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1) Igneous rocks form directly from the crystallization of a magma or lava

2) Three primary tectonic settings of global-scale magmatization are divergent
boundaries, subduction-related convergent boundaries, and hot spots.

3) Tectonic environment controls the type of magmas generated, and hence
the types of igneous rocks that form at each of the three tectonic settings.

4) Magma reaching the surface is termed lava, typically forming a volcano.

5) The type of igneous rock formed is controlled by two factors: magma
composition and cooling history; also determines naming of igneous rocks

6) Magma compositions vary from mafic to intermediate to silicic-felsic.

7) Texture controlled by cooling history; Mineralogy by magma composition

8) Coarse-grained igneous rocks that cooled very slowly at depth are termed
intrusive or plutonic

9) Fine-grained igneous rocks that cooled quickly at or near surface are termed
extrusive or volcanic.

10)ldentification of igneous rocks based on two criteria: texture and
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The Rock Cycle is Perpetuated by Several Major Processes
1) Magmatic Activity.
2) Uplift:and VMountain Building
3) Weathering; Erosion, Deposition, and Burial o o' Sediment




3 Major Rock Types

* |gneous

— Formed from the solidification of molten
rock (magmaor lava).

« Sedimentary

— Formed at the Earth’s surface from the
accumulation and cementation of
fragmented pieces of older rock
produced by weathering.

* Metamorphic

— Rocks that have undergone physical
changes as a result of exposure to
extreme pressure, temperature and
fluids.
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Igneous Fta-::ks - Sedimentary Rocks - Metamorphic Rocks -
Rocks that form from the cooling of motlen Rocks that are fromed from pieces of Rocks that are changed by heat and
rock {magma), Example: granite and other rocks, Example: sandstone, or that

pressure without melting, Example: gneiss
basalt are deposited from the ocean by chemical

processes, Example: limestone



The Rock Cycle

Three Primary
Rock Types

Igneous rocks form by the cooling and crystallization of
underground magmas and erupted /avas.

Igneous rocks are classified by two mineral criteria:

K

1) Type and % of minerals 2) Crystal size & arrange




I\/Iagma and Lava I\/Iother Igneous

[

of an igneo-us rock is primarily controlled by the
or lava that it cooled from.

of an igneous rock is primarily controlled by the
of its parent crystallizing magma or lava
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Common Igneous
Rock-Forming
Minerals

Olivine Ca-Plagioclase Feldspar

1) Plagioclase

2) Potassium Feldspar gg@="

3) Quartz e : | __
4) Muscovite g R

9) Biotite

10) Hornblende Gl
11) Augite (pyroxene) e e e
12) Olivine 7 ol o L e
13) Tourmaline - e ) e
14) Garnet '“ '
15) Magnetite




Igneous Rock Classification

The of COMPOSITION

. : Felsi Mafi
an igneous rock is | emeders LS| et
b controlled course| Granite | Diorite |Gabbro_[peridotite
e
y e | Rhyolite] Andesite | Basalt
low ] pumice | scona
cular

Minerals Present

The of an e e na-cariac | cariac | pyroxene
igneous rOCk iS NA-PLAG AMPHIBOLE PYROXENE OLIVINE
primarily controlled COMPOSITION

by the of

its parent crystallizing

magma or lava.

or lava
that it cooled from.

mAC—>xm-

T
E
X
T
U
R
E

e

http://geology.csupomona.edu/alert/igneousl/igclass.htm




Ultramafic:
v Very Iron — Magnesium Rich

v Super undersaturated in silica =5 —

v Mantle rocks = Peridotite gk celeg m
M f_ Coarse|] Granite eridntite

aric:
. . . Rhyolite] Andesite | Basalt
v Iron—Magnesium-Calcium Rich - _m’
" . M \ad P .
v Undersaturated in silica cular HIEES
v Oceanic rocks = Gabbro and Basalt i)

Minerals Present

v’ Between Mafic and Sub-Felsic/Silicic B

v’ Saturated in silica COMPOSITION
v" Volcanic Arc rocks = Diorite and Andesite

v’ Between Sub-Mafic and Felsic/Silicic
v’ Saturated in silica
v" Volcanic Arc rocks = Granodiorite and Dacite

v" Sodium — Potassium - Aluminum Rich
v Very Oversaturated in silica
v' Continental rocks = ~“and

@ http://www.rockhounds.com/rockShop/roc




Cooling and Crystallization of a Magma
Bowen’s Reaction Series

v’ Early forming minerals [ 100% Calcum
are Fe-Mg-Ca rich and romete  Oiiving
silica poor @ high temps

