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PRONUNCIATION KEY
(According to: Harding and Johnston (2006))

The symbols used are:

/al as in back /bak/, active /ak-tiv/

/al as in abduct /ab-dukt/, gamma /gam-a/

/ah/ as in palm /pahm/, father /fah-ther/

fair/ as in care /kair/, aerospace /air-ospays/

far/ as in tar ftar/, starfish /star-fish/, heart /hart/

faw/ as in jaw /jaw/, gall /gawl/, taut /tawt/

/ay/ as in mania /may-nia/, grey /gray/

/bl as in bed /bed/

/ch/ as in chin /chin/

/d/ as in day /day/

/el as in red /red/

/& as in bowel /bow-&l/

lee/ as in see /see/, haem /heem/,
caffeine /kaf-een/, baby /bay-bee/

[eer/ as in fear /feer/, serum /seer-um/

fer/ as in dermal /der-mal/, labour /lay-ber/

few/ as in dew /dew/, nucleus /new-klee-tis/

fewr/ as in epidural /ep-i-dewr-al/

/fl as in fat /fat/, phobia /foh-bia/, rough /ruf/

/gl as in gag /gag/

/h/ as in hip /hip/

[il as in fit /fit/, reduction /ri-duk-shan/

/j/ as in jaw /jaw/, gene /jeen/, ridge /rij/

/k/ as in kidney /kid-nee/, chlorine /kloreen/,
crisis /kry-sis/

/ks/ as in toxic /toks-ik/

/kwl/ as in quadrate /kwod-rayt/

/Il as in liver /liv-er/, seal /seel/

/m/ as in milk /milk/

/n/ as in nit /nit/

/ng/ as in sing /sing/

/nk/ as in rank /rank/, bronchus /bronk-us/

/ol as in pot /pot/

/6/ as in dog /dbg/

/ol as in buttock /but-ok/

/oh/ as in home /hohm/, post /pohst/

/oi/ as in boil /boil/

/oo/ as in food /food/, croup /kroop/,
fluke /flook/

/oor/ as in pruritus /proor-y-tis/

/or/ as in organ /or-gan/, wart /wort/

fow/ as in powder /pow-der/, pouch /powch/

Ip/ as in pill /pil/

Irl as in rib /rib/

/sl as in skin /skin/, cell /sel/

/sh/ as in shock /shok/, action /ak-shon/

/t/ as in tone /tohn/

/th/ as in thin /thin/, stealth /stelth/

/th/ as in then /then/, bathe /bayth/

/ul as in pulp /pulp/, blood /blud/

/al as in typhus /ty-fas/

10/ as in pull /pal/, hook /hak/

Iv/ as in vein fvayn/

/w/ as in wind /wind/

Iyl as in yeast /yeest/

yl as in bite /byt/, high

/hy/, hyperfine /hyper-fyn/

/yoo/ as in unit fyoo-nit/, formula fformyoola/

fyoor/ as in pure /pyoor/, ureter /yoor-eeter/

yrl as in fire /fyr
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1.1. COMMON WORDS: Note the synonyms and antonyms of
following words and translate the words into Persian.

Word Synonym Antonym
interior internal, inner, inside exterior, external, outer
surface external; superficial internal, interior
solid substance exhibiting rigidity liquid

process in which one plate of
Subduction the Earth's crust being forced obduction
underneath another

deep in vertical extent shallow, superficial
below under above, over

raise elevate lower

internal interior, inner, inside external, foreign
beneath under, below above

outer external inner

hard rigid soft

iInnermost | farthest in, deepest outermost

similar alike different, unlike

extreme excessive; most, greatest; farthest  slight, moderate

1.2. TECHNICAL WORDS: Note the pronunciation of the following
technical words and expressions and translate them into Persian.

mineralogy /min-é-ral-6-jee
petrology /pi-trol-6-jee/ L
sedimentology /sed-a-men-tol-6-jee/ .l
hydrogeology .
ore deposits .
stratigraphy /stra-tig-ra-fee
palaeontology /pay-lee-on-tol-o-jee, palee-/ ...l
deformation
. atmosphere
10.environmental geology L

© N A~ DR
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11.seismology /syz-mol-6-jee/ L
12.economicgeology L
13.fossil fuels
14.petroleum /pé-troh-lee-um/ L
15. mineral resources L
16.gravel
17.fertilizers
18.reservoir
19. hydrosphere /hy-dro-sfeer/ L
20. biosphere /by-6-sfeer/ L
21.earthquakes L
22.volcanic
23.eruptions .
24.glacier /glay-sher/
25.s0il
26.rock
27.geologic timescale L
28.eon fee-6n,ee-on/ e
29.era e
30.period .
3l.epoch
32.succession e,
33.strata
34.igneous rocks /ig-nee-us/ L.
35. metamorphic rocks /meta-mor-fik/
36.subduction /sub-duk-shon/ L
37.mountain building
38.fold
39.fault
40.coal
41.sandstone e
42.sedimentary rocks L
43.mineral deposit
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| 1.3. Reading

THE SCIENCE OF GEOLOGY
What is geology?
Geology is the study of the Earth, including the material that it is
made of the physical and chemical changes that occur on its surface
and in its interior, and the history of the planet and its life forms.

What does a geologist do?

Geologists work to understand the history of our planet. The better
they can understand Earth’s history, the better they can foresee how
events and processes of the past might influence the future.

What are the branches of geology?

Geology is divided into several branches, including:

a) mineralogy (the study of minerals and their classification)

b) sedimentology (the scientific study of sediments)

c) petrology (the study of origin, occurrence, structure and history of rocks)

d) economic geology (understanding of ore deposits)

e) stratigraphy (the deposition of successive beds of sedimentary rocks)

f) palaeontology (science of the study of geological periods and the
study of fossils)

g) tectonics (the deformation and movement of the Earth's crust)

h) geophysics (using physics to study the Earth's surface, interior, and
atmosphere)

i) environmental geology (the application of geology to problems
created by man)

J) seismology (study of earthquakes and related phenomena)

k) hydrogeology (study of groundwater)

1) geochemistry (study of the chemical composition of the Earth)

The Earth and its materials
The Earth’s radius is about 6370 kilometers (Fig. 1-1). If you could
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drive a magical vehicle from the center of the Earth to the surface at
100 kilometers per hour, the journey would take more than two and a
half days.

BIOSPHERE
All life is
concentrated at
or within a few
kilometers of
the surface

W
o

HYDROSPHERE

Deep ocean floor ATMOSPHERE
5 km deep. 99% of

Fresh water and atmosphere lies
ice exist on within 30 km
land of the surface

L
(=}

Kilometers
i
e

Radius | 6370 km

Figure 1-1. Most of the Earth is solid rock, surrounded by the hydrosphere, the
biosphere, and the atmosphere.

Most of the Earth is composed of rocks. Rocks, in turn, are
composed of minerals. Although more than 3500 different minerals
exist, fewer than a dozen are common. Geologists study the origins,
properties, and compositions of both rocks and minerals. Geologists
also explore the Earth for the resources needed in our technological
world: fossil fuels such as coal, petroleum, and natural gas; mineral
resources such as metals; sand and gravel; and fertilizers. Some search
for water in reservoirs beneath Earth’s surface.

Internal processes

Processes that originate deep in the Earth’s interior are called internal
processes. These are the driving forces that raise mountains, cause
earthquakes, and produce volcanic eruptions.

Surface or external processes

Surface or external processes are all of those processes that form the
Earth’s surface. Most surface processes are driven by water, although
wind, ice, and gravity are also significant.



The science of geology 7

Layers surrounding the Earth

The Earth is surrounded by three layers:

1. The hydrosphere includes water in streams, wetlands, lakes, and
oceans; in the atmosphere; and frozen in glaciers (Fig. 1-1). It also
includes ground water present in soil and rock to a depth of at least
2 kilometers.

2. The atmosphere is a mixture of gases, mostly nitrogen and oxygen
(Fig. 1-1). It is held to the Earth by gravity and thins rapidly with
altitude. Ninety-nine percent is concentrated within 30 kilometers
of the Earth’s surface, but a few traces remain even 10,000
kilometers above the surface.

3. The biosphere is the thin zone near the Earth’s surface that is
occupied by life (Fig. 1-1). It includes the uppermost solid Earth,
the hydrosphere, and the lower parts of the atmosphere. Land plants
grow on the Earth’s surface, with roots penetrating at most a few
meters into soil. Animals live on the surface, fly a kilometer or two
above it, or burrow a few meters underground. Sea life also
concentrates near the ocean surface, where sunlight is available.

Layers of the Earth

Scientists generally agree that the Earth formed by accretion of small

particles. They also agree that the modern Earth is layered (Fig. 1-2).

1. The crust is the outermost and thinnest layer. Because the crust is
relatively cool, it consists of hard, strong rock. Crust beneath the
oceans differs from that of continents. Oceanic crust is 5 to 10
kilometers thick and is composed mostly of a dark, dense rock
called basalt. In contrast, the average thickness of continental crust
is about 20 to 40 kilometers, although under mountain ranges it can
be as much as 70 kilometers thick. Continents are composed
primarily of a light colored, less dense rock called granite.

2. The mantle lies directly below the crust. It is almost 2900
kilometers thick and makes up 80 percent of the Earth’s volume.
Although the chemical composition may be similar throughout the
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mantle, Earth temperature and pressure increase with depth. The
upper part of the mantle consists of two layers which are named
lithosphere and asthenosphere.

The uppermost mantle is relatively cool and consequently is hard,
strong rock. In fact, its mechanical behavior is similar to that of the
crust. The outer part of the Earth, including both the uppermost
mantle and the crust, make up the lithosphere.

At a depth, varying from about 75 to 125 kilometers, the strong,
hard rock of the lithosphere gives way to the weak, plastic
asthenosphere. In general, 1 to 2 percent of the asthenosphere is
liquid, and because it is plastic, the asthenosphere flows slowly,

perhaps at a rate of a few centimeters per year.
Oceanic crust (5 to 10 km thick)

Continental
(20 to 70 km

Figure 1-2. The Earth is a layered planet.
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3. The core is the innermost of the Earth’s layers. It is a sphere with a
radius of about 3470 kilometers and is composed largely of iron
and nickel. The outer core is molten because of the high
temperature in that region. Near its center, the core’s temperature is
about 6000°C, as hot as the Sun’s surface. The pressure is greater
than 1 million times that of the Earth’s atmosphere at sea level. The
extreme pressure overwhelms the temperature effect and
compresses the inner core to a solid.

EXERCISES

1.4. According to the passage, which of the following statements
are “true” or “false”? Insert “T” or “F” in the boxes at the right.

1. Sand and gravel are mineral resources.

L

2. The atmosphere is a mixture of gases, mostly hydrogen and oxygen.

L

3. The biosphere includes the lithosphere, the hydrosphere, and the
lower parts of the atmosphere.

A

4. Oceanic crust is 5 to 10 kilometers thick and is composed mostly o
basalt.

L

5. The outer core is solid because of the high pressure in that region.

6. The asthenosphere is mechanically weak and plastic.

' 1.5. Choose a, b, ¢, or d which best completes each item.

1. Coal, petroleum, and natural gasare ....................
a) rocks b) minerals

il
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c) fossil fuels d) mineral resources
2. What is the composition of continents?

a) Basalt b) Granite

¢) Lithosphere d) Rocks

3. What does the upper part of the mantle consist of?
a) lithosphere and asthenosphere b) lithosphere and biosphere
c) asthenosphere and hydrosphere d) biosphere and hydrosphere
4. What is the composition of the core?
a) Nickel and Iron b) Liquid
c) Basalt d) Granite

l 1.6. Write the answers to the following questions in your own words.

1. What type of igneous rock is the most abundant constituent of
continental crust? What type makes up most oceanic crust?

2. Draw a cross-sectional view of the Earth. List all the major layers
and the thickness of each.

3. Describe the important differences between the lithosphere and the
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asthenosphere.

4. Describe some important differences between oceanic crust and
continental crust.

1.7. Note the following technical words and their definitions
and translate the words into Persian.

Technical words Definitions

Geology (noun) study of the history and development of the Earth

one who studies the history and development
of the Earth

Geologic (adjective) | of or pertaining to geology
Geological (adjective) | of or pertaining to geology
Geologically (adverb) | from a geological standpoint

l Now, fill in the blanks with the appropriate words.

Lo work to understand the history of our planet.
2. Geologists have divided Earth history into units displayed in the

Geologists (noun)
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......................... time scale.

3. An important part of .........ccccoeeennn is the study of how Earth’s
materials, structures, processes and organisms have changed over time.

4. Mars is still active ...,

5. Nicolas Steno (1638-1686) articulated three basicC ............ccceuveee.
principles.

6. Only a small portion of the surface of the earth has been
......................... explored.

1.8. Fill in the blanks with the following words and translate
the passage into Persian.

“erosion”, “earthquakes”, “volcanic”, “soils”, “processes”, “crustal”

What is physical geology?

Physical geology is the study of the earth's rocks, minerals, and
.......... 1.......... and how they have formed through time. Complex
internal processes such as plate tectonics and mountain-building have
formed these rocks and brought them to the earth's surface.
e g2 are the result of the sudden movement of
......... 3)) plates, releasing internal energy that becomes
destructive at the surface. Internal heat and energy are released also
through ......... b ........ eruptions. External .......... TP such
as glaciation, running water, weathering, and ......... fj ........ have
formed the landscapes we see today.
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1.9. Rearrange the sentence parts of the following table into
three different sentences.

the upper part of the

consists of lithosphere | is a solid material
mantle

that is composed of

. . outer core a rock
various minerals

is believed to be a

rich in nickel and iron |and asthenosphere S
layer of molten liquid

| 1.10. Read the following passage and translate into Persian.

Geologic Time
Geoscientists have estimated the earth to be about 4.5 billion years
old. As the crust cooled, early geologic processes were largely
volcanic, building up continental crust and a primitive atmosphere.
Bacterial forms of life have been found in rocks that are billions
of years old. Complex oceanic organisms such as trilobites began to
appear only about 600 million years ago. From about 66 million to
245 million years ago, dinosaurs and other reptiles developed all over
the world. In contrast, human beings have existed in only about the
last 3 million years, less than a thousandth of the age of Earth.
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1.11. Write the name of relevant geological branches in front of
the corresponding definition and put the examples into the table too.

“igneous rocks”, “mineral resources”, “folds”, “coal”, “rock analysis”,

“nonmetallic minerals”, “faults”, “metamorphic rocks”, “subduction”,

“sandstone”, “mountain building”, “sandstone”, “sedimentary rocks”

Geological

branches Definition Example

Dealing with the origin, occurrence,
structure, and history of rocks.

The application of geologic knowledge
to the search for the understanding of
mineral deposits.

The study of the distribution of the
chemical elements in minerals, ores,
rocks, soils, water and the atmosphere.

Deals with the form, arrangement and
internal structure of the rocks.

Deals with the original succession and
age relations of rock strata.

Dealing with the broad architecture of
the outer part of the earth.
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2.1. COMMON WORDS: Note the synonyms and antonyms of
following words and translate the words into Persian.

Word synonym antonym
different = not the same similar
tiny Very small huge
solidify made hard or solid liquefy
within inside part, inner place, outside
attraction = inward pull act of driving away
compact = pack tightly together, condense loose
harden make hard or tough; become hard soften
include contain exclude
enter go into leave
bury put in the ground and cover with dirt  exhume
permanent lasting temporary

2.2. TECHNICAL WORDS: Note the pronunciation of the following
technical words and expressions and translate them into Persian.

magma /mag-ma/ e
extrusiverocks L
obsidian /ob-sid-ee-an/ L
granite /granit/
basalt /ba-sawlt, bass-awlt/
andesite /an-deé-zyt/ L
porphyry /por-fa-ree/ L
rhyolite /ry-o-lyt/
. plutonic /ploo-tonn-ik/
10.intrusive
11.diorite /dy-o-ryt/
12.unconsolidate
13.shale
14.sandstone

© N s~ LDdhRE
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15.limestone
16.gneiss/nyss/
17. biotite schist /by-o-tyt/ /shist/ L
18.foliated
19.marble
20.rockcycle
21. lithification /lith-a-fa-kay-shon/
22.solidification

| 2.3. Reading
THE ROCK CYCLE

Rocks tell the story of the Earth

The Earth is made of rock, from the tallest mountains to the floor of
the deepest ocean. Thousands of different types of rocks and
minerals have been found on Earth. Most rocks at the Earth’s surface
are formed from only eight elements (oxygen, silicon, aluminum,
iron, magnesium, calcium, potassium, and sodium), but these
elements are combined in a number of ways to make rocks that are
very different.

