
Chapter 3: 

Minerals, Rocks, 

and Structures 



Section 1: What Are Minerals? 

There are an estimated 9000 different species of birds around 

the world. 

• What are some ways to identify birds? 





• crystal: a solid material, whose atoms, molecules, or ions are 

arranged in an orderly, repeating pattern. 

• mineral: a naturally occurring, inorganic, solid material that 

consists of atoms that are arranged in a regular pattern and has 

characteristic chemical composition, crystal structure, and 

physical properties. 

• native-element mineral: a mineral consisting of only one 

element. 

• element: a substance that cannot be broken down into simpler 

substances by chemical means; an element is composed of 

atoms with identical atomic numbers. 

• rocks: naturally occurring collections of mineral grains. 

• aggregate: a collection of particles of a material. 

Section 1: What Are Minerals? 



• Minerals are solid, not gas or liquid. 

• Minerals are inorganic. That means they are not alive 

and never have been. 

• Minerals occur naturally. They are not manufactured. 

• Minerals have definite chemical compositions. These 

can be expressed as chemical formulas, such as SiO2, 

Ag, or Fe2O3. 

• Minerals have a regular three-dimensional arrangement 

of atoms. This is called a crystal structure. 

To be considered a mineral, a material must meet five criteria: 



Figure 1 The minerals red hematite and black manganese 

oxide were used by early humans to make cave drawings. 



Figure 2 Copper is a native-element mineral. 



Figure 3 Quartz is a mineral composed of the elements silicon 

and oxygen. 



Figure 4 Granite is a rock composed of several different types 

of minerals. 



• ores: rocks that contain valuable minerals. 

• atom: the smallest unit of a chemical element that has 

all the element’s properties; it consists of a nucleus 

surrounded by electrons. 

• ion: an atom with one or more electrons removed (or 

added), giving it a positive (or negative) charge. 

• electron: a subatomic particle with a negative electric 

charge, which orbits around the nucleus of the atom. 

• hardness: the resistance of a mineral to scratching. 

• Mohs scale: a standard of 10 minerals by which the 

hardness of a mineral may be rated. 
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Figure 5 This expanded view of halite (sodium chloride) shows 

the orderly three-dimensional arrangement of sodium and 

chlorine atoms. 



Mineralogists use a relative scale of hardness. It is called 

the Mohs scale and is given below. 

1. Talc 

2. Gypsum 

3. Calcite 

4. Fluorite 

5. Apatite 

6. Orthoclase 

7. Quartz 

8. Topaz 

9. Corundum 

10. Diamond. 



• luster: the reflection of light from the surface of a 

mineral, described by its quality and intensity. 

• streak: the color of a mineral in its powdered form, 

usually obtained by scratching the mineral on a streak 

plate and observing the mark it leaves. 

• specific gravity: the ratio of the weight of a given 

volume of a substance to the weight of an equal 

volume of water. 

• cleavage: the breaking of a mineral along regularly 

oriented planes of weakness, thus reflecting crystal 

structure. 

• conchoidal fracture: a type of mineral fracture that 

gives a smoothly curved surface. 
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Figure 6a Quartz has a 

vitreous luster. 

Figure 6b Feldspar has a 

pearly luster. 



Figure 6c Galena shows a 

metallic luster. 
Figure 6d Pyrite has a 

metallic luster. 



Figure 7a Muscovite has 

one direction of cleavage. 

Figure 7b Halite has three 

directions of cleavage. They 

are at 90° to each other. 



Figure 7c Calcite has three 

directions of cleavage. They 

are not at 90° to each other. 

Figure 7d Feldspar has two 

directions of cleavage. They 

are not at 90° to each other. 



Figure 8 Quartz crystals 

grow in hexagonal columns. 

Figure 9 Garnets often 

grow in dodecahedral 

shapes. 



Other Properties 

Some minerals have special properties. These make them 

easy to identify. They also make these minerals useful for 

specific purposes. 

• Metals have properties that make them useful in 

machinery. Most metals are malleable. This means that 

under pressure they can be changed in shape without 

breaking. Also, metals are very useful in the production 

and distribution of power. Metals tend to be good 

conductors of electricity. Most are also ductile. This means 

that they can be stretched into wire. 

• Some minerals have a chemical reaction to acids. 

Carbonate minerals are an example. They fizz when a 

drop of weak hydrochloric acid is applied. Acid breaks 

down the chemical bonds in the carbonate. The fizz is CO2 

gas being released. Acid is a good test to identify the 

calcium carbonate mineral calcite. 



Other Properties 

• A few minerals are radioactive. The atoms of radioactive 

materials are not stable. They release subatomic particles 

and radiation as they decay. Uranium minerals are 

radioactive. They can be detected with a Geiger counter. 

