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Earth: An Introduction to Physical Geography, Second Canadian Edition

Minerals: The Building Blocks of Rocks

Learning Objectives
After reading, studying, and discussing the chapter, students should be able to:

List the definitive characteristics that qualify certain Earth materials as minerals.
Explain the difference between a mineral and a rock.

Discuss the basic concepts of atomic structure as it relates to minerals.

Compare and contrast the different types of chemical bonding.

Explain what an isotope is and how it relates to radioactive decay.

Discuss the internal structures of minerals.

List and discuss in some detail the various physical properties of minerals.
Explain the structure and importance of silicate minerals.

List the common rock-forming silicate minerals and briefly discuss their physical properties.
Discuss other minerals groups and give an example from each group.

List several of the important nonsilicate minerals.

Thinking inside the box:

021 Explain the mineralogical basis of health concerns regarding asbestos.
02.2 Understand what constitutes a “gemstone”.

Chapter Summary

e A mineral is a naturally occurring inorganic solid that possesses a definite chemical composition and a
definitive molecular structure that gives it a unique set of physical properties. Most rocks are aggregates
composed of two or more minerals.

o The building blocks of minerals are elements. An atom is the smallest particle of matter that still retains the
characteristics of an element. Each atom has a nucleus, which contains protons (particles with positive
electrical charges) and neutrons (particles with neutral electrical charges). Orbiting the nucleus of an atom in
regions called energy levels, or shells, are electrons, which have negative electrical charges. The number of
protons in an atom's nucleus determines its atomic number and the name of the element. An element is a large
collection of electrically neutral atoms, all having the same atomic number.

o Atoms combine with each other to form more complex substances called compounds. Atoms bond together
by gaining, losing, or sharing electrons with other atoms. In ionic bonding, one or more electrons are
transferred from one atom to another, giving the atoms a net positive or negative charge. The resulting
electrically charged atoms are called ions. lonic compounds consist of oppositely charged ions assembled in a
regular, crystalline structure that allows for the maximum attraction of ions, given their sizes. Another type of
bond, the covalent bond, is produced when atoms share electrons.
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e |sotopes are variants of the same element, but with different mass numbers (the total number of neutrons
plus protons found in an atom's nucleus). Some isotopes are unstable and disintegrate naturally through a
process called radioactivity.

e The properties of minerals include crystal form, lustre, colour, streak, hardness, cleavage, fracture, and
specific gravity. In addition, a number of special physical and chemical properties (taste, smell, elasticity,
malleability, feel, magnetism, double refraction, and chemical reaction to hydrochloric acid) are useful in
identifying certain minerals. Each mineral has a unigue set of properties that can be used for identification.

e Of the nearly 4000 minerals, no more than a few dozen make up most of the rocks of Earth's crust and, as
such, are classified as rock-forming minerals. Eight elements (oxygen, silicon, aluminum, iron, calcium,
sodium, potassium, and magnesium) make up the bulk of these minerals and represent over 98 percent (by
weight) of Earth's continental crust.

¢ The most common mineral group is the silicates. All silicate minerals have the negatively charged silicon-
oxygen tetrahedron as their fundamental building block. In some silicate minerals the tetrahedra are joined in
chains (the pyroxene and amphibole groups); in others, the tetrahedra are arranged into sheets (the micas,
biotite and muscovite), or three-dimensional networks (the feldspars and quartz). The tetrahedra and various
silicate structures are often bonded together by the positive ions of iron, magnesium, potassium, sodium,
aluminum, and calcium. Each silicate mineral has a structure and a chemical composition that indicates the
conditions under which it formed.

e The nonsilicate mineral groups, which contain several economically important minerals, include the oxides
(e.g., the mineral hematite, mined for iron), sulphides (e.g., the mineral sphalerite, mined for zinc, and the
mineral galena, mined for lead), sulphates (e.g. gypsum), halides (e.g. halite and sylvite), and native elements
(e.g., gold and silver). The more common nonsilicate rock-forming minerals include the carbonate minerals,
calcite and dolomite. Two other nonsilicate minerals frequently found in sedimentary rocks are halite and

gypsum.

