Geology 250 Mineralogy

Winter 2003

Laboratory # 6

Introduction to the polarizing microscope, observation of relief, the determination of index of refraction and isotropic minerals.

In this lab we will cover:


I.    Parts of the Petrographic Microscope


II.   Properties of Light and Refraction


III. Refractive Index


IV. Becke Line Method to Determine Relief.


V.   Isotropic Minerals

Please read the next few pages  before you come to lab next week.

I.
Parts of the Microscope (see figure 1)

A.
Substage Assemblage

1.
Light Source

2.
Diaphragm

3.
Condenser Lens

4.
Polarizer or Lower Nicol

B.
Upper Stage Assemblages

5.
Stage

6
Objectives Lenses

7.
Analyzer or Upper Nicol or Upper Polarizer

8.
Bertrand Lens

9.
Accessory Plates (e.g., gypsum plate, mica plate, and quartz wedge)

10. Oculars

**
Other Stuff

A.
Cost and Use of Equipment

1.
Carry the microscope by base and main spine.

2.
Move objectives by knurled ring, NOT BY LENS.

3. Don't pull bulb out while lit.

4. Remember these microscope belong to all of us and we should take good care of them

B.
Adjustments

1.
Center the stage with respect to the objectives.

2.
Focus cross hairs on ocular.

3.
Cross the nicols to test polarization.
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II.
Properties of Light and Refraction

A.
Wave nature of light:  Unpolarized vs plane-polarized light. 

B.
Index of Refraction  n = C / Cm
Where


n is index of refraction


C is speed of light in vacuum.


Cm is speed of light in the medium of interest.

Index of Referactive (n) or RI

1.  n characteristic for most minerals (Kerr  Table 10. 5, pages 193-198).

2.  Most minerals have n between 1.50 - 1.80.

3.  n can be measured directly by refractometer.

4.  Relief determination.

a.  Positive  ng > nm
b.  Zero  ng = nm
c.  Negative  ng < nm
Where 


ng = refractive index of grain (mineral )





nm = refractive index of medium (canada balsam or --)

C.  Snell's Law

The law is defined as:

n1 sinø1 = n2 sinø2
Where n is the refractive index and ø the corresponding angles as shown.

The refractive index is the ratio of the speed of light in a vacuum to the speed of light in a given medium.  So, if the top part of the diagram is air, n1 is the speed of light in air and if the bottom part is glass, n2 is the speed of light in glass,

both relative to the speed of light in a vacuum.
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D.  Becke Line method to determine relief. 

A Becke line is a band or rim of light visible along a grain/crystal boundary in plane-polarized light.  It is best seen using the intermediate power lens (or low power in some cases), on the edge of the grain, with the diaphragm stopped down a bit. 

1.  Upper nicol out.

2.  Diaphragm medium to small.

3.  Focus on grain.

4.  Lower stage (increase distance between stage and objective) Becke line moves into substance with greater refractive index.

5.  Decrease the distance between stage and objective , the Becke line will move into the substance with low refractive index.

6.  When ng = nm, then Becke line will be colored because of dispersion occurring at the grain boundary.

For Exercise:

1.  Put only few grains of unknowns on slide.

2.  Cover with cover slip.

3.  Place ONE drop of oil next cover slip so it seeps under it.


Pick an oil with an refractive index (n) somewhere in the middle initially and go up or down from there.

5. Use Becke line method to determine n of grains to the nearest 0.005

[You should be good at seeing Becke line and determining the RI of minerals.  This is one of the cheapest and easiest methods of knowing an unknown mineral.]

