Geo 101
Physical Geology

Dr. Sattam Abdulkareem Almadani

Geo 101 - Igneous Rocks



Q. What is rock cycle?
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The rock cycle is a fundamental concept in
geology that describes the dynamic transitions
through geologic time among the three main
rock types: sedimentary, metamorphic, and

igneous.
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Q. What are the main
iImportant factors that aftects
the rock cycle 7



Answer:

1. Heat

2. Pressure
3. Weathering
4. Erosion

5. Cooling
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Q. What are rock types ?
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iIgheous

melting
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Q. What is crystallization ?
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Crystallization

Magma reaches the surface
It cools and solidifies

Earth’s Surface

Magma is formed in
the interior of the earth
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Q. Where does the magma
form ?

Geo 101 - Igneous Rocks



ORIGIN OF THE MAGMA

liquid) Layering by Layering by

Physical Properties Chemical Compaosition

(gas)

Crust
flow density rock
7-70 km thick}
Lithosphena
(solid and rigid
100 km thick)

« In the asthenosphere (between depths of about 100 to 350 kilometers), the
temperature is so high that rocks melt in certain environments to form magma
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FORMATION OF MAGMA

Under certain conditions, rocks of
the upper mantle and lower crust
melt, forming a hot liquid called
magma.

An igneous rock forms when magma
solidifies.

About 95 percent of the Earth's
crust consists of igneous rock and
metamorphosed igneous rock.

Granite and basalt are two common
and familiar igneous rocks.
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Q. Why magma is black in colour ?
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Because the presence of iron, nickel, and zinc.
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Q. What are the conditions
which form magma ?
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FORMATION OF MAGVIA

Three different processes
asthenosphere:

rising temperature,
decreasing pressure and

addition of water
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To crystallize magma:
- Cool the liquid
.— - Increase pressure

- Remove water

(to raise melting point)

' To melt rock:
- Increase temperature
- decrease pressure
- add water

(to decrease melting point)
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Q. What is Geothermal
gradient ?
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The temperature gets higher as TEMPERATURE
we go deeper inside the earth (10" degrees C.}a,
(25 degree per kilometer).

This increase Iin temperature
with depth, called the
geothermal gradient (higher

beneath oceans than under
continents).

ASTHEMOZPHERE

Geothermal Gradient

Temperature

.
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Pressure or Depth
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FORMATION OF MAGMA

Decreasing Pressure

If temperature were the only factor that determined whether or not rock
melts, our planet would be a molten ball covered with a thin, solid outer

shell.

This, of course, is not the case. The reason is that pressure also increases
with depth.

Melting, which is accompanied by an increase in volume, occurs at higher
temperatures at depth because of greater confining pressure.

Consequently, an increase in confining pressure causes an increase in the
rock’s melting temperature. Conversely, reducing confining pressure lowers
a rock’s melting temperature. When confining pressure drops sufficiently,
decompression melting is triggered.
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FORMATION OF MAGMA

Addition of Water

Another important factor affecting the melting temperature of rock is
its water content.

Volatiles cause rock to melt at lower temperatures. Further, the effect
of volatiles is magnified by increased pressure.

Deeply buried “wet” rock has a much lower melting temperature than
“dry” rock of the same composition.

Therefore, in addition to a rock’s composition, its temperature, depth

(confining pressure), and water content determine whether it exists
as a solid or liquid.
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Q. What is lava ?
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A simple cross section of a volcano

layers of ash and lava
crater

lava

main vent secondary cone
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MPONENTS OF THE MAGMA
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Most magma consists of 3 distinct parts: a liquid component. a solid
component and a gaseous phase.

The melt is mostly made up of the ions of Silicon and Oxygen which readily
combines to form Silica (SiO,). Less amounts of Aluminum, Potassium, Calcium,
Sodium, Iron and Magnesium are also found.

The solid component if any are silicate minerals that have already crystallized
from the melt. As the magma cools, the size and the number of crystals
increase. During the last stage of cooling, the magma body is mostly a
crystalline solid with only minor amounts of melt.

Water (H,0), carbon dioxide (CO,) and Sulfur Dioxide (SO,) are the most
common gases found in the magma. Theses gaseous components also known
as the volatiles are dissolved within the melt.

Volatiles remain a part of the magma until the magma body crystallizes or it
moves near the surface (low pressure), at which time any remaining volatile

freely moves away.
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CHARACTERISTICS OF THE MAGMA

TEMPERATURE: THE TEMPERATURE OF MAGMA VARIES FROM AROUT
600°C T0 1400°C, DEPENDING ON iTS CHEMICAL COMPOSITiON AND
THE DEPTH AT WHiICH iT FORMS.

GENERALLY, BASALTIC MAGMA FORMS AT GREAT DEPTH AND HAS A
TEMPERATURE NEAR THE HiGH END OF THiS SCALE.

GRANITIC MAGMAS, WHICH FORM AT SHALLOWER DEPTHS, TEND T0 LiE
NEAR THE COOLER END OF THE SCALE.

Composition |Source Material| Viscosity |Temperature

Basaltic Magma | Upper Mantle
Andesitic Magma| Oceanic Crust
Granitic Magma | Continental Crust
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CHARACTERISTICS OF THE MAGMA
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CHEMiCAL COMPOSITiON: BECAUSE OXYGEN AND SiLiCON ARE THE TWO MOST
ABUNDANT ELEMENTS iN THE CRUST AND MANTLE, NEARLY ALL MAGMAS ARE
SILICATE MAGMAS.

[N 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 MAGMA CONTAINS MORE iRON AND MAGNESIUM THAN
GRAMITIC MAGMA, BUT GRANITIC MAGMA iS RiCHER iN SiLiCON, POTASSiUM, AND
SODIUM. A FEW RARE MAGMAS ARE OF CARBONATE COMPOSIiTiON.
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Calcium- comatiite)
rich

Mafic
(gabbro/basalt)
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EXTRUSIVE AND INTRUSIVE IGNEOUS ROCKS

~  IGNEOUS ROCKS WHICH ARE FORMED WHEN THE MOLTEN MAGMA SOLIDIFIES AT THE EARIH’S
SURFACE ARE KNOWN AS EXTRUSIVE IGNEOUS ROCKS 0R_VOLCANIC ROCKS.

= SOMETIMES THE MAGMA LOSES TS MOBILITY BEFORE REACHING THE SURFACE AND CRYSTALLIZES
AT DEPTHS. IGNEOUS ROCKS WHICH ARE FORMED BY THE CRYSTALLIZATION OF THE MOLTEN
MAGMA BENEATH THE FARIH’S SURFACE OR AT DEFTHS ARE KNOWN AS INTRUSIVE IGNEOUS

ROCKS OR_PLUTONiC ROCKS.

»Extrusive rock

Fast cooling, ]IJQE cryshal size

\‘, prorasite cone Extrusive
lgneous
Rocks

volcano

Medium
cooling speed,

medium “

crystal size

Slow coaling,
large crystals
arow

Intrusive rocks
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TEXTURE OF IGNEOUS ROCKS

THE TEXTURE OF A ROCK REFERS TO THE SiZE, SHAPE, AND
ARRANGEMENT OF iTS MiNERAL GRAINS, OR CRYSTALS.

SOME iGNEOUS ROCKS CONSIST OF MINERAL GRAINS THAT
ARE T00 SMALL TO BE SEEN WiTH THE NAKED EYE; OTHERS
ARE MADE UP OF THUMB-SiZE OR EVEN LARGER CRYSTALS.

- VOLCANIC /EXTRUSIVE iGNEOUS ROCKS ARE USUALLY
FiNE GRAINED, WHEREAS PLUTONIiC/iNTRUSIVE iGNEOUS
ROCKS ARE MEDiUM OR COARSE GRAiNED.
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FACTORS AFFECTING CRYSTAL SIZE

A MAGMA AT DEPTHS, SLOWLY LOSES iTS HEAT TO THE
SURROUNDING. THE COOLiNG OF THE MAGMA MAY TAKE TENS OR
EVEN THOUSANDS OF YEARS AS FEWER BUT LARGE CRYSTALS ARE
FORMED.

