RELIEF

Refractometry involves the determination of the refractive index of minerals, using the immersion method. This method relys on having immersion oils of known refractive index  and comparing the unknown mineral to the oil.

If the indices of refraction on the oil and mineral are the same light passes through the oil-mineral boundary un-refracted and the mineral grains do not appear to stand out.

If noil <> nmineral then the light travelling though the oil-mineral boundary is refracted and the mineral grain appears to stand out.

BECKE LINE
 In order to determine whether the idex of refraction of a mineral is greater than or less than the mounting material the Becke Line Method is used

. 

	BECKE LINE - a band or rim of light visible along the grain boundary in plane light when the grain mount is slightly out of focus.


Becke line may lie inside or outside the mineral grain depending on how the microscope is focused.

To observe the Becke line:

1. use medium or high power, 

2. close aperture diagram, 

3. for high power flip auxiliary condenser into place. 

Increasing the focus by lowering the stage, i.e. increase the distance between the sample and the objective, the Becke line appears to move into the material with the higher index of refraction.

The Becke lines observed are interpreted to be produced as a result of the lens effect and/or internal reflection effect.

Most mineral grains are thinner at their edges than in the middle, i.e. they have a lens shape and as such they act as a lens.

If nmin > noil the grain acts as a converging lens, concentrating light at the centre of the grain.

[image: image1.png]Convarging Lans

Hormal to minaral
boundary

The mineral concentratss the light Into a
convergent cane abave the mineral. The
light Is tafractad tawards tha narmal on
sntaring tha minsral and away from the
nommal on eviting the mineral, as
predicted by Snell's Law.





If nmin < noil, grain is a diverging lens, light concentrated in oil.
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INTERNAL REFLECTION
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This hypothesis to explain why Becke Lines form requires that grain edges be vertical, which in a normal thin section most grain edges are believed to be more or less vertical.

With the converging light hitting the vertical grain boundary, the light is either refracted or internally reflected, depending on angles of incidence and indices of refraction.

Result of refraction and internal reflection concentrates light into a thin band in the material of higher refractive index.

If nmin > noil the band of light is concentrated within the grain.
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If nmin < noil the band of light is concentrated within the oil.
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BECKE LINE MOVEMENT
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The direction of movement of the Becke Line is determined by lowering the stage with the Becke Line always moving into the material with the higher refractive index. The Becke Line can be considered to form from a cone of light that extends upwards from the edge of the mineral grain.

Becke line can be considered to represent a cone of light propagating up from the edges of the mineral.

If nmin < noil, the cone converges above the mineral.
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If nmin > noil, the cone diverges above the mineral.
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By changing focus the movement of the Becke line can be observed.
If focus is sharp, such that the grain boundaries are clear the Becke line will coincide with the grain boundary.

Increasing the distance between the sample and objective, i.e. lower stage, light at the top of the sample is in focus, the Becke line appears:

· in the mineral if nmin >noil 

· or in the oil if nmin << noil 

Becke line will always move towards the material of higher RI upon lowering the stage.
A series of three photographs showing a grain of orthoclase:


1. 
The grain in focus, with the Becke line lying at the grain boundary. 
2. 
The stage is raised up, such that the grain boundary is out of focus, but the Becke line is visible inside the grain. 
3. 
The stage is lowered, the grain boundary is out of focus, and the Becke line is visible outside the grain. 

When the RI of the mineral and the RI of the mounting material are equal, the Becke line splits into two lines, a blue line and an orange line. In order to see the Becke line the microscope is slightly out of focus, the grain appears fuzzy, and the two Becke lines are visible. The blue line lies outside the grain and the orange line lies inside the grain. As the stage is raised or lowered the two lines will shift through the grain boundary to lie inside and outside the grain, respectively.

 Index of Refraction in Thin Section                                                         
It is not possible to get an accurate determination of the refractive index of a mineral in thin section, but the RI can be bracket the index for an unknown mineral by comparison or the unknown mineral with a mineral whose RI is known.

Comparisons can be made with:

1. epoxy or balsam, material (glue) which holds the sample to the slide n = 1.540 

2. Quartz 

· nw = 1.544 

· ne = 1.553 

Becke lines form at mineral-epoxy, mineral-mineral boundaries and are interpreted just as with grain mounts, they always move into higher RI material when the stage is lowered.
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OPTICS

In Isotropic Materials - the velocity of light is the same in all directions. The chemical bonds holding the material together are the same in all directions, so that light passing through the material sees the same electronic environment in all directions regardless of the direction the light takes through the material.

Isotropic materials of interest include the following isometric minerals:

1. Halite - NaCl 

2. Fluorite - Ca F2 

3. Garnet X3Y2(SiO4)3, where: 

· X = Mg, Mn, Fe2+, Ca 

· Y = Al, Fe3+, Cr 

4. Periclase - MgO 

If an isometric mineral is deformed or strained then the chemical bonds holding the mineral together will be effected, some will be stretched, others will be compressed. The result is that the mineral may appear to be anisotropic.

ISOTROPIC INDICATRIX
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To examine how light travels through a mineral, either isotropic or anisotropic, an indicatrix is used.

	INDICATRIX - a 3 dimensional geometric figure on which the index of refraction for the mineral and the vibration direction for light travelling through the mineral are related.


