Geology 250 Mineralogy

Laboratory # 9

Optics of some common rock forming minerals


Purpose
In this lab you will be introduced to some of the properties of the feldspars, olivines, pyroxenes, amphiboles, and many other common rock forming minerals.  It is important that you gain some knowledge of these mineral groups as they are, by far, the most abundant minerals in crustal rocks. 

Feldspars:
As you have learned in lecture, the feldspars (ignoring the rare barium feldspars) occur in two solid solution series.  One series, the alkali feldspars, have compositions lying between NaAlSi308 (Ab) and KAl Si3O8 (Or).  The other series, the plagioclase feldspars, have compositions between NaAlSi308 (Ab) and CaAl2Si2O8 (An).  Where Ab, Or, and An are the abbreviations for albite, orthoclase, and anorthite.  In addition to variations in composition of the feldspars there are variations in the structural state of the feldspars.  On one extreme are the "high" temperature feldspars which crystallized from magma and are preserved in rapidly quenched volcanic rocks.  High-albite and high-sanidine are the end members of the "high" alkali feldspar series, while high-albite and high-anorthite are the end members of the "high" plagioclase series.  At the low temperature end we have the "low" feldspars that form under diagenetic or low temperature metamorphic conditions.  These include the low-albite-microcline end members of the alkali feldspars and the low-albite-low-anorthite end members of the plagioclase series.  Intermediate temperature variants also exist.  It is these variations in chemical composition and structural state that create complexities in the optical properties of the feldspars.

But, while complexities exist, there are some unifying  properties of the feldspars, which you will see as you look at the thin sections in this lab.  In general the feldspars have low birefringence, two good cleavages (001 and 010), low to moderate relief with respect to quartz and balsam (some are positive and some negative with respect to balsam), high 2V (with a few important exceptions), and often simple to complex twinning.  Thus with a little practice you will be able to identify the major "species" which are introduced in this lab.

A  Alkali Feldspars
1. SANIDINE  (K, Na)AlSi3O8  BH-250-15 
Sanidine is a common constituent of silicic, potassium-rich volcanic rocks.  It is a high temperature form of Orthoclase.  It shows the feldspar cleavage {001} perfect and {010} distinct, intersecting at 90°, has R.I. values (1.52-1.53), low 2V (0-12o), maximum extinction angle 5° to {001} cleavages and simple, non-lamellar Carlsbad twinning (or it may be untwinned).  

2. ORTHOCLASE  (K,Na)AlSi3O8  (BH-250-13)
Orthoclase is a common potassium feldspar in silicic plutonic and high grade metamorphic rocks and is also present in detrital sedimentary rocks.  It lacks the lamellar albite twinning of plagioclase and the grid twinning of microcline, having instead the simple twinning like sanidine.  Its 2V is higher than sanidine and unlike the clear sanidine crystals orthoclase is often clouded by clay and other alteration products. 


Look at the orthoclase in the orthoclase slides (all granitic rocks) and become familiar with this feldspar.

3. MICROCLINE (K,Na)AlSi3O8 (BH-250-13)
Microcline is a K-feldspar that displays "grid" or "tartan" twinning or double set of polysynthetic twins.  Microcline is common in silicic plutonic and high grade metamorphic rocks.  Its composition lies between sanidine and albite and it is twinned by albite and pericline twin laws.  Re-examine leucite slides and see how the twinning in microcline is different from that of leucite?

4.  PERTHITE
Perthite is an intergrowth of albite in a host of orthoclase or microcline.  It can apparently form either by replacement or exsolution.  If the perthitic structure is only visible with a microscope it is termed microperthite.  If the structure is finer than can be resolved with a microscope it is termed cryptoperthite.  An intergrowth of orthoclase or microcline in plagioclase is termed antiperthite.