ON THE OTHER HAND iE THE MAGMA COOLS RAPIDLY FOR EXAMPLE
ON THE EARTH’S SURFACE, THE CRYSTALS DO NOT GET TiME TO
INCREASE iN SiZE AND THE RESULT iS A ROCK WiTH SMALL
iNTERGROWN CRYSTALS.

" SOMETIMES THE MAGMA COOLS SO RAPIDLY THAT THE iONS DO NOT
GET TiME TO ARRANGE THEMSELVES AND THE MAGMA SOLiDiFiES
T0 FORM GLASS. THERE iS NO iNTERNAL ARRANGEMENT OF ONS iN
GLASS.
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THREE FACTORS iNFLUENCE THE
TEXTURES OF iGNEOUS ROCKS:

(I) THE RATE AT WHiCH MOLTEN
ROCK COOLS;

(2) THE AMOUNT OF SiLiCA PRESENT
AND

(3) THE AMOUNT OF DiSSOLVED
GASES 1IN THE MAGMA.

AMONG THESE, THE RATE OF
COOLiNG TENDS TO BE THE
DOMINANT FACTOR,
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APHANITIC TEXTURE

» WHEN THE MAGMA REACHES THE
FARTH’S SURFACE, iT UNDERGOES
RAPID COOLiNG AS A RESULT THE
CRYSTALS DO NOT GET A CHANCE To
GROW iN SiZE.

~ THE RESULTING iGNEOUS ROCKS
HAVE A FiNE GRAINED TEXTURE
WHICH iS KNOWN AS APHANITIC
TEXTURE.

. THE MiNERAL GRAINS iN ROCKS
HAViNG APHANITIC TEXTURE ARE SO
SMALL THAT THEY CAN BE SEEN
ONLY WiTH THE AiD OF A
MiCROSCOPE
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PHANERITIC TEXTURE

> PHANER|TIC TEXTURED ROCKS ARE
COMPRISED  OF LARGE CRYSTALS
THAT ARE CLEARLY ViSiBLE TO THE
EYE WiTH OR WiTHOUT A HAND LENS
OR BiNOCULAR MiCROSCOPE.

. THE ENTIRE ROCK iS MADE UP OF
[ARGE  CRYSTALS, WHIiCH ARE
GENERALLY 1/2 MM T0 SEVERAL
CENTIMETERS iN SiZE; NO FiNE
MATRIX MATERJAL iS PRESENT.

- THiS TEXTURE FORMS BY SLOW
COOLING  OF  MAGMA  DEEP
UMDERGROUND iN THE PLUTONC
ENVIRONMENT.
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PORPHYRITIC TEXTURE

IF MAGMA RjSES 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, A ROCK WiTH
THE [ARGE CRYSTALS, CALLED
PHENOCRYSTS, EMBEDDED (N A
FINE-GRAINED  MATRiX/GROUND
MASS. SUCH A TEXTURE iS KNOWN
AS PORPHYRTiC TEXTURE

—Phenocrysts
% y

- Groundmass
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GLASSY TEXTURE

GLASSY TEXTURED iGNEOUS ROCKS
ARE NON-CRYSTALLiNE MEANING THE
ROCK CONTAINS NO MiNERAL GRAiNS.

GLASS RESULTS FROM COOLiNG THAT
iS SO FAST THAT MiNERALS DO NOT
HAVE A CHANCE TO CRYSTALLIZE.

THiS MAY HAPPEN WHEN MAGMA OR
[AVA COMES iNTO QUICK CONTACT
WIiTH MUCH COOLER MATERIALS NEAR
THE EARTH S SURFACE.

PURE VOLCANIC GLASS iS KNOWN AS
OBSIDIAN.
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VESICULAR TEXTURE

VESICULAR TEXTURE REFERS TO
VESICLES  (HOLES, PORES, OR
CAVITIES) WITHIN THE iGNEOUS
ROCK.

