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Unit 1 Igneous Rock “1-

Unit 1

Text
Igneous Rock

1 What is Magma

Magma is molten rock that flows within the earth. It may be completely liquid or, more
commonly, a fluid mixture of liquid, solid crystals, and dissolved gases. When magma
reaches the Earth’s surface, we call it lava, or molten rock that flows above ground.

Magma forms when underground temperatures become high enough to break the bonds
in some minerals, causing the minerals to melt. The rock then changes from a crystalline solid
to a fluid mix containing freely moving ions and atoms as well as some still-solid crystalline
fragments. Different minerals melt out of the rock at different temperatures as the heat
gradually increases, with the minerals having the highest melting points remaining the longest
as still-solid fragments in the magma. At the same time, the composition of the magma
changes as each newly molten mineral enters and enriches it.

When heat dissipates from magma, its bonds no longer break and new bonds start to
form. Firstly, some of the free atoms and ions in the liquid bond to form tiny crystals.
Additional ions and atoms bond at prescribed sites in the crystal structures. The crystals grow
until they touch the edges of adjacent crystals. As cooling progresses, different minerals
crystallize from the magma, again changing the magma’s composition. If cooling continues
long enough, the entire body of magma will become solidified as igneous rock.

2 Classification of Igneous Rocks

Igneous rocks are classified based on their two most obvious properties: their texture,
which is determined by the size and shape of their mineral crystals and the manner in which
these grew together during cooling, and their composition, which is determined by the
minerals that they contain.

3 Igneous Textures

A rock’s texture refers to the appearance of its surface—specifically the size, shape, and
arrangement of the rock’s mineral components. The most important factor controlling these
features in igneous rocks is the rate at which a magma or lava cools. When a magma’s minerals

crystallize slowly underground over thousands of years, crystals have ample time to grow large
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enough to be seen clearly with the unaided eye. The resulting texture is called phaneritic rocks
(Fig. 1.1). Slow cooling occurs when magmas enter, or intrude, preexisting solid rocks; thus

rocks with phaneritic textures are known as intrusive rocks. They are also called plutonic rocks.

Figure 1.1 Phaneritic rocks
Rocks that solidify slowly underground, as did this granite in Yosemite National Park,
California have phaneritic (coarse-grained) textures

Some igneous rocks develop at relatively low temperatures from ion-rich magmas
containing a high proportion of water. Under these conditions, ions move quite readily to
bond with growing crystals, enabling the crystals to become unusually large (sometimes
several meters long). Rocks with such exceptionally large crystals are called pegmatites
(Fig. 1.2). In western Maine, near the towns of Bethel and Rumford, some pegmatitic rocks

contain S-meter long crystals of the mineral beryl.

Figure 1.2 Pegmatites
Extremely coarse-grained pegimatites, such as the one shown here,
form from ion-rich magmas having a high water content
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Some igneous rocks solidify from lava so quickly that their crystals have little time to
grow. These aphanitic rocks have crystals so small that they can barely be seen with the naked
eye (Fig. 1.3). Rocks with aphanitic textures are called extrusive rocks, because they form from
lava that has flowed out, or been extruded, onto the Earth’s surface. They are also known as
volcanic rocks, because lava is a product of volcanoes.

Figure 1.3 Volcanic rocks
Volcanic rocks, such as this basalt, typically have aphanitic (very small-grained) textures,
because they solidify rapidly above ground

In some igneous rocks, large, often perfect, crystals are surrounded by regions with
much smaller or even invisible grains (Fig.1.4). These porphyritic textures are believed to
form as a result of slow cooling followed abruptly by rapid cooling. First, gradual
underground cooling produces large crystals that grow slowly within magma. Next, the
mixture of remaining liquid magma and the early-formed crystals is forced close to the
surface or actually escapes into the air. There the liquid cools rapidly to produce the body of
smaller grains that envelops the larger crystals.

Figure 1.4 Porphyritic rocks
Some rocks have a porphyritic texture, marked by
large crystals surrounded by an aphanitic matrix
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When lava from a volcano erupts into the air or flows into a body of water, much of it

cools so quickly that its ions don’t have time to become organized into any crystals. The

texture of the resulting rock is described as glassy. Two common types of volcanic glass exist,

both produced by instantaneous cooling of lava: dark-colored obsidian and light-colored,

cavity-filled pumice (Fig.1.5).The latter forms from bubbling, highly gaseous lava foam.