E.   Oblique method of relief determination-see handout

F.
Isotropic Medium

1.  Light travels with equal ease in all direction within the medium due to uniform optical properties—so only one n.

2.  Because light rays are unaffected, when the nicols are crossed, the grains of isotropic minerals will be dark.

3.  Isotropic media:  minerals of isometric crystal system (garnet, fluorite, etc.).

III.   Refractive Index (n)
Refractive Index (n) is an important diagnostic optical property of a mineral.  It is defined as the ratio of the speed of light in a vacuum to its speed in the mineral, or n = C/Cm, where C is the speed of light in vacuum about 2.9 x 108 m/second (about 187,264 miles per second).  The ratio is always greater than one.  Most minerals have n between 1.500 to 1.800.  There is a table in Kerr on page 196-198 that shows the R.I. of the most common minerals.
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Isotropic Minerals.  Because light travels at the same speed in all directions, they have one refractive index (n).  whereas in Anisotropic minerals, because light travels at different speeds in different crystallographic orientations, there is more than one refractive index.  Tables 10.8, 10.9, 10.10 in Kerr show the different R.I. of most common minerals.   

Relief.  This another optical property of a mineral and it is the tendency for a mineral grain to stand out against a mounting medium.  Relief can be a positive, negative and zero.  If the refractive index of the mineral is greater than the mounting media (oil) then the relief is positive.  If the refractive index of the mineral is equal to that of the mounting media (oil) then the relief is zero.  If the refractive index of the mineral is less than that of the mounting media (oil) then it is a negative relief.  Students usually have a hard time visualizing a negative relief.  Examine the slides of Leucite and see the negative relief effect.  Positive relief and zero relief are easy to see.

Refraction and Reflection:  Light can be reflected or refracted at the interface/boundary surface depending on the angle of incidence.  When light enters from one medium to another medium it will be refracted depending on Snell's law.  For example if light is traveling from air to water, then the refracted beam is bent towards the normal.  See Snell's law on page 61 in Kerr.

Critical angle:  This is the angle at which the refracted beam is bent 90o away from the normal.  For angles of incidence greater than the critical angle there is a total reflection at the boundary and no light is transmitted.  Light traveling at the critical angle is transmitted along the boundary.  
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IV.  Becke Line Method of Relief   

Becke Lines:  These are caused by refraction effects, and concentrate light near the edges of the mineral.  The Becke line method is good for comparing the refractive index of the oil with that of the mineral.  When the stage is moved up or down, the Becke line(s) also move in and out of the mineral.  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.
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As you increase the distance between the stage and the objective lenses the Becke lines will move to the material with the highest refractive index.  If you decrease the distance between the stage and the objective lenses the Becke line will move to the material with smaller refractive index.

There are two photographs showing a grain of volcanic glass are on the next page.:

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. 

[image: image6.wmf]
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.  

Excercise:

Using the mineral fluorite and an oil that has the same RI as the mineral, do the above experiment and turn in a photograph that shows blue and orange lines around the mineral.
Oblique method of refractive index determination:  If you have grains in an oil and partially insert the accessory plate, about 1/3 grains will be shaded either on the same side from where you are inserting the plate or on the opposite site depending on their refractive index compared with the oil.  
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V.   Isotropic minerals

Isotropic minerals are easy to recognize in thin section because they are the only group to go extinct under crossed polarized light (analyzer in).  In plane polarized light (analyzer out), these minerals can be identified by using properties such as cleavage, relief, and color.  Although there are at least 25 naturally occurring isotropic minerals, we will only look at a few of the more common ones in lab. 

Spinel Group:  (Mg, Fe+2, Zn,Mn) Al2O4 

Kerr, p, 230–32
7a-5, [10]

The spinel group contains a large number of minerals including optically opaque magnetite and chromite (nearly opaque).  The generally transparent minerals of the spinel series of the spinel group are represented in the slides.  The spinel series are often deep green, but other colors are also possible.

a)  Look carefully at spinle slides for a dark green mineral--this is spinel (MgAl2O4).  What is the relief of spinel?  Is the spinel mostly euhedral or anhedral?  What is its textural relationship to other minerals in this slide?

b)  Look at the chromite slide (M147 [10] describe the chromite (relief, color, form, etc.)

Volcanic Glass:   

Kerr, p. 469

BH-250-9 [6] and BH51 [9] 

Look at a variety of thin sections and make notes on characteristics as follows:

a)  What is the relief of the glass with respect to the mounting medium?  Is the R.I. higher or lower in the glass.

b)  What color is the glass?

c)  Scan the entire slide and note the overall rock texture.  Does the glass look uniform across the slide, or is there evidence of either a fragmental texture (e.g. a pyroclastic rock) or other textures?

d)  Are there any characteristic structures within the glass such as fracture pattern, mineral inclusions, or vesicles (bubbles)?