VESiCLES ARE THE RESULT OF
GAS EXPANSION (BUBBLES), WHiCH
OFTEN 0CCURS DURJNG VOLCANIC
ERUPTIONS.

PUMICE AND SCORJA ARE COMMON
TYPES OF VESICULAR ROCKS.

THE iMAGE TO THE RiGHT SHOWS
A BASALT WiTH VESICLES, HENCE
THE NAME "VESICULAR RASALT".
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PYROCLASTIC TEXTURE

SOME  iGNEOUS ROCKS ARE
FORMED FROM THE
CONSOLiDATION OF iNDiViDUAL
ROCK FRAGMENTS THAT ARE
EJECTED DURING A VOLCANIC
ERUPTiON.

THESE PARTICLES MAY CONSiST
OF FiNE ASH, LARGE ANGULAR
BLOCKS OR MOLTEN BLOBS.

THE ROCKS COMPOSED OF THESE
ROCK FRAGMENTS ARE SAiD T0
HAVE A PYROCLASTIC TEXTURE.
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PEGMATITIC TEXTURE

- UNDER SPECIAL CONDITiONS
CERTAIN COURSE GRAJNED
iGNEOUS ~ ROCKS ~ CALLED
PEGMATITES ARE FORMED.

~ THESE ROCKS WHICH ARE
COMPOSED up 0F
iNTERLOCKiNG ~ CRYSTALS
WHICH ARE  GENERALLY
MORE THAN A CENTiMETER
iN DIAMETER ARE SAiD TO
HAVE A PEGMATITIC
TEXTURE.
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Glassy texture produced
by very rapid cooling.

(Pumice, a frothy, glassy
mass.)

W FPyroclastic texture
5§ produced from debris
=T of explosive eruption

Aphanitic (fine-grained)
texture produced whean
lava cooled quickly on or
near Earth's surface
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Phaneritic
{coarse-grained) texture

o
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produced when magma
cools slowly at depth
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IGNEOUS ROCKS COMPOSITION

[GHEOUS ROCKS ARE COMPOSED UP OF SILICATE MINERALS. CHEMICAL ANALYSIS SHOWS THAT SiLiCA
(Si) AND OXYGEN (0) iS THE MOST ABUNDANT CONSTITUENT OF iGNEOUS ROCKS.

AS THE MAGMA COOLS il SOLIPIFES TO FORM THE TWO MAJOR GROUFP OF SiLiCATE MINERALS.

THE DARK OR (FERROMAGNESIAN) SiLiCATES ARE RiCH iN {RON, MAGNESIUM AND ARE LOW iN
SiLICA.

OLiViNE, PYROXENE, AMPHiBOLE AND BiOTiTE MiCA iS COMMON DARK SiLiCATE MiNERALS FOUND
ON THE FARTH.

THE LiGHT (NONFERROMAGNESIAN) SiLiCATES CONTAIN GREATER AMOUNTS OF POTASSIUM,
SODIUM AND CALCIUM.

THESE MINERALS ARE ALSO RiCH iN SiLiCA CONTENT. THE LiGHT SiLiCATE MIiNERALS INCLUDE
FELDSPARS, MUSCOVITE MiCA AND QUARTZ.
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NAMING IGNEQUS ROCKS

- GEOLOGISTS USE BOTH THE MIiNERALS AND TEXTURE TO CLASSIFY
AND NAME iGNEOUS ROCKS.

THE VARiOUS iGNEOUS TEXTURES RESULT MAINLY FROM THE
DIFFERENT  COOLING HiSTORJES, WHEREAS THE MiNERAL
COMPOSITION OF AN iGNEOUS ROCK iS THE RESULT OF THE
CHEMICAL MAKEUP OF THE PARENT MAGMA.

- TWO iGNEOUS ROCKS HAVING THE SAME MiNERAL COMPOSITiON
BUT DIFFERENT TEXTURES WilLL HAVE A DiFFERENT NAME.
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Phaneritic
feoursa-grained)

Aphanitic
(fine-graned)

Porphyritic
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MINERZ

Mafic

(Basaltic)

Gabbro Perdotite

Ultramafic

Basall

2 at which melting begins
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GRANITE iS THE BEST KNOWIN OF ALL
iGNEOUS ROCKS.

