INTERFERENCE PHENOMENA


The colours for an anisotropic mineral observed in thin section, between crossed polars are called interference colours and are produced as a consequence of splitting the light into two rays on passing through the mineral.

RETARDATION
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Monochromatic ray, of plane polarized light, upon entering an anisotropic mineral is split into two rays, the FAST and SLOW rays, which vibrate at right angles to each other.  

Development of retardation

Due to differences in velocity the slow ray lags behind the fast ray, and the distance represented by this lagging after both rays have exited the crystal is the retardation - D.

The magnitude of the retardation is dependant on the thickness (d) of the mineral and the differences in the velocity of the slow (Vs) and fast (Vf) rays.

The time it takes the slow ray to pass through the mineral is given by:
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during this same interval of time the fast ray has already passed through the mineral and has travelled an additional distance = retardation.
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substituting 1 in 2, yields
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rearranging
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The relationship (ns - nf) is called birefringence, given Greek symbol lower case d (delta), represents the difference in the indices of refraction for the slow and fast rays.

In anisotropic minerals one path, along the optic axis, exhibits zero birefringence, others show maximum birefringence, but most show an intermediate value.

The maximum birefringence is characteristic for each mineral.

Birefringence may also vary depending on the wavelength of the incident light.
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INTERFERENCE AT THE UPPER POLAR
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Now look at the interference of the fast and slow rays after they have exited the anisotropic mineral. 

fast ray is ahead of the slow ray by some amount = D

Interference phenomena are produced when the two rays are resolved into the vibration direction of the upper polar.

Interference at the Upper Polar - Case 1

1. Light passing through lower polar, plane polarized, encounters sample and is split into fast and slow rays. 

2. If the retardation of the slow ray = 1 whole wavelength, the two waves are IN PHASE. 

3. When the light reaches the upper polar, a component of each ray is resolved into the vibration direction of the upper polar. 

4. Because the two rays are in phase, and at right angles to each other, the resolved components are in opposite directions and destructively interfere and cancel each other. 

5. Result is no light passes the upper polar and the grain appears black. 
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Interference at the Upper Polar - Case 2

1. If retardation of the slow ray behind the fast ray = ½ a wavelength, the two rays are OUT OF PHASE, and can be resolved into the vibration direction of the upper polar. 

2. Both components are in the same direction, so the light constructively interferes and passes the upper polar. 
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MONOCHROMATIC LIGHT
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If our sample is wedged shaped, as shown above, instead of flat, the thickness of the sample and the corresponding retardation will vary along the length of the wedge.

Examination of the wedge under crossed polars, gives an image as shown below, and reveals:
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1. dark areas where retardation is a whole number of wavelengths. 

2. light areas where the two rays are out of phase, 

3. brightest illumination where the retardation of the two rays is such that they are exactly ½, 1½, 2½ wavelengths and are out of phase. 

The percentage of light transmitted through the upper polarizer is a function of the wavelength of the incident light and retardation.
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If a mineral is placed at 45° to the vibration directions of the polarizers the mineral yields its brightest illumination and percent transmission (T).

POLYCHROMATIC LIGHT
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Polychromatic or White Light consists of light of a variety of wavelengths, with the corresponding retardation the same for all wavelengths.

Due to different wavelengths, some reach the upper polar in phase and are cancelled, others are out of phase and are transmitted through the upper polar.

The combination of wavelengths which pass the upper polar produces the interference colours, which are dependant on the retardation between the fast and slow rays.

Examining the quartz wedge between crossed polars in polychromatic light produces a range of colours. This colour chart is referred to as the Michel Levy Chart 
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At the thin edge of the wedge the thickness and retardation are ~ 0, all of the wavelengths of light are cancelled at the upper polarizer resulting in a black colour.

With increasing thickness, corresponding to increasing retardation, the interference colour changes from black to grey to white to yellow to red and then a repeating sequence of colours from blue to green to yellow to red. The colours get paler, more washed out with each repetition.

In the above image, the repeating sequence of colours changes from red to blue at retardations of 550, 1100, and 1650 nm. These boundaries separate the colour sequence into first, second and third order colours.

Above fourth order, retardation > 2200 nm, the colours are washed out and become creamy white.

The interference colour produced is dependant on the wavelengths of light which pass the upper polar and the wavelengths which are cancelled.



The birefringence for a mineral in a thin section can also be determined using the equation for retardation, which relates thickness and birefringence. 

Retardation can be determined by examining the interference colour for the mineral and recording the wavelength of the retardation corresponding to that colour by reading it directly off the bottom of Plate I. The thickness of the thin section is ~ 30 µm. With this the birefringence for the mineral can be determined, using the equation:
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See the example below.
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This same technique can be used by the thin section technician when she makes a thin section. By looking at the interference colour she can judge the thickness of the thin section.

The recognition of the order of the interference colour displayed by a mineral comes with practice and familiarity with various minerals 
EXTINCTION
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Now we want to examine other properties of minerals which are useful in the identification of unknown minerals.

Anisotropic minerals go extinct between crossed polars every 90° of rotation. Extinction occurs when one vibration direction of a mineral is parallel with the lower polarizer. As a result no component of the incident light can be resolved into the vibration direction of the upper polarizer, so all the light which passes through the mineral is absorbed at the upper polarizer, and the mineral is black.
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Upon rotating the stage to the 45° position, a maximum component of both the slow and fast ray is available to be resolved into the vibration direction of the upper polarizer. Allowing a maximum amount of light to pass and the mineral appears brightest.

The only change in the interference colours is that they get brighter or dimmer with rotation, the actual colours do not change.

Many minerals generally form elongate grains and have an easily recognizable cleavage direction, e.g. biotite, hornblende, plagioclase.

The extinction angle is the angle between the length or cleavage of a mineral and the minerals vibration directions.

The extinction angles when measured on several grains of the same mineral, in the same thin section, will be variable. The angle varies because of the orientation of the grains. The maximum extinction angle recorded is diagnostic for the mineral.



Types of Extinction

1. Parallel Extinction
The mineral grain is extinct when the cleavage or length is aligned with one of the crosshairs.
The extinction angle (EA) = 0°
e.g. 

· orthopyroxene 

· biotite 

2. Inclined Extinction
The mineral is extinct when the cleavage is at an angle to the crosshairs.
EA > 0°
e.g. 

· clinopyroxene 

· hornblende 

3. Symmetrical Extinction
The mineral grain displays two cleavages or two distinct crystal faces. It is possible to measure two extinction angles between each cleavage or face and the vibration directions. If the two angles are equal then Symmetrical extinction exists.
EA1 = EA2
e.g. 

· amphibole 

· calcite 

4. No Cleavage
Minerals which are not elongated or do not exhibit a prominent cleavage will still go extinct every 90° of rotation, but there is no cleavage or elongation direction from which to measure the extinction angle.
e.g. 

· quartz 

· olivine
 Exceptions to Normal Extinction Patterns

Different portions of the same grain may go extinct at different times, i.e. they have different extinction angles. This may be caused by chemical zonation or strain.

Chemical zonation
The optical properties of a mineral vary with the chemical composition resulting in varying extinction directions for a mineral. Such minerals are said to be zoned.
e.g. plagioclase, olivine

Strain

During deformation some grains become bent, resulting in different portions of the same grain having different orientations, therefore they go extinct at different times.
e.g. quartz, plagioclase 

