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Ch aracteristics of magma

Igneous rocksform as molten rock cooI

and solidifies
% General Characteristic of magma
« Parent material of igneousrocks
 Formsfrom partial melting of rocks

Inside Earth
« Magma that reachesthe surfaceiscalled

lava



Characteristics of magma

General Characterlstlc of magma

. Rocks formed from lava at the surface are
classified as extrusive, or volcanic rocks

- Rocks formed from magma that
crystallizes at depth aretermed intrusive,
or plutonicrocks



Ch ar acter ISstics of magma

The nature of magma

. Consists of three components:

(A liquid portion, called melt, that is composed
of mobileions

(Eolids, if any, are silicate mineralsthat have
already crystallized from the melt

(EV/olatiles, which are gases dissolved in the
melt, including water vapor (H,O), carbon
dioxide (CO,), and sulfur dioxide (SO,)



Character| stl CS of magma

Crystalllzatlon of magma

- Texturein igneousrocksisdeter mined by
the size and arrangement of mineral
grains

- lgneousrocks aretypically classified by
(ET'exture
(BEM ineral composition



| gneous textures
% Texturelisused to describethe overall
appear ance of arock based on the size,

shape, and arrangement of interlocking
minerals

% Factor s affecting crystal size

- Rate of cooling

(ESlow rate promotes the growth of fewer but
larger crystals



| gneous textures
% Factors affecting crystal size

- Rate of cooling
(H-ast rate forms many small crystals
EVery fast rate forms glass

- Amount of silica (S1O,) present
- Amount of dissolved gases



| gneous textures

% Types of igneoustextures
- Aphanitic (fine-grained) texture
(HRapid rate of cooling of lava or magma

(EM icroscopic crystals
(EM ay contain vesicles (holes from gas bubbles)

- Phaneritic (coarse-grained) texture

(ESlow cooling

(ECrystals can be identified without a
microscope



Fine-grained texture

Figure 3.3 A



Coarse-grained texture

Figure 3.3 B



| gneous textures

% Types of igneous textures

- Porphyritic texture

M ineralsform at different temperatures as
well asdiffering rates

(H_argecrystals, called phenocrysts, are
embedded in a matrix of smaller crystals,
called the groundmass

- Glassy texture
EV/ery rapid cooling of molten rock
(HResulting rock is called obsidian



An obsidian flow in Oregon

Figure 3.5



| gneous textures

% Types of igneoustextures

- Pyroclastic texture

(BVarious fragments g ected during a violent
volcanic eruption

(ET extur es often appear to more similar to
sedimentary rocks

- Pegmatitic texture
(E=xceptionally coar se grained

(H-orm in |ate stages of crystallization of
granitic magmas



Porphyritic texture

Figure 3.3 D



Glassy texture

Figure 3.3 C



| gneous Composm ons

I gneous rocks are composed pr Imar| Iy of
silicate minerals
- Dark (or ferromagnesian) silicates
EOlivine

(EPyroxene
(A mphibole

@Biotite mica



| gneous Composm ons

I gneous rocks are composed prlmarlly of
silicate minerals

- Light (or nonferromagnesian) silicates
Euartz

MV uscovite mica
(H-eldspars



| gneous compositions
Gr.anit.ic vér su.s basalt.ic cc.)mp.osit.i oné -
- Granitic composition

(EComposed of light-colored silicates

(EDesignated as being felsic (feldspar and silica)
IN composition

EContains high amounts of silica (S O,)

(@AM gjor constituents of continental crust



| gneous compositions
Gr.anit.ic vér su.s basalt.ic cc.)mp.osit.i oné -
- Basaltic composition

(EComposed of dark silicates and calcium-rich
feldspar

(EDesignated as being mafic (magnesium and
ferrum, for iron) in composition

(BM or e dense than granitic rocks

EComprisethe ocean floor aswell as many
volcanic islands



| gneous compositi ons

Other composmonal groups

- Intermediate (or andesitic) composition

(EContain at least 25 percent dark silicate
minerals

(FAssociated with explosive volcanic activity

- Ultramafic composition

(ERar e composition that is high in magnesium
and iron

(EComposed entirely of ferromagnesian
silicates



Mineralogy of common
IgNneous rocks

Figure 3.6



I gneous composm OoNS

Sl Ilca content as an |nd|cator of
composition

- Sllica content in crustal rocks exhibits a
considerablerange

(A low of 45 percent in ultramafic rocks
EOver 70 percent in felsic rocks



I gneous composm ons

Sl Ilca content |an uences a magma S
behavior
- Granitic magma
(High silica content

(EE=xtremely viscous
(H_iquid exists at temperatures aslow as 700°C



I gneous composm ons

Sl Ilca content |an uences a magma S
behavior

- Basaltic magma

(EM uch lower silica content
(H-luid-like behavior
(ECrystallizes at higher temperatures



| gneous Composmons

3 Namlng |gneousrocks granltlc (feIS|c) rocks

. Granite
(EPhaneritic

(EOver 25 percent quartz, about 65 percent or more
feldspar

(EM ay exhibit a porphyritic texture

(EVery abundant asit is often associated with mountain
building

(ETheterm granite coversawiderangeof mineral
compositions



Granite

Figure 3.8 A



| gneous composm OoNS

5 Namlng |gneous rocks—granltlc (feIS|c)

rocks
- Rhyolite
(EExtrusive equivalent of granite
(EMV ay contain glass fragments and vesicles

(FAphanitic texture

H_ess common and less voluminous than
granite



Rhyolite

Figure 3.8 B



| gneous compositi oNS

Namlng |gneous rocks — granltlc (feIS|c)
rocks
- Obsidian
(ark colored
(Eslassy texture

- Pumice
(EVolcanic
(Eslassy texture
(H-rothy appear ance with numer ous voids



Obsidian

Copyright © 2006 Pear son Prentice Hall, Inc.

