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Last Time

1. Polymorphs and Polymorphism
2. Pseudomorphs and other definitions

3. Crystal Habit 

Polymorphs & Polymorphism
Polymorphic transformations can occur in one of 3 ways:

1) Reconstructive: requires extensive breaking and recombining of chemical bonds in
the crystal lattice. This transformation generally occurs only when the 
pressure/temperature threshold is reached and may be very slow.

2) Displacive: requires relatively minor changes in the crystal lattice (e.g., 
modification of α, β or γ angles). There is generally no change in energy at the 
transformation threshold so polymorphic transformations are instantaneous and 
reversible.

3) Order-Disorder transformations: all crystals have a certain amount of disorder to 
them (e.g., “saddle” dolomite) and in some cases, polymorphic transitions can occur 
once an appropriate level of order-disorder is attained.

Other Crystal “Structures”
Metamict Minerals: crystals with partially “nuked” lattices (e.g., 
zircon; Zr(U,Th)SiO4).

Mineraloids: Amorphous minerals that do not have crystalline 
form (e.g., limonite: FeOOH·nH2O)

Pseudomorph: A mineral which has the crystal form of another 
mineral (nasty, sneaky minerals in disguise)- several types

Other Crystal “Structures”
Pseudomorphs: Form due to one of three mechanisms:

1) Substitution: molecule by molecule replacement of one mineral by 
another (e.g., quartz replacement of aragonite)

2) Encrustation: a coating of a new mineral top of an existing mineral 
(then the first mineral is dissolved; e.g., hematite on pyrite)

3) Alteration: Partial removal of one mineral and infilling by a second 
can also result in pseudomorphing (e.g.,  anhydrite in gypsum)

Terminology: anhydrite pseudomorphed after gypsum

This Week’s Agenda
1. Properties of light
2. Minerals and light transmission
3. Minerals properties under PPL (Plane polarized light)

4. Mineral properties under XN (crossed Nichols/polars)



Identification of rocks and minerals in hand specimen is one Identification of rocks and minerals in hand specimen is one 
of the important skills that all geology students need to learn.of the important skills that all geology students need to learn.
But even the best geologists are limited in the number of But even the best geologists are limited in the number of 
substances that they can ID.substances that they can ID.
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Optical Mineralogy

Enter microscopy…

… many characteristics 
that are apparent in hand 
specimen can be more 
diagnostic at microscopic 
scales.

Optical Mineralogy
But in order to do optical mineralogy and thin section 
petrography, you first have to understand basic properties 
of light.

Light

•Light is a propagating wave 
front that moves fast. 

•The velocity of light in a 
vacuum is one of the most 
important constants in science:

Vc = 2.988 x 108 m/s
(this constant is usually designated C)

•When light travels from one 
medium to another (vacuum to 
air, air to water), interesting 
refraction effects occur. 

The Index of Refraction (n) of a 
material is a ratio of C to the speed of 
light through a material (Vx). 

nx = C/Vx
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•The Index of Refraction is one of 
the most diagnostic properties of a 
substance…including minerals
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Light
•Dispersion is the prism effect that 
occurs when white light is split up into 
it’s component colors (i.e., different 
wave lengths travel at different 
speeds).

•This is a problem when trying to 
measure nx which is why we use 
monochromatic light.

Light

Light produced from an incandescent source (AKA light bulb) 
is emitted as waves that have no preferred vibration direction. 
This too is a complication in optical mineralogy. 

Light
In order to do petrography, you need to restrict the light that passes 
through your mineral specimens to waves that vibrate in a single
direction. This is done with the help of a polarizing lens:

Source: Olympus Microscopes

Light

Minerals and Light

There are 3 optical classes of minerals:
A) Transparent (minerals that transmit light and images) 
B) Translucent (minerals that only transmit light)
C) Opaque (minerals that do not transmit light at all)

http://www.uwgb.edu/DutchS/PETROLGY/Tsecplp.htm http://facweb.bhc.edu/academics/science/harwoodr/Geol101/Labs/Minerals/Images/min11b.jpg

There are 3 optical classes of minerals:
A) Transparent (minerals that transmit light and images) 
B) Translucent (minerals that only transmit light)
C) Opaque (minerals that do not transmit light at all)

Optical microscopy/thin-section 
petrography studies transparent and 
translucent minerals. The vast majority of 
minerals fall within these classes. Even 
minerals that you might at first think are 
opaque (pyroxene, biotite) are translucent 
if they are sliced thinly enough.