B. PLAGIOCLASE FELDSPAR  
(BH-250-6)
The plagioclase feldspars form the solid solution series albite, oligoclase, andesine, labradorite, bytwonite, anorthite.  They characteristically show lamellar twinning which follows the albite twin law (this twinning is responsible for the striations on plagioclase that you may have seen in hand samples).  Under crossed polars this twinning appears as narrow, parallel bands of alternating darker and lighter gray interference colors.  On the flat microscope stage the extinction angles of these albite twins can be used to roughly estimate the plagioclase composition.  You will use the Michel-Levy technique, a relatively easy, efficient method, to find the composition (see Kerr page 294-5).  Use it on one of the thin sections, and try to find at least 2 valid measurements.  Be sure to include all your measurements (even the ones you'd rather not).  Use relief indications if your measurement falls in the ambiguous 0-20 degree range.

Plagioclase Feldspars:

Plagioclase feldspars are common minerals in some igneous rocks such as basalt and granite.  They form the solid solution series, albite, oligoclase, andesine, labradorite, bytownite and anorthite.  One of the characteristic optical property that these minerals show lamellar twinning which follows the albite twin law.  It is always difficult to find the end members of the series, most of the time what you find is solid solution that contains certain amount Na and Ca .  Albite is common to find but anorthite is not a common mineral.  The albite twinning is used to estimate the percentage of Na and Ca in the plagioclase, and there are two methods that you will learn in this lab. 

Michel-lévy method.  

Find a plagioclase that shows albite twinning on 010 section.  You can recognize these sections by the fact that they show uniformly illumination of all lamellae when parallel to the vibration planes of the polars, and the equality of extinction angles for twin sets rotated to the left and right.

When using Michel-lévy method six to eight measurements will be needed for each feldspar, and a difference between Left and Right angle measurements in the order of 6° is allowable.  If the average angle is less than 20° then you have to know the refractive index of the plagioclase with respect to the balsam.  If the plagioclase has a lower refractive index use the smaller curve on page 295 in Kerr, and if the balsam has higher refractive index use the large curve to estimate the composition of the plagioclase.

Wright method
The Wright method can be used in a case where a single crystal displays both Carlsbad and albite types of twinning.  Here four possible extinction positions can be studied and from one crystal you can estimate the plagioclase composition.  Page 293-297 in Kerr provides an explanation of this method, as well as some discussion.  Please, read these pages.
The compositions that you are going to find using the above two methods are just approximations, to find the exact composition of the feldspar it useful to use other techniques such as electron microprobe. 

C.  OLIVINES AND PYROXENES

Olivines ( [Mg,Fe]2SiO4 ). BH-250-4, BH250-17, (BH-250-Alta Stock??)
The olivine group consists of two end members, forsterite (Mg2SiO4) and fayalite (Fe2SiO4), and the intermediate isomorphous mixture, olivine ([Mg,Fe]2SiO4 ).  Olivines are fairly distinctive optically throughout their compositional variation.  Minerals of these group are characterized by rather high  refractive indices and strong birefringence. 

Examine at least 5-6 slides of the olivine slides and  try to identify the minerals and list the optical properties that you observe in olivine:  Also make sure that you are examining Forsterite, Fayalite or olivine ([Mg,Fe]2SiO4 ) use your books to tell the difference among these minerals. 

Olivines have isolated SiO4 groups in and structure and so are known as Nesosilicates.  Olivine is exceedingly abundant as a rock-forming mineral in subsilicic igneous rocks.  Forsterite is found in limestone of contact metamorphic zones.  Fayalite is found in granite pegmatite, and in rhyolitic obsidians.  

Examine the olivine slides and answer the following questions.

1.  List 5 optical properties that you observe in olivines.


a.


b.


c.


d.


e.

2.  How can you tell Fayalite from Forsterite?

D.  Inosilicates:

Two of the very large and important families of rock-forming minerals-the pyroxenes and amphiboles-constitute the bulk of the inosilicate group.  Members of this group are often called Chain silicates because the silicate tetrahedral are linked so as to form one-dimensionally "infinite' chains; that is the chains extend along one crystallographic direction without interruption throughout an entire crystal.  The morphological result is that crystals tend to be elongated along the direction of the chains, which in all of them has been designated the c axis. 