(a)

(b)

Figure 1.5 Glassy volcanic rocks
Obsidian (a) and pumice (b) contain no crystals because they solidify instantaneously. Pumice, which
forms from lava foam, commonly has so many tiny air-filled cavities that it can float in water

New Words and Expressions

1.magma ['meegma] n. H¥K

2lava [la:val n. #5575, XIUFE

3.crystalline [kristslain] a. &5

4.crystalline solid % g & &

5.fragment [freegmoant] n. #E, BH

6.enrich [in'rit[]ve. (HE 2, ALK

7.dissipate ['disipeit] v. &, (#)(=. &.
BEE AT

8.solidify [so'lidifail n. #E[, %5

9.igneous ['ignias] a. K

10.classification [kleesifi'keifan] n. 432,
TR

11.arrangement [8 reindzmant] n. HEF|

12.phaneritic [feena'ritik] a. & 5#EH)

13.plutonic [plu:'tonik] a. THEHY, KBLH

&)

14.pegmatite [pegmatait] n. &5 MERE

15.beryl [beril] n. &%, &HE4

16.aphanitic [,eefa'nitik] a. IEBFHF)AY, B
AR(B) Y

17.name for H(H—NF%

18.porphyritic [pa:fi'ritik] a. BEAR )

19.matrix ['meitriks] n. JH

20.volcano [valkeinau] n. ‘X111

2l.instantaneous [insten'teinjas] a. B [E]
7, BRZIEY

22.obsidian [ob'sidien] n. FRREZE

23.pumice [pAmis) n. #F%

24 foam [foum] n. K, KiK

25.unaided [An'eidid] a. JCEIF), FHSLHY

26.unaided eye PIHR
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Reading Material
Igneous Rock

4 Igneous Compositions

The Earth’s magmas consist largely of the most common elements: oxygen, silicon,
aluminum, iron, calcium, magnesium, sodium, potassium, and sulfur. The relative proportions
of these components found at any given time within a body of magma give the magma its
distinctive characteristics and ultimately determine the mineral content of the rocks it will form.
Igneous rocks and magmas are classified into four main compositional groups—ultramafic,
mafic, intermediate, and felsic—based on the proportion of silica (oxygen and silicon) they
contain (Table 1.1). Figure 1.6 shows how the mineral content of igneous rocks varies in these

categories.

Table 1.1 Common Igneous Compositions

Composition|Percentage| Other Major  [Relative Viscosity| Temperature at Which| Igneous Rocks
Type of Silica Elements of Magma First Crystals Solidify Produced

600~800 °C Granite (plutonic)

Felsi 65% AL K,N High i i
elsic =057 a '8 (1 112~1472°F) | Rhyolite (volcanic)

800~1 000 °C Diorite (plutonic)

. - 1 Medi
Intermediate;55%~65%|Al, Ca, Na, Fe, Mg edium (1472~1832°F) | Andesite (volcanic)

1 000~1 200 °C Gabbro (plutonic)

Mafi 40%~55%| Al, Ca, Fe, M L o .
ate ? v . re. M8 ow (1 832~2 192 °F) Basalt (volcanic)
. >1 200 °C Peridotite(plutonic)
Fe, Al, .
Ultramafic | <40% Mg, Fe, - Ca Very low 2 192 °F) Komatiite(volcanic)

Ultramafic Igneous Rocks The term “mafic” is derived from magnesium and ferrum.
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Ultramafic igneous rocks are dark in color and very dense, because they are dominated by the
iron-and magnesium-containing silicate minerals (called ferromagnesian minerals) olivine
and pyroxene and contain relatively little silica (less than 40%).The most common ultramafic
rock, peridotite, contains 40% to 100% olivine. Ultramafic rocks generally crystallize slowly
deep within the Earth’s interior and appear at the Earth’s surface only where extensive
erosion has removed overlying crustal rocks. They are most likely to be found near

continental collision plate boundaries, where deep rocks have been uplifted.

Rock X Rock X
— 100
~20%
It
Quartz %0
~20% r/ g
Potassium 2 40
feldsper A s Potassium
g
~ 40%Sodic T 40| feldspar
plagioclase @ Olivine
predominant d_b
< 10%Biotite ? 20 / Musco’ne .
< 15% | Amphibole
Amphibole || 0

Phaneritic rock Granite Diorite Gabbro Peridotite

Rhyolite Andesite Basalt Komatiite
Mafic

Aphanitic rock

Composition type Felsic Intermediate Ultramafic

thica content

Increasing potassium (K) and sodium (Na)

Increasing calcium (Ca). iron (Fe). and magnesium (Mg)

Granite (felsic) Diorite (intermediate) Gabbro (mafic) Peridotite (ultramafic)

Figure 1.6 An igneous rock classification chart
Compositional types among the igneous rocks range from felsic to ultramafic. The mineral components
of the rocks are indicated by colored areas in the body of the chart (The sample segment shows how to
interpret the chart, using as an example a rock falling between granite and diorite in composition)

