LECTURE 6 (3 hours): ISOTROPIC AND UNIAXIAL MINERALS
INTRODUCTION

To understand the optic properties of isotropic, uniaxial and biaxial minerals, distribution of the velocity of light and distribution of RI in the mineral is studied with the help of RVS's and Indicatrix, respectively.

OPTICAL PROPERTIES OF ISOTROPIC MINERALS

RVS OF ISOTROPIC CRYSTALS

The velocity of light (1/n) is same in all directions in isotropic substances ie., gases liquids, amorphous solids; like glass and minerals crysallizing in isometric or cubic system. Therefore, the RVS, which is defined or described as the surface that forms after a certain time by the all light rays originating from a source within an isotropic media, will be a sphere. Here wave fronts will be perpendicular to the ray directions and wave normals will always be parallel to the direction of propogation (FIG. 6.1). Hence, any section cut through the RVS of an isotropic substance will produce a circle whose radius is fixed. Thus, along any section the velocity of light will be fixed, and vibration direction of light will be same as that of the polarizer ie., E-W. Therefore, if analyzer is in position there will be no light passing through the ocular. Thus, mineral will remains extinct, fürthermore, at continuous extinction because extinction is continued when the stage is rotated.

INDICATRIX OF ISOTROPIC CRYSTALS
Since velocity is proportional to l/n , and n remains constant at all directions the indicatrix will be a sphere with a radius of n (FIG. 6.2). Any section cut through the indicatrix representing a section cut parallel to that direction of the isotropic mineral will produce a circle. Since all radii of a circle are equivalent, the indicatrix section indicates that there will be only one RI=n, and there is no constraint on the orientation of the vibration direction of the light as it passes through the isotropic material. Hence, the vibration direction of light ray will remain parallel to that of the lower polaroid, ie., E-W.

Consequently as it is explained above, when light reaches to the analyser, it will be completely absorbed, and the crystal will be at continuous extinction (FIG. 6.3).

OTHER OPTICAL PROPERTIES OF ISOTROPIC MINERALS

Colour: is important to distinguish various species of isotropic mineral, ie., pale purple (Flu), dark greeen (Spi), pink(red (Gar) etc.

Relief: very important Hal: low, Flu: moderate, Gar: very high.

RI: very important, ie., Flu<CB, Gar>>CB (TABLE 6.1).
Cleavage: very important in Hal cubic, Flu 3 directions.

Fracture: Gar shows distinct fracture.

Anomalous ( and Anomalous Extinction: sometimes shown by Gar species such as Gro-Andr.

Compositional zoning: may be shown by most isotropic minerals. Typical eg., Gro-Andr.

Inclusions: may be important as in Gar(Sieve texture.

Alteration: Gar commonly alters along fractures and along edges.

OPTICAL PROPERTIES OF UNIAXIAL MINERALS

INTRODUCTION

Wave front is always perpendicular to the direction of propagation for ordinary light ((), but only perpendicular to the direction of propagation for extra-ordinary light (() in special sections //1 (principle section) or (r (basal section) to c-axis. In oblique sections wave fronts will also be oblique to the direction of propagation (FIG. 6.4). Hence, wave normal is along the propagation direction for ordinary light, but along the propagation direction for extra-ordinary light at special sections. Otherwise, it is at an angle to the propagation direction.

RVS OF UNIAXIAL CRYSTALS
The white light coming from E-W vibrating polarizer is split into two plane polarized light vibrating in planes perpendicular to each other. 1/( rays vibrate in planes induding the c-axis, whereas 1/( rays vibrate in planes perpendicular to the c-axis. Along the c-axis 1/( and 1/( have the same velocity. This unique direction is called the optic axis, and hence, uniaxial minerals. In uniaxial crystal 1/( is also called ordinary ray, because its velocity is constant throughout the crystal. Therefore, RVS of ordinary light is a sphere (FIG. 6.5). On the other hand, the velocity of 1/(, which is also called extra-ordinary ray, changes with respect to the crystallographic axes. Its velocity is equal to 1/( along c-axis or the optic axis, however its velocity increases or decreases vibrating parallel to c-axis and perpendicular to the horizontal crystallographic axes, where a: a: c in tetragonal or a: a: a: c in hexagonal crystals. Therefore, the RVS of 1/( is an elliptical spheroid (FIG. 6.5). If 1/( increases to a maximum value where 1/(>1/( the uniaxial mineral is said to be negative, 1/( is FAST, On the other, hand if 1/( decreases to a minimum value where l/(<( the uniaxial mineral is said to be and positive, and 1/( is SLOW.