Minerals and Light



•The way that light 
travels through 
minerals depends on 
their crystalline 
structure

•Recall the seven 
crystal systems that 
caused you so much 
hell earlier this 
semester

Source: www.iit.edu

Minerals and Light
•For minerals in the 
cubic system, light is 
transmitted equally (in 
velocity or wavelength) 
in all directions through 
the crystal. 

•The index of refraction 
is also uniform in all 
directions. These 
minerals are said to be 
isotropic. 

Source: www.iit.edu

Minerals and Light

•All other minerals are 
termed anisotropic and 
have a preferred 
orientation where light 
travels faster than in 
other directions  

Source: www.iit.edu

Minerals and Light
•Isotropic minerals have a single index of refraction

a b

c a=b=c

α=β=γ=90◦

na= nb= nc= n

cubic

Minerals and Light

•Anisotropic minerals two or three indices of refraction

a b

c a=b≠c

α=β=γ=90◦

na= nb ≠ nc

tetragonal

Minerals and Light
•In order to better 
visualize how light 
travels through 
minerals, geologists 
came up with the 
concept of the 
indicatrix.

The indicatrix is an imaginary object that is defined by the 
indices of refraction. For isotropic minerals, it is spherical. For 
anisotropic minerals, it is an ellipsoid.

Minerals and Light



•In order to better 
visualize how light 
travels through 
minerals, geologists 
came up with the 
concept of the 
indicatrix.

The longest direction of the ellipsoid is its major axis. The 
shortest direction, perpendicular to the major axis, is called the 
minor axis. Perpendicular to the major and minor axes is the 
intermediate axis. These three axes are called the principal axes. 

Minerals and Light

Isotropic Minerals are easy

Cubic Class

Minerals and Light

Anisotropic Minerals come in 2 flavors:
1: Uniaxial (nx= ny≠ nz)

Tetragonal/Trigonal Classes

Minerals and Light

Anisotropic Minerals come in 2 flavors:
2: Biaxial (nx≠ ny≠ nz)

Other Classes

Minerals and Light

Now it gets complex. 

Minerals and Light
Now it gets complex. 

•All anisotropic minerals divide polarized light into two rays 
which vibrate in mutually perpendicular planes. 

Source: Olympus Microscopes
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Minerals and Light

Now it gets complex. 

•All anisotropic minerals divide polarized light into two rays 
which vibrate in mutually perpendicular planes. 

•One of the rays has a constant velocity regardless of the light 
path (ordinary ray or o-ray). 

•The other ray is called the extraordinary ray (or e-ray) and 
it’s velocity varies with direction. 

•This splitting of rays is known as double refraction (or
birefringence)

Minerals and Light
•All anisotropic minerals have some component of double 
refraction, but it is especially pronounced in optical calcite (or 
Icelandic spar). 

Minerals and Light

In the same way that we can use the indicatrix to portray the 
various indices of refraction for the mineral classes, it is possible 
to construct a graphic image summarizing the velocity and 
vibration direction differences of the o- and e-rays 
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Minerals and Light

There is only one orientation where the velocity of the o-ray and 
the e-ray is the same (the places where the circle and the ellipse 
meet). This orientation is called the optic axis and this is the only 
direction where double refraction does not occur. 
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Minerals and Light



•Try doing this with Iceland Spar

Minerals and Light
•In many minerals, the optic axis has the same orientation as the c 
(or z) axis of a crystal. In these situations, anisotropic minerals 
mimic isotropic minerals under a microscope (pseudo-isotropic).

Minerals and Light

The Petrographic Microscope
•Know your enemy! •Know your enemy!

The Petrographic Microscope

•Know your enemy!

The Petrographic Microscope
•Know your thin-section!

The Petrographic Microscope



Optical Properties
A: Plane-polarized Light (PPL)

1) Colour: Most minerals are 
colourless under PPL, but some 
minerals are intensely coloured. As 
a general rule, dark coloured
minerals in hand specimen (e.g., 
pyroxene, amphibole, biotite etc.), 
are coloured in PPL. Light coloured
minerals (quartz, fluorite, feldspars, 
muscovite etc.) are colourless. 

http://www.union.edu/PUBLIC/GEODEPT/COURSES/petrology/ig_minerals.htm

A: Plane-polarized Light (PPL)

2) Pleochroism. This is an 
interesting phenomenon where 
anisotropic minerals appear to 
change colour as they are rotated in 
PPL. It has to do with variable 
indices of refraction and is related to 
the crystal class of the minerals. 

http://www.union.edu/PUBLIC/GEODEPT/COURSES/petrology/ig_minerals.htm
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A: Plane-polarized Light (PPL)

2) Pleochroism.

