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Geology of Economic Ores

Knowledge of the basic information on Economic minerals and under-standing the
concept of ore formation processes and distribution of ores in time and space. Through
achieving the followings:

Course Objective

* Understanding the ore forming processes.

* Recognizing the abundance and distribution of minerals deposits related to plate
tectonics, the relationship between ore-forming processes and the ore distribution.

+ Be aware of the behavior of ore-bearing metals during magmatic crystallization,
weathering and metamorphism.
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. What is the structure of the
Earth?

The Earth is an irregular sphere,
with a radius that varies between
6,356 and 6,378 km. This solid
sphere is chemically divided into
layers that become less dense
from the centre towards the
surface.

The three main layers are:

(i) the Core (which comprises an
Inner Core and an Outer Core);

(if) the Mantle, and

(iii) the Crust.

Each layer has a distinctive

chemical composition, and a
different density.

Crust

Mantle

Cluter Core

Inner Core




The core is primarily solid composed of the heavy elements iron and nickel. The outer
core is made of molten iron, which produces the Earth's magnetic field.

The mantle is less-dense than the core.
The mantle extends to a depth of about
2,900 km. The mantle is rich in iron- and
magnesium-bearing silicate minerals.

The outer layer of the Earth is termed the
crust, which is divided into
crust and continental crust. Overall,
continental crust is richer in the element
silica, and is less dense, than oceanic
crust.

composed of

minerals that typically form a dark

Inner Core
colored, heavy rock called

IS composed of

minerals that form a diverse range of
rock types such as

The layers of the Earth.
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Crustal stretching can Mountain building can
thin the crust. thicken the crust.

Sea
level

150 km

410 km
660 km

(a) There are two basic types of

crust. Oceanic crust is thinner

and consists of basalt and

gabbro. Continental crust varies

in thickness and rock type. Upper Transition zone
mantle

(b) By studying earthquake waves, geologists
produced a refined image of Earth’s interior,
in which the mantle and core are subdivided.

76,371 km



Dynamic Structure of the Earth

The Earth consists of series of
concentric layers which differ in
chemical and physical properties.

The crust and upper part of the

mantle of the Earth is further
subdivided into
the lithosphere and the
asthenosphere.

The lithosphere is a strong layer,
extending to a depth of 100 to 150
km, that comprises the crust and
part of the upper mantle (the upper
rigid part). The lithosphere is
separated into seven large plates,
and several smaller plates.

These plates, which terminate at
different types of plate boundary,
move over the underlying
asthenosphere.
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my /Z Asthenosphere
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basaltic
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materials) Mesosphere
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The asthenosphere (the middle part of Qcaan erust Fobomiitcip

the mantle - plastic, i.e., semi-liquid BT

and ductile) is a weaker layer, upon

which the lithospheric plates move, e

and from which magmas that form the

oceanic crust are derived. R

Continental
Crust
10 km
~—— 100 km
Lithosphere
Plastic Asthenosphere
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Heat from the Earth's core creates circulalion patlerns (1Le, convection currents)
in the mantle drive the motions of the overlying plates. The slow movement of the
lithospheric plates over the mobile asthenosphere is known as plate tectonics, a
process that maintains the surface of the Earth in a dynamic and active state.
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Convection: is the process in which energy is transferred through a material with
any bulk motion of its particles. Convection is common in fluids.



CONVECHONTCURERESTin the asthenosphere

transfer heat to the surface, where plumes Lithosphere
of less dense magma break apart the plates
at the spreading centers, creating

divergent plate boundaries. 4
As the plates move away from the f"‘métm _ f\
spreading centers, they cool, and the N = g
higher density basalt rocks that make up ) R {
ocean crust get consumed at the ocean / - \a
trenches/subduction zones. ' /,’,}na:‘\ -.
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Because ECAMplaleSIaGNSEMNANCONINERIANPIAIES, when these two types of

plates converge, the ocean plates are subducted beneath the continental plates.
Subduction zones and trenches are convergent margins. The collision of plates is
often accompanied by earthquakes and volcanoes.



INSIDE THE EARTH




lI. Plate tectonics

Plate tectonics (previously known as continental drift) originated from the
geographical observation that the coastal profiles of South America and Africa
seem to fit one another.

First proposed by Alfred Wegener in the 1920s, the crust was imagined to be
made up of continent-sized slabs that "float" on a liquid layer and thus "drift"
around.



http://en.wikipedia.org/wiki/Plate_tectonics
http://www.visionsofthecosmos.co.uk/Plate Tectonics.htm

Plate tectonics, appeared in the 1960s when the mid-Atlantic ridge was
discovered, along which injection rock material caused “spreading” and
consequently leaving parallel north-south trending stripes of injected rock, the
youngest of which was adjacent to the injection ridge and the oldest farthest from
it

The plate tectonics solution to the seafloor spreading dilemma was the
oJge]ele i lilesmsF-IMNew crustal mass created by injection must be compensated by
CsilelePleilelg the diving of ocean crust (more dense) under opposing continental
plates (less dense). Subduction zones and trenches are convergent margins. The
collision of plates is often accompanied by earthquakes and volcanoes.
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What happens in Plate Tectonics??!! @

ASTHENOSPHERE € Ml ASTHENOSPHERE

T (semi-solid, slowly R —
Al  flowing upper mantle) S T AR )
LOWER MANTLE M

This diagram shows the interaction between continental and oceanic plates, the
processes illustrated generally apply for the interaction between two oceanic
plates.



What happens in Plate Tectonics??!!
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1. There are two basic types of
LITHOSPHERE: CONTINENTAL
lithosphere has a low density because
it is made of relatively light-weight
minerals. OCEANIC lithosphere is
denser because it is composed of
heavier minerals. A plate may be made
up entirely of oceanic or continental
lithosphere, but most are partly oceanic
and partly continental.

Lithosphere



What happens in Plate Tectonics??!! 1]
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2. Beneath the lithospheric  Continental
plates lies the Crust Sedimentary Oceanic

Deposits Crust
ASTHENOSPHERE, a layer of
the mantle composed of
denser semi-solid rock
Because the plates are less
dense than the asthenosphere
beneath them, they are PIasticAsthenosphere
floating on top of the | ypser Mantle . 2ookm
asthenosphere. £mto670km)
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What happens in Plate Tectonics??!! 1]
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3. Deep within the asthenosphere the
pressure and temperature are so high that
the rock can soften and partly melt. The
softened dense rock can flow very slowly.
Because of the temperature instabilities
near the core/mantle boundary, slowly
moving convection currents are formed
within the semi-solid asthenosphere.

100 km ——

4. Once formed, convection currents
bring hot material from deeper within the
mantle up toward the surface.




What happens in Plate Tectonics??!!

ASTHENOSPHERE
(semi-solid, slowly
flowing upper mantie)

5. As they rise and approach the surface,
convection currents at the
base of the lithosphere. The diverging

currents exert a tension or “pull” on the
solid plate above it.

Tension and high heat flow weakens the
floating, solid plate, causing it to break
apart. The two sides of the now-split plate
then move away from each other, forming a

LOWER MAML&
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A Divergent Boundary

Sea level
Magma in fissures _




Uplift of a broad area
Dikes introduced
Crust heated and
expanded
Example:
Colorado Piateau

Continental  divergent

plate boundary leads to
the formation of rift.

Normal faults Rift valiey Fault-block

Rift valleys formed — mountains

Example: ;
African Rift Valley
Ric Grande Rift

Cceanic crust and new Sea level
ocean forms Bt
Erosion reduces height
of fianking continent
Example:
Red Sea

Crust, thinned by erosion, cools, crust
contracts and sinks beneath sea

Example:

Atlantic Ocean.
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What happens in Plate Tectonics??!!
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6. The BEBE between these diverging  “otinenta ke Continenta
plates is filled with [FiCKEnOCKS il
(FEGMSNFORMMBEIW Contact with
seawater cools the magma, which £, <. &
quickly solidifies, [OFiNgINENIOCEame) -«
litRGSPRErEl This continuous process, s
operating over millions of years, builds
a chain of submarine volcanoes and rift
valleys called a MID-OCEAN RIDGE or
an OCEANIC SPREADING RIDGE.




What happens in Plate Tectonics??!! 1]

ASTHENOSPHERE
(semi-solid, slowly
flowing upper mantie)

LOWER MAML&

7. As new molten rock continues to be extruded at the mid-ocean ridge and added
to the oceanic plate (6), the older (earlier formed) part of the plate moves away
from the ridge.

8. As the oceanic plate moves farther and farther away from the active, hot
spreading ridge, it gradually cools down. plgEReelle=IgRigl=i ol =R (= mal=e Y=l
ICEVIE S NIN e[z Eventually, the edge of the plate that is farthest from the
spreading ridges cools so much that it becomes denser than the asthenosphere
beneath it.
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9. As it is known, HEHSEHNMatCHAIS! |
B and that's exactly what
happens to the

N Oceanic onast
- Asthenasphere
mekions

subduction » <= Plstemations

0 Partial melt dinpie
Areas of melt
generation

Fluid pathways

( 300 20%) 100
No vertical exaggeration Distance from trench (km)




What happens in Plate Tectonics??!! 1]

LOWER MAML&
10. The sinking edge of the oceanic plate
“pulls” the rest of the plate. The oceanic plate
remains solid far beyond depths of 100 km

beneath the Earth’s surface.

Volcano

11. Subdu g N Continental crust
CONVERGENT PLATE BOUNDARY, where two el -_—

plates are moving toward one another. B -

Although the cool oceanic plate is sinking, the EEeEE R Kitonsghen
cool but less dense continental plate floats on
top of the denser asthenosphere.

TWO PLATES THAT MOVE TOWARDS EACH OTHER AND COLLIDE



What happens in Plate Tectonics??!!

ASTHENOSPHERE
| (2)

ASTHEMOSPHERE ASTHENOSPHERE
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12. When the subducting oceanic plate R

Sea level

sinks deep below the Earth’s surface, Dosans o

the great temperature and pressure at thosprere - |
depth cause the fluids to “sweat” from e o icrBaing m“.?osp;f'
the sinking plate. The fluids sweated g S T, enosphors
out percolate upward, helping to Dhvrsednante a0

locally melt the overlying solid mantle
above the subducting plate to form
pockets of liquid rock (magma).

Adapted from Winter (2001)



What happens in Plate Tectonics??!! 1]
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13. The generated magma is less dense
than the surrounding rock, so it rises N ""*“"li““""‘ |
toward the surface. Most of the magma m:;ﬁ;mxm: = Nomiconic oyt are
cools and solidifies as large bodies Of g.uarosn g basi  Outer ridge "IN PO Oceanie,

A N

Trench

Low - medium P/T
—metamorphic rock 2

plutonic (intrusive) rocks far below the

Lithosphere  Magma

High P/T metamorphic rock
Oceanic crust
Asthenosphere

14. Some of the molten rock may reach the Asthenosphere

Earth’s surface to erupt as the Pentupigas




ﬂ Oceanic-Oceanic convergence leads to the
e - formation of Island arc.

Oceanic-oceanic convergenca

Oceanic-Continetal convergence leads to
the formation of Volcanic arc chain.

Oceanic-continental convergence

Continental-Continental convergence leads
to the formation of Mountain range.

Continental-continental convergence




Ill. Types of Plate Boundary

There are three types of plate boundary: convergent, divergent, and transform plate
boundaries.

1. Divergent plate boundaries occur where

two lithospheric plates move away from
eachotRefdriven by magma rising
from deep within the mantle. Volcanic
activity at a divergent plate boundary
creates new lithosphere along what is
known as a spreading ridge.

2. Convergent plate boundaries occur xwuus
Vaicanoes

where [HONIIERGSPRERCHPISESINmovE] -
[GWEAFGSIEECAMGIRER with one plate

overriding the other. The overridden
plate (sinking plate) is driven back into
the mantle, and is subsequently
destroyed along what is known as a
subduction zone. During this process,
earthquakes and volcanic activity are
generated in the overriding plate.




3. Transform plate boundaries occur where two lithospheric plates slide laterally
past each other. Earthquakes are generated along this type of plate boundary.
Importantly, lithosphere is preserved along transform boundaries, it is not
created or destroyed as it is at divergent and convergent plate boundaries.

EEMER
Earthquakes wihin crust




EARTHQUAKE CHARACTERISTICS: PLATE BOUNDARY TYPES

Type of Margin Divergent Convergent Transform
Motion Spreading Subduetion Lateral sliding
Effect Constructive Destructive Conservativa

(oceanic lithosphere created)

(oceanic lithosphere destroyed)

{lthosphere neither created or
destroyed)

Trench

Topography Ridge/Rift Trench Mo major effect
Volcanic activity? Yes Yes No
; Volcanoces
Ridge (volcanic arc) Earthquakes within crust

Lithosphere

Asthenosphera

Continental-continental convergence

Oceanic-oceanic convergence




plate boundary
Convergent Transform
plate boundary plate boundary

Convergent Continental rift zone
plate boundary {young plate boundary)
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rust

Continental-continental convergence

Oceanic-continental convergence






Plate

ERM.@W Tectonics

late movements have built many of the features
of Earth’s land surfaces and ocean floors.

Mid-ocean ridge

Oceanic crust

Diverging oceanic plates
The mid-ocean ridge marks
a divergent boundary where
plates move apart.

Oceanic crust

Rift valley When continental
plates pull apart at a
divergent boundary on land,
a rift valley forms.

Converging continental plates
Where two continental plates
collide, the crust buckles and
mountain ranges form.
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V. Plate Tectonics vs. Geological Processes

IS the
fundamental mechanism that
drives geological processes
in the geosphere. Plate
tectonic theory is based on an
understanding of the Earth's
internal structure, the
different types of tectonic
plates and plate boundaries,
and the driving forces of plate
movements.

The occurrence of
earthquakes and volcanoes,
the distribution of different
rock types, and the Rock
Cycle, as well as the
processes of mountain
building, continental rifting
and seafloor spreading, can
be concisely explained by
plate tectonic processes.

Volcano

Trench, where one plate oo 3 :
slides under another. ' T ' Mountain chain

\ Plates push together.

%

Fault blocks

Continental
crust

Magma

Uppermost
mantle

Asthenosphere
(@)



V. Magma

Magma is hot molten rock within
the earth. It can well-up from
deep to extrude from fractures
as lava flows and/or pyroclastic
ejecta.

The source for magma is not the
earth’s liquid outer core, a
common misconception; instead,
magma is generated at the
relatively shallow depths of 100
to 300 km, through the partial
melting of the earth’s crust and
mantle.

Magma IS most often formed by
decompression-melting of
asthenosphere associated with
divergent plate boundaries or

mantle plumes, or by partial-










The ingredients necessary for the
production of magma involve the
interplay between heat, pressure,
intra-granular fluids (present as gases
within very hot rock or magma) and
the composition of the material
subject to melting.

1- Heating obviously brings solids
closer to their melting points, the
more heat, the more likely a solid will
melt.

2- In general, higher pressures
prevent melting because the
constituent atoms of minerals in
rocks are squeezed together and
remain  solids under high
pressure. Consequently,
lowering pressure on hot rock
Induces melting (as occurs in
divergent plate boundaries).

1
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TEMPERATURES IN THE EARTH
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3- Intra-granular fluids (gases

within very hot rock or
magma) lower the melting
point of solids, so the

presence of fluids (gases),

generally water, allows solid
temperature (or heat content)

than it otherwise would.

in
the

Bubbles are common
magmas erupted at
Earth's surface

Depth (km)

2
0 1 2 3

Water (gas) in magma (wt%)

Magma at some
convergent plate
boundaries contains
water vapor

The trapped water
vapor in the magma
can cause explosive
eruptions.

Continental Crust

(Oceanic Crust

\




4- Finally, there are two general trends to explore in relation to rock
composition: rock that contains a relative abundance of silica (SiO,) and
aluminum (Al,O3) will melt at a lower temperature (heat content); while a rock
containing a relative abundance of ferromagnesian (Fe, Mg, and Ca) ions will
melt at higher temperatures (heat content).

Magma Composition Felsic
Silica Content 70%
Water (Gas) Content 2.0% 0.5%
Eruption Temperature 900-1000 °C 1100-1200 °C
Viscosity Higher Intermediate Lower
Explosiveness More Effusive
Volcanism Rhyolitic Dacitic

Lava Domes

Volcanic Products

Pyroclastic Deg

Volcano Types

Kenneth A. Bevis © 2013

e

Factors that control the composition and viscosity of a magma; which in turn play a determining role in the style of
volcanic eruption, eruptive products, and the nature of the volcano formed.



CLASSIFICATION & FLOW CHARACTERISTICS OF VOLCANIC ROCKS
Basalt Andesite Dacite Rhyolite Volcanic rock name

63-68 % 68-77 % Silica (Si0,) content

Eruption temperature

|

| o l —t

L0 : { Lava color scale in °C:
l I | |
| | | High resistance | 1160° 600°
I | | to flow |

Low resistance | | | (thick, sticky)
(thin, runny lava)' |

' Mobility of lava flows

Decreasing mobility of lava =———p>




Summary Table

MTilirza So:;:iflied Chemical Composition Temperature Viscosity Gas Content
Basaltic Basalt ?05‘;,5; ?(i,ol\zla%’ high in Fe, Mg, Ca, 1000 - 1200 °C 10 - 103 PaS Low
Andesitic | Andesite i/il;:rc,as,lg ;’T‘;’ intermediate in Fe, 800 - 1000 °C 103-10°PaS | Intermediate
Rhyolitic | Rhyolite | 97> Si0; %, low in Fe, Mg, Ca, | . g5 0¢ 105 - 10° PaS High

high in K, Na.




The majority of magma erupted at the

Earth's surface iSiproduced by melting of!

Some magmas are produced by melting of

crustal rocks at'Shallowerlevelsi(ess than:

80 km). The Earth's interior is very hot, but

it is solid because of the FigRIpIessures]

FOGESINERGNURGEIGOESNde-pressurization

melting.

Magma can also be generated by melting
due to the lowering of the mantle melting
temperature because water and other
volatile components have been
introduced into the mantle. This occurs
chiefly in subduction zones where
oceanic lithosphere is descending back
into the mantle. The oceanic lithosphere
carries with it water in sediments and
altered rocks.

Mid-oceanic ridge
(smatﬁng)~

QOceanic trench
(convergence)

Mantle
Convection

Arc
volcanism




The melting of continental crust generates felsic magma enriched in silica and.

AIMIREAY while melting of mantle rock (asthenosphere) and oceanic crust forms
ferromagnesian-rich, mafic magma. The earth’s crust naturally contains a higher
water content (because of its proximity to the hydrosphere) than the mantle,
accounting for higher water (and thus gas) content in felsic to intermediate
magmas. The relatively high content of silica and water in continental crust also
correlates with the lower melting temperatures of felsic to intermediate
magmas. Mantle material melts at greater depth and higher temperatures and
pressures, not requiring as much “assistance” from silica and water in the
melting process.

Volzm%fock TﬂhM::&?lfe m&oﬂ Clme"r‘;tks ‘ Chemical Analyses of Magmas
‘ | : £ High gas Oxide % Basalt Andesite  Dacite Rhyolite
RHYOLITE 1400°F = 68-77% 3 ok plosive' Sio, 50.10wt.% 59.20 67.20 75.20
b thick, stick'y TiO, 1.00 0.70 0.50 0.20
Al,O, 17.10 17.10 16.20 13.50
Fe,O, 3.40 2.90 2.00 1.00
DACITE 63-68% FeO 7.00 4.20 1.80 1.10
MgO 7.10 3.70 1.50 0.50
CaO 10.60 7.10 3.80 1.60
ANDESITE 52-63% Na,O 2.50 3.20 4.30 4.20
K.O 0.80 1.30 2.10 2.70
Low gas, 2
v ‘ Ie” expmm' P.O, 0.20 0.20 0.20 0.10
2200°F 48-52% thin, runny - -
g 3 ‘ = continuum of compositions




Magma composition

The composition of magma (and extruded lava) depends on three main factors:

1) the degree of partial melting of the crust or mantle;
2)
X)W magmatic differentiation by fractional crystallization

Assimilation of country rock

]' -k

R portipst Ll
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"‘-:n-:.- IS &
.2 x( "}

S

rystamzation and settling Fig ure 4.25



Several types of basaltic lavas result from partial melting of mantle and oceanic
crust at subduction zones and mantle plumes.

Emplacement of basaltic magma chambers within continental crust often raises
the temperature of the surrounding silica- and water-rich country rock enough to
cause the country rock significant melting. The country rock becomes
assimilated into the basaltic magma to greater or lesser degree, contaminating it
with felsic material.

If substantial mixing of the magmas occurs, usually requiring significant plate

movement and/or magmatic convection, (ranging
from andesitic to dacitic or rhyodacitic).
Oceanic Ridge Tre h Volcanic Arc Continental

Island Are Trench
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Assimilation

/" As magma sits in its chamber,

it may incorporate minerals
from the surrounding wall rock

# Called assimilation

Occurs when wall rocks fall
into the magma and melt
(stoping) or when the magma
partially melts minerals from
the wall rock

Degree of assimilation
depends on composition of
wall rock, temp of magma,
amount of H,0 present,
amount fractures in and
strength of the wall rock, and
residence time

Magma from partial

4 melt of wall rock

mixes with magma
from below; this
process is magma

contamination.

Blocks of rock fall
into magma and
dissolve; this
Process is
assimilation.

Heat transfer from
deep magma melts
wall rock and creates |
another magma
source,




Magma Composition
(tectonic setting)

Andesitic &
Rhvolitic
Magma




Mafic magmas are generated
by decompression-melting
of highly mafic
asthenosphere and
assimilation-melting of mafic
oceanic lithosphere and
crust in association with
divergent plate boundaries
and some mantle
plumes. The magma source
is naturally low in water
content, however, these
magmas have a much easier
time of it; greater heat and
less silica allows it to readily
reach the surface as
volcanic eruptions (despite
its lack of gases). Mafic
magmas have lower
viscosities because of their
greater heat content and
lack of silica (they have a
greater abundance of iron
and magnesium ions).

Mid-ocean Ridge

(Spreading Center

Transform Faults <

or Rift Zone) \

Rift valley

Midocean nage

Continental Crust

Oceanic Crust

i

Magma Lithosphenc

part of mantle

\

Magma

f’,a

M“J H *’m

ﬂL

13: {“-"-Wl‘i!.-}h\:—:.ro'.:



Felsic magmas have higher viscosities because of their lower heat content and
enrichment with respect to silica. [gElS Nl EREIERe =l el B o) AR g [ o= gl

(more siliceous because of the thick sedimentary cover it carries) where it is
subducted at convergent plate boundaries and by assimilation-melting of
siliceous, water-rich, into the magma derived from partial
melting of mafic oceanic crust and asthenosphere as it rises toward the surface.

Lithosphere

Plate Plate

———— I I
| Sealevel
— “: Pt ’ ,’ — \\“ —_—
s AL =
“77“ Volcano™ 7 — == -
S o~ = Trench

ST sees ey T X oceanic‘crust

7.« 7~ Asthenosphere:

K weak, hot

¢ Wet partial melting of
; DR e oceanic crust creates
Dceanic-oceanic convergence magma




Intermediate magma:

During oceanic-oceanic plate
collisions, a basic magma rises
through the overlying oceanic plate
and is little changed by assimilation-
melting (the original mafic magma
simply assimilates more mafic material
on its way upward); volcanic eruptions
on the sea floor form island chains
called island arcs. Volcanism is
initially mafic in composition, but as
time progresses and the volcanic arc
ages and is subject to erosion
(producing sediment that accumulates " Conlinente gy
in the subduction zone), newer ‘
magmas become increasingly silicic
and become intermediate. During
oceanic-continental collisions, the
generally mafic magma rises through ==
felsic continental lithosphere to build a |

Ocean-ocean collision

Oceanic
crust

oceanic-continental collisions



(4) Possible re-
meiting of olivine or

pyroxene can make the
lower magma more mafic




toafewkm

b

Loss of olivine
makes the

upper magma
more felsic

settle to the
bottom

through the
NONVISCOUS
magma

MORE FELSIC
MAGMA

Crystals re-

meitin the

hotteriower
magma, making

it more mafic




Lithosphere
Ophiolite Suite)

Asthenosphere

o

ultramafic
residue

infermedia

magma

{generated by ?

fractional
melting)

Y andesite
_volcanics

2,

dunite
peridotite

diorite
plagiogranite
|




Continental

Hot Craton
_Spot_
" MAFIC
i mzulbl{ &.4. rmycites

QOcean Basin

Divergent
Plate Boundary

Convergent
Plate Boundary

- *

FEL'sm Igneous Rocks -
s B varkous grarilaa

v vl 4 granodiortes, etc

o T by A by T |-_J.3_.-'
o LT - -~

|

plume of
hot mantle
magma

1 =T
(4T _ﬁ gyenitez, monzonites,

ULTRAMAFIC

{lgneous rocks of upper mantle)
a.q. peridotite/dunite

Volcanic Arc

:ir’rr,-ﬁ, plagiogranites

fractional
melting

fractionation
residue

&.4. cunita
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ISLAND ARC PLATE HOT-SPOT CONTINENTAL PLATE
PLATE SUBDUCTION DIVERGENCE VOLCANISM SUBDUCTION
A A A A

h'd N Y4
Mafic to intermediate : Basaltic extrusives Basaltic extrusives
intrusives (plutonism) ! Basaltic intrusives Basaltic intrusives
Mafic to intermediate
extrusives (volcanism)

' Island arc Subduction
' volcano  zone

i

cd

3 -
L

7

Mafic to felsic intrusives
Mafic to felsic extrusives

MRCSTETRS T )

Subduction Continental
zone margin volcano

\

..~ Hot-spot volcano |
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Bowen’s Reaction Series

last td v crystallize

Compositon
intrusive/extrusive

rock types

Intermediate
diorite/andesite




General composition:

o Extrusive

E (or volcanic)
Z fine grained

Intrusive

o (or plutonic)
coarse grained

100

Mineral Composition (volume %)

felsic intermediate mafic ultramafic
rhyolite dacite andesite basalt
granite granodiorite diorite gabbro peridotite |dunite|

A general classification of igneous rocks.




End of Lecture



