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Introduction
•
•
•
•
•

Identifying minerals and rocks in hand specimen is
a most important skill for a geologist because it
can be done in the field.
Hand specimen mineral ID and modal analysis
suffer from large error margins.
Microscopy (analysis of a thin section) produces
much more accurate and reproducible analysis.
The (a) figure displays an oil-immersion grain
mount.
The (b) figure displays a standard thin section
mount with cover slip.

Introduction
Petrographic
Microscope
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Properties of Light
• Light is a propagating wave front that moves really fast.
• Velocity of light in a vacuum is an important constant.
• Vc = 2.998 X 108 m/s (usually designated as “C”)
• Electromagnetic, wave phenomenon.

Properties of Light
•
•
•
•

Velocity of light, depends on what it is travelling through.
Moves more slowly than in a vacuum when through media.
When light passes from one media to another, the frequency
remains constant.
So…if velocity decreases, wavelength must also decrease…why?
See below equation..

f=

V
λ
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Properties of Light
•
•
•
•
•
•
•

Reflected versus Refracted Light; if angle of incidence is greater than
zero, light will be reflected and refracted (bent).
Reflected Light θ1 = θr.
Refracted Light , Index of Refraction (n)
Refractive Index (n): n = Vv / Vm ; ratio of light velocity in a vacuum to
that in material.
Snell’s Law: sin(2)/sin(1) = n1/n2.
Critical Incident Angle: light is totally reflected.
C.A. = arcsine ( n1 / n2 ). Air=1.0, water=1.333 so arcsine(1.0/1.33)=49

θ1

θr

Refraction Mechanics
 Higher density medium slows
down light velocity.
 Because one end of the
wave-front begins moving at
a lower velocity the entire
wave-front pivots toward the
medium with higher density
(higher refractive index).
 The angle of refraction can
be predicted with Snell’s Law.
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Snell’s Law Calculations
 Snell’s Law: sin(2)/sin(1) = n1/n2
 For n1=1.0 (air), and n2=1.333 (water), if the
incident angle (1) is 30˚ what is the
refracted angle (2)?
 Sin (2) = 1.0/1.333 * sin(30˚) = 0.375
 2 = Arcsine(0.375) = 22˚

Properties of Light
Index of Refraction is an important property of
materials, especially minerals.
Isotropic Mineral

Index of Refraction (n)

Fluorite

1.433 – 1.435

Halite

1.490

Sphalerite

2.37 – 2.50

Chromite

1.90 – 2.12
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Properties of Light

• Dispersion – prism effect
• In most transparent minerals, violet light is more strongly refracted
because the index of refraction is higher for shorter wavelengths
and lower for longer wavelengths (red light isn’t bent as much)
• Index of Refraction is reported for either (F)486nm, (D)589nm, or
(C)656nm….monochromatic light

Properties of Light
•
•
•

Non-Polarized light (such as sun or bulb) vibrates in all directions
at right angles to the direction of propagation.
Plane polarized light, the vibration direction is in a single pane
(PPL).
We use polarizing material to manipulate, or make PPL.
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Properties of Light
• Isotropic versus Anisotropic
• Isotropic minerals (optically isotropic materials) are those in
which the velocity of light is the same in all directions.
• Isotropic Materials – volcanic glass, water, air, and minerals
in the isometric crystal system – electron density is same in
all directions, therefore light velocity is same in all
directions.
• Anisotropic minerals (optically anisotropic materials) are
those in which the velocity of light is different in different
directions.
• Anisotropic Minerals – all but isometric system.
• If isotropic materials are unevenly strained (such as
bending) chemical bonds may be lengthened or
shortened and this will render apparent anisotropic
behavior.

Model for the Behavior of Light in a Mineral:
Indicatrix

• Indicatrix – method of visualizing what refractive index a light
ray will experience travelling through the mineral.
• Indicatrix Shape: imaginary object that is defined by the
indices of refraction.
• Isotropic = sphere; Anisotropic = Ellipsoid
• Longest direction is the major axis; shortest is minor axis; major
& minor = principal axes.
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Double Refraction
•
•
•
•
•

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 path this is the ordinary
ray (o-ray).
One of the rays is called the
extraordinary ray (e-ray) and its velocity
varies with direction.
This splitting is known as double
refraction or birefringence.
All anisotropic minerals have some
degree of birefringence, especially
Icelandic Spar (calcite).

