Geology 250 Mineralogy

Winter 2003

Laboratory # 7

Uniaxial Mineral Optics

Purpose:  This lab will introduce you to some of the important optical properties of uniaxial minerals.  Optically uniaxial minerals are those that belong to the tetragonal and hexagonal crystal systems.  These minerals appear anisotropic in all orientations but one: that being the section cut perpendicular to the optic axis of the mineral, the c-axis. 

In this lab you will;

A.  Observe and estimate birefringence. 

B.  Examine and describe uniaxial interference figures in oriented thin sections.

C.  Learn to find interference figures in randomly oriented crystals in thin sections 

D.  Learn to use the accessory plate to determine the optical sign of uniaxial minerals.

E.   Uniaxial Flash Interference Figure

F.  Other common Uniaxial minerals

A. BIREFRINGENCE
In uniaxial minerals light is transmitted as two discrete rays that are polarized in mutually perpendicular planes.  One ray refracts according to Snell's Law and is called the ordinary ray, or the o-ray . The other does not refract according to Snell's Law and is called the extraordinary, or e-ray. The refractive indices in the directions these two rays travel are different and is manifested in the interference colors produced in the microscope under crossed polars.  Birefringence of a crystal is the numerical difference between the maximum and the minimum indices of refraction. Interference colors are a function of birefringence and the thickness and orientation of a crystal.  In thin sections of known thickness the birefringence of a mineral can be estimated by the maximum interference color observed in that mineral and can aid in the identification of minerals.

I.  Look at one of the slides labeled BH-250-27 [6] (Baraboo) and BH56 [13] under crossed polars.  What is the highest interference color that you can see for the dominant mineral (quartz)? (You might look at a couple different slides.)  

i.  Assume that this slide is cut to standard thickness, 30 Microns. Use the Michel-Levy chart in your text (the one with the pretty rainbows of colors) to estimate the birefringence of quartz. What is the value you get? 

ii.  How does this value compare with the one listed in your text or Bloss or Kerr? 

iii. If you could identify quartz by other means so you were sure you were looking at it, how could you tell if a quartz-bearing thin section was too thick? 

II.  Quartz has low birefringence.  The next slide you will look at will contain a mineral of moderate birefringence.  Since uniaxial minerals of moderate birefringence are relatively rare, we will use a common biaxial mineral, Pyroxene.  Look at one of the slides labeled, BH-250-9 and locate a phenocryst that appears quite colorful under crossed polars.  Some of these phenocryst are pyroxenes (Ask your TA to Show you).  What are the highest interference colors you can find in Pyroxene?  What value of birefringence does this correspond to (assuming standard slide thickness)?

III.  Next, look at a slide labeled 88-A9 [11] (ask your TA to show you a Calcite grain.) Calcite is uniaxial mineral and in the thin sections under crossed polars it is the mineral that displays a whitish or pastel and almost iridescent interference color.  What do you think are the highest order interference colors in calcite?  What are the lowest?  What can you say about the magnitude of birefringence of Calcite? 

IV.  Look at calcite in plane polarized light (analyzer out).  Compare the relief of calcite to that of balsam as you rotate the stage.  What do you see?  What does this tell you about the birefringence of calcite?

Note: 88-A9 also contains

i.  Olivine

ii  Ludwigite

Check these two minerals in Kerr and see if you can identify them.

B.  Uniaxial interference figures 
When uniaxial minerals are viewed with the microscope in conoscopic configuration, interference figures are seen.  Interference figures consist of isogyres and isochromatic curves and are very helpful in determining the optic sign and the optic orientation of a mineral. 

Steps:


1.  Cross the nicols, and find a mineral with low birefringence.


2.  Focus the mineral using higher objective (40X).

3. Insert condensing lens (For conoscopic view)

4. Insert Bertrand lens or remove ocular.

I.  Following the above steps obtain an interference figures from BH-250-35 (quartz) perpendicular to C slides and Calcite BH-250-36 perpendicular to C slides.  (Take a picture of your figures and turn in to you TA or instructor.)

Note that there are two components to the uniaxial interference figure. 

They are the bands of extinction, the dark zones, called isogyres, and bands of equal colors, termed isochromatic curves.  Now rotate the stage.  If the crystal section is oriented perfectly perpendicular to the optic axis, the figure will remain stationary.  If the crystal is oriented at some angle to the optic axis, the interference figure will rotate with the stage. 



a.  Does your figure rotate as you rotate the stage?


b. What interference color do you observe when viewing the calcite in orthoscopic configuration?  

II.  Sketch the optic axis figure you see in the calcite section.  Be sure to show the number of alternating dark and light colored isochromatic curves you see and the orientation of the isogyres.

C. FINDING OPTIC AXIS FIGURES IN RANDOMLY ORIENTED MINERALS 

I.  In most rocks and minerals, the orientation of crystals will be random and you will have to search for one that is oriented properly so you can obtain an interference figure.  You will find oriented minerals but the chances are few.  Examine one of the Quartz thin sections BH-250-27.  Your goal here is to find a grain that will a yield uniaxial figure that is oriented perpendicular to the c-axis similar to BH-250-36.  What should you look for? 

