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I. Nature of Minerals

Where are minerals found?

How do minerals form?

What types of minerals are there?

Minerals’ relation to rocks?

The common rock-forming minerals?

Determining the density of minerals & rocks

II. The Physical Properties of Minerals

Preview of Mineral Lab

III. Determining the Identify of a Mineral



What are Minerals?
Definition: any naturally-occurring, 

homogeneous solid that has a distinctive 
internal crystalline structure, a definite 
chemical composition and a set of unique 
physical properties.   Minerals are usually 
formed by inorganic processes. 

A mineral’s crystal structure and 
chemical composition together 
determine the mineral’s unique 
physical properties

What Makes Each  Mineral Unique?



1) Igneous Rocks

2) Sedimentary Rocks

3) Metamorphic Rocks

4) Sediment

Where are Minerals Found?
Short Answer = Everywhere!



1)Crystallization from a 
cooling magma or lava

2) Crystallization from 
aqueous solutions 

3) Crystallization from 
preexisting minerals

How do Minerals Form?



Bowen’s Reaction Series
Common Igneous Rock-forming Minerals Crystallizing from a Magma 

Mafic, Higher-Temp Minerals

1)  Ca-Plagioclase

2)  Olivine

3)  Augite (pyroxene)

4)  Hornblende (amphibole)
5)  Biotite

1)  Na-Plagioclase

2)  Biotite

3)  Potassium Feldspar

3)  Quartz

4)  Muscovite

Felsic/Silicic, Lower-Temp 
Minerals





The Rock Cycle

Three Primary 
Rock Types

1) Igneous

2) Metamorphic

3) Sedimentary

The Rock Cycle is Perpetuated by Several Major Processes
1) Magmatic Activity
2) Uplift and Mountain Building
3) Weathering, Erosion, Deposition, and Burial of Sediment

Key Concept:





1) Mineral density is an important intensive property

2) Mineral ensity is a function of mineral’s mass and volume 

3) The density of a mineral is a measure of how much mass is 
present in a given unit of volume.

The more mass a substance has per unit volume, the greater the 
substance’s density.
The less mass a substance has per unit volume, the lesser the 
substance’s density.

Mineral Density



Elements - Mass and Density
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Determining Material Densities

1) Determine Mass (grams) with flattop scale. 

2) Determine Volume (cubic cm) with ruler 

 Length x height x width

Metal and Wood Block Densities:

3) Only measure the thick redwood block 
and oak blocks



Determining Rock Sample Density

1) Determine Mass (grams) with flattop scale

2) Determine Volume (cubic cm) with 
graduated cylinder

 Displacement method

Rock Densities:

3) Calculate Density by Dividing Mass by Volume
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The Water Displacement Method
1) Useful for determining the volume of irregular solid objects.

2) You need a graduated cylinder and water.

3) An object’s volume will displace an equal volume of water 
in the graduated cylinder. 

1) Dark Rock as Ocean Crust

2) Light Rock as Continental Crust

The Lab Model:



Suspended Immersion Method

Step 1 – Weigh dry 
rock sample

Step 2 – Fill 300 ml 
beaker with ¾’s full 
of water and weigh

Step 3 – Place dry 
rock sample (in 
mesh bag) into 
beaker and reweigh

Step 4 – Place bag 
with rock in beaker of 
water and reweigh

Step 5 – Calculate 
difference in weights  
= equals the sample 
volume

Step 6 - Calculate the density of the sample by dividing 
the sample mass (in g) by the volume (in cm3).



Various Types of Minerals

 Over 4000 Species

 Grouped into Categories

 Silicate group is by far the 
largest and most important 
mineral group

 Only about 20 minerals 
make up 95%+ of all rocks

 Minerals are identified by 
their Chemical and Physical 
Properties



Common Rock-Forming Minerals1)  Quartz
2)  Na- Plagioclase
3)  Ca- Plagioclase
4)  K-Feldspar
5)  Hornblende (amphibole)
6)  Augite (pyroxene)
7)  Olivine
8)  Tourmaline
9)  Garnet
10)  Biotite
11)  Muscovite
12)  Chlorite
13)  Kaolin (clay)
14)  Calcite
15)  Dolomite
16)  Gypsum
17)  Halite
18)  Magnetite
19)  Hematite
20)  Limonite
21) Pyrite
22) Epidote
23) Serpentine