Therefore, in uniaxial crystals the RVS is a double surface and can be visualized as sections cut parallel to c-axis or as a 3-D diagram (FIG. 6.6). As a rule of thumb: ellipse within a circle means the mineral is positive, while, circle within an ellipse means the mineral is negative.

INDICATRIX OF UNIAXIAL CRYSTALS
Since there are two principle optical directions there are two RI's of ( and o. At sections perpendicular to c-axis ie., at basal sections, two rays have same RI, ie. (=(. However, at sections parallel to c-axis, ie., principle sections the value of ( varies either (>( to a maximum value, or (<( to a minimum value. If (>( the shape of the elliptical spheroid is prolate (egg shape) and the mineral is said to be positive. If (<() the shape of the elliptical spheroid is oblate (discus shape) and the mineral is said to be negative (FIG. 6.7).
ORIENTATION OF MINERAL SECTIONS

There are three different types of sections in uniaxial minerals that have different optical properties (FIG. 6.8):

Sections cut perpendicular to c-axis: Also known as basal sections. When RVS and the Indicatrix are considered there are two rays vibrating perpendicular to each other, but their velocities 1/(=1/( and RI's (=(. Therefore, these sections behave like isotropic minerals when they are observed with crossed polar and show continuous extinction. These sections do not show pleochroism. Also as we shalt shortly see, they are very usefül to determine the optic sign of the uniaxial crystals.

Sections cut parallel to c-axis: Also known as principle sections. Again when RVS and Indicatrix are considered two rays show maximum difference in velocities 
1/(> or <1/( or RI's (> or <(, respectfülly. Therefore the sections show maximum birefringence and parallel extinction, ie. mineral becomes extinct when mineral outlines or prismatic cleavages are parallel to E-W and N-S directions. These sections are not useful for optic sign determination.

Sections cut obligue to c-axis: At these sections difference between the velocities 1/( and 1/( and RI's ( and ( have intermediate values. They show intermediate biferingence but show parallel extinction. These sections are also used for optic sign determination.

OPTIC FIGURE AND DETERMINATION OF OPTIC SIGN
When basal sections which show continuous extinction are observed with convergent polarized white light (FIG. 6.9), high power objective (conoscopic viewing) and analyser with Bertrand Lens are in-position, there appears an image of uniaxial optic figure at the back of objective lens (FIG. 6.10)). The centered uniaxial optic figure consists of a central block cross, with illuminated quadrants which sometimes show concentric colour bands. When the stage of microscope is rotated black cross, also called isogyres (E-W ; N-S) remains stationary. Because the c-axis of the mineral is aligned parallel to the axis of the microscope. The centre of the isogyre arms crossing indicates the emergence of the optic axis or c-axis of the uniaxial mineral. Isogyres form due to annulling effect of ( and ( when they become parallel to the E-W polarizer’s and N-S analyser’s polarization planes, as we explain when discussing extinction (FIG. 6.11). However, within the quadrants ( and ( interfere to produce illumination and 1st(nth order inteference bands which are also called isochromes. The number of interference bands are related to the birefrigence of the mineral and the thickness of the mineral grain (FIG. 6.12).

In oblique sections the optic axis of the mineral is not aligned with the axis of the microscope. Therefore, when the microscope stage is rotated the isogyre arms also rotate. This is called off-centered figure (FIG. 6.13). In order to determine the position of the arms again the 2nd quadrant is chosen, and the procedure is repeated as above to determine the optic sign.

In principle sections the arms of the isogyres are momentarily observed and move into the field of view from opposing quadrants and move out rapidiy as the microscope stage is rotated. This figure is called flash figure and it is not usually used to determine the optic sign.