Perovskite:  CaTiO3    

Kerr, p. 233 

‘Pervoskite’ [7] 

Examine the slides of Perovskite.  It is a relatively rare mineral.  It only occurs in silica poor rocks.  This is governed by the reaction CaTiO3 + SiO2 = CaTiSiO5 (sphene), thus it can never occur with quartz.  Perovskite is listed as pseudo isotropic so it will not go completely extinct under crossed polars.  Look at the relief of perovskite, n = 2.34.  This is one of the highest relief minerals you will see.

a)  Note the patterns displayed on the mineral when you cross the polarizers.  How do they change with rotation of the stage?  What are they?

Garnet group:  (Ca, Mg, Fe, Mn)3 (Al, Cr, Fe)2 (SiO4)3  

Kerr, p. 387–389 

BH-250-2 [6], BH-250-3 , BH-250-10 [6], BH-250-20 [6], BH-250-26 [6], and BH58 [6]

Garnet occurs in most commonly in metamorphic rocks although it can also occur in granites.  There are many different types of garnets.  Certain properties such as color, density and refractive index are unique to each type of garnet. 

a)  What is the relief of garnet?  How does it compare to spinel or perovskite?

b)  Garnet is commonly porphyroblastic in metamorphic rocks.  Note the little inclusions in the garnets.  What do these tell you about the way garnet grows?

Leucite:  KAlSi2O6    

Kerr, page 319
BH53 [7]

Leucite is a potassium rich mineral that is found in potassium rich, silica undersaturated volcanic rocks, commonly as large distinctive euhedral phenocrysts.  Check the relief and R.I. compared to the balsam.  Examine these slides carefully and be sure you can locate the Leucite.  How can you be sure this isotropic groundmass material is Leucite?  How can you differentiate Leucite from Analcite?

Note:

1. some of the leucte show a reaction rim.  What is a reaction rim?

2. There is titanaugite in these thin-sections.  What is a titanaugite?

Fluorite:  CaF2     

Kerr, p. 222

M69-SC [9]

Examine the slides and find the Fluorite.  What are the typical shapes of the mineral in this rock?  Is it euhedral, subhedral or anhedral?  What is the relief with respect to Quartz?  Is the cleavage obvious?  How many directions?

Sodolite:  3NaAlSiO4.NaCl

Kerr 424

BH-250-33 [6]
Examine the slides of sodolate.  This is a common mineral in Soda-Rich igneous rocks such as syenites and trachytes.

Haüyne:  3NaAlSiO4 (CaSO4)    

Kerr, p. 324

“Haüyne” [1]

Haüyne is a blue feldspathoid of the sodalite group.  Haüyne occurs in soda-rich volcanic rocks such as phonolites and contact metamorphic limestones.

a)    Look at the thin section that contains this mineral and study its properties.

For exercise

For exercise:

1.   Study all the isotropic minerals discussed in lab.

3. Obtain a volcanic glass from your instructor and determine the RI of the mineral (glass), using the different oils that we have in the lab.  Using the camera mounted on the microscope, take pictures of the becke lines and turn them with your RI determination. 

4. Identify the isotropic minerals in the thin-sections provided by your instructor. Include all properties that helped you identify these minerals.

Tactics for identifying minerals in thin-section

Important:
-Do not blindly collect optical information hoping that you will magically produce a match. Instead, use each piece of information to:

+ Eliminate possible minerals.

1.  Use tables in book 


2.  Write down, or keep in mind, as many alternative minerals (candidates) as you can.

+Determine what optical information you need next.

1.  What information will eliminate yet more minerals?


2.  Try to identify the information that will eliminate the most minerals possible, then obtain it.

+Determine what tests are necessary and how much help they will be in obtaining the information you want.

1.  Do not waste time doing unnecessary tests!


An example:  Looking at many uniaxial mineral grains in conoscopic view to try to find a centered optic axis figure without first looking for grains with minimum birefringence.