(This an instrument that detects radiation.) 

• Some minerals are magnetic. Magnetite is an important 

ore of iron. It is magnetic. 

• Some minerals are fluorescent. They change ultraviolet 

light to other wavelengths. Fluorite is one example. A few 

minerals are phosphorescent. They store light energy. 

Then they slowly release it. 



Section 2: Igneous Rocks 

Igneous rocks cool and crystallize from molten rock (magma). 

• In what kinds of environments do igneous rocks form? 

• In what ways are some igneous rocks different from others? 





• erosion: the wearing away of soil or rock by 

weathering, mass wasting (downhill movement of 

material under the influence of gravity), and the action 

of streams, glaciers, waves, wind, and underground 

water. 

• silicate: a compound whose basic structure consists 

of very tightly bonded units consisting of silicon and 

oxygen (called silica) that are bonded less strongly to 

various other atoms. 
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Figure 1 Cross section of a subduction zone showing the 

locations of igneous rocks that form by the solidification of 

minerals from cooling magma in various settings. Seafloor 

spreading typically produces igneous rocks that are closer in 

composition to the mantle asthenosphere compared to those in 

continental crust produced by partial melting. 



Figure 2 Granite with 

coarse-grained 

texture. 

Figure 3 Granite with 

medium-grained 

texture. 

The texture of a rock is the size, shape, and 

arrangement of the grains (for sedimentary rocks) or 

crystals (for igneous and metamorphic rocks) 



Rhyolite with fine-grained texture. 



Andesite with medium- to fine-grained texture. 



• Igneous rocks (and all rocks) can be classified by 

mineral composition and texture. 



• geologic map: a special map that shows geologic 

features. 

• igneous rock: a rock that solidified from molten or 

partly molten material, that is, from magma. 

• magma: naturally occurring molten rock material, 

generated within Earth, from which igneous rocks 

have been derived through solidification and related 

processes. 

• physical weathering: the processes of weathering by 

which rock is broken down by physical forces or 

processes, including gravity, water, ice, wind, or 

human actions at or near Earth’s surface. 
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• intrusive igneous rock: an igneous rock formed at 

considerable depth by the crystallization of magma. 

• lava: magma that reaches Earth’s surface. 

• extrusive igneous rock: an igneous rock formed by 

the crystallization of lava that has erupted onto the 

surface of Earth. 

• lithospheric plate: a rigid, thin segment of the 

outermost layer of Earth, consisting of Earth’s crust 

and part of the upper mantle. It can be assumed that 

the plate moves horizontally and adjoins other plates. 
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A sample of basalt with fine-grained texture. 



A sample of granite with coarse-grained texture. 



Figure 4 Pumice sample from Mt. St. Helens (frothy texture). 



A sample of obsidian with glassy texture. 



A sample of scoria (frothy texture). 



Devil’s Postpile National Monument, California (Columnar 

Basalt). 



Ship Rock, New Mexico (Volcanic Breccia). 



Sierra Nevada Batholith, Yosemite National Park, California 

(Granite). 



Kasha-Katuwe Tent Rocks National Monument, New Mexico 

(volcanic pumice and tuff). 



Section 3: Sedimentary Rocks 

Sedimentary rocks, which are made of sediment, cover about 

three fourths of Earth’s land surface. 

• How does sediment “turn into” sedimentary rock? 

• What are some of the distinguishing features of 

sedimentary rocks? 









Figure 1 The Grand Canyon is a striking example of layering in 

sedimentary rocks. 



• sediment: solid fragments or particles that are 

transported and deposited by wind, water, or ice. 

• bedrock: solid rock that is connected continuously 

down into Earth’s crust, rather than existing as 

separate pieces or masses surrounded by loose 

materials. 

• sedimentary rock: a rock, usually layered, that 

results from the consolidation or lithification of 

sediment, for example a clastic rock, such as 

sandstone, a chemical rock, such as rock salt, or an 

organic rock, such as coal. 

• strata (plural of stratum): layers of rock, visually 

separable from other layers above and below. 
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• clastic sedimentary rock: a sedimentary rock made 

up mostly of fragments derived from preexisting rocks 

and transported mechanically to their places of 

deposition. 

• clast: an individual fragment of sediment produced by 

the physical disintegration of a larger rock mass. 

• precipitation: the process of forming solid mineral 

constituents from a solution by evaporation. 

• chemical sedimentary rock: a sedimentary rock 

formed by direct chemical precipitation of minerals 

from a solution. 
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Figure 2 Evaporation of rainwater produces salt flats, as in 

Death Valley. 