Rocks are continually changing. Wind and water wear them
down and carry bits of rock away; the tiny particles accumulate in a
lake or ocean and harden into rock again. The oldest rock that has ever
been found is more than 3.9 billion years old. The Earth itself is at
least 4.5 billion years old and rock forming and rock-destroying
processes have been active for billions of years.

Types of Rocks

Geologists classify rocks in three groups, according to the major Earth
processes that formed them. The three rock groups are igneous,
sedimentary, and metamorphic rocks.
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Igneous Rocks

Igneous rocks are formed from melted rock that has cooled and
solidified. When rocks are buried deep within the Earth, they melt
because of the high pressure and temperature; the molten rock (called
magma) can then flow upward or even be erupted from a volcano
onto the Earth’s surface (extrusive rocks).

When magma cools slowly, usually at depths of thousands of
feet, crystals grow from the molten liquid, and a coarse-grained rock
forms. When magma cools rapidly, usually at or near the Earth’s
surface, the crystals are extremely small, and a fine-grained rock
results. A wide variety of rocks are formed by different cooling rates
and different chemical compositions of the original magma. Obsidian
(volcanic glass), granite, basalt, and andesite porphyry are four of
the many types of igneous rocks with different textures. The texture
of a rock refers to the size, shape, and arrangement of its mineral
grains, or crystals (Table 2-1).

Common igneous (volcanic rocks) are basalt, andesite, and
rhyolite. When magmas crystallize deep underground they look
different from volcanic rocks because they cool more slowly and,
therefore, have larger crystals.

Igneous rocks cooled beneath the Earth’s surface are called
intrusive (plutonic) rocks. The intrusive equivalents of basalt,
andesite, and rhyolite are gabbro, diorite, and granite, respectively.

Table 2-1. Igneous rocks textures based on grain size.

GRAIN SIZE NAME OF TEXTURE
No mineral grains (obsidian) Glassy
Too fine to see with naked eye Very fine grained
Up to 1 millimeter Fine grained
1-5 millimeter Medium grained
More than 5 millimeter Coarse grained
Relatively large grains in a finer-grained matrix Porphyritic

Sedimentary Rocks
Sedimentary rocks are formed at the surface of the Earth, either in
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water or on land. They are layered accumulations of sediments:
fragments of rocks, minerals, or animal or plant material. Temperatures
and pressures are low at the Earth’s surface, and sedimentary rocks
show this fact by their appearance and the minerals they contain.

Most sedimentary rocks become cemented together by minerals
and chemicals or are held together by electrical attraction; some,
however, remain loose and unconsolidated. The layers are normally
parallel or nearly parallel to the Earth’s surface. Compacted and dried
mud flats harden into shale.

Common sedimentary rocks include sandstone, limestone, and
shale. These rocks often start as sediments carried in rivers and
deposited in lakes and oceans. When buried, the sediments lose water
and become cemented to form rock.

Metamorphic Rocks

Sometimes sedimentary and igneous rocks are subjected to pressures
so intense or heat so high that they are completely changed. They
become metamorphic rocks, which form while deeply buried within
the Earth’s crust.

The process of metamorphism does not melt the rocks, but
instead transforms them into denser, more compact rocks. New
minerals are created either by rearrangement of mineral components
or by reactions with fluids that enter the rocks. Some kinds of
metamorphic rocks, “granite gneiss” and “biotite schist” are two
examples, are strongly banded or foliated. (“Foliated” means the
parallel arrangement of certain mineral grains that gives the rock a
striped appearance.) Pressure or temperature can even change
previously metamorphosed rocks into new types.

Common metamorphic rocks include schist, marble, and gneiss.
Sedimentary rock shale (formed mostly of clay sediments) when
buried and heated to high temperatures (300-500°C) becomes
transformed or metamorphosed into schist.

No rock is permanent over geologic time; instead, all rocks
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change slowly from one of the three rock types to another. This
continuous process is called the rock cycle (Fig. 2-1). The
transformations from one rock type to another can follow many
different paths. For example, weathering may reduce a metamorphic
rock to sediment, which then becomes cemented to form a
sedimentary rock. An igneous rock may be metamorphosed. The rock
cycle simply expresses the idea that rock is not permanent but changes
over geologic time.

Weathering
Igneous fa
rock 5 i
\ J 7
Solidification ‘& \, ;
: =

Lithification

: Met hi :
Melting eir:ip e /‘/ Metamorphism

Figure 2-1. The rock cycle shows that rocks change continuously over geologic
time. The arrows show paths that rocks can follow as they change.

EXERCISES

2.4. According to the passage, which of the following statements
are “true” or “false”? Insert “T” or “F” in the boxes at the right.

1. The oldest rock that has ever been found is less than 3.9 billion
years old.

2. The process of metamorphism melts the rocks.

3. Volcanic rocks cool rapidly, so are fine-grained.

U UL
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4. Compacted and dried mud flats harden into schist.
5. The intrusive equivalent of basalt is diorite.

6. The extrusive equivalent of granite is rhyolite.

l 2.5. Choose a, b, ¢, or d which best completes each item.

VUL

1. A(An) .................... Igneous rock forms when magma erupts
and solidifies on the Earth’s surface.
a) intrusive b) extrusive
C) magmatic d) coarse grain
2. Dioriteisthe .................... equivalent of andesite.
a) magmatic b) fine grain
c) plutonic d) igneous rock
3. Weathering may reduce a metamorphic rock to ....................
a) sediment b) igneous rock
c) schist d) rock cycle
4. When magma cools slowly, crystals grow fromthe ....................
liquid.
a) magma b) intrusive
c) cooling d) molten

5. Igneous rocks form when a hot, molten liquid called magma
a) solidifies b) intrusive
c) lithification d) weathered

6. Pressure or temperature can even change previously
metamorphosed rocks into new ....................
a) sedimentary rocks b) metamorphic rocks
c) igneous rock d) minerals

7. lgneous rocks could change in to sediments by ....................
a) lithification b) melting
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¢) solidification d) weathering

l 2.6. Write the answers to the following questions in your own words.

1. What is the difference between intrusive and extrusive rocks
regarding the cooling process and the size of the crystals?

3. What criteria are used to categorize rocks into the three classes that
you described in question 2?

4. List two common rock types in each of the three main classes of rocks.
Were these rock names familiar to you before you read this unit?
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2.7. Note the following technical words and their definitions
and translate the words into Persian.

Technical words Definitions

Sediment (noun) material deposited by ice or wind or water

Sedimentary (adjective) | formed by deposits of sediment

Sedimentation (noun) accumulation of sediment

Sedimentology

The scientific study of sediments and the
determination of their origin

Sedimentologist one who studies the sediments

l Now, fill in the blanks with the appropriate words.

1.

Common .......cccceeevrennnne rocks include sandstone, limestone, and
shale.

There are N0 Marine ..........c.ccccveue.n. in the rift valley of Africa.
......................... in marine systems is a dynamic process.

Detailed .........ccccovevieennne analyses indicate that some beds were

deposited from storm-generated flows.

Role of channel geometry is very important in controlling the
morphology and ............ccccee.n. of flood deposits.

......................... image past processes and compare them to modern
ones.
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2.8. Fill in the blanks with the following words and translate
the passage into Persian.

“fine-grained”, “surface”, “loose”, “mountain, “textures”, “silicate”,
“porphyry”, “solid”, “volcanic”, “molten”

Rocks

Geologists separate rocks into three classes based on how they form:
igneous rocks, sedimentary rocks, and metamorphic rocks. Igneous
rocks form when a hot, \1} ........ liquid called magma
solidifies. Sedimentary rocks form when \_2) ........ sediment,
such as sand and clay, becomes cemented to form a ...... 3)
rock. Metamorphic rocks form when older igneous, sedimentary, or
other metamorphic rocks change because of high temperature and/or

pressure or are deformed during ......... b ........ building.
The temperature of magma varies from about 600°C to 1400°C.
Nearly all magmas are ........ E) ........ magmas. Magma usually

rises toward the Earth’s surface because it is of lower density than
rocks that surround it.

An extrusive, or ........, \t?) ........ , igneous rock forms when
magma erupts and solidifies on the Earth’s ......... D ........ An
intrusive, or plutonic, rock forms when magma cools and solidifies
below the surface. Plutonic rocks typically have medium- to coarse-
grained ........ \2_3) ........ , Whereas volcanic rocks commonly have
very fine- to fine-grained textures. A ......... \S_)) ........ consists of
larger crystals imbeded ina ......... }_(Jj, ......... matrix.
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I 2.9. Match the sentence parts to form a complete sentence.

1. The marine fossils of Mount Everest | A) metamorphosed into

tell us that schist.
2. Under certain conditions, rocks of the B) its temperature and
upper mantle and lower crust melt, pressure increase.

C) a coarse-grained rock

3. When the beach sand is cemented,
forms.

D) the limestone formed
in the sea.

E) forming a hot liquid
called magma.

4. When a rock is buried,

5. When magma cools slowly

6. Shale when buried and heated to high

temperatures (300- 500°C) F) it becomes sandstone.

1— 2— 3— 4 5 6

' 2.10. Label the missing parts of the rock cycle.
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Exposed metamorphic

/|
Heat & pressure compression "";»,"-'

sedimentary rocks

Depositio
Limestone Wegmm

ng

2.11. Write the name of relevant types of rocks in front of the
corresponding definition and put the examples into the table too.
“marble”, “granite”, “limestone”, “coal”, “slate”, “basalt”, “sandstone”,
“shale”, “lava”.

Types Definition Example
These rocks were formed from the remains
of animals or plants and other rocks which
had been crushed together.

These rocks were formed when hot, molten
volcanic material cooled and solidified.
These rocks were once igneous or sedimentary
and were changed by great heat and pressure.
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3.1. COMMOM WORDS: Note the synonyms and antonyms of
following words and translate the words into Persian.

Word Synonym Antonym
present of the current times past, future
helpful useful useless
progressive  changing gradually changing abruptly
Prior to before subsequent
extinct nonexistent, dead extant
important significant insignificant
restrict limit unlimit
separated segregated, set apart linked
diversity variety uniformity

3.2. TECHNICAL WORDS: Note the pronunciation of the following
technical words and expressions and translate them into Persian.

geologic timescale L
geological features L
field
uniformitarianism /yoo-na-for-ma-tairee-a-niz-am/ ....................
geologic processes e
relativeage L
absoluteage L
principle of superposition
. principle of original horizontality =~ ...
10. cross-bedded sediment L
11.layered sequences L.
12. principle of faunal succession
13.fossil species
14.inclusion
15.unconformity /un-kon-for-ma-tee/
16.erosional surfaces L

© oo N O~ N
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17.conformable

18. interruption

19. disconformity /diss-kon-for-ma-tee/
20. angular unconformity

21. tectonic activity

22. nonconformity

23. correlation

24.index fossils

25. key beds

26. time correlation

27. geologic column

28. geologic time scale

29. eon /ee-on, ee-on/

30.era

31. period

32.epoch

33. Hadean /hay-dee-an/

34. Archean /ar-kee-an/

35. Proterozoic Eon /prot-&-ro-zoh-ik/
36. phytoplankton /fy-toh-plank-ton/
37. cephalopodea /sef-a-lop-6-da/
38.ammonoidea /am-0-noi-dee-a/

' 3.3. Reading

The history of the Earth

HISTORICAL GEOLOGY

The earth is estimated to be about 4.5 billion years old. Our
knowledge of its history comes from a number of sources. The
geologic time scale is built through scientific methods and
calculations as well as from the interrelationships of geological

features as observed in the field.
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The principle of uniformitarianism (“the present is the key to
the past") is helpful in that we can measure the rates of geologic
processes we see today and apply them to the geologic past.

Geologic time

Geologists measure geologic time in two different ways, relative age

and absolute age.

a) Relative age: Geologists use some basic, simple principles to solve
"which came first™:
The principle of superposition states that sedimentary rocks
become younger from bottom to top. In Figure 3-1, the sedimentary
layers become progressively younger in the order E, D, C, B, and A.
The principle of original horizontality states that most
sedimentary rocks (an exception is cross-bedded sediment) formed
as nearly horizontal layers. Any layered sequences that are now
tilted were moved by later geologic processes.
According to the principle of crosscutting relationships, any rock
that cross-cuts another rock is younger than the rock it cross-cuts.
The principle of faunal succession states that fossil species
succeed one another in undisturbed rocks in a definite and
recognizable order around the world.

b) Absolute age is age in years. Dinosaurs became extinct 65 million
years ago. Absolute age tells us both the order in which events
occurred and the amount of time that has passed since they occurred.

Unconformities
Layers of sedimentary rocks are conformable if they were deposited
without interruption. An unconformity represents an interruption in
deposition, usually of long duration.

Several types of unconformities exist. In a disconformity, the
sedimentary layers above and below the unconformity are parallel
(Fig. 3-1).
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Figure 3-1. In a sequence of sedimentary beds, the oldest bed is the lowest, and the
youngest is on top. These beds become older in the order A, B, C, D, and E.

In an angular unconformity, tectonic activity tilted older sedimentary
rock layers before younger sediment accumulated (Fig. 3-2).

(A)

(8)

+

©

Figure 3-2. Types of unconformity. (A) Angular unconformity. (B) Disconformity.
(C) Nonconformity.
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A nonconformity is an unconformity in which sedimentary
rocks I|e on igneous or metamorphlc rocks (Flg 3- 3)

Figure 3- 3 Angular unconformlty between folded sandstones and Tnassw fluvial
deposits, southern Portugal.

Fossils and faunal succession

Geologic time periods can be well defined by the fossil remains of
animal and plant species within them. Palaeontology is the study of
fossils. Rocks that contain the same kinds of fossils formed over the
same range of geologic time in which the species existed on the earth.

Correlation, index fossils and key beds
Correlation is the showing of equivalency of rocks that are
geographically separated. Index fossils and key beds are important
tools in time correlation. It shows that sedimentary rocks from
different geographic localities formed at the same time. Worldwide
correlation of rocks of all ages has resulted in the geologic column, a
composite record of rocks formed throughout the history of the Earth.
Index fossils are those species that lived only during a restricted
period. A key bed is a thin, widespread sedimentary layer that was
deposited rapidly and synchronously over a wide area and is easily
recognized.
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The geologic column and time scale
Geologists have divided Earth history into units displayed in the
geologic time scale (Table 3-1). The units are called eons, eras,
periods, and epochs and are identified primarily by the types of life
that existed at the various times.

The two earliest eons, the Hadean and Archean, cover the first
2.5 billion years of Earth history. Life originated during Archean time.
Living organisms then evolved during the Proterozoic Eon. However,
most Proterozoic organisms had no hard parts such as shells and
bones. Most were single celled, although some multi cellular
organisms existed (Table 3-1).

Proterozoic Eon
The Proterozoic Eon ended about 538 million years ago. Then, within
a short time, perhaps as little as 5 million years, many new species
evolved. These organisms were biologically more complex than their
Proterozoic ancestors, and many had shells and skeletons.

The most recent 13 percent of geologic time, from 538 million
years ago to the present, is called the Phanerozoic Eon.

Phanerozoic Eon
The word Phanerozoic is from the Greek, meaning “visible life.”
Sedimentary rocks of the Phanerozoic Eon contain abundant and
easily recognizable fossils. The beginning of Phanerozoic time marks
a dramatic increase in the abundance and diversity of life. Subdivision
of the Phanerozoic Eon into three eras is based on the most common
types of life during each era. Sedimentary rocks formed during the
Paleozoic era (Greek for “old life”) contain fossils of early life forms,
such as invertebrates, fishes, amphibians, reptiles, ferns, and
conebearing trees.

Sedimentary rocks of the Mesozoic era (Greek for “middle life”)
contain new types of phytoplankton, microscopic plants that float at or near
the sea surface, and beautiful, swimming cephalopods called ammonoids.
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Table 3-1. The geological time scale.

Eon Era | Period Epoch DISTINCTIVE PLANTS AND ANIMALS
Recent or
Holocene Humans
Quaternary
Pleistocene o
g 2 E
w Pliocene | £
= Neogene 52
N Miocene | = Mammals develop
5 g 24 © and become dominant
. [-F]
o | & Oligocene | &
2 37 <
— Paleogene | Eocene |
2 58 Extinction of dinosaurs and
= Paleocene many other species
I 66
= First flowering plants, greatest
= o . = =
e8| 5 Cretaceous ; development of dinosaurs
N %5 "
e o 144— 58
=% g : e First birds and mammals,
=] & : 1)) _
S5 2 Jurassic <5 abundant dinosaurs
g2 & 208 S
= —
=k Triassic First dinosaurs
ol 245—
£ 5 B Extinction of trilobites and many
g Reonian 2 other marine animals
N 2561 =
[ 2 b = Great coal forests; abundant
= = Eonusylyanian < g insects, first reptiles
& z 320 =
= & | Mississippian Large primitive trees
= 360—
(=} . T
5 | Devonian g= 7 First amphibians
= 408 — S5
& | Silurian £ First land plant fossils
438—
Ordovician e First fish
505— oE5
%5 ; : ;
5 <=t First organisms with shells,
Cambrian E lrilghitcs dominant
538 =
5 First multicelled organisms
g
=4
2
g
-
Sometimes collectively
2500 ¢ called Precambrian
(=
_‘d:-? First one-celled organisms
2
<
3800 Approximate age of oldest rocks
Hadean

4600=

Origin of the Earth
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However, the Mesozoic Era is most famous for the dinosaurs. Mammals
and flowering plants also developed during this era.

During the Cenozoic era (Greek for “recent life”), mammals and
grasses became abundant.

EXERCISES

3.4. According to the passage, which of the following statements
are “true” or “false”? Insert “T” or “F” in the boxes at the right.

1. In a disconformity, the sedimentary layers above and below the
unconformity are parallel.

L

2. An unconformity in which sedimentary rocks lie on igneous or
metamorphic rocks is called disconformity.

L

3. Most Proterozoic organisms had hard parts such as shells and
bones.

4. Most Proterozoic organisms were single celled.
5. Mesozoic Era is most famous for the ammonoids.

6. The Phanerozoic era subdivided into three eons.

| 3.5. Choose a, b, ¢, or d which best completes each item.

1. According to the principle of faunal succession:
a) fossil species succeed one another in undisturbed rocks in a
definite and recognizable order around the world.
b) most sedimentary rocks and fauna formed as nearly horizontal
layers.

UUU L
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¢) any layered sequences that are now tilted were moved by later
geologic processes.
d) any rock that cross-cuts another rock is younger than the rock it
Cross-cuts.

2. Which of the eons, cover the first 2.5 billion years of Earth history?
a) The Hadean and Archean b) The Hadean and Proterozoic
¢) The Archean and Precambrian d) The Archean and Proterozoic

3. Phanerozoic is from the Greek, meaning:

a) visible life b) middle life
c) recent life d) old life
4. Ferns, and conebearing trees developed during:
a) Proterozoic b) Mesozoic
c¢) Cenozoic d) Paleozoic
T concern the actual age of a rock or mineral.
a) Layered sequences b) Superposition
c) Absolute age d) Relative age
6. Which eon (or era) started about 538 million years ago?
a) Proterozoic b) Phanerozoic
c) Precambrian d) Archean

l 3.6. Write the answers to the following questions in your own words.

1. Describe the two ways of measuring geologic time. How do they differ?

2. How does the principle of superposition allow us to determine the
relative ages of a sequence of unfolded sedimentary rocks?
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3. Explain the principle of crosscutting relationships and how it can
be used to determine age relationships among sedimentary rocks.

4. Explain the differences among unconformities, disconformities,
angular unconformities, and nonconformities.
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3.7. Note the following technical words and their definitions
and translate the words into Persian.

Technical words Definitions
Correlate (verb) establish a mutual relation
showing of the age equivalence of rocks or
geologic features from different locations.
Correlatable (adjective) | may be correlated
Correlative (adjective) | mutually related
Correlating

' Now, fill in the blanks with the appropriate words.

1. A sequence is a succession of genetically related relatively
conformable strata bounded by unconformities or their
......................... conformities.

2. Both marine and continental sediments are .............cccoevvee. with
those of the Gondwana deposits which occur in parts of Himalayas.

3. Studies of fossils and of the depositional order of sedimentary
layers led to the principles of fossil succession and .............cccce......

Correlation (noun)

4. Global .........cccvevennen, for the top of the Cambrian System are not
finalized.
5. The main units of paleozoic are ..........c..ccccueenee.. for long distances.

6. The geologic history of an area can be reconstructed by
......................... rock exposures within the area.

7. Geologists .....ccovevevrierinennn. rocks that accumulated continuously
through portions of geologic time from many different localities
around the world.

3.8. Rearrange the sentence parts of the following table into
four different sentences.
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most Proterozoic shows a gap fc_)rmed during the
organisms history of the Earth.
unconformity had no hard parts time correlation
geologic column, is used for in deposition

key bed is a record of rocks | and were single celled

l 3.9. Translate the following passage into Persian.

The longest movie never shown: the Earth’s story
One way of trying to imagine geologic time is to compare it to a
motion picture. A movie is projected at a rate of sixteen frames per
second. It means that each image is flashed on the screen for only one-
sixteenth of a second giving a continuous motion. But suppose that
each frame represented 100 years. If you lived 100 years, one frame
would represent your whole lifetime.

If we were able to show the movie on a standard projector, each
100 years would flash by in one-sixteenth of a second. However, you
have to sit through more than eleven hours of film to view the Mesozoic
era. And to give a complete record from the beginning of the
Paleozoic era, this film would have to run continuously for four days.

You would have to spend over a month (thirty-two and a half
days) in the cinema to see a movie entitled “The complete story of
earth, from its birth to modern civilization”.

From the perspective of that one last frame, geologists would
like to know what the whole movie is like or, at least, get a summary
of the most dramatic parts of the film.
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l 4.1. COMMON WORDS: Note the synonyms and antonyms of
following words and translate the words into Persian.

Word Synonym Antonym

shift change in position and direction  keep

eventually  finally beginning

condense  become liquid vaporize

lose miss find

constant firm variable
l 4.2. TECHNICAL WORDS: Note the pronunciation of the following

technical words and expressions and translate them into Persian.
1. hydrogeology
2. hydrological cycle /hy-dro-loj-ik/
3. evaporite /i-vap-o-ryt/
4. aquifer
5 runoft
6. precipitation /pri-sip-a-tay-shon/
7. infiltration
8 joint
9. porespace e

10.transpiration
11.sublimation /sub-la-may-shon/
12.condensation L

' 4.3. Reading

HYDROGEOLOGY AND THE HYDROLOGICAL CYCLE
What is hydrogeology?
Hydrogeology is the scientific study of water movements on and
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below the Earth’s surface. It is an area of geology that deals with the
distribution and movement of groundwater in the soil and rocks of
the Earth's crust, (commonly in aquifers). The study of the interaction
between groundwater movement and geology can be quite complex.
Groundwater does not always flow in the subsurface down-hill
following the surface topography; groundwater follows pressure
gradients (flow from high pressure gradient to low) often following
fractures and conduits in circuitous paths.

Water on or beneath Earth’s surface cycles among the various
reservoirs: the oceans, the atmosphere, and the land. These water
movements can be illustrated and described in a water or
hydrological cycle. Water evaporates from the oceans and is carried
in the air from the sea over the land, which receives it as precipitation,
and finally returns from the land to the sea through rivers, thus
completing the cycle (Fig. 4-1). However, it is also stored in the
biosphere as organisms use water, - for example, within the trees of
rain forests.

Fig. 4-1. The hydrologic cycle. 1=Evapotranspiration, 2= Evaporation, 3= Transportation,
4= Condensation, 5= Precipitation, 6= Surface runoff, 7= Infiltration, 8= Ground water
flow, A= Vegetation, B= Soil, C= Streams, D= Lakes, E= Oceans, F= Water table.
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The hydrological cycle

Within the range of temperatures found at Earth’s surface, water shifts
among the three states of matter: liquid (water), gas (water vapor), and
solid (ice). These transformations power some of the main flows from
one reservoir to another in the hydrologic cycle.

Earth’s external heat engine, powered by the Sun, drives the
hydrologic cycle, mainly by evaporating water from the oceans and
transporting it as water vapor in the atmosphere.

Under the right conditions of temperature and humidity, water
vapor condenses to the tiny droplets of water that form clouds and
eventually falls as rain or snow - together known as precipitation -
over the oceans and continents.

Some of the water that falls on land penetrates into the ground by
infiltration, the process by which water enters rock or soil through joints
or small pore spaces between particles. Part of this groundwater evaporates
through the soil surface. Another part is absorbed by the biosphere in
plant roots, carried up to the leaves, and returned to the atmosphere by
transpiration - the release of water vapor from plants. Other groundwater
may return to the surface in springs that empty into rivers and lakes.

The rainwater that does not infiltrate the ground runs off the
surface, gradually collecting into streams and rivers. The sum of all
rainwater that flows over the surface, and then flow back to the
surface, is called runoff. Some runoff may later seep into the ground
or evaporate from rivers and lakes, but most of it flows into the oceans.

Snowfall may be converted into ice in glaciers, which return
water to the oceans by melting and runoff and to the atmosphere by
sublimation, the transformation from a solid (ice) directly into a gas
(water vapor). Most of the water that evaporates from the oceans
returns to them as precipitation. The remainder falls over the land
and either evaporates or returns to the ocean as runoff.

The land surface gains water from precipitation and loses the
same amount of water by evaporation and runoff. The ocean gains
water from runoff and precipitation and loses the same amount by
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evaporation. More water evaporates from the oceans than falls on
them as rain. This loss is balanced by the water returned as runoff
from the continents. Thus, the size of each reservoir stays constant.

EXERCISES

4.4. According to the passage, which of the following statements
are “true” or “false”? Insert “T”” or “F” in the boxes at the right.

Most of the water that evaporates from the oceans returns to them
as infiltration.

Most of runoff flows into the oceans.
The hydrologic cycle drives the Sun.

The release of water vapor from plants is named precipitation.

U UL

| 4.5. Choose a, b, ¢, or d which best completes each item.

1.

What is called the sum of all rainwater that flows over the surface,
and then flow back to the surface?

a) infiltration b) precipitation

C) evaporation d) runoff

What is the process by which water enters rock or soil through
joints or small pore spaces between particles?

a) infiltration b) precipitation

C) evaporation d) runoff

What is named the transformation from a solid directly into a gas?
a) sublimation b) precipitation

C) evaporation d) infiltration

The ocean loses water by ....................
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a) precipitation b) evaporation
¢) infiltration d) runoff

l 4.6. Write the answers to the following questions in your own words.

1. What are the three states of water?

l 4.7. Note the following technical words and their definitions
and translate the words into Persian.

Technical words Definitions

The science that deals with subsurface waters and
with related geologic aspects of surface waters.
Hydrogeologist (noun) | A geologist which study the ground water.
Hydrogeologic (adjective) |relating to hydrogeology.

Hydrogeological (adjective) | relating to hydrogeology.

Hydrogeology (noun)
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I Now, fill in the blanks with the appropriate words.

1. Engineering geologists can detect and describe geological,
......................... , and topographical conditions

2. e concerns the character of fluids (water and gas)
within the ground.

3. Many geological engineers and engineering geologists are
specializing in water-related topics, commonly considered the
realm of ........ccocovernennn.

4. Mixing processes are very important in ...........cc.ceeeeneee systems.

5. deal with the crucial area of the movement of
groundwater and our ability to provide clean water to society.

6. Many ..o investigations were carried in Asia during
the past decades.

T i properties of rocks and soils are very important for

4.8. Fill in the blanks with the following words and translate
the passage into Persian.

“groundwater”, “transported”, “transportation” “runoff”, “condenses”,
“precipitation”, “evaporation”

The \_1) ........ cycle begins with the 3) of water
from the surface of the ocean. As moist air is lifted, it cools and water
vapor ......... \:_”j ........ to form clouds. Moisture is .......... 4.)........
around the globe until it returns to the surface as ......... E) ........

Once the water reaches the ground, one of two processes may occur;
first some of the water may evaporate back into the atmosphere or
second the water may penetrate the surface and become
......... fj Groundwater either seeps its way to into the oceans,
rivers, and streams, or is released back into the atmosphere through

......... \7/4
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l 4.9. Match the terms to their definitions.

Terms

1. Condensation
2. Evaporation

3. Groundwater

4. Precipitation

5. Runoff
6. Transpiration

7. Transport

Definitions
A) From the smallest streams to rivers etc. that
move water from land to the oceans.
B) The transformation of water from gas into a
liquid.
C) Transfer of water to the atmosphere by
plants and vegetation.

D) The transfer of water from the atmosphere
to land. Rain, snow, hail, sleet, and freezing
rain are different types of it.

E) The movement of water through the
atmosphere.

F) The transformation of water from a liquid
into a gas.

G) Water below the surface and its location in
different soil layers and gaps.



54 Technical English

4.10. Label the simplified version of a water cycle with the
above mentioned terms of part D.

Clouds \

Earth surface

4.11. Form three separate sentences from the sentence parts.

' to evaporate from oceans | produces clouds | causes water
' condensation ' remains constant | heat from the sun
' of tiny droplets of water | on earth " the amount of water
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5.1. COMMON WORS: Note the synonyms and antonyms of
following words and translate the words into Persian.

Word Synonym Antonym
distinctive special common
cloudy indistinct clear
translucent transparent opaque
alter change preserve
reliable dependable untrustworthy
shiny reflecting light matt
dull cloud bright
smooth not rough, polished uneven, rough
rapidly quickly slowly
emit send out absorb
exposed without covering or protection  cover
customarily usually occasionally
extend enlarge shorten
tiny very small huge

5.2. TECHNICAL WORDS: Note the pronunciation of the following
technical words and expressions and translate them into Persian.

crystal habit
crystalline /kris-ta-lin, -lyn/ L
mineralization /min-é-ra-la-zay-shon/ ...
Mohs hardness scale /mohz/ L
Talc tal’k/
corundum
cleavage
hardness
.colour
10.translucent
1.ruby

© N s~ LDdhRE



58  Technical English

12.sapphire
13.streak
14 luster
15. metallic
16.shiny
17.glassy
18.vitreous
9.dul
20.fracture
21.conchoidal fracture /kon-koi-dal/ .
22.magnetism .
23.radioactivity .
24. fluorescence /floo-6-ress-éns/ L
25.phosphorescence L.
26.scintillometer
27.fibrous fragments
28.specificgravity

' 5.3. Reading

MINERALOGY | ""Mineral Properties"

What is a mineral?
A naturally occurring substance with a characteristic chemical
composition expressed by a chemical formula; may occur as
individual crystals or may be disseminated in some other mineral or
rock. Most mineralogists include the requirements of inorganic origin
and internal crystalline structure.

Minerals are the building blocks of the Earth. For example, SiO,
is always the mineral quartz which consists of only two elements. A
few elements - carbon, for example - are the only components of
minerals. Graphite and diamond are composed only of carbon, each
with a different architecture. A rock is a solid material that is
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composed of various minerals.

Chemical composition and crystalline structure are the two most
important properties of a mineral. They distinguish any mineral from
all others.

Physical properties of minerals

How does a geologist identify a mineral in the field?

It is often difficult to identify a mineral simply by looking at it, but each
mineral has a set of distinctive characteristics that are easily tested in
the field or laboratory. Geologists commonly use physical properties
such as crystal habit, cleavage, and hardness to identify minerals.

Hardness

Hardness is a distinctive quality of minerals that is determined by the
Mohs hardness scale. Talc is the softest mineral on the scale at a value
of 1, and diamond is the hardest at a value of 10 (Table 5-1).
Geologists often scratch minerals with a knife blade that has a
hardness of about 5. If the mineral scratches the knife, it is harder than
5; if the mineral is scratched, its hardness is less than 5. A thumbnail
is about 2.5 on the Mohs scale.

Table 5-1 Mohs’ hardness scale of mineral hardness: A method of identifying minerals.

Hardness Mineral Formula Absolute Hardness
1 Talc Mg5Si4010(OH), 1
2 Gypsum CaS0,.2H,0 2
3 Calcite (=Kalkspar) CaCO;, 9
4 Fluorite (=Fluorspar) CaF, 21
5 Apatite Cas(PO4)3(OH,, CI', F) 48
6 Orthoclase Feldspar KAISi;Og 72
7 Quartz SiO, 100
8 Topaz AlSiO4OH', F), 200
9 Corundun Al,O4 400
10 Diamond C 1500
Color

Color is the most obvious property of a mineral, but it is commonly
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unreliable for identification. Color would be a reliable identification
tool if all minerals were pure and had perfect crystal structures.
However, both small amounts of chemical impurities in crystal
structure can alter color. For example, corundum (Al,O3) is normally a
cloudy, translucent, brown or blue mineral. Addition of a small
amount of chromium can convert corundum to the beautiful, clear, red
gem known as ruby. A small quantity of iron or titanium turns
corundum into the striking blue gem called sapphire.

Streak

Streak is the color of a fine powder of a mineral. It is observed by
rubbing the mineral across a piece of unglazed porcelain known as a
streak plate. Many minerals leave a streak of powder with a diagnostic
color on the plate. Streak is commonly more reliable than the color of
the mineral itself for identification.

Luster

The luster is the appearance of the light that is reflected from a
mineral's surface. Luster can be metallic (shiny), glassy or vitreous, or
earthy (dull, not shiny).

Crystal form

Sometimes minerals have a distinctive crystal form that reflects a
specific internal arrangement of atoms. The crystal form is best
developed when the mineral can crystallize slowly from the fluid that
contains its elements.

Cleavage

Cleavage is the tendency of a mineral to break along preferred
crystalline planes that are weakly bonded. The angle between various
crystal faces is often distinctive for different mineral groups and can
be determined with a magnifying lens in the field.
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Fracture

Fracture is the pattern in which a mineral breaks other than along
planes of cleavage. Many minerals fracture into characteristic shapes.
Conchoidal fracture creates smooth, curved surfaces (Fig. 5-1). It is
characteristic of quartz and olivine. Glass, although not a mineral
because it has no crystalline structure, also typically fractures in a
conchoidal pattern. Some minerals break into fibrous fragments. Most
minerals fracture into irregular shapes.

Figure 5-1. Quartz typically fractures along smoothly curved surfaces, called
conchoidal fractures. This sample is smoky quartz.

Specific gravity

Specific gravity is the weight of a substance relative to that of an
equal volume of water. If a mineral weighs 2.5 times as much as an
equal volume of water, its specific gravity is 2.5. You can estimate a
mineral’s specific gravity simply by hefting a sample in your hand. If
you practice with known minerals, you can develop a feel for specific
gravity. Most common minerals have specific gravities of about 2.7.
Metals have much greater specific gravities; for example, gold has the
highest specific gravity of all minerals, 19. Lead is 11.3, silver is 10.5,
and copper is 8.9.

Other properties

Properties such as reaction to acid, magnetism, radioactivity,
fluorescence, and phosphorescence can be characteristic of specific
minerals. Calcite and some other carbonate minerals dissolve rapidly
in acid, releasing visible bubbles of carbon dioxide gas. Minerals
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containing radioactive elements such as uranium emit radioactivity
that can be detected with a scintillometer. Fluorescent materials emit
visible light when they are exposed to ultraviolet light.

EXERCISES

5.4. According to the passage, which of the following statements
are “true” or “false”? Insert “T” or “F” in the boxes at the right.

1. Minerals are artificial substances with a characteristic crystal structure.
2. Hardness of a knife blade is about 5.

3. Sapphire and ruby have similar composition.

4. Glass is a mineral.

5. Conchoidal fracture is characteristic of quartz and olivine.

6. Lead has more specific gravity than the gold.

LU UULE

7. Scintillometer is used for detection of phosphorescence property in
minerals.

L

8. Color is commonly more reliable than the streak of the mineral
itself for identification.

| 5.5. Choose a, b, ¢, or d which best completes each item.

1. Geologists can distinguish any mineral from all others by chemical
compositionand ....................

L
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a) specific gravity b) crystalline structure
¢) physical properties d) color and streak
2. What is named the tendency of some minerals to break along flat
surfaces?
a) fracture b) cleavage
¢) crystal shape d) hardness
3. A small quantity of iron or titanium turns corundum into the

a) Ruby b) glass
c) spinel d) sapphire
4 i, materials emit visible light when they are exposed
to ultraviolet light.
a) Silicate b) Radioactive
c¢) Fluorescent d) Conchoidal
5. The equivalent name for shiny lusteris ....................
a) metallic b) dull
C) vitreous d) glassy

I 5.6. Write the answers to the following questions in your own words.

1. If you were given a crystal of diamond and another of quartz, how
would you tell which is diamond?

2. List and explain the physical properties of minerals most useful for
identification.
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5.7. Note the following technical words and their definitions
and translate the words into Persian.

Technical words Definitions
natural substance belonging to a group of
Mineral (noun) inorganic (often crystalline) compounds

which are found in the earth

branch of science dealing with minerals

Mineralogy (noun) and classification of minerals
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Mineralization (noun) | transformation into mineral form
Mineralogic (adjective) | pertaining to mineralogy

Mineralogical (adjective) | of the study of minerals, of mineralogy
Minralogically (adverb) | according to the study of minerals
Mineralize (verb) transform into mineral form

Mineralogist (noun) A geologist whose field of study is mineralogy

l Now, fill in the blanks with the appropriate words.

Lo, , saline ground waters have been pumped to the
surface during earthquakes.

2. Itisclear thatthe .........ccccceevenee. of igneous rocks have crystallized
out of a melt.

3. Chemical sediments are subdivided into several groups by
......................... composition.

4. Two parameters are used to name and classify sandstones: chemical
......................... and physical texture.

5. Granites ......ccooeevvveernennn composed of quartz and feldspar.

G , pure chalks are composed of low magnesium
calcite.

7. Manganese ........c.c.cceeeenene. occur in oceans.

8.The oo, maturity of sandstones is commonly expressed
by the quartz/feldspar ratio.

9. When igneous rocks undergo deep burial, .......cccocvrrnene. and
textural changes occur as they metamorphose.

10. To the ..coiiiiiienen, , ‘clay” is the term describing a

......................... family characterized by its crystal structure.

5.8. Fill in the blanks with the following words and translate
the passage into Persian.

“cleavage”, “crystal form”, “colorless”, “hardness”, “glass”, “grains”,
“luster” and “pyramid”.
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The Silicate “Quartz”

Its chemical formula is SiO2. Quartz has a vitreous ......... 1)........ ,
a i ?j ........ of 7, and when pure, is completely clear and
......... \C_’)j .evew... It loOKs like frozen water. It lacks ........L.4.........,
but it commonly fractures conchoidally. Should quartz grow free from
interferences it crystallizes customarily in a six-sided .......... 5.)iiin. ,
which is terminated by a sharp-pointed pyramid at each end. If quartz
grows into cavities, as it commonly grows, it will possess only one
......... \6/4 on the end of crystal that extends into the opening.
Crystal that grows into openings may sometimes reach length of 0.3 m
or more. Usually quartz occurs in association with other minerals as
tiny ......... Z) ........ two to three millimeters across that generally
lack crystal faces. Where fresh and unweathered the disseminated
grains often sparkle like tiny fragments of ......... \2_3/4 ........

5.9. The most common minerals can be identified by “luster”,

77 Gt

“hardness”, “cleavage and fracture”, “color and streak”, “transparency”,

“magnetism”, “specific gravity or density” and “crystal form”.
Match the definitions or description to the properties.
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Lo, is the property of breaking easily at random lines.

2. s Is the measure of the ease with which the surface of
a mineral can be scratched.

3 is the characteristic of a mineral that tells how the
mineral reflects light, i.e. how shiny it is.

A i is the characteristic that tells you if you can see
through it.

USRS can be seen; i.e. it is visual perception.

B. e is the shape in which the individual crystals grow.

T e is the splitting of minerals along planes.

8. the color of a mineral under the top layer or coating
of the mineral.

9. is the property of a mineral which depends on the
atomic weight.

10, o if a mineral has this property, it contains a high

quantity of iron.
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6.1. COMMON WORDS: Note the synonyms and antonyms of
following words and translate the words into Persian.

Word synonym
simple uncomplicated
abundant plentiful
synthetic artificial, man-made
important significant
native endemic
similar alike

independent free

antonym

complex

scarce

natural

trivial, insignificant
combined

different

related

6.2. TECHNICAL WORDS: Note the pronunciation of the following
technical words and expressions and translate them into Persian.

native element
insecticide

fertilizer

rubber

complex anion
industrial sulfates
plaster

evaporation

. polymorph

10. silicon

11.silicate /sil-a-kayt, -kit/
12. tetrahedron

13. tetrahedral

14. single-chain silicates
15. double-chain silicate
16. sheet silicates

© o N gk~ wN e

17. adamantine /ad-a-man-tin, -teen, -tyn/

18. waxy
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19.transparency e
20.translucent
21.roughcrystals
22.isometric
23.crystal system
24.twinning e
25. hematite /hem-a-tyt, hee-ma-/
26. magnetite /mag-neé-tyt/ L
27.spinel /spi-nel/
28. pyrite /py-ryt/
29. chalcopyrite /kal-ko-py-ryt/
30.galena /ga-lee-na/ L
31.sphalerite /sfal-¢-ryt/
32.anhydrite /an-hy-dryt/
33.apatite /ap-a-tyt/
34.calcite /kal-syt/
35.dolomite /dol-6-myt/
36.aragonite /a-ra-go-nyt/ .
37.olivine /ol-a-veen, ol-a-veen/ Ll
38. pyroxene /py-roks-een/ L.
39.amphibole /am-fa-boht/
40. feldspar /feld-spar, fel-/
41.quartz /kwort-s/ .
42. kimberlite /kim-ber-lyt/
43.dispersion .
44 refractiveindex L

' 6.3. Reading

MINERALOGY Il "Classification of minerals"
Mineral Classification
Geologists classify minerals according to their anions (negatively
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charged ions). Anions can be either simple (such as O%) or Complex
(such as [SiO4]*). Each mineral group (except the native elements) is
named for its anion. For example, the oxides all contain O, the
silicates contain (SiO,4)*, and the carbonates contain (CO3)*".

Native elements

About 20 elements occur naturally in their native states as minerals.
Fewer than ten, however, are common enough to be of economic
importance. Gold, silver, platinum, and copper are all mined in their
pure forms. Iron is rarely found in its native state in the Earth’s crust.
Native iron and nickel are thought to comprise most of the Earth’s core.
Native sulfur, used to manufacture sulfuric acid, insecticides, fertilizer,
and rubber. Pure carbon occurs as both graphite and diamond.

Oxides

The oxides are a large group of minerals in which oxygen is combined
with one or more metals. Oxide minerals are the most important ores
of iron, manganese, tin, chromium, uranium, titanium, and several
other industrial metals. Hematite (iron oxide, Fe,O3) occurs widely in
many types of rocks and is the most abundant ore of iron.

Magnetite (FesO,4), a naturally magnetic iron oxide, is another
ore of iron. Spinel (MgAl,O,4) often occurs as attractive red or blue
crystals that are used as inexpensive, semiprecious gems. Synthetic
spinels are also commonly used in jewelry. Ice, the oxide of hydrogen
(H20), is a common mineral at the Earth’s surface.

Sulfides

Sulfide minerals consist of sulfur combined with one or more metals.
Many sulfides are extremely important ore minerals. They are the
world’s major sources of copper, lead, zinc, molybdenum, silver,
cobalt, mercury, nickel, and several other metals. The most common
sulfides are pyrite (FeSy), chalcopyrite (CuFeS,), galena (PbS), and
sphalerite (ZnS).
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Sulfates

The sulfate minerals contain the sulfate complex anion (SO.)%.
Gypsum (CaS0O;-2H,0) and anhydrite (CaSO,4) are two important
industrial sulfates used to manufacture plaster. Both, form by
evaporation of seawater or salty lake water.

Phosphates

Phosphate minerals contain the complex anion (PO,)*. Apatite,
Cas(F,CI,OH)(PO,)3, is the substance that makes up both teeth and
bones.

Carbonates

The complex carbonate anion (CO3)* is the basis of two common
rock-forming minerals, calcite (CaCOg3) and dolomite [Ca,Mg(COs3),].
Most limestone is composed of calcite, and dolomite makes up the
similar rock that is also called dolomite or sometimes dolostone.
Limestone is mined as a raw part of cement. Aragonite is a polymorph
of calcite that makes up the shells of many marine animals.

Silicates

The silicate minerals contain the (SiO,)* complex anion. Silicates

make up about 95 percent of the Earth’s crust. To understand the

silicate minerals, remember four principles:

1. Every silicon atom surrounds itself with four oxygens. The bonds
between each silicon and its four oxygens are very strong.

2. The silicon atom and its four oxygens form a pyramid-shaped
structure called the silicate tetrahedron with silicon in the center
and oxygens at the four corners (Fig. 6-1). The silicate tetrahedron
has a 4™ charge and forms the (SiO,)* complex anion. The silicate
tetrahedron is the fundamental building block of all silicate minerals.

3. To make silicate minerals electrically neutral, other cations must
combine with the silicate tetrahedra to balance their negative charges.

4. Silicate tetrahedra commonly link together by sharing oxygens. Thus,
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two tetrahedra may share a single oxygen, bonding the tetrahedra
together.

Silicate structures of common minerals
oxygen atoms

Y silicon atom

oxygen atoms

Oxygen-silicon tetrahedron Schematic representation
of a tetrahedron
e.g., olivine

Figure 6-1. The silicate tetrahedron consists of one silicon atom surrounded by four
oxygens. It is the fundamental building block of all silicate minerals.

Rock-forming silicate minerals

The rock-forming silicates (and most other silicate minerals) fall into
five classes, based on five ways in which tetrahedra share oxygens (Fig.
6-2). Each class contains at least one of the rock-forming mineral groups.

1.

In independent tetrahedra silicates, adjacent tetrahedral do not
share oxygens (Fig. 6-2A). Olivine is an independent tetrahedra
mineral that occurs in small quantities in basalt of both continental
and oceanic crust. However, rocks composed mostly of olivine and
pyroxene is thought to make up most of the mantle.

In the single-chain silicates, each tetrahedron links to two others by
sharing oxygens, forming a continuous chain of tetrahedra (Fig. 6-2B).
The pyroxenes are a group of similar minerals with single chain
structures. Pyroxenes are a major component of both oceanic crust
and the mantle and are also abundant in some continental rocks.
The double-chain silicates consist of two single chains crosslinked
by the sharing of additional oxygens between them (Fig. 6-2C). The
amphiboles are a group of double-chain silicates with similar properties.
In the sheet silicates, each tetrahedron shares oxygens with three
others in the same plane, forming a continuous sheet (Fig. 6-2D).
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Class Arrangement Unit Mineral examples
of Si0y composition
tetrahedron
A Independent r_@_ (Si0)* Olivine: The composition
tetrahedra (O varies between Mg;SiO,
and Fe;Si0,.
o
<
o
B  Single chains ) (Si0g)%~ Pyroxene: The most
Q“Q common pyroxene is
':J.L augite,
RO Ca(Mg, Fe, Al) (Al, Si),05.
L ,!l
oy O
d [
o]
®) Q
C  Double chains O Cﬁ i‘O 0 (81,044)% Amphibole: The most
« 1) common amphibole is
'0\‘\'-1’"6 homblende,
o o NaCa,(Mg, Fe, Al)s(Si, AllgO.s(OH),.
o Px
. ¥
I'“.I
o
oWy 0™
®; ° 4
'g :::-
D  Sheet silicates o, ("4\ ¥ Q'Q O (Si.05)% Mica, clay minerals, chlorite,
e g}} e.0.: muscovite KAL(Si;AlO,4(OH),
) )
® " \fb @ -\'\.‘Qv 3
G ® 1\? C
= . 4
L U
E  Framework Sio, Quartz: SiO;
silicates Feldspar: As an
example, potassium
feldspar is KAISI;Og.

Figure 6-2. The five silicate structures are based on sharing of oxygens among
silicate tetrahedra. (A) Independent tetrahedra share no oxygens. (B) In single
chains, each tetrahedron shares two oxygens with adjacent tetrahedra, forming a
chain. (C) A double chain is a pair of single chains that are crosslinked by additional
oxygen sharing. (D) In the sheet silicates, each tetrahedron shares three oxygens
with adjacent tetrahedra. (E) A three-dimensional silicate framework shares all four
oxygens of each tetrahedron.
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All of the atoms within each sheet are strongly bonded, but each
sheet is only weakly bonded to those above and below. Therefore,
sheet silicates have excellent cleavage. The micas are sheet
silicates and typically grow as plate-shaped crystals, with flat
surfaces. Mica is common in continental rocks.

5. In the framework silicates, each tetrahedron shares all four of its
oxygens with adjacent tetrahedra (Fig. 6-2E). Feldspar and quartz
have framework structures.

EXERCISES

6.4. According to the passage, which of the following statements
are “true” or “false”? Insert “T” or “F” in the boxes at the right.

1. Ice is a mineral.

2. Geologists classify minerals according to their structures.

3. Spinel is the most abundant ore of iron.

4. The amphiboles are a group of double-chain silicates.

5. Most of the mantle composed mostly of olivine and pyroxene.

6. Iron is mined in its pure form.

DU UUL

7. Sulfates are the world’s major sources of copper, lead and zinc.

6.5. Choose a, b, ¢, or d which best completes each item.

1. What is an essential fertilizer in modern agriculture?
a) Apatite b) Phosphate
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¢) Sulfate d) Sulfide

2. What does make up the shells of many marine animals?
a) Calcite b) Dolostone
c) Aragonite d) Dolomite

3. The structures and compositions of silicate minerals are based on
the silicate ....................
a) tetrahedron b) form
¢) formula d) characteristics

4. Which of the following minerals form by evaporation of seawater
or salty lake water?

a) calcite b) dolomite
C) gypsum d) phosphates
5. Which of the following mineral groups aren’t named for their anion?
a) silicates b) native elements
¢) non silicates d) rock forming minerals
6. Which of the following minerals make up most of the mantle?
a) quartz and feldspar b) native Iron and Nickel
c) olivine and pyroxene d) Amphibole and feldspar

| 6.6. Write the answers to the following questions in your own words.

1. What does the chemical formula for quartz, SiO2, tell you about its
chemical composition?

2. Draw a three-dimensional view of a single silicate tetrahedron.
Draw the five different arrangements of tetrahedral found in the
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rock-forming silicate minerals. How many oxygen ions are shared
between adjacent tetrahedral in each of the five configurations?

3. List the rock-forming mineral groups. Why are they called “rock-
forming”? Which are silicates? Why are so many of them silicates?

4. Make a table with two columns. In the left column, list the basic
silicate structures. In the right column, list one or more rock-
forming minerals with each structure.

6.7. Note the following technical words and their definitions
and translate the words into Persian.
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Technical words Definitions
Crystal (noun) a homogeneous, solid body of a compound
Crystallize (verb) form into crystals
Crystalline (adjective) made of crystal
Crystallization (noun) forming into crystals
Crystallography (noun) study of crystals
Crystallographic (adjective) | of the study of crystals

l Now, fill in the blanks with the appropriate words.

1. Minerals have a ............ccccuveneee. structure.
2. Geologists commonly use physical properties such as
......................... habit, cleavage, and hardness to identify minerals.

3. Chemical composition and ............c.ccccenee. structure are the two
most important properties of a mineral.
4. Some minerals cleave along the plane of .............cceeee. weakness.

5. In addition to the chemical analysis, a complete description of a
mineral requires knowledge of itS .........cc.cccveiennes

6. Intrusive rocks formed by ... of the magma in the
magma chamber.
7. The e, form is best developed when the mineral can

......................... slowly from the fluid that contains its elements.

6.8. Fill in the blanks with the following words and translate
the passage into Persian.

“translucent”, “color”, *“crystal habits”, “hardness”, “crystal system”,
“conchoidal”, “colorless”, “dispersion”, and “waxy”.

Physical Characteristics of Diamond
= ........1.,........ is variable and tends toward pale yellows,
browns, grays, and also white, blue, black, reddish, greenish and
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= Luster is adamantine to ......... \3/, ........

= Transparency crystals are transparent to ........\ b ........ in rough
crystals.

- ... IS isometric.

- \6) ........ include isometric forms such as cubes and

octahedrons, twinning is also seen.

= Hardness is 10

= Specific gravity is 3.5 (above average)

= Cleavage is perfect in 4 directions forming octahedrons.

= Fractureis ......... D ........

= Streak is white.

= Associated minerals are limited to those found in kimberlite rock,
an ultramafic igneous rock composed mostly of olivine.

= Among other characteristics its refractive index is 2.4 (very high),
.......... 8.)........150.044 and it is fluorescent.

= Notable occurrences include South Africa and other localities
throughout Africa, India, Brazil, Russia, Australia, and Arkansas.

= Best field indicator is extreme \?)
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6.9. Name the most common mineral groups (6 groups) and put
the following minerals (Apatite, Dolomite, Galena, Gypsum,
Magnetite, Quartz) into the table. Fill in other minerals.

[ Group
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l 7.1. COMMON WORDS: Note the synonyms and antonyms of
following words and translate the words into Persian.

Word Synonym Antonym
include comprise exclude
lowering decreasing increasing
within inside outside
expand increase in size contract
equal identical different
rare uncommon, unusual common

7.2. TECHNICAL WORDS: Note the pronunciation of the following
technical words and expressions and translate them into Persian.

mantle plumes
hotspot
phenocryst /fen-o-krist/
felsic /fel-sik/
mafic /maf-ik/
ultramafic /ul-tra-maf-sik/
intermediate
basalt plateau /ba-sawlt, bass-awlt/ .
. ferromagnesian minerals /fe-ron-magnee-shan, -zhan/ ....................
10. peridotite /pe-ra-dot-yt/ L
11. komatiite /ko-mat-ee-yt/ L
12. magmatic /mag-mat-ik/
13.lava
14. hypabyssal /hy-pa-biss-al/ L
15. porphyritic texture /por-fa-rit-ik/
16. porphyry /por-fa-ree/ L
17. dunite /dew-nyt/
18. orthopyroxene /or-th’oh-py-roks-een/ ..l
19. harzburgite /harts-berg-yt/

‘~°.°°.\‘.°"’9".4>9°!\3!—‘
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' 7.3. Reading

MAGMAS AND IGNEOUS ROCKS

What is magma?

Magma is a hot silicate liquid beneath the Earth’s surface (at depth
between 100 to 350 kilometers) containing crystals and dissolved gases.
Igneous rocks are formed from the crystallization and solidification
of magma and are said to be magmatic. A lava represents magma
extruded at the Earth’s surface (volcanic) whereas magma solidifying
at depth gives rise to hypabyssal and plutonic rocks.

Processes that form magma

Three different processes melt the asthenosphere (Fig. 7-1):
a) rising temperature

b) lowering of pressure

c¢) addition of water

To crystallize magma:
cool the liquid
or
increase pressure
or
remove water to raise

' the melting point

. To melt rock: it
increase temperature
or
decrease pressure
ar
add water to decrease
the melting point
Figure 7-1. The lower box shows that increasing temperature, addition of water, and
decreasing pressure all melt rock to form magma. The upper box shows that cooling,

increasing pressure, and water loss all solidify magma to form an igneous rock.

These processes form great quantities of magma in three geologic
environments: spreading centers, mantle plumes, and subduction zones.

A mantle plume is a rising column of hot, plastic mantle rock
that originates deep within the mantle. The plume rises because it is
hotter than the surrounding mantle and, consequently, is buoyant. As a
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mantle plume rises, pressure-release results in a melted form of
magma which erupts onto the Earth’s surface. A hot spot is a
volcanically active place at the Earth’s surface directly above a mantle
plume. Because mantle plumes form below the asthenosphere, hot
spots can occur within a tectonic plate (Fig.7-2).

Oceanic
crust

3 Ay

 Direction of plate movement
iov

Figure 7-2. Pressure-release melting occurs where hot asthenosphere rises beneath a
spreading center.

Characteristics of magma
All magmas are nearly silicate type, because oxygen and silicon are
the two most abundant elements in the crust and mantle. In addition to
oxygen and silicon, they also contain lesser amounts of the six other
common elements of the Earth’s crust: aluminum, iron, magnesium,
calcium, potassium, and sodium.

The main variations among different types of magmas are differences
in the relative proportions of these eight elements. For example, basaltic
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magma contains more iron and magnesium than granitic magma, but
granitic magma is richer in silicon, potassium, and sodium.

The temperature of magma varies from about 600°C to 1400°C
Magma usually rises toward the Earth’s surface because it is of lower
density than rocks that surround it. When a silicate rock melts, the
resulting magma expands by about 10 percent. It is then of lower
density than the rock around it, so magma rises as it forms.

Textures of igneous rocks

The texture of a rock refers to the size, shape, and arrangement of its
mineral grains, or crystals. Volcanic rocks are usually fine grained,
whereas plutonic rocks are medium or coarse grained.

If magma rises slowly through the crust before erupting, some
crystals may grow while most of the magma remains molten. If this
mixture of magma and crystals then erupts onto the surface, it
solidifies quickly, forming porphyry. In a porphyritic texture, the
large crystals, called phenocrysts, embedded in a fine-grained matrix.

Naming igneous rocks
Geologists use both the minerals and texture to classify and name
igneous rocks. For example, any medium- or coarse-grained igneous
rock consisting mostly of feldspar and quartz is called granite. Rhyolite
also consists mostly of feldspar and quartz but is very fine grained.
Granite and rhyolite contain large amounts of feldspar and silica,
and so are called felsic rocks. Basalt and gabbro are called mafic
rocks because of their high magnesium and iron contents.
Rocks with especially high magnesium and iron concentrations
are called ultramafic. Rocks with compositions between those of
granite and basalt are called intermediate rocks.

Common igneous rocks
Granite and Rhyolite
Granite is a felsic rock that contains mostly feldspar and quartz. Small
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amounts of dark biotite or hornblende often give it a black and white
dotted appearance. Granites (and metamorphosed granitic rocks) are
the most common rocks in continental crust.

As granitic magma rises through the Earth’s crust, some of it
may erupt from a volcano to form rhyolite, while the remainder
solidifies beneath the volcano, forming granite. Most obsidian forms
from magma with a granitic (rhyolitic) composition.

Basalt and Gabbro
Basalt is a mafic rock that consists of approximately equal amounts of
plagioclase feldspar and pyroxene. It makes up most of the oceanic
crust as well as huge basalt plateaus on continents.

Gabbro is the plutonic equivalent of basalt; it is mineralogically
identical but consists of larger crystals. Gabbro is uncommon at the
Earth’s surface.

Andesite and Diorite

Andesite is a volcanic rock intermediate in composition between

basalt and granite. It is commonly gray or green and consists of

plagioclase and dark minerals (usually biotite, amphibole, or pyroxene).
Diorite is the plutonic equivalent of andesite. It forms from the

same magma as andesite.

Peridotites
Peridotites are ultramafic igneous rocks that make up most of the
upper mantle but are rare in the Earth’s crust. They are coarse grained
and composed of olivine, and usually contain pyroxene, amphibole, or
mica but no feldspar. For instance, dunite is a monomineralic
ultramafic rock consisting wholly of olivine, but harzburgite
consisting largely of olivine and orthopyroxene.

A komatiite is a typical ultramafic extrusive rock that is mostly
olivine and pyroxene, with lesser feldspar.
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EXERCISES

l 7.4. According to the passage, which of the following statements
are “true” or “false”? Insert “T” or “F” in the boxes at the right.

1.

Granite is a mafic rock that contains mostly feldspar and quartz.
When a silicate rock melts, it is then of lower density.
Harzburgite is a monomineralic ultramafic rock.

Obsidian forms from magma with a basaltic composition.

UUUL

Rising of pressure melts portions of the Earth’s asthenosphere.

L

Intrusive rocks crystallized from magmas that did not reach the surface.

L

' 7.5. Choose a, b, ¢, or d which best completes each item.

1.

Which of the following rocks is felsic?

a) Gabbro b) Basalt

c) Peridotite d) Obsidian

What is the volcanic equivalent of Diorite?

a) Basalt b) Andesite

¢) Obsidian d) Rhyolite

.................... consists mostly of feldspar and quartz but is very
fine grained.

a) Rhyolite b) Granite

c) Basalt d) Andesite

Which of the following rocks are uncommon in the Earth’s crust?
a) Peridotites b) Granites

c) Rhyolites d) Diorites
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5. Basalt plateaus are foundon ....................
a) continents b) oceans
¢) lithosphere d) oceanic crust

l 7.6. Write the answers to the following questions in your own words.

1. What is the temperature of magma?

3. Why do magmas begin to rise through the Earth’s outer layers as
soon as they form?

4. How would you distinguish a plutonic rock from a volcanic rock in
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the field?

8. Describe the mineralogy, texture, and common geologic occurrence
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of the following types of igneous rocks: granite, rhyolite, basalt,
gabbro, andesite, and peridotite.

9. What type of igneous rock is the most abundant constituent of
continental crust? What type makes up most oceanic crust?

7.7. Note the following technical words and their definitions
and translate the words into Persian.

Technical words Definitions

Molten rock beneath the earth's crust from
Magma (noun) . .

which igneous rocks are formed.

: The development and movement of magma,

Magmatism . g e .

and it’s solidification to igneous rocks.
Magmatic (adjective) | Related to or derived from magma.
Magmatically (adverb)

l Now, fill in the blanks with the appropriate words.

1. Andean .......cccocvevneenns is well developed in two regions.
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In south-eastern Australia, the ..........ccccoeeeennn. forms flows and
shallow intrusions.
In Australia, major .......ccccoevernenns activity occurred in the

Cambrian- Ordovician.

When the kimberlite reaches the surface, the sudden release of
......................... gas and interaction with groundwater causes explosions.
The molten rock cools in ..........cceeeeneee, chambers.

Abundant ..............ceee occurred during Devonian period of the
Paleozoic era.

Beneath continental crust, large igneous bodies may be considered
AS A veveirreieiee e underplated layer.

l 7.8. Match the different types of igneous rocks to their definitions.

[ 2 REN =R R FC RENN S ]

Rock type Definition
. A) A mafic rock and has the same chemistry and
. Rhyolite .
mineralogy as basalt.
Grani B) A group of rocks completely composed of
. Granite . . -
ferromagnesian minerals, mostly olivine and pyroxene.
. Ultramafic | C) Rock which contain no feldspar.
N D) A medium- or coarse-grained igneous rock
. Peridotite L
consisting mostly of feldspar and quartz.
. Basalt E) The most common extrusive rock in oceanic crust.

F) A plutonic rock intermediate in composition
. Komatiite | between basalt and granite and consists of
plagioclase and ferromagnesian minerals.

. Diorite G) A volcanic glass with granitic composition.
. Gabbro H) An extrusive felsic rock.
. Obsidian I) Volcanic equivalent of peridotite
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8.1. COMMON WORDS: Note the synonyms and antonyms of
following words and translate the words into Persian.

Word Synonym Antonym
angular having angles rounded
obvious clear imperceptible
accumulate  be collected disperse
shrink instance of contracting expand
shallow having little depth deep

8.2. TECHNICAL WORDS: Note the pronunciation of the following
technical words and expressions and translate them into Persian.

clastic sedimentary rocks /klass-tik/ ..
bio-chemical sedimentary rocks .
pyroclastic sedimentary rocks /py-ro-klass-tik/ ...
deposit
clast
conglomerates L.
siltstone
breccias /brech-ee-a, bresh-/
. claystone
10. mudstone .
11l.gravel
12.rubble
13mud
14.rocksalt
15.chert
16.coal
17.sedimentary structures L
18.bedding
19. stratification /strat-a-fa-kay-shon/ .l

© N s~ LDdhRE
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20.cross-bedding L
21.ripplemarks
22.mudcracks
23.graded bedding L
24.flood plain
25.submarine canyon
26.lagoon
27.reef
28.sand dune .
29.delta .
30.continental shetff
31.continental slope L
32.continental rise L

l 8.3. Reading

SEDIMENTARY ROCKS AND STRUCTURES

The origin of sedimentary rocks

Weathering decomposes bedrocks. Flowing water, wind, gravity, and
glaciers then erode the decomposed rocks, transport them downslopes
and finally deposit them on the sea coast. Finally, the loose sediment
is cemented to form hard sedimentary rock. Sedimentary rocks make
up only about 5 percent of the Earth’s crust, but cover about 75
percent of the surface of the continents.

Types of sedimentary rocks

Sedimentary rocks are divided into three main classes:

1. Clastic sedimentary rocks: Clastic sedimentary rocks are
composed of fragments of weathered rocks, called clasts. These are
grains that have been transported, deposited, and cemented together.
Clastic rocks includes conglomerates, sandstones, siltstones and
shales and make up more than 85 percent of all sedimentary rocks
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(Fig. 8-1). Conglomerate and breccia are coarse-grained clastic
rocks. Sandstone is a clastic sedimentary rock comprising mainly
sand-sized grains. Claystone, shale, mudstone, and siltstone are

all fine grained clastic rocks.
Sandstone

Limestone
10%

Shale and siltstone
70%

Other, less
than 5%

Figure 8-1. Relative abundances of sedimentary rock types.

Clastic sediment is named according to particle size (Table 8-1).
Gravel includes all rounded particles larger than 2 millimeters in
diameter. Angular particles in the same size range are called
rubble. Sand ranges from 1/16 to 2 millimeters in diameter. Silt
varies from 1/256 to 1/16 millimeter. Clay is less than 1/256
millimeter in diameter. Mud is wet silt and clay.

Table 8-1. Sizes and names of sedimentary particles and clastic rocks.

DIAMETER(mm) SEDIMENT CLASTIC SEDIMENTARY ROCKS
>2 ggg:ﬂg? Gravel  Conglomerate
Pebbles | (fubble)  (rounded particles)
1/16-2 | Sand Sandstone
i Siltstone
1/2551-/12%2 (S3I|g Mud Mudstone
Y Claystone or Shale

2. Bio-chemical sedimentary rocks: Bio-chemical sedimentary
rocks consist of the remains of plants or animals or form by direct
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precipitation of minerals from solution. Limestone containing
fossils, for example, is a bio-chemical sedimentary rock formed in
ancient seas.

Rock salt is an example of chemical sedimentary rock forms when
salt precipitates from evaporating seawater or saline lake water.
Organic sedimentary rocks, such as chert and coal, form by
lithification of the remains of plants and animals.

3. Pyroclastic sedimentary rocks: Pyroclastic sedimentary rocks are
a type of sedimentary rocks composed primarily of volcanic
materials that has been transported and reworked through
mechanical action, such as by wind or water. In other words we can
define pyroclastic rocks as they are formed from lavas which are
ejected into the air. They are also called volcaniclastic rocks. This
group will be discussed in more details in unit 14.

Sedimentary structures

Nearly all sedimentary rocks contain sedimentary structures, features
that developed during or shortly after deposition of the sediment.
These structures help us understand how the sediment was transported
and deposited.

The most obvious and common sedimentary structure is
bedding, or stratification layering that develops as sediment is
deposited. Bedding forms because sediment accumulates layer by
layer. Nearly all sedimentary beds were originally horizontal.

Cross-bedding consists of small beds lying at an angle to the
main sedimentary layering. Cross-bedding forms in  many
environments is where wind or water transports and deposits sediment.

Ripple marks are small, nearly parallel sand ridges and troughs
that are also formed by moving water or wind. They are like dunes
and sand waves, but smaller.

In graded bedding, the largest grains collect at the bottom of a
layer and the grain size decreases toward the top.

Mud cracks are polygonal cracks that form when mud shrinks as
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it dries. They indicate that the mud accumulated in shallow water that
periodically dried up.

EXERCISES
I 8.4. According to the passage, which of the following statements
are “true” or “false”? Insert “T” or “F” in the boxes at the right.
1. Chert is a clastic rock.

2. Cross-bedding is formed by wind or water action.

UL

3. Chert is a rock composed of the remains of tiny marine organisms.
4. Mud is wet silt and gravel.
5. Breccia is a fine-grained clastic rock.

6. In a sedimentary breccia the particles are angular.

l 8.5. Choose a, b, ¢, or d which best completes each item.

1. Which of the following rocks are biochemical?

VU UL

a) Shale b) Breccia
c) Limestone d) Siltstone
2. Which of the following structures are like dunes?
a) Ripple marks b) Graded beddings
¢) Cross beddings d) Mud cracks
3. What is the composition of chert?
a) Calcium carbonate b) Silica
c¢) Plant remains d) Magnesium carbonates

4. Rubble is as the same sizerange as ....................
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a) sand b) clay
¢) mud d) gravel
5. Particlesizein .................... varies from 1/256 to 1/16 millimeter.
a) gravel b) sand
c) clay d) silt

I 8.6. Write the answers to the following questions in your own words.

1. How do limestones form?
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4. What does the presence of mud cracks in a mudstone tell you about
the depositional environment?

5. What does cross-bedding in a sandstone tell you about depositional
environment?

8.7. Note the following technical words and their definitions
and translate the words into Persian.

Technical words Definitions

Consolidated or unconsolidated material that
has accumulated by a natural process or agent.
The laying down of material subsequent
to erosion and transport.

Depositional (adjective) | pertaining to a deposition

Depositionally (adverb)

I Now, fill in the blanks with the appropriate words.

Deposit (verb)

Deposition (noun)
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1. Studies of fossils and of the ..., order of sedimentary
layers led to the principles of fossil succession.

2. The rivers carry and .........cccceeeveenen. sands and gravels in their
beds.

3. Stratigraphers recognized cycles of weathering, erosion, transportation,
......................... , and diagenesis.

4. The .o, of sediments in the oceans would presumably
raise sea-level enough to flood much of the land surface.

5. In some places in central Iran, metavolcanic rocks, lies
......................... on sedimentary formations.

6. Several ........cccevevvennne environments have been suggested for the
formations in Zagros.

7. The hard, laminated interior of the stromatolite records the
......................... history of the stromatolite building process.

8.8. Read the following passage and translate into Persian. Then,
match some of the different types of depositional environments
to their definitions according to figure 8-2.

Interpreting sedimentary rocks:

Depositional environments

Geologists study sedimentary rocks to help us understand the past.
When geologists study sedimentary rocks, they ask questions such as:
Where did the sediment originate? Was the sediment transported by a
stream, wind, or a glacier? In what environment did the sediment
accumulate? If it was deposited in the sea, was it on a beach or in deep
water? If it was deposited on land, was it in a lake, a stream bed, or a
flood plain?

Geologists answer these questions by analyzing the minerals,
textures, and structures of sedimentary rocks. Additionally, the size
and shape of a sedimentary rock layer contain clues to its depositional
environment.
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Accurate interpretations of depositional environments are often
profitable, because valuable concentrations of oil and gas, coal,
evaporites, and metals form in certain types of environments.
Depositional environments vary greatly in scale, from an entire ocean
basin to a 3-meter-long sand bar in a stream. Many small-scale
environments may be active within a single large-scale depositional
system (Fig. 8-2).

Glacier

island Continental .
shel S . Continental
canyon Continental s
slope

Figure 8-2. Common depositional environments.
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Depositional

. Definition
environment

A) ridge of coral or rock located near the surface
of the sea
2. Flood plain | B) triangular section of land at the mouth of a river

3. Submarine | C) very large mass of ice formed through the
canyon gradual accumulation of snow in high cold regions

D) flat low-lying ground alongside a river that is
flooded when the river overflows its banks

E) shallow body of water which is cut of from the
sea by sand dunes

1. Glacier

4. Lagoon

5. Reef

6. Sand dune | F) Valleys of the deep sea floor
7. Delta G) small hill made of sand
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9.1. COMMON WORDS: Note the synonyms and antonyms of
following words and translate the words into Persian.

Word Synonym Antonym
widespread extensive limited
broad wide narrow
abundant plentiful scarce
associate connected unrelated
perpendicular vertical horizontal
active constantly moving passive

9.2. TECHNICAL WORDS: Note the pronunciation of the following
technical words and expressions and translate them into Persian.

metamorphism /met-a-mor-fiz-am/ .
parentrock
protolith
deformation /dee-for-may-shon/ .l
foliation
metamorphic /meta-mor-fik/
grade
geothermal gradient /jee-oh-th’er-mal/ ...l
. contact metamorphism L
10.countryrock
11. metamorphichalo
12.hornfels /horn-fels/
13. burial metamorphism
14. sedimentary basin
15. argillite /ar-ja-lyt/
16. quartzite /kwort-syt/
17.marble
18.regional metamorphism
19.slate

© N s~ LDdhRE



110 Technical English

20. phyllite /fil-yt/
21.schist /shist/
22.gneiss/nyss/
23. migmatite /mig-ma-tyt/
24. metamorphic facies L
25. zeolite /zee-o-lyt/
26. prehnite /pray-nyt, pren-yt/ L
27. pumpellyite /pum-pel-ee-yt/
28.greenschist /green-shist/
29.blueschist
30. granulite /gran-yu-lyt/
31.amphibolite /am-fib-o-1yt/

' 9.3. Reading

METAMORPHISM AND METAMORPHIC ROCKS

The origin of metamorphic rocks
When rocks are subjected to deep burial, tectonic forces such as
folding, and high pressures and temperatures, the textures and mineral
compositions begin to change. This process called metamorphism.

Metamorphism is the solid-state transformation (no melting) of
a rock mass into a rock of generally the same chemistry but with
different textures and minerals. Usually the metamorphic rock is
different from the original rock, called the parent rock or protolith.

Factors Controlling Metamorphism
Most metamorphic reactions occur because each mineral is stable only
within a certain range of temperature, pressure, and chemical
environment. If temperature or pressure rises above that range, or if
the chemical environment changes, a new mineral forms.
Deformation creates a banded structure called foliation.

Both the texture and the minerals can change as a rock is
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metamorphosed. The mineralogy of a metamorphic rock reflects its
metamorphic grade. Metamorphic grade is the temperature and
pressure at which it formed. The increase in the Earth’s temperature
with depth from its surface is called the geothermal gradient.
Consequently, the metamorphic grade of many rocks is related to the
depth. Metamorphic grade is often expressed by the relative terms
low-, medium-, and high-grade metamorphism (Fig. 9-1).

Below 50 °C 50-300 °C 300-450 °C Above 450 "C
Metamorphic - A -+ ’ e v ’ 2 v r *
environment Increasing temperature and pressure
Mo change Metamorphic rock
r = Vo A
I Sedimentary rock I | Low grade | | Intermediate grade | High grade I

Rock

type
Phyliite “Migrnati‘ta
Quartz
Smectite Mb‘;‘;‘y‘:"‘" lite
Plagioclase
Chiorite
Minerals Muscovite K-Feldspar

Bictite

Kyanite

Sillimanite

Figure 9-1. Shale changes in both texture and minerals as metamorphic grade increases.
The lower part of the figure shows the stability ranges of common metamorphic minerals.
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Types of metamorphism and metamorphic rocks

1. Contact metamorphism: Contact metamorphism occurs where
hot magma intrudes cooler country rock. The country rock may be
of any type sedimentary, metamorphic, or igneous. A metamorphic
halo around a pluton can range in width from less than a meter to
hundreds of meters. Contact metamorphism commonly occurs
without deformation.

The hornfels is a hard, dark, fine grained rock usually formed by
contact metamorphism of shale.

2. Burial metamorphism: Burial metamorphism results from deep
burial of rocks in a sedimentary basin. Burial metamorphism
occurs without tectonic deformation. Because of the lack of
deformation, rocks formed by burial metamorphism often retain
sedimentary structures.

Shale and siltstone become harder and better lithified to form argillite.
Quartz sandstone becomes quartzite. Burial metamorphism
converts limestone and dolomite to marble.

3. Regional metamorphism: Regional metamorphism occurs in and
near a subduction zone. It is the most common type of metamorphism.
Regionally metamorphosed rocks are strongly foliated and are
associated with mountains and igneous rocks. Shale consists of clay
minerals, quartz, and feldspar and is the most abundant
sedimentary rock. As regional metamorphism begins, the clay
minerals break down and are replaced by mica and chlorite. These
new, platy minerals grow perpendicular to the direction of tectonic
forces. As a result, the rock develops slaty cleavage and is called
slate (Fig. 9-1).

With rising temperature and continued deformation, the micas and
chlorite grow larger, and form a rock called phyllite (Fig. 9-1).

As temperature continues to rise, the mica and chlorite grow large
enough to be seen by the naked eye, and foliation becomes very
well developed. Rock of this type is called schist (Fig. 9-1).

At high metamorphic grades, light- and dark-colored minerals often
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separate into bands that are thicker than the layers of schist to form
a rock called gneiss (pronounced “nice”) (Fig. 9-1).

At the highest metamorphic grade, the rock begins to melt, forming
small veins of granitic magma. When metamorphism decrease and
the rock cools, the magma veins solidify to form migmatite, a
mixture of igneous and metamorphic rock (Fig. 9-1).

Metamorphic facies
All metamorphic rocks that formed under identical temperature and
pressure are grouped into a metamorphic facies. Metamorphic facies
differ from one another, because they form under different conditions
of temperature and pressure.

Each facies is given a name derived from a mineral and/or
texture commonly found in rocks of that facies (Fig. 9-2).

Temperature °C

0 200 400 600 800 0
I I I [
Hornfels
(contact metamorphism) | 5
. Zeolite
—10
w -
= Granulite o
8 4 Prehnite- 2
o 3 —15 @
] pumpellyite g
: Greenschist g
7] —20 £
) %
et « e @
o Amphibolite o
—25
Blueschist
8 b—
— 30
Eclogite
10 35

Figure 9-2. The names and metamorphic conditions of the metamorphic facies.

In general, from low grade (lower pressure and temperature) to
high grade (higher pressure and temperature), the following facies are
recognized:
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Zeolite: low temperature, low pressure

Prehnite-pumpellyite: low temperature, low-medium pressure
Greenschist: low-medium temperature, low-medium pressure
Blueschist: low-medium temperature, high pressure
Amphibolite: medium-high temperature, medium-high pressure
Granulite: high temperature, high pressure

EXERCISES

9.4. According to the passage, which of the following statements
are “true” or “false”? Insert “T” or “F” in the boxes at the right.