Pyroxene

v’ Later forming minerals
become more richer in Na
and silica @ mod temps

Decreazing Temparatures

Increasing resistance to weathering

Amphibole \
v' Last forming minerals Biotite Mica ¥ 100% Sodium
are most rich in K and
silica @ low temps Muscgvite Mice

Potassium Feldspar




Light-Colored Dark-Colored

Composition FELSIC INTERMEDIATE MAFIC ULTRAMAFIC
Granite Diorite Gabbro Peridotite
Rhyolite Andesite Basalt

Rock types

100
@ Orthoclase
= feldspar
© 80
2 & &
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T 60 Quartz 3\&"\-— Plagioclase —= ssf
2 o feldspar o%\o
= S Pyroxene
S 40
@
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i)
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)
B Amphibole

0
<:70% Silica content 40%
< Sodium and potassium content
Iron, magnesium, and calcium content >

700°C - Temperature at which melting starts 1 200“C>




Phaneritic Texture:
v Coarse Grain Size = Slow Cooling

v Plutonic Rocks = Coarse-grained

Aphanitic Texture:
v Fine Grain Size = Fast Cooling COMPOSITION

v i = Fine-qarai Felsi Mafi
Volcanic Rocks = Fine-grained ol A m
-
v’ Large crystals in aphanitic groundmass = Rhyolite| Andesite

slow cooling followed by rapid cooling Pl

v Porphyry Rocks = Mixed-grain T

Vesicular Texture: shard I:I:::‘::EGP“:::;G PYROXENE
v Fine-grained to glassy with Cavities Atk

v’ Lots of tiny vesicles = pumice COMPOSITION
v Fewer larger vesicles = scoria

mAacC—H>xm-—

Glassy Texture:
v’ Little to no crystals = natural glass
v' Super rapid cooling
v" Obsidian is dark in color
v' Pumice is light in color -

« http://www.rockhounds.com/rockshop/rockkey/index.html




lgneous Rock Pairs

Classification by texture Classification by composition

Extrusive Intrusive

Fine grained Coarse grained
Basalt gabbro feldspar + quartz (Si) = felsic
Andesite diorite
Rhyolite granite

‘magnesium (Mg) + iron (Fe) = mafic

. Basalt

| o zer  Cooling

Cooling




Formation and texture

1. Pyroclasts form
from airborne lava
in violent eruption

Pyroclasts Volcanic ash Pumice

2. Extrusive
igneous rocks.
Cool rapidly on the
Earth’s surface

3. Intrusive igneous
rocks. Cool slowly
in the Earth’s interior
allowing large
crystals to form

Intrusive rocks ; : : 4. Purphyryr starts to
: 3 grow below the
surface but before
solidification is
brought to the
surface
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v Intrusive -Plutonic
v Coarse-grained
v Cooled Slowly




Porphyritic

porphyritic andesite

Groundmass

Aphanitic

'ﬁ;fl 'lfd 3

Aphanitic Texture
v' Extrusive -Volcanic
v Fine-grained
v Cooled Rapidly

v Combo Plutonic -Volcanic

v’ Coarse-grained phenocrysts
in a fine-grained groundmass

v" First cooled Slow, then Fast




Glassy Vesicular Fragmental

Obsid ian Vesicular Basalt
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Color Index of Plutonic Rocks




Igneous Rock Classification

1. Color Index
Estimata the rock's
color index (GI):

%6 of mafic minsral
crystals or darkness
ot the rock.

Felsic
(0 1o 1520 maflc crystals)

d

2. Minerals
ldentify minerals
in the rock, if
possible, and
thair percent

(oy velume) of
the whals rock.
Skip this step if
mineral crystals
ara not visible or
arc too small to
identify.

60—

40—

3. Texturel(:

Muscovite

Pelassivm
Feldspar
(K-Spar)

groundmass

Identity the rock's &4,
textural(s).
PEQ\:;;’“”“: FPEGMATITIC
E coarse-grained GRANITE
g e =
Fhaneritic:
w i GRANITE
o= SCoarse gisnag (SYENITE, if no quartz)
2 = =
E Phenoorysls'
: X PORPHYRITIC
= in a phaneritic SRAMNITE

Phenaorysts’
in an aphanitc
groundmass

PORPHYRITIC
RHYOLITE

Aphanitic:
fine grained

RHYOLITE

Intermediate
(16 to 45% mafic crystals)

(> 85 % mafic Grystals)

Ultramafic -

Ultramafic

Plagioclase
Feldspar

Clivine

Rock Name: Select name below, based on data from steps 1-35.