There are two types of chain silicates; these are single chains and double chains as shown in figure--.  All of the double-chain silicates belong to the amphibole group and the single chain belong to the pyroxene group. 

Pyroxenes  BH-250-9, BH-250-6, BH-250-
Pyroxenes are divided into two groups based on the system in which they crystallize. 

Pyroxenes belong to the chain-structure group of silicates.  There are about 11 minerals that belong to the pyroxene group. These are divided in to two subgroups, the ortho-pyroxenes (OPX), and clino-pyroxenes (CPX). Those that are monoclinic are called Clinopyroxenes (CPX) and those that are orthorhombic, Orthopyroxenes (OPX).  Orthopyroxenes (OPX)  are a solid solution series of minerals with the general formula (Mg,Fe)SiO3.  Clinopyroxenes (CPX) are more complex and are of the form XYZ2O6 where most commonly X= (Ca, Na), Y= (Mg, Fe, Al), and Z= (Si, Al).   Although they can appear similar looking,  the OPX's and CPX's have optical properties which makes them distinguishable. 

Pyroxenes have two sets of cleavages that intersect at about 89o   you may not see these two cleavages but you will see at least one in most sections. 

Pyroxenes are prominent constituents of igneous rocks and metamorphic rocks.  

One important optical property in telling OPX from CPX is extinction angle. 

CPX's have extinction angle that ranges from 6o  to 50o on the (010).

OPX's have parallel extinction in most sections.

Comparison of Olivines and Pyroxenes. 

Examine these minerals in plane polarized light.  Write down the significant differences in the properties of these two mineral groups.  Pay attention to relief, cleavage, color, extinction angle, 2V, birefringence, texture and anything else you observe.  Some slides contains both olivine and pyroxene for close comparison.  Examine these slides carefully and list as many ways as possible in which you can tell these two minerals from each other. 

Clinopyroxenes (CPX) vs  Orthopyroxenes (OPX) 

Distinguishing OPX and CPX is best accomplished by using 2V and extinction angle.  Explain how you would choose a grain appropriate for measuring extinction angle (your book will help here). 

There are many slides that show good euhedral pyroxenes, look at these minerals and become familiar with their appearance in thin sections.  While looking at these slides be sure to note other types of minerals present, many of which you should be familiar with.

A.  Find a slide that shows good Euhederal pyroxene (OPX or CPX) and draw the following sketche of the pyroxene you observe.


i.     Perpendicular to the C-axis.


ii.    Label the principal optic directions in each of the above views.


iii.   Show  the angle between cleavages.


iv.   Show  the angle between optic directions.


v.    Give Miller indices for all cleavages and crystal faces shown.

The handout could be helpful.  Refer your book for more information.

E.  Amphiboles:  BH250-8, BH250-24, BH-250-23, BH250-


The amphiboles, like the pyroxenes, are chain silicates.  But in amphiboles a double chain, rather than a single chain, of silica tetrahedran form the basic structural unit.  The cleavage planes that break across the edges of these wider double chains intersect at angles of 56 and 124 degrees.  This characteristic amphibole cleavage shows up well in thin sections.  They are also a complex group of Na Ca, Mg, Fe, Al, silicates and have a general formula that is expressed as follows:


W0 -1X2-3 Y5 Z8 O 22( OH)

Where


W= Na


X= Ca, Na, K, Mn,   


Y= Mg, Fe+2, Fe+3, Al, Ti, Mn, Cr, Li, Zn, 


Z= Si, Al, 

In addition the (OH)- ion can be replaced by F-, Cl-, and sometimes O-2 

The amphiboles can be placed into three main subgroups based on Na and Ca content as follows:


a).  Anthophyllite-cummingtonite subgroup (Ca + Na = 0 approx.)


b). Calcium amphibole subgroup (Ca >> Na)


c)  Alkali amphibole subgroup (Na << Ca)

When distinguishing the amphiboles from the pyroxenes in thin section keep the following in mind:

a).  Amphiboles have cleavage planes at 56 and 124 degrees.

b).  Amphibole crystals tend to be long and narrow while pyroxene crystals tend to be short and stubby.

c).  Amphiboles are often strongly colored in contrast to generally weakly colored pyroxenes.

d).  In the monoclinic amphiboles the extinction angle is generally 10-20o while in the monoclinic pyroxenes it is generally 30 - 50o.

