Igneous Rocks - Occurrence and Classification




Classification of Igneous Rocks

Rocks are classified on the basis of

e Texture

* Mineralogy

Very fine-grained or glassy rocks are classified on the basis of chemistry
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Extrusive igneous rocks — fine-grained or glassy
o Lava flows

e \/olcanoes

Intrusive igneous rocks — medium to coarse-grained

« Hypabyssal — transitional between fine- and coarse-grained.
Often porphyritic.

 Plutonic — coarse-grained




Physical Properties and Behavior of

Various Typesof Magmas

Magma type Basaltic Andesitic Dacitic Rhyolitic

Si0, (Wt. %) 50.83 54.20 63.58 73.66
Eruptive T (°C) 1150 1000 900 800

Viscosity (Pa s) 50 1x103 4 x 103 4 x 108

Eruptive
behavior

Fluid ~ Explosive



Magma Viscosity

Table 8.1 Viscosities of magmas and common substances.

Material Viscosity (Pa-s)  Weight % Si0,  Temp. (°C)

Water 1.002 x 10~ - 20
ASE 30 motor oil 2107 20
Kimberlite 107" =1

Komatiite 107" - 10

Ketchup ~5x% 10

Basalt 10 —10°

Peanut butter ~2.5 % 10°

Crisco shortening 2x10°

Andesite ~3.5 x 10°

Silly Putty ~10*

Tonalite 6% H,O ~10*

Rhyolite ~10°

Granite 6% H,O ~10°

Rhyolite ~108

Average mantle 10 = _

Note: Magma viscosities from Dingwell (1995) and references therein. Granite and
Tonalite viscosities from Petford (2003). Mantle viscosity is from King (1995).
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ava Flows and Columnar Joints
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Types of volcanic eruptions

Hawaiian — fluid basaltic lava is thrown into the air in jets
from a vent or line of vents (a fissure) at the summit or on the
flank of a volcano.

Strombolian — distinct bursts of fluid lava (usually basalt or
basaltic andesite) from the mouth of a magma-filled summit
conduit.

Vulcanian - short, violent, relatively small explosion of
viscous magma (usually andesite, dacite, or rhyolite).

Pelean - explosive outbursts that generate pyroclastic flows,
dense mixtures of hot volcanic fragments and gas.

Plinian - caused by the fragmentation of gassy magma, and are
usually associated with very viscous magmas (dacite and
rhyolite).

Volcanic Explosivity Index
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Shield Volcanoes
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Jokulhlaup - glacial outburst flood. Generally,
large and abrupt release of water from a
subglacial or proglacial lake/reservoir.




Composite Volcano (Strato-volcano)

Stratovolcano (Composite Volcano) Erupting

_.____,_..--tharn and Ash
Flowing Lava.,
Alternating Layers of Lava
and Pyroclastic Material.

Vent

—Magma Chambear




Shallow intrusive igneous
bodies

Dikes — tabular intrusions that cross-cut
existing layering (discordant)

Sills — tablular intrusions that are parallel
to existing layering (concordant)
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Ring dikes and cone sheets

Laccolith — domes up overlying
strata — concordant intrusion

Dikes are intruded by magma
fracturing and sills involve lifting
of the overlying rock (bouyancy).
These are hypabyssal intrusions
and imply that the crust showed
brittle behavior.
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Lopolith Batholiths are everywhere

-

™ Feeder dyke
Large Discordant Layered Lopolith
Volcanic sequence

Sedimentary sequanca \ Roof pendant
Border sarnas

_ A residua
[ ligquids

| Intenmediate
cumulates

V| Basic
R | cumulates

Llrabasic cumulatas




Formation of Igneous Rocks




h’s heat production
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Andesitic composite volcano

Basaltic shield volcano '
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The Subduction Zone Factory
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Why do rocks melt?
* Increasing temperature
» Decreasing pressure

« Adding water

Types of Mantle rocks

©
Q.
O
v
e
>
Vi
v
v
S
Q.

» Plagioclase lherzolite

» Spinel Iherzolite

e G@Garnet lherzolite

Temperature (°C)

Lherzolite — olivine > orthopyroxene > Ca-pyroxene > aluminous phase




Exsolution of magmatic gases and
explosive volcanism

Disruption
of magma

Nucleation
of bubbles



Magma erupting on surface normally cools too
rapidly to have a chance to undergo differentiation

I Convection

Assimilation  w|THIN MAGMA CHAMBERS ~ Magma mixing T
S Convection |

¢ ¢ 2 ¢ ¢ e ¢ e . Dense minerals may settle to bottom
C | h ; Convection . :
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Crystals may separate from
liquid during flow.
Flowage differentiation.

Separation of crystals from liquid
changes magma composition
leading to magmatic differentiation

Granitic magma

may rise as large
diapiric domes to
form batholiths

As magma rises it loses heat
and begins to crystallize.
Magma is.a mixture of
liquid and-crystals

Heat released from crystallizing
basaltic magma may melt crustal
rocks to form granitic magma

Magma rises to a level
of neutral buoyancy

Crust o | Magma may intrude along base of crust

Mantle Basaltic magma

buoyantly rises
from mantle
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