Most of the Common Rock-Forming 
Minerals are Silicates



Common Rock-Forming Minerals by Color

1) Na-Plagioclase

2) Potassium Feldspar

3) Quartz

4) Muscovite

5)  Calcite

6)  Gypsum

Dark-Colored Minerals

1)  Ca-Plagioclase

2)  Hornblende (amphibole)

3)  Augite (pyroxene)

4)  Olivine

5)  Biotite

Light-Colored Minerals



Mineral Reference Samples



Mineral Reference Samples



1) Crystal Form & Habit

2) Luster

3) Color

4) Hardness

5) Cleavage

6) Other properties

• Specific Gravity

• Streak

• Reaction to acid

• Magnetic

• Taste

Important Mineral ID Properties



Mineral Habit
Defined:
Characteristic external 
habit or shape of an 
individual crystal or 
groups of crystals

Crystal habit is divided 
into several categories, 
based on:

 Internal crystal 
structure

 External crystal shape

Habit is useful for 
mineral ID



Mineral Luster

• http://cmsc.minotstateu.edu/Labs/web%20minerals/minerals%20lab.html

Defined: The quality of 
reflected light emitted by a 
mineral crystal

Luster can divided into two 
useful categories:

 Metallic and Nonmetallic

Nonmetallic lusters can be 
further subdivided into: 

 Glassy, Pearly, Waxy, and Dull

Luster is useful for mineral ID



Mineral Streak

• http://academic.brooklyn.cuny.edu/geology/grocha/mineral/mineral.html

Defined: The color of the 
crushed powder of a mineral 
left on a porcelain plate

 Very useful for determining 
the metallic minerals

 Only works is mineral has 
lower hardness than the 
streak plate

 Only useful for the metallic 
minerals



Mineral Color

• http://cmsc.minotstateu.edu/Labs/web%20minerals/minerals%20lab.html

Defined: The hue and shade of 
the reflected light emitted by a 
mineral crystal

Mineral color can divided into 
two useful shade categories:

 Dark-colored  and Light-colored

Color can also divided into the 
hue categories:

 White, Gray, Black, Red, Orange, 
Yellow, Green, Blue, Purple, etc.

Color is useful for mineral ID



Mineral Hardness

 Mohs Hardness Scale

 Identify Mineral by 
Testing for Hardness 

 Doing the Scratch Test

 Other Testing Objects



Mineral Cleavage
Defined: Geometric planes 
of inherent weakness through 
a mineral crystal

 Each mineral has a unique 
identifying cleavage property

 A mineral has either none, 
one, two, four, or six sets of 
cleavage

 Cleavage is observed as 
shiny parallel planes on the 
surfaces of a mineral crystal



Determining Mineral Cleavage 

One Set of Cleavage

Two Sets of Cleavage

 90 degrees

 Example = Augite

Two Sets of Cleavage

 120 & 60 degrees

 Example = Hornblende

No Cleavage

Example = Quartz

Example = Muscovite



Determining Mineral Cleavage 

Three Sets of Cleavage

 90 degrees

 Example = Halite

Three Sets of Cleavage

 120 & 60 degrees

 Example = Calcite



Reaction to Acid – The “Acid” Test

• http://academic.brooklyn.cuny.edu/geology/grocha/mineral/mineral.html

Defined: Some minerals 
react to acid solution (HCl) -
they start to bubble and 
dissolve

Good for determining the 

carbonate minerals

 Use the acid test only if 
you think that your unknown 
mineral has low hardness –
close to 3.

 Typically either calcite or 
dolomite



Magnetism – The “Magnet” Test

• http://academic.brooklyn.cuny.edu/geology/grocha/mineral/mineral.html

Defined: Some minerals are 
magnetic – some weakly, some 
strongly.  A magnet will stick to a 
magnetic mineral.

Good for determining the 

certain magnetite and 
hematite 

 Need a hand-held magnet.