Orientation is important!

Optical Properties
A: Plane-polarized Light (PPL)

3) Cleavage. Same property 
as seen in hand specimen, 
but you are now looking at 2 
dimensional slices. 

http://www.union.edu/PUBLIC/GEODEPT/COURSES/petrology/ig_minerals.htm

Optical Properties

A: Plane-polarized Light (PPL)

3) Cleavage. The only time 
that you will see more than 
one cleavage direction is 
when you are looking down 
the c axis of the crystal.

http://www.uwgb.edu/DutchS/PETROLGY/Tsecplp.htm

Optical Properties
A: Plane-polarized Light (PPL)

4) Relief: the ratio of the 
index of refraction of a 
mineral to the index of 
refraction of the material 
immediately adjacent to it 
(usually glass).

http://www.brocku.ca/earthsciences/people/gfinn/optical/relief1.http://www.brocku.ca/earthsciences/people/gfinn/optical/relief1.jpgjpg

http://www.uwgb.edu/DutchS/PETROLGY/Tsecplp.htm

Optical Properties

A: Plane-polarized Light (PPL)
The Becke Line Test tells you if the index of refraction of a  mineral 
is higher or lower than the medium it is immersed in (usually oils). 
The Becke Line is a bright band of light that forms at the edge of 
crystals due to and edge effect. 

"Becke Line in, crystal high. Becke Line out, crystal low".

Lower
stage

Low nHigh n

Optical Properties
A: Plane-polarized Light (PPL)

5) Crystallinity. A crystal 
with sharp, geometric edges 
is said to be euhedral. One 
that has rounded edges (e.g., 
water abraded) is said to be 
anhedral.

http://www.uwgb.edu/DutchS/PETROLGY/Tsecplp.htm

Optical Properties



B: Crossed Nichols (XN)

Optical Properties
B: Crossed Nichols (XN)

6) Extinction: occurs when the indicatrix aligns up with the 
polars and the entire crystal goes black (extinct). 

PPLPPL XNXN

Optical Properties

B: Crossed Nichols (XN)
6) Extinction: For some minerals, extinction occurs in a sharp or 
sudden fashion (Unit extinction). In some minerals, it is more like 
a curtain effect where part of the crystal fades out while other
parts do not (strained extinction). Many minerals go extinct when 
the cleavage directions are parallel to polars (parallel extinction).

Optical Properties
B: Crossed Nichols (XN)

Optical Properties

B: Crossed Nichols (XN)

7) Birefringence. This is the most important property of minerals 
under crossed polars. It is defined as the difference between the 
index of refraction of the minimum and maximum refractive 
indices of a mineral. 

For uniaxial minerals;  no – ne or ne - no. 
For biaxial crystals; na – nc or nc - na.

As far as you are concerned, you see pretty colours under XN

Optical Properties
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B: Crossed Nichols (XN)

7) Birefringence. This is the most important property of minerals 
under crossed polars. It is defined as the difference between the 
index of refraction of the minimum and maximum refractive 
indices of a mineral. 

Optical Properties Optical Properties

B: Crossed Nichols (XN)

8) Optical Twinning. Same thing as physical twins whereby two 
or more crystals of a single mineral grow together in a 
mathematically predicable pattern (involves twin planes, twin 
axes etc). 

Optical Properties
B: Crossed Nichols (XN)

Optical twins are slightly out of phase with one another. As you
rotate the stage, one section goes extinct before the other does. 

PPLPPL XNXN

Optical Properties

B: Crossed Nichols (XN)
Plagioclase feldspar exhibits polysynthetic twinning (resembles 
prison stripes). Microcline feldspar exhibits tartan twinning
(resembles the plaid of a Scottish kilt). Orthoclase displays 
Carlsbad twinning (not as prominent as the other feldspars).  

Optical Properties
B: Crossed Nichols (XN)

9) Zonation. Some minerals change their composition has they 
grow, particularly those that that form continuous series through 
solid solution during igneous processes (e.g., olivine, 
plagioclase). This can result in optical zonation. 

PPLPPL XNXN

Optical Properties



Today’s Stuff To Do
1. Take home Lecture test 1 issued (due Tuesday by 11:00 AM) 

Next Time
1. More Microscopy (maybe with microscopes) 

Today’s Lab
1. Quiz 2 (Orthorhombic/Tetragonal models 1:00 -1:20 PM)

2. Assignments 2 (stereonet) and 3 (ortho/tetra models) Due
3. Assignment 4: (Monoclinic and Triclinic models) Issued