GRANITE ~ (AND  METAMORPHOSED
GRANITIC ROCKS) ARE THE MOST
COMMON ROCKS iN CONTINENTAL CRUST.

GRANITE HAS A PHANERJTIC TEXTURE
AND iS COMPOSED UP OF 25 PERCENT
QUARTZ AND ABOUT 65 PERCENT
FELDSPAR MOSTLY THE POTASSIUM AND
SODIUM RiCH VAR] ETES.

THE REMAINING 10 PERCENT iS MADE
UP OF MUSCOVITE, BiOTITE AND SOME
AMPHiBOLE.
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» RHYOLITE IS THE
EXTRUSIVE EQUIVALENT OF
GRANITE AND LiKE GRANITE
iS COMPOSED ESSENTIALLY
OF LiGHT COLORED SiLiCATE
MiNERALS.

~ RHYOLiTE HAS AN APHANITiC
TEXTURE AND FREQUENTLY
CONTAINS GLASS FRAGMENTS
AND VOiDS iNDiCATiNG RAPiD
COOLING iN THE SURFACE
ENVIRONMENT.
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FELSIC (GRANITIC) IGNEQOUS ROCKS

OBSiDiAN iS A DARK COLORED
GLASS ROCK THAT USUALLY
FORMS WHEN SiLiCA RiCH LAVA
IS QUENCHED QUIiCKLY.

THiS MEANS THAT THERE iS NO
CRYSTALS ~ FORMATiON N
OBSiDIAN AND iT CONSiSTS OF
UNORDERED iONS.

THOUGH  OBSiDIAN ~ APPEARS
DARK iN COLOR BUT TS
CHEMICAL  COMPOSITION IS
SIMiLAR TO THAT OF GRANITES.

2 geology.com
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FELSIC (GRANITIC) IGNEOUS ROCKS

> PUMICE iS A VOLCANiC
iGNEOUS ROCK THAT LiKE
0BSiDIAN HAS A GLASSY
TEXTURE BUT iS FORMED
WHEN LARGE AMOUNTS OF
GAS  ESCAPE  THROUGH
LAVA.

. BECAUSE OF THE LARGE
PERCENTAGE  OF  VOiDs,
MANY SAMPLES OF PUMiCE
WiLL FLOAT WHEN PLACED
iN WATER,
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INTERMEDIATE (ANDESITIC) IGNEOUS ROCKS

~ ANDESITE iS A VOLCANIC  ROCK
INTERMEDIATE iN COMPOSITION BETWEEN
BASALT AND GRAMITE.

~ T iS COMMONLY GRAY OR GREEN AND
CONSISTS  OF PLAGIOCLASE AND  DARK
MIiNERALS (USUALLY BiOTiTE, AMPH{BOLE,
OR_PYROXENE).

- ANDESITE iS A VOLCANIC ROCK AND iS
TYPICALLY VERY FiNE GRAINED.

- ANDESITE  AND  RHYOLITE  SOMETIMES
APPEAR  SIMILAR  BUT  MICROSCOPIC
EXAMINATION SHOWS THAT RHYOLITE iS
COMPOSED UP OF ABOUT 25 PERCENT
QUARTZ WHEREAS ANDESITE CONTAINS ONLY
MiNOR AMOUNT OF QUARTZ.
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INTERMEDIATE (ANDESITIC)

DIORTE is THE PLUTONIC EQUIVALENT
OF ANDESITE.

[T iS A COARSE GRAINED iNTRUSIVE
[GNEOUS ROCK THAT FORMS FROM THE
SAME MAGMA AS ANDES] TE.

T CAN BE DiSTiNGUISHED FROM
GRANITE BY THE ABSENCE OF ViSiBLE
QUARTZ CRYSTALS AND BECAUSE iT
CONTAINS A HiGHER PERCENTAGE OF
DARK SiLiCATE MiNERALS.