1. Slate is an intermediate grade metamorphic rock.

2. Migmatite is a mixture of sedimentary and metamorphic rock.

UL

3. With the beginning of the regional metamorphism, the clay
minerals are replaced by mica and chlorite.

4. Slate is a contact metamorphic rock.
5. Gneiss is formed from migmatite.
6. Foliation is formed by deformation.

7. Marble is a burial metamorphic rock.

' 9.5. Choose a, b, ¢, or d which best completes each item.

1. Which of the following rocks are the most abundant sedimentary
rocks?
a) slate b) shale

bbbt
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c) argillite d) limestone

2. With rising temperature and continued deformation, schist change
(1018 (o R
a) phyllite b) slate
C) gneiss d) migmatite

3. Which of the following types of metamorphism occur in or near
mountain building regions?
a) dynamothermal metamorphism b) burial metamorphism
C) contact metamorphism d) low grade metamorphism

4. The rate at which temperature increases with depth is called the
a) metamorphic facies b) geothermal gradient
¢) metamorphic grade d) protolith

5. Burial metamorphism changes the shale and siltstone in to
a) schist b) slate
c) argillite d) gneiss

' 9.6. Write the answers to the following questions in your own words.

1. Describe the two general kinds of changes that a rock undergoes
during metamorphism.
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3. Describe and name a rock that might result from contact
metamorphism of a shale.

5. Describe and name the succession of metamorphic rocks that form as
shale experiences progressively higher grades of regional metamorphism.

6. What is a metamorphic facies?
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9.7. Note the following technical words and their definitions
and translate the words into Persian.

Technical words Definitions
Metamorphism is the process by which
Metamorphism (noun) solid rocks and minerals change in response

to changing environmental conditions.
Metamorphic (adjective) | Relate to metamorphism

Metamorphically (adverb)
Metamorphite (noun) metamorphic rock
Metamorphose (verb)

' Now, fill in the blanks with the appropriate words.

LA rock forms when any preexisting rock is altered
by heating, increased pressure, or tectonic deformation.

2. About 95 percent of the Earth’s crust consists of igneous rock and
......................... igneous rock.

3. Parent rock is any original rock before it is changed by
......................... or any other geologic process.

4. Regionally ......ccccovinvnine rocks are strongly foliated and are
typically associated with mountains and igneous rocks.
5. Regional ...........cccovvnennn. produces zones of foliated ............c.cccoe.e.

rock tens to hundreds of kilometers across.
6. When a rock is buried, its temperature and pressure increase,
causing changes in both minerals and the texture of the rock. These
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changes are called .........c...ccoc...... , and the rock formed by these
PrOCESSES IS @ cvvvvvvvevieireeirnnns
7. Gneiss is a highly deformed and ......................... recrystallized rock.

9.8. Fill in the blanks with the following words and translate
the passage into Persian.
“metamorphism”, “deform”, “collision”, “pressures”, “faulting”,

“forces”, “magmas”.

Metamorphism and Plate Tectonics

Metamorphic rocks result from the ..........1.,........ active during
plate tectonic processes. The ......... \2/4 ........ of plates, subduction,
and the sliding of plates along transform faults create differential stress,
friction, shearing, compressive stress, folding, \3_’/ ........ , and
increased heat flow.

The tectonic forces fj ....... and break the rock,
creating openings, cracks, faults, breccias, and zones of weakness
along which E} can rise .Generally, the greater the
tectonic forces, the higher the ......... EJ ........ and temperatures
affecting a rock mass and the greater the amount of resulting structural
deformation and ........\ Z} ........
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' 9.9. Match the different types of metamorphic rocks to their definitions.

Metamorphic
rock

1. Phyllite

2. Schist
3. Quartz
sandstone

4. Slate

5. marble

6. Migmatite

7. Transport

Definition

A) form when temperatures are hot enough to
partially melt the rock.

B) is a metamorphosed limestone.

C) is slightly more metamorphosed than slate and
contain mica crystals and a silky appearance.

D) is coarser grained than phyllite or slate and
has aligned minerals that can be identified with
the naked eye.

E) is generally fine-grained, dark-colored,
metamorphosed sedimentary rocks that split
easily along slaty foliations and was formed under
low-grade temperature and pressure conditions.

F) is the protolith of quartzite.F

G) Water below the surface and its location in
different soil layers and gaps.
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l 10.1. COMMON WORDS: Note the synonyms and antonyms
of following words and translate the words into Persian.

Word Synonym Antonym

freezing very cold, icy hot, balmy

major significant minor

release liberation imprison

push apply pressure pull

fertile fruitful barren

rapid quick, fast slow
l 10.2. TECHNICAL WORDS: Note the pronunciation of the following

technical words and expressions and translate them into Persian.
1. weathering
2..erosion e
3. transport
4. deposit .
5. sedimentary deposits
6. erode .
7. transform
8. mechanical weathering L
9. external conditions L

10. pressure-release fracturing .
11. tectonic uplift /tek-tonn-ik/

12.intrusion
13.confining pressure L
14.unloading
15. sheet joint

16. exfoliation
17.frostwedging
18.abrasion /a-bray-zhon/
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19. thermal expansion and contraction
20. dissolution

21. hydrolysis /hy-drol-a-sis/
22. bedrock

23. fertile soil

24. loam

25. soil profile

26. transitional zone

27. parent rock

28. humus

29. zone of leaching

30. zone of accumulation

31. organic matter

32. topsoil

33. pedalfer /pé-dal-fer/

34. secondary enrichment
35. laterite /lat-&-ryt/

36. Pedocal /ped-o6-kal/

' 10.3. Reading

WEATHERING, EROSION AND SOIL

What is weathering?

The process of weathering alters rocks at the earth's surface and
breaks them into fine-grained particles of sediment and soil.
Weathering is the result of the interactions of air, water, and
temperature on rocks and prepares the rock for erosion.

Erosion is the movement of the particles by ice, wind, or water.
The particles are then transported by that agent until they are
deposited to form sedimentary deposits, which can be later eroded
again or transformed into sedimentary rocks (Fig. 10-1).
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1. Weathering: Fragmenis are
|' loosened from exposed rocks
9 2. Erosion: Weathered fragments
% 4 } are removed by rain, streams

and other forces 3. Transportation: Eroded
particles are carried 4. Deposition:
,LF." 8 = downstream ,Transported particles
- L i M |
~ o s e T, || gzzimulane ona
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Figure 10-1. A schematic view shows weathering erosion, transport, and deposition
of sediment.

Types of weathering

There are two kinds of weathering: mechanical and chemical.

a) Mechanical weathering

Mechanical weathering is the process by which rocks are broken down

into smaller pieces by external conditions, such as the freezing of

water in cracks in the rock.

Five major processes cause mechanical weathering:

1. Pressure-release fracturing: If a large intrusion is brought to the
surface through tectonic uplift and the erosion of overlying rocks,
the confining pressure above the intrusion has been released, but
the pressure underneath is still being exerted, forcing the rock to
expand. This process is called unloading and gives rise to
pressure-release fracturing. Because the outer layers expand the
most, cracks, or sheet joints, develop that parallel the curved outer
surface of the rock. Sheet joints become surfaces along which
curved pieces of rock break loose, exposing a new surface. This
process is called exfoliation.

2. Frost wedging: Water expands when it freezes. If water
accumulates in a crack and then freezes, its expansion pushes the
rock apart in a process called frost wedging.

3. Abrasion: Many rocks along a stream or beach are rounded and
smooth. The mechanical wearing and grinding of rock surfaces by
friction and impact is called abrasion.
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4. Organic activity: Less important agents of mechanical weathering
include the burrowing of animals, plant roots that grow in
surface cracks, and the digestion of certain minerals, such as metal
sulfides, by bacteria.

5. Thermal expansion and contraction: Daily temperature changes,
especially in those regions where temperatures can vary by 30
degrees centigrade, result in the expansion and contraction of
minerals, which weaken rocks.

b) Chemical weathering

Chemical weathering occurs when air and water chemically react with

rock to alter its composition and mineral content. For example,

feldspar crystals in a volcanic tuff commonly weather to form new
clay minerals. Other minerals, such as calcite, dissolve. Quartz, on the
other hand, is very resistant to weathering.

The most important processes of chemical weathering are
dissolution, hydrolysis, and oxidation. Water, carbon dioxide, acids
and bases, and oxygen are common substances that cause these
processes to decompose rocks.

1. Dissolution: A few minerals dissolve readily in water. Acids and
bases often markedly increase the solubility of minerals.

2. Hydrolysis: During dissolution, a mineral dissolves but does not
react chemically with the solution. However, during hydrolysis,
water reacts with a mineral to form a new mineral with the water
incorporated into its crystal structure. Many common minerals
weather by hydrolysis. For example, feldspar, the most abundant
mineral in the Earth’s crust, weathers by hydrolysis to form clay.

3. Oxidation: Many elements react with atmospheric oxygen, O..
Iron rusts when it reacts with water and oxygen. Rusting is one
example of a more general process called oxidation.

Soils
The layers of weathered particles of earth material that contain organic
matter and can support vegetation are defined as soil. Soil can be all or
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just part of the sedimentary material that covers the bedrock.

Soil commonly consists of sand, silt, clay, and organic material.
The most fertile soils contain a mixture of sand, clay, and silt as well
as abundant amounts of organic matter. Such a mixture is called loam.

Soil profiles

A typical mature soil consists of several layers called soil horizons.
The uppermost layer is called the O horizon, named for its Organic
component. This layer consists mostly of litter and humus with a small
proportion of minerals (Fig. 10-2).

O Horizon. Mostly
/ organic matter.
']— A Horizon (topsoil).
) High concentration
of organic matter.
= B Horizon (subsoil).
Clay and cations
- leached from
A horizon
accumulated here.

— C Horizon
(weathered
v bedrock)

{ — Bedrock

Figure 10-2. Schematic soil profile showing typical soil horizons.

The next layer down, called the A horizon, is a mixture of humus,
sand, silt, and clay. The combined O and A horizons are called topsoil.

The third layer, the B horizon or subsoil, is a transitional zone
between topsoil and weathered parent rock below. Roots and other
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organic material occur in the B horizon, but the total amount of
organic matter is low.

The lowest layer, called the C horizon, consists of partially
weathered rock that grades into unweathered parent rock. This zone
contains little organic matter.

A horizon is the zone of leaching, and the B horizon is the zone
of accumulation

EXERCISES

10.4. According to the passage, which of the following statements
are “true” or “false”? Insert “T” or “F” in the boxes at the right.

1. The lowermost layer of soil horizon is called the O horizon.
2. Fe and Al oxides are the most resistant to leaching.

3. Loam is a fertile soil.

4. B horizon, is a mixture of humus, sand, silt, and clay.

5. During hydrolysis, a mineral dissolves.

6. A and B horizons are called topsoil.

| 10.5. Choose a, b, ¢, or d which best completes each item.

1. Which of the following horizons consist of partially weathered rock?
a) A horizon b) O horizon
c) B horizon d) C horizon

2. Which of the following zones are named the zone of accumulation?
a) A horizon b) O horizon

ARigininins
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¢) B horizon d) C horizon
3. Rusting is formed by the process of ....................
a) hydrolysis b) oxidation
¢) dissolution d) abrasion
4. Clay minerals are formed by ....................
a) chemical weathering b) mechanical weathering
¢) unloading d) frost wedging
5. Which of the following processes cause the exfoliation?
a) sheet joints b) abrasion
c) frost wedging d) pressure-release fracturing

129

l 10.6. Write the answers to the following questions in your own words.

1. Explain the differences among the terms weathering, erosion,

transport, and deposition.

2. Explain the differences between mechanical weathering and

chemical weathering.

3. List five processes that cause mechanical weathering.



130  Technical English

4. Explain how thermal expansion can establish forces that could

fracture a rock.

l 10.7. Note the following technical words and their definitions
and translate the words into Persian.

Technical words

Definitions

Erode (verb)

To wear away the land, by the action of
streams, waves, wind or glaciers.

Eroding (verb)

Erodible (adjective)

able to be corroded or worn away.

Erodibility (adverb)

The quality, degree or capability of being eroded.

Erosion (noun)

The process of gradual wearing away of the
Earth by wind or water.

Erosional (adjective)

Produced by the wearing-away of the land.

Erosibility

Erodibility

Erosive (adjective)

causing erosion

Erode (verb)

To wear away the land, by the action of
streams, waves, wind or glaciers.
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I Now, fill in the blanks with the appropriate words.

1.

Most of the drainage basins are composed of highly ........................
sedimentary soils.

Weathering and ...........cc.cceveene of continents carry mud, sand, and
salts to the sea.
Unconformities are typically buried ...........cccc........ surfaces that

can represent a break in the geologic record of hundreds of millions
of years or more.

We are not doing anything about the wind, but we can change the
........................ of the soil.

Sediment-laden water traveling at high speed has tremendous

7. Streams will usually be braided if they have high bed loads and
easily .....ccoovvveienn banks

8. The e, effect of ocean waves on the shoreline is very
important.

9. The processes Of ........ccccoovevennns reduce mountains to hills, create
canyons, valleys, and soils.

10. The continents are ...........c.cceeeee. at a high rate.

11. Over geologic time, mountain ranges rise and then .............c.ce..e. away.

12, i, landscapes such as the Grand Canyon have been

formed by constant erosion from running water over millions of years.

10.8. Fill in the blanks with the following words and translate
the passage into Persian.

“iron”, “evaporation”, “organic acids”, “weathering”, “climates”,
“leaching”, “soil”, “erosion”.

Soil types
Parent rocks form soils the most rapidly in wet, humid
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......... \1) A pedalfer is a B horizon that is high in aluminum
and ......... 3) ........ It develops in response to abundant rainfall,
.......... 3.)........, and strong downward ..........4..........

Pedocals are formed in arid climates by water drawn upward by
subsurface ......... \51 ........ and capillary action, which often
crystallizes hard calcium salts in the ......... \(_Sj ........

Laterites are highly leached, residual soils that form in tropical
regions. The high temperature and rainfall result in deep and intense
......... \D The \2_3) is typically bright red and
composed of iron and aluminum oxides that are the most resistant to
leaching. Valuable metals such as aluminum, copper, silver, gold,
nickel, and iron are concentrated in laterites through secondary
enrichment and can sometimes be mined economically.
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11.1. COMMON WORDS: Note the synonyms and antonyms
of following words and translate the words into Persian.

Word Synonym
float stay on the surface of a liquid
plastic flexible
weak frail
stable firm
upward to a higher level
underlying lying beneath
rise move upward
narrow restrict

Antonym
sink
rigid
strong
unstable
downward
overlying
descend
wide

11.2. TECHNICAL WORDS: Note the pronunciation of the following
technical words and expressions and translate them into Persian.

intrusions

faulting

folding

plate tectonics /tek-tonn-ik/
ocean basins

mountain building

oceanic trenches

plate boundaries

. divergent plate boundaries
10. spreading centers

11. rift zone

12. mid-oceanic ridge

13. continental rifting

14. convergent plate boundaries
15. oceanic crust

16. continental crust

17. subduction /sub-duk-shon/

‘~°.°°.\‘.°"’9".4>9°!\3!—‘
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18. benioff zone /ben-ee-off/ L
19.islandarc
20.magmaticarc e
21.transform plate boundaries Ll
22. mantle convection L

l 11.3. Reading
PLATE TECTONICS

What is the plate tectonic theory?

Magma generation, igneous intrusions, metamorphism, volcanic
action, earthquakes, faulting, and folding are usually the result of plate
tectonic activity. The plate tectonics theory is simple. Briefly, it
describes the Earth’s outer layer, called the lithosphere, as a shell of
hard, strong rock. This shell is broken into seven large (and several
smaller) segments called tectonic plates. They are also called
lithospheric plates (Fig. 11-1).

