ACCESSORY PLATES


The accessory plates allow for the determination of the FAST (low n) and SLOW (high n) rays which exit from the mineral being examined.

The plates consist of pieces of quartz, gypsum or muscovite mounted in a holder so that the vibration directions of the mineral piece are parallel to the long and short axis of the holder.
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Consider a mineral grain lying on the stage such that its vibration directions are in the 45° position.

The light passing through the mineral is split into two rays, with the slow ray retarded behind the fast ray upon exiting the grain, retardation = D1.

The accessory plate, gypsum plate, has a constant thickness and therefore a constant retardation, DA.

If the accessory plate is superimposed over the mineral so that the slow ray vibration directions are parallel, then the ray that is the slow ray exiting the mineral is the slow ray in the accessory plate and it is further retarded.

The result is a higher total retardation 

D1 + DA = D2
The two rays when they reach the upper polar result in a higher order of interference colour, the total retardation is higher and lies to the right of the original colour on the interference colour chart.
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Rotating the mineral 90° results in the fast ray vibration direction of the mineral being parallel to the slow ray vibration direction of the accessory plate.

The ray which was the slow ray in the mineral becomes the fast ray in the accessory plate.

The result is that the accessory plate cancels some of the retardation produced by the mineral, the total retardation:

D1 - DA = D3
The interference colour produced at the upper polar is a lower order colour. 



All accessory plates used are constructed such that the slow vibration direction is across the width of the plate, the fast vibrations direction is parallel to the length. 

Accessory Plates are inserted into the microscope between the objective lens and the upper polar, in the 45° position. 

1. Gypsum Plate (First Order Red Plate) 

· Become familiar with this plate, it produces ~550 nm of retardation. The interference colour in white light is a distinct magenta colour. This colour is found at the boundary between first and second order colours on Plate 1. 

2. Mica Plate 

· Retardation of 147 nm, the interference colour is a first order white. 

3. Quartz Wedge 

· Wedge shaped and produces a range of retardations. 
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VIBRATION DIRECTIONS IN A MINERAL
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To Determine the Vibration Direction in a Mineral. 

1. Rotate the grain on the stage to extinction. In this position the vibrations directions of the grain are parallel to the crosshairs of the microscope which are themselves parallel to the polarization directions of the microscope. 
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2. Rotate the stage 45°, clockwise. The vibration direction that was parallel to the NS crosshair is now aligned NE-SW. The grain should be brightly illuminated at this point. Note the interference colour exhibited by the grain and locate this colour on Plate 1 and record its retardation. 
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3. Insert the Gypsum Plate. The slow ray vibration direction of the plate is aligned NE-SW. Is the interference colour now exhibited by the grain higher or lower than the recorded in step 2, i.e. has the colour moved up (to the right) or down (to the left) by 550 nm. 
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4. If the colour increased, went up the chart, then the slow ray in the accessory plate is parallel to the slow ray in the mineral grain. If the colour decreased, went down the chart, then the slow ray of the accessory plate is parallel with the fast ray of the grain. 
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SIGN OF ELONGATION
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Length fast means that the fast ray of the mineral vibrates parallel with the length of the elongate mineral or parallel to the singel cleavage, if present. This is also referred to as NEGATIVE ELONGATION, as the overall total retardation is less than that exhibited by the mineral prior to the accessory plate being inserted. 

Length slow means that the slow ray of the mineral vibrates parallel with the length of the mineral or the single cleavage, if present - POSITIVE ELONGATION, the total overall retardation is greater than that exhibited prior to the accessory plate being inserted. 

Only minerals which have an elongate habit exhibit a sign of elongation. 

RELIEF AND PLEOCHROISM
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Relief 

Minerals which display moderate to strong birefringence may display a change in relief as the stage is rotated, in plane light. 

This change in relief results from the two rays which exit the mineral having widely differing refractive indices 



Pleochroism 

With the upper polar removed, many coloured anisotropic minerals display a change in colour - this is pleochroism or diachroism. 

Produced because the two rays of light are absorbed differently as they pass through the coloured mineral and therefore the mineral displays different colours. Pleochroism is not related to the interference colours

Uniaxial Minerals

UNIAXIAL OPTICS
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Uniaxial minerals have only one optic axis, and belong to the hexagonal and tetragonal systems.

Minerals in this group include:

· nepheline NaAlSiO4 

· apatite Ca5(PO4)3(F,Cl,OH) 

· calcite CaCO3 

· dolomite (Ca,Mg)CO3 

· quartz SiO2 

· zircon ZrSiO4 

· tourmaline - borosilicate 

On rotating the calcite rhomb one dot remained stationary but the other dot rotated with the calcite about the stationary dot.

· The ray corresponding to the image which moved is called the Extraordinary Ray - epsilon. 

