Geology 250 Mineralogy

Winter 2003

Laboratory 8

Biaxial Mineral OPTICS

Minerals that belong to the orthorhombic, monoclinic, and triclinic systems have two optic axes.  The biaxial indicatrix is a triaxial ellipsoid. The indices are designated ·n, 

n, and n where:  n< n, < n 

This lab includes:

A. Birefringence

B. Biaxial Interference Figures 

       i. Acute Bisectrix Figures

ii. Obtuse Bisectrix figures

C. Determination of 2V

D. Centered Optic axis Figures

E. Determination of Optic sign in Biaxial Minerals

F. Dispersion

G. Sign of elongation

H. Plechlorism
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In this lab you will learn to interpret biaxial interference figures and how they aid in mineral identification.

A.  Birefringence.

Birefringence in biaxial is defined as (Nz - Nx). What orientation of a biaxial crystal provides the least birefringence, the most, why?  Use sketches to help you here
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B.  Interference Figures 

i.  Acute Bisectrix Figures (A. B. or Bxa)

Look at the muscovite flakes and interference

figure (INT. FIG) slides and examine the interference 

figure.  How many degrees of stage rotation are 

required (starting at extinction position) for the 

isogyres to leave the field of view or to be apart 

from each other?  Draw the interference figure you

 see for muscovite when the grain is oriented 45 

degrees off the extinction position.  

Show the location of the optic axes.

ii. Obtuse Bisectrix Figures (O. B. or Bxo) 
Next examine the Topaz slide BH-250-38a and 38b and note the degrees of rotation required for the isogyres to leave the field of view.  This two slides are cut one perpendicurla and one parallel to the C- axis.  Because one of them is Bxa and the other one Bxo.  Can you tell which one is which?

C.  Determination of 2V

The 2V is the acute angle between the two optic axes and can be measured either by the determining the distance between the isogyres at 45 degrees off extinction (Bxa figure) or by estimation of the curvature of the isogyres (centered optic axis figure).  When you see a Bxa figure from a mineral with a small 2V (less than about 60 degrees), the isogyres never leave the field of view of the microscope.  If the 2V is greater than 60 degrees, the isogyres will leave the field of view but require greater degrees of stage rotation for this to happen as compared to the Bxo figure.

i.  Using the oriented muscovite slides, estimate the 2v for each of this mineral.  Also, obtain a thin piece of muscovite from your T.A. and determine the 2V for muscovite.  

Are your values close to the values in the books?  Your estimation should be within ± 5  to ± 10 degrees.  If they are not, you should practice a little more on the 2V scale slide.  

ii.  Using the oriented aragonaite  slides BH-250-39, estimate the 2v for each of this mineral   Are your values close to the values in the books?  Your estimation should be within ± 5  to ± 10 degrees.  If they are not, you should practice a little more on the 2V scale slide.

iii.  Find a biotite grain that yields a Bxa figure (ask your T. A. to show you this mineral) or use a thin piece of biotite and obtain a figure.  What is the 2V of biotite?

D.  Centered Optic Axis Figures

Because the 2V of olivine is very high (>60), a Bxa figure will not help you in determining the 2V of this mineral.  However, the curvature of the isogyres method will enable you to determine the 2V (see handout).

1.  Estimate the 2V of olivine BH250-4 (Ask your TA to show you this mineral)  using the curvature of isogyres method.  Draw the interference figure you see at 45 degrees off extinction showing the location of the optic axis.

What is the maximum birefringence of olivine?  

What is the interference color observed for the grain you measured the 2V on?  Is it the highest, an intermediate, or lowest interference color observed for olivine?

E. Determination of Optic Sign in biaxial minerals.

Optic sign determination in biaxial minerals is more complex than in uniaxial because the sign is determined using the Bxa (a Bxo will give you the opposite sign).  In an optically positive mineral the Bxa is about the Z axis and in optically negative minerals, it is about the X axis.  What happens to the optic sign when 2V of a positive crystal exceeds 90 degrees?

1.   Look at the oriented slide of muscovite and determine the optic sign of the mineral. 

2. Look at the oriented slide of topaz BH-250-38a and 38b and determine the optic sign of the mineral.

3..  Determine the optic sign of Biotite.  (look for a Biotite that is cut perpendicular to the C-Axis)  

4. Determine the optic sign of aragonite

5.  Determine the optic sign of olivine. 

6. Sketch a Bxa figure for a biaxial positive mineral showing the direction of the X, Y and Z rays.  Explain qualitatively the color changes that occur when the mica plate is inserted.  Do the same for a biaxial negative mineral.

F.  Dispersion 
Dispersion is a useful diagnostic property for studying biaxial minerals (Both Kerr and Phillips describe the effects of dispersion on optic axis figures in biaxial minerals). 

1.  Examine a flake of  Muscovite and look at the interference figure it provides, notice the fringes on the isogyres.  To what crystal system could it belong, how can you tell? (just infer, the figures on these microscopes are probably not good enough for accurate dispersion work). 

2.  Examine a grain of Titanaugite (BH53 [7] or ask your TA to find one for you).  Titanoaugite shows strong dispersion of the optic axes r >> v.  Note that the grain never entirely goes extinct.

G.  Sign of Elongation.

Crystals with a prismatic, acicular or elongate habit can be used for sign of elongation.  It is a useful diagnostic property especially in the Amphiboles and Pyroxenes.  To take a sign of elongation orient the long axis of the crystal in question NE-SW and insert the accessory plate.  The colors will either add or subtract.  It is commonly expressed as Length-fast (Negative Elongation) or Length-slow (Positive Elongation).  Examine a slide containing Tremolite  and a slide containing Hornblende  and determine the sign of elongation for each mineral.  

H.  Pleochroism

1.  Look at the glaucophane slide BH250-7.  The pleochroic formula for glaucophane is: X=colorless, Y=pale violet, Z=deep blue.  Knowing that glaucophane is a negative mineral, what two colors would you look for if you were trying to find a grain properly oriented  to give you a Bxa figure?  For a Bxo?  For a flash figure?  And for a centered optic axis figure? Look at the slide to see if you are correct.

What is the 2V for glaucophane?

2.  Look at a slide containing biotite BH-250-14 .  Look up the pleochroic formula and see if you can determine the orientation of individual grains like you did in #1.  (This one's just for practice)

3.  Look at the slides of biotite, glaucophane, olivine, and hornblende.  Look at these minerals and make a table of important characteristics.  Record only things you observe.

	
	Date 

	Thin-section # 
	

	Lab #
	

	
	

	Using Plane polarized light determine the following Optical properties (analyzer out)

	
	

	Grain shape, Crystal habit, Aggregates
	

	Relief
	

	Color 
	

	Pleochorism (if present)
	X=

	
	Y=

	
	Z=

	Cleavage(s), angle between cleavages, 
	

	degree of development
	

	
	

	Using crossed polars (analyzer in)
	

	Maximum birefringence 
	

	Elongation
	

	Twinning
	

	Extinction angle
	

	
	

	Using Conoscopic view
	

	
	

	Uniaxial or Biaxial
	

	Optic sign
	

	2V (estimation)
	

	Dispersion of optic axis
	

	
	

	Mineral name
	

	Symmetry
	

	Chmical composition (formula)
	

	
	

	Please, include; Sketchs, comments, alterations, and your own way of identifying the mineral

	

	
	

	
	