- _,:?3’,-

" North American plate

N

Antarctic plate

=— Divergent boundary -4 Convergent boundary

Transform boundary

Figure 11-1. The Earth’s lithosphere is broken into seven large plates; they are
called the African, Eurasian, Indian—Australian, Antarctic, Pacific, North American,
and South American plates. A few of the smaller plates are also shown. Arrows
indicate directions of plate movement and show that the plates move in different
directions.
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The tectonic plates float on the layer below, called the
asthenosphere. The asthenosphere, like the lithosphere, is rock. But
the asthenosphere is so hot that 1 to 2 percent of it is melted. As a
result, it is plastic, and weak. The lithospheric plates glide slowly over
the asthenosphere like sheets of ice drifting across a pond (Fig. 11-2).

v Mid-oceanic ridge

Oceanic crust
Lithosphere
Asthenosphere

Continental
crust

Contlnental\,‘\
crust

— Mid-oceanic
1 ridge

. 5 —— Trench
Mid-oceanic —%

ridge . — Volcanic

islands

Figure 11-2. Plates of lithosphere glide over the asthenosphere, carrying continents
and oceans with them. As a plate moves, old lithosphere sinks in to the Earth’s
interior at its leadind edge, and new lithosphere forms at the trailing edge.

Continents and ocean basins make up the upper parts of the
plates. As a tectonic plate glides over the asthenosphere, the continents
and oceans move with it.

Volcanoes, earthquakes, mountain building, and oceanic trenches
occur near plate boundaries. Interior parts of lithospheric plates are
tectonically stable. Tectonic plates move horizontally at rates that vary
from 1 to 16 centimeters per year.

Different types of plate boundaries
Three types of plate boundaries exist (Fig. 11-3):
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(a) Oceanic Mid-ocean (b} Ocean
Sea crust rid_ge trench

/ Asthenosphere
Subduction
zone

Lithosphere Benioff zone Magma
earthquakes

Asthenosphere

(c)
Oceanic
crust

s

Asthenosphere Lithosphere

Figure 11-3. Three types of boundaries separate the Earth’s tectonic plates: (a) Two
plates separate at a divergent boundary. New lithosphere forms as hot asthenosphere
rises to fill the gap where the two plates spread apart. (b) Two plates converge at a
convergent boundary. If one of the plates carries oceanic crust, the dense oceanic plate
sinks into the mantle in a subduction zone. Here an oceanic plate is sinking beneath
a less dense continental plate. Magma rises from the subduction zone, and a trench
forms where the subducting plate sinks. The stars mark Benioff zone earthquakes
that occur as the sinking plate slips past the opposite plate. (c) At a transform plate
boundary, rocks on opposite sides of the fracture slide horizontally past each other.

1. Divergent plate boundaries or spreading centers: At a divergent
plate boundary, also called a spreading center and a rift zone, two
lithospheric plates spread apart (Fig. 11-3a). The underlying
asthenosphere then flows slowly upward to fill the gap between the
separating plates. As the asthenosphere rises between separating
plates, some of it melts to form molten rock called magma.

Most of the magma rises to the Earth’s surface, where it cools to form
new crust, the top layer of the lithosphere. Most of this activity
occurs beneath the seas because most divergent plate boundaries lie
in the ocean basins. The sea floor at a spreading center floats to a
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high elevation, forming an undersea mountain chain called the mid-
oceanic ridge (Fig. 11-3a). The mid-oceanic ridge system is the Earth’s
longest mountain chain. The basaltic magma that flows slowly onto
the sea floor at the ridge creates approximately 6.5x10%
(6,500,000,000,000,000,000) tons of new oceanic crust each year.
Moreover, a divergent plate boundary can rip a continent called
continental rifting. Continental rifting is now taking place along a
zone called the East African rift (Fig. 11-1).

2. Convergent plate boundaries: At a convergent plate boundary, two
lithospheric plates move toward each other. Convergence can occur:

a) Between a plate carrying oceanic crust and another carrying
continental crust,

b) Between two plates carrying oceanic crust,

c) Between two plates carrying continental crust.
When two plates converge, the denser plate enter beneath the lighter
one and sinks into the mantle. This process is called subduction. A
subduction zone is a long, narrow belt where a lithospheric plate is
sinking into the mantle (Fig 11-3b). Oceanic crust, composed mainly
of olivine and pyroxene, can be subducted along Benioff zones and
recycled back into the mantle. Continental crust is composed
dominantly of granites, gneisses, and upper crustal sedimentary
rocks. The quartz and feldspar-rich continental crust is weaker and
more buoyant, and cannot easily subduct into the denser mantle.
Subduction zones are often marked by overlying chains of volcanic
islands called island arcs.
Magmatic arc is a general term for belts of andesitic island arcs and
inland andesitic mountain ranges that develop along continental edges.

3. Transform plate boundaries: A transform plate boundary forms
where two plates slide horizontally past one another as they move
in opposite directions (Fig. 11-3c). California’s San Andreas Fault
is the transform boundary between the North American plate and
the Pacific plate. This type of boundary can occur in both oceans
and continents.
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Mechanisms of plate movement and subduction

Mantle convection may cause plate movement. Alternatively, a plate
may move because it slides downhill from a spreading center, as its
cold edge sinks into the mantle and drags the rest of the plate along.

EXERCISES

11.4. According to the passage, which of the following statements
are “true” or “false”? Insert “T” or “F” in the boxes at the right.

1. Continental rifting is related in to the convergent plate boundaries.

2. The tectonic plates float on the lithosphere.
3. Magmatic arcs are related to subduction.

4. Transform plate boundaries can occur only in oceans.

UUU L

5. At the mid ocean ridges, the basaltic magma flows onto the sea floor.

6. At a spreading center, two asthenospheric plates spread apart.

i

' 1.5. Choose a, b, ¢, or d which best completes each item.

1. How much of the lithosphere is melted?

a) 1-2 percent
C) zero percent

b) 10-20 percent
d) 1-16 percent

2. Island arcs are related to ...........

a) mid oceanic ridges

c) divergent plate boundaries
3. What is the east African rift?

a) a divergent plate boundary

b) subduction zones
d) lithospheric plates

b) a convergent plate boundary
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¢) a transform plate boundary  d) a subduction zone
4. Where are found the oceanic trenches?

a) at the mid oceanic ridges b) at the subduction zones

c) at the transform boundaries d) at the divergent plate boundaries
5. Transform plate boundaries can occurin ....................

a) oceans b) continents

¢) both oceans and continents  d) continental rifting

l 11.6. Write the answers to the following questions in your own words.

1. Summarize the important aspects of the plate tectonics theory.
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4. Explain why tectonic plate boundaries are geologically active and
the interior regions of plates are geologically stable.

11.7. Note the following technical words and their definitions
and translate the words into Persian.

Technical words Definitions

Relating to, causing, or resulting from
structural deformation of the earth’s crust.
Study of the changes and processes taking
place in the Earth's crust.

Tectonic (adjective)

Tectonics (noun)

Tectonically (adverb)

The structural behavior of an element of the
earth’s crust.

Any rock whose fabric reflects the history
of its deformation.

l Now, fill in the blanks with the appropriate words.

Tectonism

Tectonite

1. In contrast with ... deformation, ‘superficial’
deformation of the crust, such as landsliding occurs abruptly.
2. Many lakes in ... active or volcanic regions are

influenced by hydrothermal springs
3. Some ophiolites comprise of ..........cccccevenene harzburgite.
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4. To understand the genesis of sequence-stratigraphic units, three
essential factors need to be considered: sea-level change,
......................... , and sediment supply.

5. Some of Precambrian ore deposits have undergone significant

6. Ophiolites are fragments of oceanic crust that have been
......................... emplaced onto continental margins.

11.8. Fill in the blanks with the following words and translate
the passage into Persian.

ice”, “crust”,

lithosphere”, “interior”, “volcanoes”, “plate”, “mantle”,

“oceanic”, “hard”, “plastic”, “continent”, “earth”.

The anatomy of a tectonic plate

The nature of a tectonic plate can be summarized as follows:

1. A plate is a segment of the ......... \_1) ........ ; thus, it includes the
uppermost ....... L. 2). ... and all of the overlying ... 3 ........

2. A single plate can carry both oceanic and continental crust. The
average thickness of lithosphere covered by ........\ f) ........ crust
is 75 kilometers, whereas that of lithosphere covered by a
......... EJ cve.... 1S 125 Kilometers. Lithosphere may be as little as
10 to 15 kilometers thick at an oceanic spreading center.

3. Aplate is composed of ........\ \61 ........ , mechanically strong rock.

4. A plate floats on the underlying hot, ......... Z} ........ asthenosphere
and glides horizontally over it.

5. A plate behaves like a large slab of ........ \8) ........ floating on a
pond. It may flex slightly, as thin ice does when a skater goes by,
allowing minor vertical movements. In general, however, each
plate moves as a large, intact sheet of rock.

6. A plate margin is tectonically active. Earthquakes and
.......... 9.......... are common at plate boundaries. In contrast, the
e 30) ......... of a lithospheric plate is normally tectonically stable.
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' 11.9. Match the sentence parts to form a complete sentence.

1. At transform-fault boundaries | A) plates move apart.

B) a lithospheric plate is sinking
into the mantle.

C) plates slide horizontally past
each other.

4. At a subduction zone D) the basaltic magma flows.
5. At the mid-ocean ridges E) plates come together.

2. At divergent boundaries

3. At convergent boundaries

l— 2— 3— 4— 5—
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12.1. COMMON WORDS: Note the synonyms and antonyms
of following words and translate the words into Persian.

Word Synonym
fresh water not salty water
contrast compare
moist wet
withdrawn from extract from
settle move down
numMerous very many

Antonym
salty water
similarity
dry
insert to
rise
few

12.2. TECHNICAL WORDS: Note the pronunciation of the following
technical words and expressions and translate them into Persian.

ground water

fresh water
porosity

water table
saturated zone
saturation zone

. unsaturated zone
10. zone of aeration
11. aquifer /ak-wa-fer/
12. well

13. cone of depression
14. subsidence

15. salt-water intrusion
16. cave

17. stalactite

18. stalagmite

© oo N O N

percolation /per-ko-lay-shon/

permeability /per-mee-a-bil-a-tee/
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19.coluon
20.sinkhole
21. karst topography
22.hotspring
23.geyser /gy-zer,-ser/
24. fumaroles /fyoo-ma-rohl/
25. geothermal energy /jee-oh-th’er-mal/ ...

' 12.3. Reading
GROUND WATER

Origin of ground water

Much of the rain that falls on land seeps into soil and bedrock to
become ground water. More than 90 percent of the liquid fresh water
available on or near the earth's surface is groundwater. Hot groundwater
can also be a source of energy.

Groundwater is derived from rain and melting snow that
percolate downward from the surface. The process of percolation is
called infiltration. Most ground water moves slowly, about 4
centimeters per day.

Characteristics of ground water
In the upper few kilometers of the Earth, bedrock and soil contain
small cracks and voids that are filled with air or ground water. The
proportional volume of these open spaces is called the porosity of
rock or soil. The porosity of sand and gravel is typically high, 40
percent or higher.

Porosity indicates the amount of water that rock or soil can hold.
In contrast, permeability is the ability of rock or soil to transmit water
(or any other fluid).

Ground water saturates the upper few kilometers of soil and
bedrock to a level called the water table. The rock and soil in which
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all the open spaces are filled with water is called the saturated (or
saturation) zone. The water table is the top of the zone of saturation
(Fig. 12-1).

Above the water table lies the unsaturated zone, or zone of
aeration (Fig. 12-1). In this layer, the rock or soil may be moist but not
saturated. An aquifer is a body of rock that can provide economically
significant quantities of water. An aquifer is both porous and permeable.

If you dig into the unsaturated zone, the hole does not fill with
water. However, if you dig below the water table into the zone of
saturation, you have dug a well, and the water level in a well is at the
level of the water table (Fig. 12-1).

Soil moisture Well Water table
| /

=2

_.__.______L__T:&_ —
|

/

Rock or regolith is moist {
but not saturated

- Porous or fractured rock or
(zone of aeration)

regolith saturated with water
(zone of saturation)

Figure 12-1. The water table is the top of the zone of saturation near the Earth’s
surface. It intersects the land surface at lakes and streams and is the level of standing
water in a well.

If water is withdrawn from a well faster than it can be replaced
by the aquifer, a cone of depression forms. If rapid withdrawal
continues, the water table falls.

Other effects of excessive removal of ground water include
subsidence of the land and salt-water intrusion near a seacoast.

a) Subsidence: Excessive removal of ground water can cause subsidence,
the sinking or settling of the Earth’s surface.

b) Salt-water intrusion: Two types of ground water are found in
coastal areas: fresh water and salty water that seeps in from the sea.
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Fresh water floats on top of salty water because it is less dense. If
too much fresh water is pumped to the surface, the salty water rises
into the aquifer and contaminates wells.

Effects of groundwater flow

The dissolution of calcite from limestone by slightly acidic
groundwater results in the gradual widening of joints that may develop
into openings, or caves. Most caves develop below the water table.

The groundwater that percolates through the cracks in the cave
contains calcium and bicarbonate from the dissolution of limestone.

As the water drops from the cave's ceiling, CO, gas is released
and a small amount of calcite crystallizes where the drop is attached to
the ceiling. More CO; is lost from the water when the drop hits the
floor, causing more calcite to precipitate. By this process, stalactites
and stalagmites form. Stalactites hang from cave ceilings; stalagmites
are cone-shaped masses that build up on cave floors. A column results
when stalactites and stalagmites grow long enough to join into one
structure.

A sinkhole forms when the roof of a limestone cavern collapses
(Fig. 12-2). Karst topography, with numerous caves, sinkholes, and
underground streams, is characteristic of limestone regions.

Hot springs develop when hot ground water rises to the surface.
Ground water can be heated by: (1) the geothermal gradient, (2)
shallow magma or a cooling pluton, and (3) chemical reactions
between ground water and sulfide minerals.

A geyser is a more explosive hot spring that periodically erupts
extremely hot water and steam. Fumaroles are vents from which
steam and other gases escape.

Hot ground water can be used to drive turbines and generate
electricity, or it can be used directly to heat homes and other
buildings. Energy extracted from the Earth’s heat is called
geothermal energy.
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Sinkholes Disappearing stream

Sinkhole has
enlarged and
collapsed

Underground stream
in cavern

Figure 12-2. Sinkholes and caverns form in limestone. Streams commonly
disappear into sinkholes and flow through the caverns to emerge elsewhere.

EXERCISES

12.4. According to the passage, which of the following statements
are “true” or “false”? Insert “T” or “F” in the boxes at the right.

1. Stalagmites hang from cave ceilings.

i

2. A sinkhole forms when the roof of a limestone cavern collapses.
3. Most caves develop over the water table.

4. Subsidence formed due to excessive removal of ground water.
5. The saturated zone lies above the water table.

6. Salt-water intrusion contaminates wells.
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| 12.5. Choose a, b, ¢, or d which best completes each item.

1.

What is named the proportion of rock or soil that consists of open space?

a) Permeability b) Porosity

c) Aquifer d) Saturation

What is the effect of excessive removal of ground water?
a) cone of depression b) subsidence of the land
c) salt-water intrusion d) all answers

What is a geyser?

a) Is hot ground water which rises to the surface.

b) Is vent from which steam and other gases escape.

c) Is an explosive hot spring that periodically erupts extremely hot
water and steam.

d) Is a body of rock that can provide economically significant
quantities of water.

When a cone of depression forms?

a) If rapid withdrawal continues.

b) If water is withdrawn from a well faster than it can be replaced
by the aquifer.

c) If water is withdrawn from a well slower than it can be replaced
by the aquifer.

d) If the water level in a well was at the level of the water table.
What is formed when stalactites and stalagmites join into one structure?
a) column b) karst topography

c) sinkhole d)cavern

l 12.6. Write the answers to the following questions in your own words.

1. Describe the difference between porosity and permeability.
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2. (@) Draw a cross section showing the zone of saturation, water
table, and zone of aeration. (b) Explain each of these terms.

12.7. Note the following technical words and their definitions
and t