· The ray corresponding to the stationary image, which behaves as though it were in an isotropic mineral is called the Ordinary Ray - omega. 
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The vibration direction of the ordinary ray lies in the {0001} plane of the calcite and is at right angles to the c-axis.

The extraordinary ray vibrates perpendicular to the ordinary ray vibration direction in the plane which contains the c-axis of the calcite.

If instead of using a calcite rhomb we had used a slab of calcite which had been cut in a random orientation and placed that on the dots, two images would still appear.

If the random cuts were such that they were perpendicular to the c-axis, then light travelling through the calcite, along the c-axis would produce only one image and would not become polarized.

The c-axis coincides with the optic axis, which is the direction through the mineral along which light propogates without being split into two rays.

For calcite,

1. The index of refraction for the ordinary ray is uniform nomega = 1.658, regardless of the direction through the grain that the light follows. 

2. The index of refraction for the extraordinary ray, nepsilon, is variable ranging from 1.486 to 1.658. The index is dependant on the direction that the light travels through the mineral. 

· If light travels perpendicular to c-axis, nepsilon = 1.486. 

· If the light travels along the the c-axis, nepsilon = 1.658. 

· For intermediate directions through the grain nepsilon will fall between the two extremes. 

Calcite is used as an example of the formation of the two rays because of the large difference between the refractive indices (birefringence (delta)).

· for calcite, delta = 0.172. 

For minerals with a lower birefringence, e.g. quartz, delta = 0.009, the two images are still produced but show very little separation. The quartz would have to be 20-25X as thick as the calcite to see the same separation of the dots.

UNIAXIAL OPTIC SIGN
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In Calcite nomega > nepsilon, 1.658 versus 1.485. In other minerals, e.g. quartz, nomega < nepsilon , 1.544 versus 1.553.

This difference in this refractive index relationship provides the basis for defining the optic sign of uniaxial minerals.

· Optically positive uniaxial minerals nomega < nepsilon 

· Optically negative uniaxial minerals nomega > nepsilon 

Alternatively,

· if extrordinary ray is the slow ray, then the mineral is optically positive. 

· if extraordinary ray is the fast ray, then the mineral is optically negative. 

nepsilon refers to the maximum or minimum index of refraction for the extraordinary ray, the value recorded in the mineral descriptions in the text.

nepsilon' refers to an index of refraction for the extraordinary ray which is between nomega and nepsilon.

For uniaxial minerals any orientation will provide nomega, but only one orientation, cut parallel to the c-axis will yield nepsilon maximum. This orientation is the one which exhibits the highest interference colour as delta (birefringence), is greatest, and therefore retardation (DELTA) is greatest.

(DELTA = d(ns-nf))

LIGHT PATHS THROUGH UNIAXIAL MINERALS
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nepsilon refers to the maximum or minimum index of refraction for the extraordinary ray, the value recorded in the mineral descriptions in the text.

nepsilon' refers to an index of refraction for the extraordinary ray which is between nomega and nepsilon.

For uniaxial minerals any orientation will provide nw, but only one orientation, cut parallel to the c-axis will yield nepsilon maximum. This orientation is the one which exhibits the highest interference colour as delta (birefringence), is greatest, and therefore DELTA (retardation) is greatest

(DELTA = d(ns-nf))

Hexagonal and tetragonal systems are characterized by a high degree of symmetry about the c-axis. Within the 001 or 0001 plane, at 90° to the c-axis, uniform chemical bonding in all directions is encountered.

Light Paths Through a Mineral

Light travelling along the c-axis is able to vibrate freely in any direction within the 001 or 0001 plane.

No preferred vibration direction allows light to pass through the mineral as if it were isotropic, this orientation has the lowest interference colour - black to dark grey.

If the light passes at some angle to the c-axis, it encounters a different electronic configuration and is split into two rays of different velocities.

The vibration vector of the ordinary ray is parallel to the 001 or 0001 plane, i.e. perpendicular to the c-axis. The extraordinary ray vibrates across these planes, parallel to the c-axis.

The ordinary ray has the same velocity regardless of the path it takes, because it always vibrates in the same electronic environment.

The extraordinary ray velocity varies depending on the direction. If the light travels nearly parallel to the c-axis, the extraordinary ray vibrates ~ parallel to 001 or 0001, so that nepsilon'~nomega.

If the light travels at right angles to the c-axis, the extraordinary ray vibrates across the 001 or 0001 plane and nepsilon is most different from nomega.

For intermediate angles to the c-axis:

· nomega > nepsilon' 

· and, nepsilon' > nepsilon. 

Whether the extraordinary ray has a higher or lower RI than the ordiniary ray depends on the chemical bonding and the crystal structure.
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