PERIDOTITE

PEGMATITIC
PERIDOTITE

Glassy

Vesicular

EXTRUSIVE ORIGN

PUMICE

(abundant tiny vesi
very lightweight; white

FEGMATITIC FPEGMATITIC |
DIDRITE GABEBRC
= Jli=e
DIORITE GABBRO
PORPHYRITIC PORPHYRITIC
DIORITE GABBROC
- — — | IS
PORPHYRITIC PCRPHYRITIC
ANDESITE BASALT
ANDESITE BASALT
CBESIDIAN
SCORIA
(resembles a sponge}
icles—like meringue;
or gray; floats in water) VESICULAR BASALT
(has few scattered vesicles)

Pyroclastic or
ragmental

VOLCANIC TUFF (fragments = 2 mm)

VOLCANIC BRECCIA (fragments = 2 mm)

PORPHYRITIC
PERICOTITE

Cannot be
distinguished
from basalt in
hand samples

(KOMATITE)




Igneous Rock Classification

DIORITE

65
Highly Modified IUGS Classification ;
of Phaneritic Igneous Rocks IUGS Classification of Volcanic Rocks

Granitic Plutonic Rocks Volcanic Rocks

Ternary Diagrams:

1)Top corner = quartz; Bottom L. corner = K-spar; Bottom R. corner = Plag

2)Fields indicate tri-mineral prbportions in terms of percentages tote




A Three Step Process

1) Determine Composition
v" Color Index (plutonic only)
v" Color darkness (volcanic)
v Mineralogy (observable)
2) Determine Texture
v’ Specific intrusive texture?

v Specific extrusive texture?

3) Name the Rock
v Use Flowchart

Practical Use for Rock?

IGNEOUS ROCK ANALYSIS AND CLASSIFICATION

__STEP 1 & 2: Cl and Mineral Composition

STEP 3: Texture

e

Quartz {gray)

Plagioclase Feldspar (whits)

INTRUSIVE ORIGIN

Potassium Feldspar
{K-Spar} (pink)

FELSIC MINERALS (light-colored)

Muscovite Mica {rown)

Biotite Mica (black)

Amphibole (darx aray)

Pyroxene (dark green)

Color Index (Cl):
the parcent, by
volume, of mafic
minerzals in 4 rock.
See top of Figure
H 5.3 and GeoTools
el 4 shest 1.

| Olivine {grzen)

EXTRUSIVE (VOLCANIC) ORIGIN

Pegmatitic

{crystals =1 cm):

very slow cooling,
viscous magma,
and/or good nucleation

Phaneritic

(crystals 1-10 mmy):
siow cooling,

viscous magma,
and/or good nucleation

# Porphyritic

o (arge and small crystals):
slow, then rapid cooling
and/or changs in magma
viscosity or compaosition

Aphanitic

(crystals <1 mm):

< rapid cooling, fluid lava,
4 and/or good nucleation

Glassy
rapid cocling and/or very
poor nuclzation

“| Vesicular

(like meringue):

rapid cooling of
gas-charged lava

Vesicular
(soms bubbles):
8 gas bubbles in lava

‘| Pyroclastic or
Fragmental:
particles emitted from
volcanoes

STEP 4: Igneous Rock Classification Flowchart

/ Feldspar » mafic minerals !r.:

Texture is

—— K-spar > Plagioclase —— quartz present... GRANITE 2

TG QUEMZ..n SYENITE™®

‘| pegmalitic, < ~K-sper < Plagioclase.................. DIORITE ™#
i i, K < Plagioclase......c..ne i
i tpnaikc “{ Feldspar < mefic minerals -=———"C1=45-85..... GABBRO'*
Sl N A ~Cl=85-100 (< 15% felsic minerals)... PERIDOTITE
—‘ - felsic (Cl = 0-15) andfor pink, white, e pale Brown................. . RHYOLITE? 3‘93:’?;”
| Textura is -~ imermediate (Cl = 15-45) and/or green to gray. ...................... ...ANDESITE* Sl
aphanitic and/or &= mafic (Cl = 45) and/or dar< gray to black.. BASALT#?
vesicLlar .~ mafic with abundant vesicles (resembles a SpoNge).....o v SCORIA
intermediate or felsic with abundant tiny vesicles-like meringue, floats in water,.. PUMICE
GIASSY TXIUME [ +erisssserssmssstssmissssssssasssssssesasssinssssesanssssssssssassansmsanss s OBSIDIAN
Pyroclastic (fragmental) texture fragments <2mm ... VOLGANIC TUFF
——— fragments > 2mm VOLCANIC EREGCIA

"Add psgmatite to end of name if crystals are > 1 ¢m (e.g., granite-pegmatite).
*Add porphyritic to front of name when present (e.g., porphyritic granite, porphyritic ryaite).
*Add vesicular to front of name when present (e.g., vesicular basalt),




A Three Step Process

1) Determine Composition
v'Color Index min % (plutonic only)
v'Color index darkness (volcanic)

v'Mineralogy (observable)

2) Determine Texture
v’ Specific intrusive texture?

v Specific extrusive texture?