Figure 3.10 A



Pumice

Copyright © 2006 Pear son Prentice Hall, Inc.

Figure 3.10 B



| gneous composm ons

Namlng |gneous rocks— mter medlate
rocks
- Andesite
(EVolcanic origin

(A phanitic texture
(EOften resemblesrhyolite



Andesite porphyry

Figure 3.11



| gneous compositions
% Naming igneous rocks —intermediate
rocks
- Diorite
(EPlutonic equivalent of andesite
(ECoarse grained

Hntrusive

(EComposed mainly of intermediate feldspar
and amphibole



Diorite

Figure 3.12



| gneous compositions
Naming igheoUs rocké— b.asal.tic (mafic) -
rocks
- Basalt
EVolcanic origin

(A phanitic texture

(EComposed mainly of pyroxene and calcium-
rich plagioclase feldspar

(HM ost common extrusive igneous r ock



Figure 3.13 A



| gneous compositions
Naming igheoUs rocké— b.asal.tic (mafic) -
rocks

- Gabbro

(H ntrusive equivalent of basalt

(HPhaneritic textur e consisting of pyroxene and
calcium-rich plagioclase

(EM akes up a significant percentage of the
oceanic crust



Gabbro

Figure 3.13 B



| gneous composm ons

Namlng |gneous rocks pyroclastlc rocks

- Composed of fragments g ected during a
volcanic eruption
- Varieties
(El'uff —ash-sized fragments
(E/olcanic breccia — particleslarger than asnh



Orlgln of I\/Iagma

nghly debated topic

% Generating magma from solid rock

- Produced from partial melting of rocksin
the crust and upper mantle

. Role of heat

(ET emper atureincreases within Earth’s upper
crust (called the geothermal gradient)
aver age between 20°C to 30°C per kilometer



Orlgln of I\/Iagma

Role of heat

(HRocksin thelower crust and upper mantle
are near their melting points

(FAny additional heat (from rocks descending
Into the mantle or rising heat from the
mantle) may induce melting



Orlgln of I\/Iagma

Roleof pr&ssure

(FAn increase in confining pressure causes an
Increase in arock’s melting temperature or
conversdly, reducing the pressure lowersthe
melting temperature

(AN hen confining pressures drop, decom-
pression melting occurs



Decompression melting

Figure 3.14



Orlgln of I\/Iagma

Role of volatlles

(EVolatiles (primarily water) causerocksto
melt at lower temperatures

(ET hisisparticularly important where oceanic
lithospher e descends into the mantle



Evolution of magmas
% A single volcano may extrude lavas
exhibiting very different compositions
% Bowen’sreaction seriesand the
composition of igneous rocks
- N.L. Bowen demonstrated that asa

magma cools, mineralscrystallizein a

systematic fashion based on their melting
points



Figure 3.16



Evolution of magmas

#* Bowen’sreaction series
- During crystallization, the composition of
theliquid portion of the magma

continually changes

(EComposition changes dueto removal of
elements by earlier-forming minerals

(ET he silica component of the melt becomes
enriched as crystallization proceeds

(EM ineralsin the melt can chemically react and
change



Evolution of magmas

% Processes responsible for changing a
magma’s composition
- Magmatic differentiation

(ESepar ation of a melt from earlier formed
crystalsto form a different composition of
magma

- Assimilation
(EChanging a magma’s composition by the
Incor poration of foreign matter (surrounding
rock bodies) into a magma



Assimilation and magmatic
differentiation

Figure 3.18



Evolution of magmas

% Processes responsible for changing a
magma’s composition
- Magma mixing
(H nvolves two bodies of magma intruding one

another

(ET'wo chemically distinct magmas may
produce a composition quite different from
either original magma



Evolution of magmas

* Partial melting and magma formation
ncomplete melting of rocksis known as
partial melting

- Formation of basaltic magmas

(EM ost originate from partial melting of
ultramafic rock in the mantle

(EBasaltic magmas form at mid-ocean ridges by
decompression melting or at subduction
Zones




Evolution of magmas

* Partial melting and magma formation
- Formation of basaltic magmas

(FAs basaltic magmas migrate upward,
confining pressur e decr eases which reduces
the melting temperature

(H_ar ge outpourings of basaltic magma are
common at Earth’s surface



Evolution of magmas

* Partial melting and magma formation
- Formation of andesitic magmas
(H nteractions between mantle-derived basaltic
magmas and more silica-rich rocksin the
crust generate magma of andesitic
composition
(FAndesitic magma may also evolve by
magmatic differentiation



Evolution of magmas
Par-tial- meiting and m-agrhafc-)rmatioh -
- Formation of granitic magmas

@AM ost likely form asthe end product of
crystallization of andesitic magma

(Esranitic magmas are higher in silica and
therefore more viscous than other magmas

(EBecause of their viscosity, they lose their
mobility before reaching the surface

(ET'end to produce large plutonic structures



Mineral resources and
|gneous processes

* M any |mportant accumulatlons of metals
are produced by igneous processes

% | gneous mineral resources can form from

+«Magmatic segregation + separation of heavy
mineralsin a magma chamber

+Hydrothermal solutions - Originate from
hot, metal-rich fluidsthat are remnants of
the late-stage magmatic process



Origin of hydrothermal deposits

Figure 3.20



End of Chapter 3