Chapter Outline

I Minerals: The building blocks of rocks
A. Mineral: definition
1. Naturally occurring
2. Inorganic
3. Solid
5. Orderly internal structure
4. Definite chemical structure
B. Rock: a solid, naturally-occurring mass of mineral, or mineral-like, matter

Il.  Composition of minerals
A. Atoms
1. Smallest particles of matter
2. Retains all the characteristics of an element
B. Atomic structure
1. Nucleus, which contains
a. Protons - positive electrical charges
b. Neutrons - neutral electrical charges
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2. Electrons
a. Surround nucleus
b. Negatively charged zones called energy levels, or shells
3. Atomic number is the number of protons in an atom's nucleus
C. Elements
1. Basic building blocks of minerals
2. Over 100 are known (92 naturally-occurring)
D. Bonding
1. Forms a compound with two or more elements
2. lonic bonds
a. Atoms lose or gain valence electrons to form ions
1. Anion - negatively charged due to a gain of an electron(s)
2. Cation - positively charged due to a loss of an electron(s)
b. lonic compounds consist of an orderly arrangement of oppositely charged ions
3. Covalent bonds
a. Atoms share electrons
b. e.g., The gaseous elements oxygen (O,) and hydrogen (H.)
4. Other bonds
a. Both ionic and covalent bonds may occur in the same compound
b. Metallic bonding — valence electrons are free to migrate
E. Isotopes and radioactive decay
1. Mass number - the sum of the neutrons plus protons in an atom’s nucleus
2. lsotope - variants of the same element with more than one mass number
3. Some isotopes have unstable nuclei and emit particles and energy in a process called radioactive
decay

1. The structure of minerals
A. Anorderly array of atoms chemically bonded together to form a particular crystalline structure
B. For compounds formed by ions, the internal atomic arrangement is primarily determined by the size
of the ions involved
C. Polymorphs — two or more minerals with the same chemical composition but different crystalline
structures
1. e.g., Diamond and graphite
2. The transformation of one polymorph to another is called a phase change

IV. Physical properties of minerals
A. Crystal form
1. External expression of the orderly internal arrangement of atoms
2. Crystal growth is often interrupted because of competition for space
B. Lustre
1. Appearance of reflected light
2. Two basic types

a. Metallic
b. Nonmetallic
3. Colour

a. Often an unreliable diagnostic property
b. Varieties of colours, sometimes caused by impurities
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C. Streak
1. Colour of a mineral in its powdered form
2. More reliable than mineral colour
D. Hardness
1. Resistance of a mineral to abrasion or scratching
2. Mohs scale of hardness
E. Cleavage
1. Tendency to break along planes of weak bonding
2. Described by
a.  Number of planes
b. Angles at which the planes meet

F.  Fracture
1. Absence of cleavage when broken
2. Types

a. lrregular
b. Conchoidal
c. Splinters or fibres
G. Specific gravity
1. Ratio of the weight of a mineral to the weight of an equal volume of water
2. Can be estimated by hefting the mineral
H.  Other properties
Taste
Smell
Elasticity
Malleability
Feel
Magnetism
Double refraction
Reaction to hydrochloric acid

N~ WNE

V. Mineral groups
A. General characteristics
1. Nearly 4000 minerals have been named, more identified every year
2. Rock-forming minerals
a. No more than a few dozen
b. Make up most of the rocks of Earth’s crust
c. Composed essentially of the eight elements that represent over 98 percent (by weight) of the
continental crust
Oxygen (O) (46.6% by weight)
Silicon (Si) (27.7% by weight)
Aluminum (Al) (8.1% by weight)
Iron (Fe) (5.0% by weight)
Calcium (Ca) (3.6% by weight)
Sodium (Na) (2.8% by weight)
Potassium (K) (2.6% by weight)
Magnesium (Mg) (2.1% by weight)

Nk~ E
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B. Silicates
1. Most common mineral group
2. Contain silicon-oxygen tetrahedron
a. Four oxygen ions surrounding a much smaller silicon ion
b. Complex ion with a negative four (-4) charge
3. Other silicate structures
a. Tetrahedra join to form
1. Single chains
2. Double chains
3. Sheets, etc.
b. Negative structures are neutralized by the inclusion of metallic cations that bond them
together
1. lons of the about the same size are able to substitute freely (e.g. Si and Al, Fe and Mg)
2. Insome cases, ions that interchange do not have the same electrical charge (e.g. Ca" and
Na*, AI** and Si**)
4. Common silicate minerals
a. Ferromagnesian (dark) silicates
1. Olivine
a. High-temperature silicate
b. Forms small to rounded crystals
¢. Individual tetrahedron bonded together by a mixture of iron and magnesium ions
d. No cleavage
2. Pyroxene group
a. Most common member: augite — dominant mineral of basalt
b. Tetrahedron are arranged in single chains bonded by iron and magnesium ions
c. Cleavage present
3. Amphibole group
a. Most common member: hornblende — light-coloured constituent of continental rocks
b. Tetrahedron are arranged in double chains
c. Cleavage present
4. Biotite mica — common dark-coloured constituent of continental rocks (e.g. granite)
a. Tetrahedron are arranged in sheets
b. Excellent cleavage in one direction
5.Garnet — regular crystals in metamorphic rocks
a. Individual, linked tetrahedral joined by metallic ions
b. No cleavage
b. Nonferromagnesian (light) silicates
1. Muscovite mica
a.  Shiny and lightly-coloured
b. Excellent cleavage
2. Feldspar
a. Most common mineral group
b. Physical properties
1. Two planes of cleavage meeting at or near 90°
2. Relatively hard (6 Mohs scale)
3. Glassy to pearly lustre
¢. Three-dimensional framework of tetrahedron
d. Two different varieties of feldspar
1. Orthoclase (potassium) feldspar — light cream to salmon pink
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2. Plagioclase (sodium and calcium) feldspar — white to medium grey with striations
3. Quartz

Conchoidal fracture
Hexagonal crystals
. Variety of colours
4. Clay
a. Sheet structure, very fine-grained
b. Term used to describe a variety of complex minerals
¢. Most originate as products of chemical weathering of other silicate minerals
d. Major constituent of soil
C. Important nonsilicate minerals
1. Major groups
Oxides
Sulphides
Sulphates
Native elements
Carbonates
Hydroxides
Phosphates
. Halides
2. Carbonates
a. Two most common carbonate minerals
1. Calcite (calcium carbonate)
2. Dolomite (calcium/magnesium carbonate)
b. Primary constituents in the sedimentary rocks limestone and dolostone
3. Halite, sylvite and gypsum
a. Evaporite minerals
b. Important nonmetallic resources
4. Many other nonsilicate minerals have economic value
a. Hematite (iron ore)
b. Sphalerite (zinc ore)
C.
d.

a. Composed entirely of silicon and oxygen

b. Three-dimensional framework of tetrahedron
c. Hard

d. Resistant to weathering

e. No cleavage

f.

g.

h

Se o o0Tw

Galena (lead ore)
Gold, silver, carbon

Answers to the Review Questions

1. A rock is a more or less hardened (lithified) aggregate of minerals and/or amorphous solids such as natural
glass and organic matter (Fig. 2.2).

2. The particles are electrons, protons, and neutrons. The latter two are heavy particles found in the nucleus
of an atom. Electrons are tiny, very lightweight particles that form a “cloud” surrounding the nucleus. The
mass and charge data are as follows:
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proton - one atomic mass unit, 1+ electrical charge
neutron - one atomic mass unit, electrically neutral
electron - tiny fraction of one atomic mass unit, 1- electrical charge

3. (a) The number of protons - A neutral atom with 35 electrons has 35 protons (element bromine, Br; Fig.
2.3). (b) The atomic number - The atomic number is 35, equal to the number of protons in the nucleus.
(c) The number of neutrons - The mass number (80) is the sum of protons (35) and neutrons. Thus, the
nucleus contains 45 (80 - 35) neutrons.

4. Valence electrons are those outermost, few electrons in an atom or molecule that participate in chemical
reactions and bond formation. VValence electrons are the bonding electrons.

5. lonic bonds are strong, attractive forces between closely-spaced ions of opposite (+ and -) electrical
charges. The ions are formed by chemical reactions in which valence electrons are removed from a donor
atom or molecule, producing a positively charged ion (+ ion) and acquired by another atom or molecule,
producing a negatively charged ion (- ion). These reactions (ionizations) enable both ions to achieve much
higher chemical stability (more stable valence electron configurations) than the respective neutral atoms.

In covalent bonds, the more stable, outer, electron configurations are achieved by sharing of valence
electrons among two or more neighbouring atoms in a molecule or crystalline compound. Charged atoms
(ions) do not form.

6. One or more valence electrons are simultaneously gained and lost by atoms participating in a chemical
reaction. The atoms that gain electrons are negative ions (anions), while those that lose electrons are
positive ions (cations).

7. Isotopes are atoms of the same element (same atomic number) that differ in mass number (numbers of
neutrons are different). Thus, natural uranium includes a small fraction of atoms with a mass number of
235 (143 neutrons and 92 protons) together with the more abundant atoms with mass 238 (146 neutrons
and 92 protons). In general, isotopes of the same element have very nearly identical chemical
characteristics.

8. Crystal form refers to the geometrically-regular, external growth shape that minerals can exhibit if
crystal growth is free and unobstructed by other minerals (e.g. the crystal grows into a fluid-filled cavity).
Most crystal growth in nature is obstructed and not free, so crystals showing their characteristic,
geometric forms are not that common. Mineral samples broken from larger masses have their shapes
determined by fractures and cleavage, not by crystal growth.

9. A particular mineral may exhibit many different colours. Thus, by itself, colour is seldom definitive in
mineral identification, but it may be helpful. Mineral colour is highly sensitive to relatively small changes
in chemical composition and also to changes in bulk chemical composition in members of a solid solution
series. For example, in corundum (an aluminum oxide mineral), small quantities of chromium account for
the red variety (ruby) and small quantities of iron and titanium account for the blue variety (sapphire).
Colours of rock-forming silicate minerals with variable compositions such as biotite, pyroxenes, and
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10.

11.

12.

13.

14.

15.

16.

amphiboles are very sensitive to the contents of iron and other first-row transition elements such as
titanium, chromium, and manganese. Iron-poor biotite, pyroxenes, and amphiboles are colourless or only
faintly-coloured, whereas iron-bearing varieties are generally deeply coloured, ranging from green to
black. Garnet and fluorite are favourites of mineral collectors because they show virtually every colour in
the rainbow, depending on the bulk composition.

A hardness comparison with quartz would establish that the grain was above 7 in the Mohs scale, but so
are many other minerals. A jeweller could quickly determine the refractive index, thus verifying or
dashing your hopes, because diamond has the highest refractive index of any mineral.

Any mineral listed in Mohs scale (Table 2.2), corundum (with its relatively-high value) for example, will
scratch softer minerals (i.e. those with lower hardness values) and will not scratch harder minerals.
Corundum would scratch virtually all other minerals, diamond being the lone exception. It is for this
reason that corundum is widely used in abrasives and polishing compounds.

By definition, the specific gravity of water is 1. Therefore, equal volumes of water and gold would have
their weights in the ratio 1:20. Since the 25 litres of water weigh 25 kilograms, the 25 litres of gold will
weigh almost 500 kilograms (25 litres x 20 kg/lI = 500 kg).

Silicon is the name for the element with atomic number 14 and the chemical symbol of Si. Elemental
silicon is a semiconductor and is widely utilized today in computer chips. Silicate refers to any mineral
that contains the elements silicon and oxygen bonded together as the SiO4 molecule, typically with
additional elements present. Most rock-forming minerals are silicates. Silicon as a native element does not
occur naturally, it is manufactured from quartz (silicon dioxide) at high temperatures under strongly
reducing conditions.

“Ferromagnesian” is a word derived from the chemical elements magnesium and iron (ferro, ferrous,
ferric, etc.). The term refers to rock forming, silicate minerals that contain some iron (Fe) and/or
magnesium (Mg) in addition to silicon and oxygen. Additional elements such as aluminum, sodium, and
calcium may also be present without changing the designation. Ferromagnesian minerals comprise most
of the dark-coloured (dark green and black) mineral grains in igneous rocks (e.g. hornblende, olivine,
pyroxene and biotite).

They are both micas with layered (sheet-silicate) internal crystalline structures and one direction of
perfect cleavage. Muscovite is the light-coloured, potassium aluminum (K and Al) mica, and biotite is the
darker-coloured, ferromagnesian mica (i.e. contains Mg and Fe).

Colour alone cannot be used reliably to distinguish between orthoclase and plagioclase feldspars.
Twinning striations are the definitive characteristic for identifying plagioclase. Striations are generally
visible in most hand samples, but a microscope may be necessary for positive identification. Orthoclase
possesses the other physical properties of plagioclase (hardness and 2 directions of cleavage at 90°) but it
doesn’t have striations. Both feldspars can be white or colourless, but pale-pink or tan colours usually
indicate orthoclase. Ca-rich plagioclase may be fairly dark grey to black. Although colour alone is not
definitive, in rocks with pinkish orthoclase and white plagioclase, it can still be very helpful in telling the
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two feldspars apart.

17. (a) hornblende (b) muscovite (c) quartz (Si0y) (d) olivine — olive green
(e) plagioclase with twinning striations (f) clay minerals

18. Although both minerals are carbonates (i.e. contain -CQg), fresh samples calcite reacts vigorously with
dilute, strong acids such as hydrochloric acid (HCI) by effervescing, or forming carbon dioxide (C0) gas

bubbles. In contrast, dolomite must first be finely powdered before reacting vigorously enough with the
same dilute acid to produce visible bubbling.

Suggested Quiz Questions

Questions 1 —3:  Please match the chemical formula with the appropriate mineral.

a. galena b. calcite c. diamond d. halite
1. CaCoOs;
2. NaCl
3. PbS

Questions 4 —6:  Please match the mineral with the appropriate description.

a. quartz b. pyrite c. biotite d. graphite
4. Native element; very soft; used for pencil lead
5. “Fool’s gold”; brassy-yellow; metallic lustre; used in making sulphuric acid
6. Hard; no cleavage; common mineral in sandstone and granite

Questions 7—-9:  Please match the mineral with the appropriate description.

a. beryl b. hornblende c. orthoclase d. asbestos
7. Potassium feldspar; major mineral in the rock granite
8. Emerald is a gem form of this mineral
9. Variety of silicate minerals that separates into thin, strong, flexible and heat-resistant fibres

10. Which of the following are the correct ionic charge of the fluoride ion and the correct chemical formula of
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the mineral fluorite?
a. F = +1 charge in CasF b. F = -1 charge in CaF,

11. Which form of asbestos is thought to be related to lung problems?
a. chrysotile (white) ashestos
b. amphibole (brown and blue) asbestos
c. all forms of asbestos are harmful

12. What is the calcium-sodium feldspar commonly found in basalt and gabbro?
a. plagioclase b. microcline c. orthoclase d. augite

13. What are the correct chemical symbols and ionic electrical charges of the elements sodium, silicon, and
oxygen?
a.Na=+1,Si=+4,0=-2- b.Na=+2,Si=+3,0=-3

14. Which of the following minerals has the highest electrical conductivity?
a. chalcopyrite; CuFeS2 b. halite; NaCl c. diamond; C

Questions 15 —18: Please match the sub-gemstone-quality minerals with their commercial uses.

a. fluorite b. amethyst c. diamond d. ruby or sapphire
15. _ drill bits
16.  abrasives
17. _ metallurgical flux
18. _ oreofsilicon

Answers to Quiz Questions

1.b 2.d 3.a 4.d 5.b 6.a
7.c 8.a 9.d 10. b 11. b 12. a
13.a 14. a 15.¢c 16.d 17.a 18.b
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