Mafic Igneous Rocks Mafic igneous rocks have a silica content ranging between 40%
and 55%, with the principal minerals being pyroxene, calcium feldspar, and a minor amount of
olivine. They are the most abundant rocks of the Earth’s crust; the aphanitic volcanic rock
basalt is the single most abundant of them. Most of the ocean floor and many islands, such as
the Hawaiian chain, are composed of basalt. Basalt also constitutes vast areas of our continents
and is found in Brazil, India, South Africa, Siberia, and the Pacific Northwest of North America,
the plutonic equivalent of basalt is gabbro; it has the same composition as basalt but, because it

cools more slowly deep within the Earth, is coarse-grained.
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Intermediate Igneous Rocks Intermediate igneous rocks contain more silica than
mafic rocks, including between 55% and 65% silica, and are generally lighter in color. They
typically consist of some ferromagnesians, such as pyroxene and amphibole, along with
sodium-and aluminum-rich minerals such as sodium feldspar and mica, and a small amount of
quartz. Examples of intermediate igneous rocks include the aphanitic volcanic rock andesite
(named for the Andes Mountains of South America, where this type of igneous rock
dominates the local geology) and its phaneritic plutonic equivalent diorite.

Felsic Igneous Rocks The term “felsic” is derived from feldspar and silica. Felsic
igneous rocks contain more silica—65% or more —than either mafic or intermediate igneous
rocks. They are generally lighter in color because they are poor in iron, magnesium, and calcium
silicates, but rich in potassium feldspar, aluminum-rich (muscovite) mica, and quartz. Examples
of felsic igneous rocks include the common plutonic phaneritic rock granite and its volcanic
aphanitic equivalent, rhyolite. Rocks of felsic composition have a greater variety of textures than

any other igneous rock and include several glassy rocks and ultra-coarse pegmatites.

New Words and Expressions

1.silicon ['silikan] n. i, BEILE 22.principal mineral FEH Y

2.aluminum [8'ljurminam] n. 3 23.feldspar [feldspa:] n. KA

3.iron ['aian] n. £k 24.basalt ['beeso:ltl n. TH A

4 calcium [keelsism] n. £5 25.chain [t{ein] n. &5, WK

S.magnesium [meeg'ni:zjem] n. £ 26.Brazil [bra'zilj n. ELF

6.sodium ['saudjam, -diam] n. @ 27 Siberia [sai'bisria] n. FE{AIFIIEL

7.potassium [pa'teesjom] n. 28.equivalent [i'kwivalant] n. S541#), [

8.sulfur ['salfe] n. i A b 2

9.ultramafic [ Altre'meefik] a. BEEMRT 29.gabbro ['geebrou] n. KA

10.mafic [ meefik] a. BEEKIREY, BEERMY 30.amphibole ['eemfibaull n. N4

11.intermediate [inte'mi:djat] a. FHEY 31.mica ['maika] n. =tk

12.felsic [felsik] n. KEFKN@ ¥) 32.quartz [kwo:ts] n. f13%

13.silica ['silika] n. & fLiE 33.andesite ['eendizait] n. ZIA

14.ferrum ['feram] <fii> n. ¥ 34.diorite ['daiorait] n. INEKFE

15.silicate ['silikit] n. FEERER 35.calcium silicate HEFRES

16.ferromagnesian [feraumaeg'ni:[en] a. 36.muscovite [[maska'vait] n. Hz £k
GHBEN 37.granite ['greenit] n. £ %

17.olivine [.oli'viin] n. A 38.rhyolite [raislait] n. WEUE

18.pyroxene [pai'roksi:n} n. ¥4 39.pegmatite [ pegmatait] n. A

19.peridotite [peri'dautait] n. BHiA 40.terrestrial [ti'restrial] a. HEKH, KLY

20.crystallize ['kristalaiz] vi. 45 41.as well as  BE----- X

21.uplift [aptift] v. 262, FHE, R
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Unit 2

Text

Sedimentary Rocks

1 The Origins of Sedimentary Rocks

Sediments are classified according to the source of their constituent materials as either
detrital or chemical (Fig.2.1). Detrital sediment is composed of solid fragments, or detritus, of
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Figure 2.1 Various types of sediments and their origins
Detrital sediments, such as glacial debris or river-channel sand, consist of preexisting rock fragments.
Chemical sediments often consist of minerals precipitated directly from water, such as salt deposits
produced by evaporation of small temporary lakes; they may also be composed of organic debris,
such as partially decayed swamp vegetation or the shells of small marine organisms