3) Name the Rock
v' Use Flowchart

Practical Use for Rock?

1. Color Index
Estimate the rock’s
color index (Cl):

% of mafic mineral
crystals or darkness

Felsic l

IGNEOUS ROCKS CLASSIFICATION

Ultramafic

of the rock. s
' 100%
Felsic ! Intermediate ! Mafic : Ultramafic }
(0 to 15% mafic crystals) | (16 to 45% mafic crystals) | (46 to 85% mafic crystals) | (> 5% mafic crystals)
100% e — = ;
Muscovite _— y o i < \‘e
i : V‘b : Q’Q‘?’
' ) @Qy : §
I
80— | I ‘\é 1
\ ! 1 @ I «
1 @ } \o
! g 1 O“ | o
2, Minerals ol 1 0\ .
Icdentify minerals Q ,§-
in the rock, if # Oob
possible, and 60 . 1 D
their parcent f i o [
by volume) o 1
%hé whcls: '}ock Potassium | | ,§s’a 1 0(@0
Skip this step if Faldspar | | & é | i
mineral crygdtals (K-5pan) i / \\0‘ ‘n,‘\é\_‘ Olivine
are not visible or _ 1 1
are too small to 40 A c,\- 1 a%‘- B
icientify. I N | @ =
I 1 T
< (f‘a‘ ! =
/:/ 04 : Pyroxeng 1
= =Elhe 1 i
20 ///" 1 ('s‘;g-\l‘ i
e | \‘\_\ 1
e 1 g Vsl i et
4 ; | Amphiboie \"\
[1] i i e ‘i
3. Texture(s)
Identify the rock's 4. Rock Name: Select name below, based on data from steps 1-3
texcture(s). =k
Fe'iﬂ;?"ic- PEGMATITIC PEGMATITIC PEGMATITIC PEGMATTIC
g coarsc grained GRANITE DIORITE GAEBRO PER
E —— —
o He
E | et GRANITE | DIORITE GABBRO PERIDOTITE
B (SYENITE, if no quartz)
=] ———— i = )
£ [FEosuk PORPHYRITIC ' PORPHYRITIC PORPHYRITIC ' PORPHYRITIC
2 S sl GRANITF DIORITL GABBRC FERIDOTITE
Phenocryste. FORPHYRITIC PORPHYRITIC PORPHYRITIC
2;133" ek RHYOLITE ANDESITE BASALT
o= sedtEtd | : M SR =
Aphanitic:
fine-grained RHYOLITE | ANDESITE BASALT
= = | =lE s
g Glassy OBSIDIAN dgm;gltsﬁem
2 =T from basalt in
E = SCORIA - hand samples
g : BT ; {resembles a sponge) (KOMATITE)
Vesicular (Abundant tiny vesicles-ike menngue:
E very lightweight; white or gray; floats in water) ma:lfzsr{’ssléﬁéfm& ]
ew vesicles)
Pyroclastic or VOLCANIC TUFF (fragments <2 mm)
Fragmental VOLCANIC BRECCIA (fragments > 2 mm)




Igneous Rock Identification Procedure

Observe and record the rock's TEXTURE
v Pegmatitic
v' Phaneritic
v’ Aphanitic
v' Porphyritic
v' Fragmental
v’ Others = vesicular or glassy

IF Phaneritic or Pegmatitic- |dentify and record the

minerals and the volume % of dark minerals = COLOR INDEX.
Note: Color index applicable for course-gqrained rocks ONLY! OR

IF Aphanitic or Porphyritic = no to some observable minerals,
then estimate composition by the OVERALL ROCK COLOR.

Note: (“light” = felsic/silisic, “medium” = intermediate, and “dark” = mafic).

Steb _@E NAME the ROCK — based on texture/composition combo




Building Applications

-

Granite, Diorite and Gabbro - used for flooring, countertops, walls,
steps, cobblestone paving, gravestones, and various landscaping applications

Volcanic Rock - used for various landscaping applications

http://www.stonecontact.com/library.asp




Igneous Rock References

http://www.rockhounds.com/rockshop/rockkey/index.htmi
http://earthsci.org/education/teacher/basicgeol/igneous/igneous.html#KindsoflgneousRocks
http://www.cobweb.net/~bug2/mineral.htm

Attt /Awww. FOGIRONTICS. com/rockshop/rockkey/index.html __
http://www.union.edu/PUBLIC/GE ODEP T/COURSES/qc 010/

 http://academic.brooklyn.cuny.edu/geology/grocha/mineral/mineralhtmi