Figure 3 In Ireland, peat harvested from bogs is often used as 

a source of fuel. 



• organic sedimentary rock: a sedimentary rock 

consisting mainly of the remains of organisms. 

• compaction: the reduction in bulk volume or 

thickness of fine-grained sediments due to increasing 

weight of overlying material that is continually being 

deposited. 

• cementation: the process by which sediments are 

converted into rock by the precipitation of a mineral 

“cement” among the grains of sediment. 

Section 3: Sedimentary Rocks 



Great Sand Dunes National Monument 



Section 4: Metamorphic Rocks 

Metamorphism is the amazing process that transforms a rock into 

a new kind of rock. 

• What factors are responsible for changing a rock from one 

kind to another? 

• Where does metamorphism occur? 







• metamorphic rock: rock that has been changed 

(metamorphosed) into a different rock type, without 

actually melting, by an increase in temperature and/or 

pressure, and/or the action of chemical fluids. 

• fault: a fracture or fracture zone in rock, along which 

rock masses have moved relative to one another 

parallel to the fracture. 

• regional metamorphism: a general term for 

metamorphism affecting an extensive region. 

• foliation: the tendency for a metamorphic rock to split 

along parallel planes. 

• protolith: the rock from which a metamorphic rock 

was formed. 

Section 4: Metamorphic Rocks 



Figure 1 Diagram explaining regional metamorphism. 



Figure 2 When an igneous rock intrudes another rock, the 

intense heat of the intrusion can result in metamorphism of the 

surrounding rock. This is known as contact metamorphism. 



Figure 3 This gneiss is an example of a strongly foliated 

metamorphic rock. 



Figure 4a Quartz 

sandstone. 

Figure 4b Quartzite. 



Section 5: Rock Units 

Rock types exposed at Earth’s surface generally vary from place 

to place, but the rock type is often about the same over large 

areas. 

• If you start out at an outcrop of bedrock and see a particular 

kind of rock, how far would you have to walk until the rock 

type changes? 





• rock unit: a body of rock that consists dominantly of a 

certain rock type, or a combination of types. 

• contact: the surface or zone where there is a change 

from one rock unit to another. 

• sills: sheets of igneous rock that intrude along layers 

of sedimentary rocks. 

• dikes: sheets of igneous rock intruded along fractures 

that cut through any existing rock. 

• batholiths: large masses of intrusive igneous rock 

with irregular shapes. 

Section 5: Rock Units 



Figure 1 Dikes and sills cut through existing rocks. 



Figure 2 The Sierra Nevada Batholith is a massive intrusive  

structure in California. 



Section 6: Structural Geology 

Marble is metamorphosed limestone, a rock that is deposited in nearly 

horizontal layers. You may have seen marble in buildings, statues, and 

headstones in cemeteries. It is commonly used for these purposes because it is 

soft and easy to carve into shapes. 

• What would happen if you tried to use a powerful machine to fold a 

marble bench? 

• How are rocks able to fold naturally without first breaking? 



Geologic cross section and corresponding map. 



• fold: a bend in a planar feature in rocks. A fold is 

usually a result of deformation. 

• tension force: a force that tends to pull material apart. 

• compression force: a force that tends to push 

material together. 

• shear force: a force that tends to make two masses of 

material slide past each other. 

• syncline: part of a fold that is concave upward. 

• anticline: part of a fold that is convex upward. 

Section 6: Structural Geology  



Figure 1 Intense heat and pressure folded these previously 

horizontal sedimentary layers. 



• normal fault: a fault formed by tension forces that 

cause the body of rock above the fault plane to slide 

down relative to the body of rock below the fault plane. 

• reverse fault: a fault formed by compression forces 

that cause the body of the rock above the fault plane 

to slide upward relative to the body of rock below the 

fault plane. 

• thrust fault: a reverse fault in which the fault plane is 

nearly horizontal. 

• strike-slip fault: a fault formed by horizontal shear 

forces that cause the bodies of rock on either side of 

the fault plane to slide past each other horizontally. 

Section 6: Structural Geology  



Figure 2 The three major types of faults. When a reverse fault 

occurs at an angle of less than 45°, it is called a thrust fault. 



Figure 3 What kind of fault is shown in this photograph? 



Figure 4a Sideling Hill in 

Maryland is an example of 

a syncline. 

Figure 4b An anticline in 

Wyoming. 



A roadside fault in 

California. What 

type of fault is 

shown? 

A rock exposure in 

Pennsylvania. What 

type of fault is shown? 



Section 7: Geologic History 

Figuring out the ages of rock units relative to one another is, in a sense, similar 

to solving a puzzle. 

• When you are studying rocks at an outcrop in your community, and you 

identify two different rock units, how can you tell which is older and which 

is younger? 