II.  Sketch what you see. How many isochromatic curves are present?  How does this relate to what you know about the birefringence of quartz?

III. Next  examine one of the Calcite slides  88-C5 or 88-C9 and find a grain that yield uniaxial figure oriented perpendicular to the c-axis. What should you look for? Sketch what you see.

D. DETERMINATION OF OPTIC SIGN 
By convention, if n > n the mineral is optically positive and if n < n, it is negative. 

The accessory plate on your microscope is termed a mica plate.  Clear the microscope stage of any slide, insert the mica plate, and cross the polars.  You will see a first order red, a color sometimes referred to as the sensitive tint.  

The mica plate is oriented so that the fast direction, the lower n, lies along the axis of the plate and the slow direction, higher n, lies at a right angle to the long axis of the plate.  

Note that the plate is oriented at 45 degrees to the polars.

1. Sketch a uniaxial optic axis figure.   Show the orientation of the e-rays and the o-rays in this figure.  Explain qualitatively the color changes that occur in a positive optic axis figure when the mica plate is inserted.

2.  Examine the slides with oriented quartz BH-250-36, and calcite BH-250-35 and  determine the optic signs of these minerals using the mica plate.

3.  Next, go back to the thin section of quartz and calcite-rich rock, BH 250-27, and 88-C5.  Find grains that are oriented so you can determine optic sign.  Are your results consistent with what you saw in question 2 above?

4.  In the thin sections you will look at it is not always possible to find a perfectly or nearly perfectly oriented crystal.  The best optic axis figure you may find might be highly off-center so you can see only one arm of an isogyre.  In this case, how can you determine the optic sign?  Explain using appropriate sketches.

E. Uniaxial Flash Interference Figure 

In the previous pages of this lab you had the opportunity to examine the characteristics of the uniaxial optic axis interference figure and to determine some of the optical properties of Quartz, and Calcite two important uniaxial minerals that will be encountered in many rock types.  By  now you have seen quartz and calcite and you should start identifying these two minerals on your own in unfamiliar thin sections.  If you are still uncertain about these two minerals you may want to review their optical properties and look at the thin sections of these minerals that are in the lab.

Purpose: The purpose of this part of the lab is to introduce you to the characteristics and uses of the uniaxial flash interference figure and to also show you of additional uniaxial minerals with which you need to become familiar.

On sections of uniaxial minerals cut parallel to the c-axis an interference figure, termed the flash figure can be seen.  This figure, the optics of which are described in Bloss page 119, superficially resembles some of the biaxial interference figures you will see in the next lab.  However, the isogyres of the uniaxial figure move rapidly out of the field of view on rotation of the stage.  Hence the name "flash figure".

Four oriented slides are available for observing well centered flash figure, are labeled "Relief scale".  The beryl and apatite are cut parallel to the c-axis.  As they become available look at one from each of these two groups so you can answer  the questions  below.

I.  Sketch a uniaxial mineral cut // to c-axis.  Assume that it has good basal cleavage and is elongated along the c-axis.  Show the c-axis direction, the cleavage, and the vibration directions of the E- and O- rays on your sketch.

II.  Now take one of the oriented crystal slides and look at the flash figure.  Rotate the slide until the isogyres form a fuzzy cross-like figure centered on the cross-hairs.  Now rotate the slide and measure how many degrees are needed to carry the isogyres beyond the field of view.  Record the amount of rotation for both directions below.

_____________,   ______________

As you rotate the stage the isogyres move from their centered position into the quadrants into which the c-axis is being rotated.  Explain how you can use this knowledge of the orientation to determine the optic sign of the mineral.  ( Hint, Think of how you can use the mica plate to determine if n >  n or n < n).  Using this test, what is the optic sign of the apatite?

III.  If a uniaxial mineral is oriented // to the c-axis (i. e shows a centered flash figure) does it show minimum, intermediate, or maximum interference colors?  Why?

IV.  Look at the "Relief scale" slide.  Assure yourself that they are properly oriented to show centered flash figures.  What are the maximum interference seen over most of the beryl crystal?   The apatite crystal?

V.   Look at one of the slides of quartz-bearing rock BH-250-27 and see if you can find grains in the proper orientation to show a centered flash figure.  (hint:  are you looking for maximum, minimum, or intermediate interference color?) what do you find for the optic sign of quartz using the flash figure?

F.  Other common Uniaxial minerals  
Quartz and calcite, which you should now be able to identify on you own, are the most common rock forming minerals that are uniaxial.  There are a number of other uniaxial minerals of interest which may form accessory minerals in some of the common rock types and these are available for you to study . 

I.  Some of these --- 

apatite,  BH-250-37

brucite, BH-ask me to show you this one

beryl, 
BH-I am working on this

nepheline, BH-I am working on this

rutile, BH- I might have a thin-sections , ask me to show you)

tourmaline, BH-250-26

vesuvianite (idocrase).  I am working on this

Look at the above minerals if they are available and make a table of important characteristics.  Record only things you observe. 

II.  Look at slides of nepheline bearing rocks.  What is nepheline? Look up the optical characteristics of these minerals and see if you can identify them in these slides.  Look around at other minerals in these slides, do you see any other minerals that you can identify?  Is quartz present?  If not why do you think it might be missing?