A.  Common Hornblende   BH-250-8

hornblende is the commonest of amphiboles and is present in volcanic rocks, plutonic rocks, medium grades metamorphic rocks, and detrital sedimentary rocks.  A number of mineral end-member are included under the umbrella term "hornblende".  This mineral is distinguished by its light to darker green ( and sometimes brown) colors, low to moderate extinction angles, and variable, but generally high 2V (negative).  Actinolite (in the Tremolite- Ferroactinolite series ) is similar but mostly of paler shades of green.

A number of slides show good example of hornblende in various types of rocks.  Look at these slides and become familiar with the appearance of this mineral in thin sections.  While you are looking at these slides be sure to note the other types of minerals present, many of which you are now familiar with.  

Many slides show good Euhederal hornblende.  Draw the following three sketches of this hornblende as you observe it in this slide. 


a).  Perpendicular to c-axis.  (as best as you can find)


b).  Centered Bxa.


Label the principal optic directions in each of these views, label their color, show the angle between cleavages and between optic directions and cleavages and finally give Miller indices for all cleavages and crystal faces shown.  


Next, pick one of these slides and work out the optical properties of the hornblende in detail.  


a)  2V, 


b)  Extinction angle 


c)  Pleochroic formula (i.e., colors of the three optic directions).


d)  Birefringence


d)  Sign of elongation


f)  Cleavage angles

Explain what sections you used to determine the pleochroic formula and tell what section you used to measure extinction angles. 

Basaltic hornblende.  
Basaltic hornblende (also termed as Oxyhornblende) seems no more than oxidized common hornblende produced either naturally in volcanic rocks, or by artificial heating.  It may represent virtually any hornblende composition where appreciable Fe+2 has been oxidized to Fe+3 with accompanying replacement of O2- for (OH)-.  Slide 83 shows basaltic hornblende, look at this mineral and other minerals on the slide and answer the following questions:


a).  What property of the basaltic hornblende best indicates it is an amphibole?


b).  What color do you see for the X vibration direction (i.e alpha).

C.  Tremolite.  BH250-31
In the tremolite slides, tremolite is the colorless mineral with second order interference colors.  Look at this slide and answer the following :

a).  What is the 2V and extinction angle of tremolite in this slides?

b).  what kind of rock is this  (Igneous, metamorphic or sedimentary)?  your answer may vary with the slides that you are examining.

D.  Glaucophane.   BH250-23
Glaucophane is a distinctive blue amphibole that occurs in low temperature, high pressure metamorphic rocks of the blue schist facies.  Look at the glaucophane slides and become familiar with this mineral.  In addition look at the other minerals in these slides, many of which are characteristic of blue schist rocks. 

a).  Is glaucophane length fast or length slow?

b).  What is the color of the fast ray in sections that show maximum extinction angles?

E.  Anthophyllite BH250-
There are five slides labeled " Anthophyllite ". They are all cut from the same rock.  Look at one of these slides and answer the following:

a)  What are the maximum interference colors, extinction angle, 2V and pleochroic formula for the anthophyllite?

b).  What other minerals are abundant in this slides?

c).  What minor minerals can you identify in this slides?

F.  Micas and others

Introduction.

Micas are a diverse mineral group of wide geologic occurrence, but  they are unified by certain common structure characteristics.  They are sheet structures, in which each silica tetrahedron shares the oxygen ions of one of its triangular bases with other tetrahedra.

