis figures (Figs. 18 & 19)

3- Flash figure (Fig. 20)

· Determination of the optic sign of the mineral (Figs. 21, 22).

· Importance and uses of interference figures (in general).

1- Telling isotropic from pseudoisotropic minerals

2- Uniaxial vs. biaxial minerals

3- Optic sign of the mineral

4- Estimating the birefringence of the mineral

5- Identifying the optic orientation of the mineral

6- Identifying the crystal system of the mineral using its dispersion properties

7- Estimating the value of the optic angle (angle between the 2 optic axes) in biaxial minerals