Isotropic Indicatrix

Indicatrix is constructed such that the indices of refraction are plotted on lines from the origin that are parallel to the vibration directions.
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It is possible to determine the index of a refraction for a light wave of random orientation travelling in any direction through the indicatrix.

1. a wave normal, is constructed through the centre of the indicatrix 

2. a slice through the indicatrix perpendicular to the wave normal is taken. 

3. the wave normal for isotropic minerals is parallel to the direction of propagation of light ray. 

4. index of refraction of this light ray is the radius of this slice that is parallel to the vibration direction of the light. 

For isotropic minerals the indicatrix is not needed to tell that the index of refraction is the same in all directions.

Indicatrix introduced to prepare for its application with anisotropic materials.

ISOTROPIC vs. ANISOTROPIC
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Distinguishing between the two mineral groups with the microscope can be accomplished quickly by crossing the polars, with the following being obvious:

1. All isotropic minerals will appear dark, and stay dark on rotation of the stage. 

2. Anisotropic minerals will allow some light to pass, and thus will be generally light, unless in specific orientations. 

Why are isotropic materials dark?

1. Isotropic minerals do no affect the polarization direction of the light which has passed through lower polarizer; 

2. Light which passes through the mineral is absorbed by the upper polar. 

Why do anisotropic minerals not appear dark and stay dark as the stage is rotated?

1. Anisotropic minerals do affect the polarization of light passing through them, so some component of the light is able to pass through the upper polar. 

2. Anisotropic minerals will appear dark or extinct every 90° of rotation of the microscope stage. 

3. Any grains which are extinct will become light again, under crossed polars as the stage is rotated slightly. 

To see the difference between Isotropic vs. Anisotriopic minerals viewed with the petrographic microscope look at the following images:

1. Image 1- plane light view of a metamorphic rock containing three garnet grains, in a matrix of biotite, muscovite, quartz and a large stauroite grain at the top of the image. 
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2. Image 2- Crossed polar view of the same image. Note that the three garnet grains are 'extinct" or black, while the remainnder of the minerals allow some light to pass. 
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Anisotropic minerals differ from isotropic minerals because:

1. the velocity of light varies depending on direction through the mineral; 

2. they show double refraction. 

When light enters an anisotropic mineral it is split into two rays of different velocity which vibrate at right angles to each other.

In anisotropic minerals there are one or two directions, through the mineral, along which light behaves as though the mineral were isotropic. This direction or these directions are referred to as the optic axis.

Hexagonal and tetragonal minerals have one optic axis and are optically UNIAXIAL.

Orthorhombic, monoclinic and triclinic minerals have two optic axes and are optically BIAXIAL.

Calcite Rhomb Displaying Double Refraction
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Light travelling through the calcite rhomb is split into two rays which vibrate at right angles to each other. The two rays and the corresponding images produced by the two rays are apparent in the above image. The two rays are:                                                
1. Ordinary Ray, labelled omega w, nw = 1.658 

2. Extraordinary Ray, labelled epsilon e, ne = 1.486. 



Vibration Directions of the Two Rays                                                      
The vibration directions for the ordinary and extraordinary rays, the two rays which exit the calcite rhomb, can be determined using a piece of polarized film. The polarized film has a single vibration direction and as such only allows light, which has the same vibration direction as the filter, to pass through the filter to be detected by your eye. 

1. Preferred Vibration Direction NS
With the polaroid filter in this orientation only one row of dots is visible within the area of the calcite rhomb covered by the filter. This row of dots corresponds to the light ray which has a vibration direction parallel to the filter's preferred or permitted vibration direction and as such it passes through the filter. The other light ray represented by the other row of dots, clearly visible on the left, in the calcite rhomb is completely absorbed by the filter. 
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2. Preferred Vibration Direction EW
With the polaroid filter in this orientation again only one row of dots is visible, within the area of the calcite coverd by the filter. This is the other row of dots than that observed in the previous image. The light corresponding to this row has a vibration direction parallel to the filter's preferred vibration direction.
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It is possible to measure the index of refraction for the two rays using the immersion oils, and one index will be higher than the other.

1. The ray with the lower index is called the fast ray 

· recall that n = Vvac/Vmedium
If nFast Ray = 1.486, then VFast Ray = 2.02X1010 m/sec 

2. The ray with the higher index is the slow ray 

· If nSlow Ray = 1.658, then VSlow Ray = 1.8 1x1010 m/sec 

Remember the difference between:

· vibration direction - side to side oscillation of the electric vector of the plane light
and 

· propagation direction - the direction light is travelling. 

Electromagnetic theory can be used to explain why light velocity varies with the direction it travels through an anisotropic mineral.

1. Strength of chemical bonds and atom density are different in different directions for anisotropic minerals. 

2. A light ray will "see" a different electronic arrangement depending on the direction it takes through the mineral. 

3. The electron clouds around each atom vibrate with different resonant frequencies in different directions. 

Velocity of light travelling though an anisotropic mineral is dependant on the interaction between the vibration direction of the electric vector of the light and the resonant frequency of the electron clouds. Resulting in the variation in velocity with direction.

Can also use electromagnetic theory to explain why light entering an anisotropic mineral is split into two rays (fast and slow rays) which vibrate at right angles to each other.