Optic sign of the uniaxial mineral is determined by comparing the velocity of l/( as to whether it is FAST or SLOW. The comparison is made with the predetermined SLOW direction of an accessory plate. There are three accesssory plates with SLOW direction indicated on them. It is generally perpendicular to its length. The mica-plate has ¼( retardation giving 1st order white (FIG. 6.14a&b), the gypsum-plate has ( retardation giving 1st order red (FIG. 6.15), while quartz-plate (FIG. 6.16)or quartz -wedge has variable retardation from 0 to 7( giving 1st to 7th order interference colours. If the phase difference between 1/( and accesorry plate is constructive, ie., if both are SLOW-SLOW, respectively, addition of interference colours result; in contrast, if phase difference is destructive, ie., if FAST-SLOW, respectively, subtraction of interference colours occur. It is convenient to choose the 2nd quadrant for determination of the optic sign of the mineral, because in this quadrant 1/( vibrates parallel to NE-SW direction which is parallel to the SLOW direction of the accessory plate when it is inserted into the accessory plate slot. If ADDITON occurs when the accessory plate is inserted SLOW-SLOW interaction has occurred which shows that the mineral is POSITIVE, vice versa, if SUBTRUCTION occurs, this shows FAST-SLOW interaction has occurred, hence, the mineral is NEGATIVE.

When a mica-plate is used isogyres become white and there appears two black dots on the NW(1st) and SE(3rd) quadrants if the crystal is positive, or vice versa 
(FIG. 6.14a&b).

When a gypsum-plate is used, and if the mineral has several isochromes, isogyres become red and there appears two black isochromes at the 1st order red isochromes positions on the NW(1st) and SE(3rd) quadrants, if the crystal is positive, or vice versa. If the positive mineral and has low birefringence, again isogyres become red, and NE(2nd) and SW(4th) quadrants become blue-green of the 2nd order, while NW(1st) and SE(3rd) quadrants become yellow of the 1st order (FIG. 6.15).

When a quartz-wedge is used as an accessory plate, upon continuous insertion of the plate, movement of interference colours result. If the mineral is positive, colours move-in from NE(2nd) and SW(4th) quadrants towards optic axis, and move-out from NW(1st) and SE(3rd) quadrants, and vice versa.

SIGN OF ELONGATION

The uniaxial minerals of the tetragonal and hexagonal symmetry are generally elongated parallel to the c-axis. Therefore, they have elongated principle sections with 1/( ray vibration parallel to the elongation direction.

When elongated crystals are rotated into NE-SW direction under normal orthoscopic viewing, accessory plate is inserted and its effect on the birefringence of the mineral surface is determined. Similariy, if ADDITION occurs the mineral is said to have POSITIVE ELONGATION or it is SLOW-ALONG, vice versa, if SUBTRACTION occurs the mineral is said to have NEGATIVE ELONGATION or it is FAST-ALONG.

OTHER OPTICAL PROPERTIES OF UNIAXIAL MINERALS

Shape: Euhedral crystals of tetragonal system may produce square basal– and rectangular elongated prismatic-sections. Euhedral crystals of hexagonal system may produce triangular (Tou.) or hexagonal (Apa., Qua) basal -and rectangular elongated prismatic-sections with triangular tips.

Colour: Coloured minerals like Tou show excellent pleochroism in prismatic principle sections, basal sections show no pleochroism since (=(.
Cleavage: Cal may show perfect rhombic cleavage.

Parting: Tou and Apa may show parting perpendicular to c-axis.

Relief: Qua has low relief; Apa and Tou moderate relief; while Cal twinkles.

RI: very important most mineral RI>CB
Birefringence: Qua and Apa very low 1st1 order greyish white, Tou low to moderate 1st order yellow to 2nd order green; Cal very high up to 7th order beige.

Extinction: parallel in prismatic section (FIG. 6.17), Cal may show symmetrical extinction with respect to rhombic cleavage (FIG. 6.18), most basal sections as in Apa and Qua show continuous extinction.
Compositional Zoning: Tou may exhibit compositional zoning.

Sign of Elongation: Apa and Tou show characteristic length-fast orientation.

Optic Sign: Qua is positive, and Apa, Tou, Cal are negative.