________________________________________________________________________

TOOLS YOU ALREADY HAVE/NEED.

-Use Mineral Associations to help determine unknown minerals.  (handout given in class)

-Use Crystallographic systems and models to:


1.  Explain what is seen in thin-section.


2.  Predict what possible shapes, cleavages, and orientations a particular mineral will have in the section.

Note:  Procedure outlined in the textbook and in these notes include many useful tests for determining optical information.  To use these tests in the right way, and without redundancy, means that you need to understand how each test works (let your TA or instructor know if you don't understand a test!).

Tactics:
1.  Plane Polarized light


Start in plane polarized light on low to medium power (objective) with the light source not at maximum brightness.  Scan the slide and get a rough feel for what is present (i.e., how many different minerals, texture, veins, alteration, metamorphic, igneous, sedimentary or anything that might help).  Cross and uncross the polars and rotate the stage as needed to record the following information (usually starting off with one mineral):


a.
Color and Pleochroism (if any).


b.
Relief (low, moderate, high--relative to balsam n ~ 1.54).



-if possible, determine whether relief is negative or positive.


c.
Mineral grain shape, texture (if any), and alteration (if any)



- anhedral, subhedral, or euhedral?


d.
Is the mineral Isotropic or anisotropic.

e.
Is twinning present? If so what type? (Use cross polars to check).


f.
Cleavage, Fractures.

2.
If the mineral in question is isotropic:


a.  Make sure!!!  Check for the absence of an interference figure and make sure all grains go extinct under cross-polars.


b. Go to the identification charts and try to determine the mineral from the properties listed above.

3.
If the mineral in question is anisotropic:

a.  Scan the slide for the grain with the lowest interference color.


Obtain an optic axis figure (if possible) then determine whether the mineral is uniaxial or biaxial.

4.
If the mineral is Uniaxial:

a.  Conoscopic-Determine optic sign using optic axis figure test or flash figure test .  Use the same grain(s), used in 3(a), with lowest birefringence.


b.  Orthoscopic-Record color (PPL<pleochroic>and XPL) and relief of nw.  Check Becke line to estimate nw.  Once again, use the grain, or grains, with the lowest birefringence (looking down c-axis).


c.  Find a grain with the highest birefringence color.  Determine the maximum birefringence of the mineral using color chart (assuming that the thickness of the thin-section is standard).  Place ne parallel to the slow ray of the accessory (ROT-1) plate, then determine the color (PPL<pleochroic>and XPL) and relief of ne.


d.  If the mineral is elongated or has cleavage:


-Determine sign of elongation (length slow or length fast)


-If crystallographic direction can be identified-determine optic axis orientation (where is the C-axis?).  Use flash figure test or other tests as needed.  Compare results with the known crystal model.


-Record orientation of cleavage (parallel to C-axis, etc.) angle between cleavages (if more than one), and how well developed (poor, fair to good, very good, and perfect cleavages).

5.  If the mineral is biaxial:
  Use the same procedure as for uniaxial BUT with the modification below.


a.  Find a centered optic axis figure (look for low birefringence grain).Determine optic sign.

It is possible to use an acute bisectrix to find the sign.  (Obtuse bisectrix will give you a different optic sign, so you have to make sure if you are looking down the x or z axis.


b. Determine 2V.  (See handout to estimate the 2V).


c.  Record Dispersion (type and degree if any).


d.  Return to orthoscopic view, record the color (PPL<pleochroic>) and relief of the grain (Gives value of nb).


e.  Find a grain with Maximum birefringence:


-Using optic figures and the accessory plate, determine the fast and slow directions (na and ng ), their respective reliefs, & the pleochroic colors (if any) associated with X and Z.


f.  If the mineral has cleavage:


-Measure extinction angles (0-120o) on several grains and take the maximum value.


g.  If the mineral is elongated determine sign of elongation.


----------Constantly match optic information to tables----------

**** See page 181 in Kerr for key to mineral tables, then use them!! ****

Notes:

Notes:

