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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.

/) 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 anc




The Rock Cycle

Three Primary
Rock Types

1)
2)
3) Sedimentary

Key Concept:

The Rock Cycle is Perpetuated by Several Major Processes
1) Magmatic Activity
2) Uplift and Mountain Building
3) Weathering, Erosion, Deposition, and Burial ©













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:

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




Magma and Lava = Mother Igneous

of an igneous 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 Igheous
Rock-Forming
Minerals

1) Plagioclase

2) Potassium Feldspar
3) Quartz

4) Muscovite

9) Biotite

10) Hornblende

11) Augite (pyroxene)
12) Olivine

13) Tourmaline

14) Garnet

15) Magnetite




Igneous Rock Classification

The of
an igneous rock is

primarily controlled
by the

or lava
that it cooled from.

The of an
igneous rock Is
primarily controlled
by the of
its parent crystallizing
magma or lava.

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




Ultramafic:
v Very Iron — Magnesium Rich
v Super undersaturated in silica
v' Mantle rocks = Peridotite

Mafic:
v" Iron—Magnesium-Calcium Rich
v" Undersaturated in silica
v" Oceanic rocks = Gabbro and Basalt

Sub-Mafic:
v' Between Mafic and Sub-Felsic/Silicic
v Saturated in silica
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/fOCKKEY




Cooling and Crystallization of a Magma
Bowen’s Reaction Series

v' Early forming minerals
are Fe-Mg-Ca rich and
silica poor @ high temps

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

v' Last forming minerals
are most rich in K and
silica @ low temps

v' Final rock type depends mostly on initial magma composition

v’ Crystal fractionation processes can also affect magma comp.

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




Light-Colored Dark-Colored




Phaneritic Texture:
v Coarse Grain Size = Slow Cooling

v Plutonic Rocks = Coarse-grained

Aphanitic Texture:
v Fine Grain Size = Fast Cooling
v Volcanic Rocks = Fine-grained

v' Large crystals in aphanitic groundmass =
slow cooling followed by rapid cooling
v Porphyry Rocks = Mixed-grain

Vesicular Texture:
v' Fine-grained to glassy with Cavities
v Lots of tiny vesicles = pumice
v Fewer larger vesicles = scoria

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

Fast Slow

COOling COOIing




Igneous Rock Formation
and Texture




Field Outcrops of Plutonic Rocks

v Intrusive -Plutonic
v’ Coarse-grained
v Cooled Slowly




Porphyritic

porphyritic andesite

___—;Phenn crysts

~-Groundmass

Aphanitic

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




Vesicular Fragmental




v Intrusive -Plutonic
v Coarse-grained
v Cooled Slowly

Granite

Gabbro

Rhyolite

Phenocrysts

Groundmass

Basalt

Obsidian

Welded Tuff




Color Index of Plutonic Rocks




Igneous Rock Classification




Igneous Rock Classification

DIORITE \

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 proportions interms of percentage




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?




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?




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-grained rocks ONLY!

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).

NAME the ROCK — based on texture/composition combo







1) Volcanism occurs over places where rocks are melting deep in the Earth
2) Two melting mechanisms are 1) decompression melting and 2) flux melting

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

4) Tectonic environment controls the type of magmas generated, and hence the
types of volcanism that occur at specific plate boundaries and hot spots.

5) Magma composition is a function of source rock composition, degree of
partial melting, and assimilation and fractionation processes.

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

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

8) There are different types of volcanoes, with variation due to differences in
magma properties and eruption style.

9) There are different types of volcanic eruptions, with variation due to
differences in magma properties and volume.

10) Each type of volcanic eruption has a certain explosivity inde
depending on the hazard level.




Magma and Lava = Mother Igneous

Magmas and lavas are the result of partial melting of a source
rock deep within the Earth — mainly in the upper mantle where
temperatures are high enough for rock to melt

There are two principle mechanisms deep in the Earth that
cause rocks to melt: 1) decompression and 2) we




Specific regions in the upper mantle and base of the crust have the proper conditions
for rocks to substantially melt: principally at convergent and divergent plate boundaries

Decompression melting mechanism occurs at divergent boundaries and hot spots
where overheated, ascending asthenosphere rises to a shallow-enough level (lowered
pressure) to spontaneously melt

Water-fluxing, or hydrous melting mechanism occurs at convergent plate boundaries
with subduction where dewatering of the downgoing slab lowers the |
temperature of rocks in slab and the overlying mantle wedge







Two Mechanisms That Melt Rocks

Decompression Melting

Hot asthenosphere rises to
shallow depth - or where crust is
greatly thinned - the lowered
confining pressure lowers melting
temperature and initates melting

Sites of decompression melting
are crustal rift zones and hot
spots

Water Flux Melting

Addition of water to source rock
acta as a flux, which lowers the
melting temperature of the source
material, and initates melting

Sites of water-flux melting are
subductions zones




Decompression Melting Mechanism
at Rift Zones and Hot Spots

Rising, overheated asthenosphere
reaches a shallower depth under
lowered confining pressure

Lower confining pressure lowers the
melting temperature of rock

At a shallow enough depth,the rising
asthenosphere peridotite rock will
spontaneously start to melt to form
relatively dry, tholiietic basaltoc magma

The generated basaltic magma rises
into the overlying crust to eventually
form new oceanic crust

Sites include seafloor spreading ridges
and rises, hot spots, and continental rift
zones.




Flux (Dehydration) Melting
Mechanism at Subduction Zones

Ocean-hydrated subducting slab
(oceanic tectonic plate) brings
water deep into the mantle

Increasing temperature and
pressure with increasing depth
causes dehydration of the slab —
release of water locked in the
subducting sediment and minerals

Released fluids migrate up into the
overlying mantle, fluxing the rocks,
lowering melting temperature, and
causing rocks to melt.

Hydrous basaltic and andesitic
magmas are generated in the
mantle wedge that feed an
overlying volcanic arc










Types of Volcanoes

Volcano Type

Characteristics

Examples

simplified Diagram

Flood or
Plateau Basalt

Yery liquid lava; flows very
widespread; emitted fram
fractures

Columhbia River Plateau

1 mile: ™
- e S L P T T I
T s Fol I T PR T O o ] T

:

2| | Shield Volcano

Liguid lava emitted from a
central went; large; sometimes
has a collapse caldera

Larch kountain, kdount
Syivania, Highland Butte,
Hawsalian volcanoes

::':-'_-r
=T

vent

s Explosive liguid lava; small; Mount Tabor, Mount

- emitted from a central vent; Zion, Chamberlain Hill,

o % | Cinder Cone if continued long enough, may Filot Butte, Lava Butte,

= § build up a shield volcano Craters of the kMoon

= >

= O

= = More viscous lavas, much rount Baker, kount

@ @ | Composite or | explosive (pyroclastic) debris; Fainier, Mount 51, Helens,
G o | Stratovolcano | large, emitted from a central kount Hood, Mount

Shasta

YValcanic Dome

Yery viscous lava; relatively
small; can he explosive;
commonly occurs adjacent to
craters of composite volcanoes

Mowvarupta, Mount St
Helens Lava Dome,
Rount Lassen, Shastina,
kono Craters

Caldera

Yery large composite volcano
collapsed after an explosive
period; frequently associated
with plug domes

Crater Lake, Mewberry,
kilauea, Long valley,
kedicine Lake,
Yellowstone

= USGS

Topinka, USGESIOVE, 1997, Modified from: Aflen, 1975, Volcanoes of #he Foriiand Ares, Sregon, Gre—Bin, v.57, mo.9




Five Major Types of Volcanoes

Cinder Cone

cullapse of a volcano
USGS Photo by W.E.Scott

v : :-..».i ; :

1 Cmder ﬁo’ﬁe a sm:ple fvalcano

built Trdm; blobs of fatm e;ected
from asmgleve.nt Einty 1

USGS Photo by Tom Casadevall Mauna Loa

o ;
Lava Dome ~ moundxfﬂrmegwhen
wgg:nus fava piles up aromjg vent’f'

USGS Photo by Lyn Tuplnl’(‘a Muunﬂat J-IEIEns

i U§63 Photo hy‘lyn Tﬂplnk.a

Mount Rainier UsSGs Phn_tn'lply Lyn Topinka

1. Caldera

2. Cinder Cone
3. Shield Volcano
4, Stratovolcano
5. Lava Dome

1INOES




Shield Volcano




Composite (Strato)Volcano




Caldera Volcano




Cinder Cone




Size Variation of Volcano Types
> A

COMPOUND VOLCANO STRATO - VOLCAND
COMPLEX VOLCAND (COMPOSITE VOLCAND)

S - —_

SOMMA VOLCAND CALDERA

SHIELD VOLCAND

LAVA DOME CRATER ROW CINDER CONE TUFF CONE TUFF RING
FISSURE YENT SCOHIA CONE
PUMICE CONE

Simkin and Siebert, 1994




Volcanic Eruptions




Multiple factors capable of triggering a volcanic eruption:

1) Buoyancy of the magma
2) Pressure from the exsolving gases in the magma

3) Injection of a new batch of magma into an already filled
magma chamber

4) Catastrophic collapse of volcanic cone leading to
depressurizing of underlying magma

5) Contact between magma and groundwater

6) Massive earthquake in the vicinity of a dormant volcano




1) Silica Content of Magma

2) Temperature of the Magma

3) Dissolved Gas Content in the Magma
4) Confining Pressure over the Magma

5) Volume and Depth of Magma Reservoir

6) Design of Volcano’s Plumbing System




Volcanic Eruption Types

Magmatic Eruptions
1. Hawaiian
2. Strombolian
3. Vulcanian
4. Peléan

5. Plinian

Phreatomagmatic Eruptions
1. Surtseyan
2. Submarine
3. Subglacial

Phreatic Eruptions







Andesitic Volcanic Eruptions




Types of Volcanic Eruptions




Volcano Explosivity Index - VEI

Plume
height
<100 m 1,000 m3
(330 ft) (35,300 cu ft)
100-1,000
m (300—
3,300 ft)

1-5 km 1,000,000 m3 Strombolian/\VVulcani
(1-3 mi) (35,300,000 cu ft) & an

Eruptive volume * Eruption type Frequency Example

Hawaiian Continuous Kilauea

10,000 m3 Hawaiian/Strombolia
(353,000 cu ft) n

Months Stromboli

Months Galeras (1992)

3-15km 10,000,000 m? Valeanian Vear Nevado del Ruiz
(2-9mi) (353,000,000 cu ft) y (1985)

10-25km 100,000,000 m?
(6-16 mi)  (0.024 cu mi)

>25 km
(16 mi)
>25 km
(16 mi)
>25 km
(16 mi)

>25 km
(16 mi)

Vulcanian/Peléan Few years Eyjafjallajokull (2010)

Mount St. Helens
(1980)

1 km3 (0.24 cu mi) Plinian 5-10 years

10 km3 (2 cu mi) Plinian/Ultra Plinian 1,000 years Krakatoa (1883)

100 km3 (20 cu mi) Ultra Plinian 10,000 years  Tambora (1815)

1,000 km3 (200 cu mi) Ultra Plinian 100,000 years Lake Toba (74 ka)




Comparison of the Magnitude of
Famous Volcanic Eruptions




1) Tephra (ash)
2) Lava

3) Pyroclastic Flow

4) Bombs
5) Gases

6) Lahar

/) Heat

8) Acid Rain




Image Gallery of Volcanic Materials




Most of Earth’s active
volcanoes are found
along plate boundaries

The map to the right
shows the location and
type of active volcano

Note that most of the
strato volcanoes (red
dots) are associated
with subduction zones

javaseript:void

https://volcano.si.edu/







Porphyritic

porphyritic andesite

___—;Phenn crysts

~-Groundmass

Aphanitic

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 |




Vesicular Fragmental




Recommended Volcano Sites

https://courses.lumenlearning.com/wmopen-geology/chapter/outcome-volcano-types/




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

http://www.rockhounds.com/rockshop/rockkey/index.html
http://www.union.edu/PUBLIC/GEODEP I/COURSES/qge6=1C s
o http://academic.brooklyn.cuny.edu/geology/grocha/mineral/mineral-htmi