Muscovite, biotite, talc, chlorite, and serpentine are representative of the large and complex group of sheet silicates, with muscovite and biotite belonging to the mica subgroup of the sheet silicates.  This gives them their excellent and characteristic cleavage.  Muscovite is characteristic of metamorphic rocks but is found in all igneous and detrital sedimentary rocks as well.  Biotite is common in all the above rock types.  Talc, chlorite, and serpentine are common in metamorphic rocks (low grade) and may be found as alteration products in igneous rocks.  I will  give you a handout that discusses the different micas.

Muscovite BH-250-14, BH250-20

Biotite  BH-250-26

Talc
BH250-5

Epidote  BH250-28

Minerals of the epidote group of which epidote is the most common member, are complex Ca- Al silicates.  Epidote is a common primary constituent of low grade, regional metamorphic rocks and of metamorphosed carbonate rocks.  In igneous rocks it occurs in granular aggregates calcium-rich plagioclase or calcic mafic minerals.  It also occur as veins or segregation of almost pure epidote in metamorphic or plutonic rocks.  

Sphene:
CaTiSiO4 (OH, F)


Sphene is a relatively easy mineral to identify because it commonly forms diamond-shaped crystals of very high relief having a brown or red-brown color.  The crystals are pleochroic and simple twinning is common

Sillimanite, 
BH-250-1 and BH250-10

Andalusite, 
BH250-40

Kyanite
BH250-30

Sillimanite, andalusite, and kyanite are the aluminosilicate polymorphs.  Kyanite and sillimanite occur in high grade gneiss and schist.  Andalusite is characteristically found in contact metamorphosed shale and low grade schist.

Staurolite
BH-250-26, BH250-20, BH-250

Staruolite is an iron rich alumina silicate.  It is a mineral of metamorphic rocks and occur in schist, slates and gneiss where it can be associated with garnet, kyanite, and tourmaline.

Rutile
  

Rutile is a widely distributed accessory mineral in various metamorphic and igneous rocks.  It also occurs as a detrital mineral.  Commonly assoicted with sphen.

Some good questions that will help you learn minerals that might look alike:

When you look at a new mineral you should be thinking of ways you can differentiate it from other minerals you know that may have somewhat similar optical properties.  To help you thinking along this here are a few questions to answer. 

1.  What would be a possible way to distinguish muscovite from talc in thin section?  Consider characteristic growth habits as well as optical properties.

2.  If the talc and/or muscovite in your slide was too fine grained to determine optical properties, would it be helpful to have the hand specimen?  Why.

3  Biotite can sometimes show green rather brown colors.  How would you differentiate such biotite from chlorite?

4.  Both chlorite and serpentine can occur as fine grained aggregates replacing pre-existing minerals.  What might be the best way to distinguish between the two in such a situation?   Be sure to look at the appropriate Tables (or  better yet, the slides to refresh your memory about these two similar minerals).

5.  At  first glance epidote might resemble a clinopyroxene.  What are the three ways to distinguish between these minerals?

6.   Stauralite is a fairly distinctive mineral with its golden yellow to colorless pleochroism, straight extinction, high relief, and moderate birefringence.  It does, however, bear some resemblance to iron-rich olivine.  What are two good ways to differentiate the two minerals.

7.   In the slides of andalusite most of the crystals have their  Z- axis perpendicular to the slide and are suggestive of enstatite.  In such an orientation how can you convince yourself that this is andalusite?  In what rock type is andalusite growing?    

8.  How can you differentiate kyanite from andalusite?  and from sillimanite?

9.  List all the other minerals that you can identify in the thin-sections of Kyanite.   

10.  List all the other minerals that you can identify in the thin-sections of Sillimanite.   

11.  Examine the slides of Coridierite.  How can you distinguish cordierite from quartz?

12.  Examine the slides of Chondrodite and Humite.  How can you tell these minerals from Olivines?