Uniaxial Minerals

• If the uniaxial indicatrix is oblate ne<no (negative), a prolate
indicatrix has ne>no (positive).
• If the light ray path is parallel to the c-axis the mineral behaves as if
it were isotropic in that specific orientation.
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Minerals and Light
Three Optical Classes of Minerals:
• Transparent – minerals that transmit light and
images.
• Translucent – minerals that transmit diffused light.
• Opaque – minerals that do not transmit light.

Transmitted Light Microscopy
• Most rock forming minerals transmit light when cut into thin
sections (40 microns).
• Metallically bonded minerals are opaque no matter how thinly
sliced.
• Many rock-forming minerals that are not transparent in hand
specimens (feldspar, pyroxene, )are transparent in thin section.
pyroxene

magnetite
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PPL (Plane Polarized Light)
Color:
• Most are colorless, some are intensely colored
• Dark color in hand specimen tend to show color in PPL
• Light color in hand specimen tend to be colorless
• Which is K-Spar and which is Hornblende?

PPL
1. Pleochroism – when anisotropic
minerals appear to change color
as they are rotated in PPL. This is
because of variable light
absorption that in turn depends on
the crystal structure. For example
Biotite shows maximum absorption
when the [001] cleavage is E-W
perpendicular to polarizer.
2. If Biotite has a brown pleochroism
you should realize that the blue
wavelengths are absorbed (Brown
= Red+Green).
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PPL

Cleavage:
• Same as hand specimen (2 dimensional vs 3
dimensional)- parallel planar discontinuities.
• Note that the number of cleavage directions is
dependent on the orientation of the crystallographic
axes.

PPL
Relief:
• If a mineral has a refractive index that is very different
compared to adjacent minerals or the bonding epoxy
in the thin section it will have “high relief” – grain
boundaries are distinct.
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PPL
Becke Line Test:
1. Only possible with oil immersion mounts.
2. When the stage is lowered the Becke line migrates into the
medium with the higher refractive index.

Crystal Low

Crystal High

XPL – XN (Crossed Polarized Light - Crossed Nichols)
Extinction:
• The indicatrix aligns with the polars and the crystal
goes dark (extinct).
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XPL - XN

Extinction and Extinction Angles:
•
•
•
•

Straight – sharp or sudden fashion.
Strained (Undulose) Extinction – goes dark like a curtain effect; parts
fade out while others do not.
Parallel (Symmetrical) Extinction – mineral goes extinct when the
cleavage directions are parallel to polars (90 degree rotation or 0
degree).
Inclined – extinction angle is 1-89 degrees on the stage.
Good way to
see twins! Out
of phase.
Polysynthetic
– Plagioclase
Carlsbad –
feldspars
Tartan microcline

Plagioclase Composition
 Thin section
petrography can be
used to determine
the plagioclase solid
solution composition
(Michel-Levy
Method).
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XPL - XN
Birefringence:
•
•
•
•

Viewed under crossed polars – any mineral besides isometric will produce
birefringence in most grains.
Birefrigence of mineral = Difference between the minimum and maximum
refractive indices of a mineral.
Note that the actual color you see under the microscope is a function of the
birefringence and the thickness of the mineral.
Minerals like calcite and Muscovite with high birefringence will show many
color bands along the edge of the mineral.

Physics of Birefringence
• Birefringence is produced in
anisotropic minerals.
• Light passing through the
mineral is divided into 2
components (N and n rays)
that each “see” a different
refractive index.
• When the light recombines
upon exiting the mineral grain it
will be out-of-phase producing
cancellation of some
wavelengths.
• The wavelengths that are not
cancelled will produce the
birefringent color
• Note that the birefringence is
due to the difference in
refractive indices and the
thickness of the grain.
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XPL - XN

XPL - XN
Chemical Zonation (Solid Solution):
• Fractional Crystallization (and other mechanisms)
produce chemical zoning that will display as
different birefringence similar to twinning.
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Applications

Books devoted to images
and behavior of minerals in
thin section!

Applications
Practical application –
identifying rocks based
on mineral content –
Point Counting
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Applications
Not just for
crystalline rocks –
sedimentary rocks
too!

Review (see attached notes)
GY302 (8) Optical
Mineralogy
Dianne Jordan and David Allison
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