A simplified cross section of strata. 



• uplift: the process by which local areas of Earth’s 

crust can be slowly raised by large-scale forces acting 

within Earth or the heating of rocks. 

• subsidence: the process by which local areas of 

Earth’s crust can be slowly lowered by large-scale 

forces acting within Earth or the cooling of rocks. 

• stratigraphy: the scientific study of rock layers (called 

strata). 

• succession: a number of rock units or a mass of 

strata that succeed one another in chronological order; 

the chronological order of rock units. 

• unconformity: the contact between an earlier rock 

and younger sedimentary and/or volcanic layers. 

Section 7: Geologic History 



Figure 1 In a series of rock layers, the oldest rocks are usually 

found on the bottom while the youngest rocks are on the top. 

• Principle of Superposition: Younger sedimentary and 

volcanic rocks are deposited on top of older rocks, as shown 

in Figure 1. 



• Principle of Superposition: Younger sedimentary and volcanic 

rocks are deposited on top of older rocks. 

• Principle of Original Horizontality: Sedimentary and volcanic 

rocks are laid down in nearly horizontal layers. 

• Principle of Lateral Continuity: Sedimentary and volcanic 

rocks are laid down in layers that are usually much greater in 

lateral extent than in thickness. 

• Principle of Crosscutting Relationships: If one rock unit or 

geologic feature cuts across another rock unit or geologic 

feature, it was formed later in geologic time. 

• Principle of Faunal Succession: the kinds of animals and 

plants found as fossils change through time. When the same 

kinds of fossils in rocks are found from different places, the 

rocks are the same age. 

Section 7: Geologic History 



Figure 2 Which rock unit shown in the photograph is the 

youngest? 



Figure 3 After intruding into the surrounding granite, this dike 

was offset by a fault. 



Figure 4a (below) An 

unconformity in which the 

older, underlying rocks 

are at a different angle 

than the younger, 

overlying rocks is called 

an angular unconformity. 

Figure 4b (above) An 

unconformity developed 

when older igneous rocks 

were exposed to erosion 

before sedimentary rocks 

covered them is called a 

nonconformity. 



Figure 5 Species of mollusks used as index fossils to identify 

specific periods of geologic time. 



Figure 6 A hypothetical example of the age ranges of five fossils. The 

ranges are: Fossil A is Silurian to Ordovician; Fossil B is Cretaceous to 

Devonian; Fossil C is Quaternary to Ordovician; Fossil D is Jurassic to 

Silurian; and Fossil E is Tertiary to Jurassic. The age ranges of the rocks are: 

Rock A is Silurian to Ordovician; Rock B is Cretaceous to Jurassic; and Rock 

C is Jurassic to Devonian. 



• index fossil: a fossil with narrow age range and a wide 

distribution that can be used to date rocks. 

• Species that make good index fossils have the following 

characteristics: 

• well preserved so they are easy to find 

• distinctive body shapes that make them easy to 

recognize 

• large populations so they are abundant 

• a widespread distribution that allows for distant 

locations to be compared 

• existing for relatively short periods of time that indicate 

precise ages 

Section 7: Geologic History 



Figure 7 Biostratigraphic correlation of rock layers from different places 

using the ages of fossils found within the layers. 

• biostratigraphy: the study of and differentiation of rock 

units based on the fossils they contain. 



Figure 8 (Right) The meteorite 

impact site that formed the 

Chesapeake Bay. 

Figure 9 (Below) Faults 

along the rim of the crater 

disrupted the sedimentary 

beds. The original 

stratigraphic sequence was 

reconstructed using fossils. 





Section 8: Geology of the United States 

The oldest rocks that have been found on Earth are almost four billion years 

old. 

• If you were instantly transported to another part of the United States and 

given only a geologic map, how could you find your way home using only 

the local bedrock as your guide? 



Geologic map 

of the United 

States. 





• plate tectonics: a theory in which the lithosphere is divided 

into a number of plates that move relative to one another. 

• Pangea: Earth’s most recent supercontinent, which was 

rifted apart about 200 million years ago. 

• continental accretion: the growth of a continent along its 

edges. 

Section 8: Geology of the US 



Figure 1 Generally accepted reconstruction of Pangea, in the Permian 

Period of geologic time, 250 million years ago. 



Figure 2 The Canadian Shield is composed of very old igneous rocks and 

forms the nucleus of the North American continent. 



Figure 3 The Appalachian Mountains are a continuous range stretching from 

southern Canada to Georgia. 



The Appalachian Mountains. 



Figure 4 What kinds of rocks do you think are found below the flat-lying 

landscapes of Kansas? 



Marble being extracted from a quarry. 