THE MIiNERAL MAKEUP OF DiOR{TE iS
PRIMARILY SODIUM RiCH PLAGIOCLASE
FELDSPAR  AND  AMPHIBOLE,  WiTH
LESSER AMOUNTS OF BiOTiTE.
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MAFIC (BASALTIC) IGNEOUS ROCKS
P

BASALT iS A VERY DARK GREEN TO
BLACK FiNE-GRAINED VOLCANIC ROCK.

IT iS COMPOSED PRIMARILY OF
PYROXENE ~ AND  CALCIUM-RiCH
PLAGIOCLASE ~ FELDSPAR,  WiTH
LESSER AMOUNTS OF OLIVINE AND
AMPHiBOLE PRESENT.

@ geology.com

BASALT iS THE MOST COMMON
EXTRUSIVE ~ iGNEOUS  ROCK.
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MAFIC (BASALTIC) IGNEOUS ROCKS

L 3
- 3
it

- casero is THE iNTRUsivE  (PEERERERE
EQUiVALENT OF BASALT. § ARG

- LIiKE BASALT, iT iS VERY DARK
GREEN TO BLACK iN COLOR AND
COMPOSED ~ PRIMARILY =~ OF
PYROXENES AND CALCiUM RiCH
PLAGIOCLASE FELDSPARS.

- GABBRO iS UNCOMMON AT THE
EARTH’S SURFACE, ALTHOUGH
iT iS ABUNDANT iN DEEPER
PARTS OF OCEANIiC CRUST,
WHERE  BASALTIC  MAGMA
CRYSTALLIZES SLOWLY.
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ULTRAMAFIC IGNEQUS ROCKS

- PERIDOTITE is AN
ULTRAMAFIC iGNEOUS ROCK
THAT MAKES UP MOST OF
THE UPPER MANTLE BUT iS
RARE iN  THE EARTH’S
CRUST.

~ IT iS COARSE GRAINED AND
COMPOSED OF OLiViNE, AND
il  USUALLY  CONTAINS
PYROXENE, AMPHIiBOLE, OR
MiCA BUT NO FELDSPAR.
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Chemical Felsic
Composition (Granitic)
Dominant Potassium feldspar ngﬂ"‘mp_':;;h Olivine
Minerals  Sodium-rich plagioclase feldspar Pyroxeng
Accessory Amphibole Amphibole Calcium-rich
Minerals Biotite Olivine plagioclase feldspar
c D;’g‘?&"ggzﬁ o) B BL S Granite Peridotite
Aphanitic : Komatiite
X
a Porphyritic “Porphyritic” precedes any of the above names whenever there are
R P appreciable phenocrysts
E
Obsidian (compact glass)
Glassy Pumice (frothy glass) Uncommaon
Pyroclastic Tuff (fragments less than 2 mm)
(fragmental) Volcanic Breccia (fragments greater than 2 mm)
Hock Color 0% to 25% 25% to 45% 45% to 85% 85% to 100%
T g e = .

(based on % of dark minerals) = vy
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Descriptive Felsic Intermediate Mafic Ultrarmafic
Terms (granitic) (andesitic) (basaltic)
Intrusive Granite Diorite Gabbro Peridotite
Extrusive Rhyolite Andesite Basalt
~ Aluminum oxide 14%
Iron oxides 3% Iron oxides 8% Magnesium oxide 7% DéEF-"
Magnesium oxide 1%& Magnesium oxide 3%& .
Other
168%
Composition Slica | Silica Siica | | Magnesiumy{  Silica
T&% f 59% B0% oxide 45%
219 l
) Iran ~— Aluminum | Iron = .
oicles oxide oXides  Aluminum
1% 16% 12% oxide 4%
ol Amphibole Calcium feldspar
Major Potassium feldspar | Intermediate (pla in-::lasg] Olivine
minerals Sodium feldspar plagioclase plag Pyroxene
: Pyroxens
(plagioclase) feldspar
Minor gigitc;wte Pyroxene Olivine Calcium feldspar
minerals _ i lagioclase
L Amphibole (plag )
Most common Light colored Med!um gray or Dark gray to Very dark green
color medium grean black to black
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