Fluorescence– The “Black-light” Test

• http://academic.brooklyn.cuny.edu/geology/grocha/mineral/mineral.html

Defined: Some minerals fluoresce under ultraviolet light.

Good for determining the certain ore and gem minerals

 Need a hand-held black-light instrument.



Distinguishing Between 
K-Feldspar and Plagioclase

Potassium Feldspar Plagioclase Feldspar

 Salmon pink to cream colored

 Wavy “flame-like” streaks 

 Dark grey to off-white colored

 Sets of thin, straight, groove-like 
striations on some cleavage faces



1) Density is an important physical property of minerals and rocks

2) Density is a function of a substance’s mass and volume 

3) The density of a substance is a measure of how much mass is 
present in a given unit of volume.

The more mass a substance has per unit volume, the greater the 
substance’s density.

The less mass a substance has per unit volume, the lesser the 
substance’s density.

4) Gravity controls the weight of a given volume of a substance, 
based on the substance’s density

The more dense the material, the heavier it weighs.
The less dense the material, the less it weighs.

Density of Minerals



Mineral and Rock Density
A mineral’s color and density is primarily attributed to its 
elemental composition:  

Abundant lighter elements = Lighter-colored silicate = Lower density 

Abundant heavier elements = Darker-colored silicate = Higher density

Which is denser? Granite or Gabbro?

A rock’s density is controlled by its mineral composition



Comparison of Common Silicates



Earth Has Two Types of Crust:  
1) Less dense, thicker continental crust made up of 

mainly light-colored granitic (felsic) rocks
2) More dense, thinner, oceanic crust made up of 

mainly dark-colored, basaltic (mafic) rocks

Granite Basalt



Determining Mineral Rock Sample Density

1) Determine Mass (grams) with flattop scale

2) Determine Volume (cubic cm) with 
graduated cylinder

 Displacement method

Procedure to Determine  Density:

3) Calculate Density by Dividing Mass by Volume
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The Water Displacement Method
1) Useful for determining the volume of irregular solid objects.

2) You need a graduated cylinder and water.

3) An object’s volume will displace an equal volume of water in 
the graduated cylinder. 

1) Dark Rock as Ocean Crust

2) Light Rock as Continental Crust 

The Lab Model:



Hypothesize on Rock Density 
Determinations

1) Make a hypothesis on which rock will be 
denser and which rock will be less dense.

Granite (continental) versus Gabbro (oceanic)?

2) Determine the densities of the two rock types

3) Analyze your results for a conclusion



Mineral Identification Procedure

Step #1 Mineral Luster?

Mineral Color? – Light or Dark?  Hue?

Mineral Hardness?

Step #2

Step #3

Step #4

Step #5

Mineral Cleavage?

Other Defining Properties?

Step #6 Mineral Name?



Unknown Minerals

1)  Pyroxene (hornblende)
2)  Muscovite
3)  Plagioclase Feldspar
4)  Calcite
5)  Quartz
6)  Tourmaline
7)  Halite
8)  Pyroxene (augite)
9)  Potassium-Feldspar
10) Garnet
11) Biotite
12) Gypsum
13)  Olivine



ENVI110 REFERENCE MINERALS

Sample# luster color hardness cleavage other Name the Mineral

T001       _______    _________     ________       __________      __________         Calcite

T002/T037 _______   _________    ________      __________      ________ Ca-Plagioclase/Labradorite

T011        _______    _________     ________       __________      __________  Tourmaline

T013        _______    _________     ________       __________      __________  Garnet

T015     _______    _________     ________       __________      __________  K-spar/Microcline Feldspar

T017      _______    _________     ________       __________      __________  Muscovite mica

T024      _______    _________     ________       __________      __________         Gypsum

T035        _______    _________     ________       __________      __________    Biotite mica

T040        _______    _________     ________       __________      __________   Hornblende amphibole

T044       _______    _________     ________       __________      __________   Olivine

T045       _______    _________     ________       __________      __________   Augite pyroxene

T048      _______    _________     ________       __________      _________ K-spar/Orthoclase Feldspar

T050      _______    _________     ________       __________      __________          Quartz

T051      _______    _________     ________       __________      __________  Na-Plagioclase/Albite


