Met amor phosi sé




"When Gregor Samsa woke up one
morning from unsettling dreams,

he found himself changed into a
monstrous bug. o

Metamorphosis , by Franz Kafka




Metamorphism

A The transformation of rock by
temperature and pressure

A Metamorphic rocks are produced by
transformation of:

Algneous, sedimentary and even other
metamorphic rocks



One of the oldest rocks in the world. A gneiss
produced by metamorphosis of an even older shale.



Origin of Metamorphic Rocks

AMetamorphism begins when
I Temperature excee@90°C

I Pressure excee@90 M Pa(approx.
10,000 ft deep)

AMetamorphism ends when melting
begins



Metamorphism

A Recrystallization of minerals in the solid
State

A Caused by changes in T, P or pore fluids
A New environment = new minerals
A Growing minerals create a new texture

A Metamorphism progresses from low to high
grades



Metamorphism

ATextural changes occur during
metamorphism

I New minerals grow during
metamorphism replacing old minerals

I The new minerals reflect the Temperature
and Pressure of the metamorphic event

I Precursor rock textures are modified or
destroyed



What causes metamorphism?

A Heat

AMost important agent

AHeat drives recrystallization - creates new, stable
minerals

A Pressure(stress)
Alncreases with depth

APressure can be applied equally in all directions
or differentially, i.e. directed

A Fluids

AThe flow of hot mineral-rich water through the
rock can have a big impact on metamorphism

AReferred to as hydrothermal alteration and
creates specific easily identified minerals




Main factor affecting metamorphism

A Parent rock

AMetamorphic rocks typically have the same
chemical composition as the parent rock.

AThey contain different minerals, but the
same chemicals; just rearranged.

AException: at sometimes gases like carbon
dioxide (CO,) and water (H,O) are released

AExamples:

I Quartz Sandstone Quartzite
I Shale Slate- Schist- Gneiss
I Granite- Granite, though minerals might align
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Source of Heat

I Proximity to igneous Iintrusions
AContact metamorphism

AZones if different metamorphic grade ring
the intrusion

I Depth of burial
A15-30°C increase per km below the surface

ARegional scale burial, mountain building
events
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Source of Fluids
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Metamorphism

AThree types of metamorphic settings:

AContact metamorphismi from a rise in
temperature within host rock

AHydrothermal metamorphism i chemical
alterations from hot, ion-rich water

ARegional metamorphism-- Occurs in the
cores of mountain belts and makes great
volumes of metamorphic rock




Contact metamorphism

Produced mostly by local heat source

A. Implacement of igneous body
and metamorphism

B. Crystallization of
pluton



Hydrothermal Metamorphism

Circulation of hot fluids t
rod
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Regional Metamorphism:

Subducti on zones
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Regional Metamorphism:
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Why it is called regional

Colors represent
different levels of
Temperature and

Pressure as
recorded in the
minerals.

This regional
pattern was caused
by the collision of
two continents

Metamorphic Facies
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Met amor phi ¢ 0Gr

AT & P combined determine degree of
metamorphism & mineral assemblage

i Low-grademetamorphism200 to 350°C and
relatively low pressures

I Intermediategrademetamorphism 350 to 550
OC and moderate to high pressures

I High-grademetamorphism very high
temperatures, usually above S&0and/or very
high pressures




Mineral stability depends largely on
temperature and pressure . Example: the
Al,SIO; system
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Other minerals behave similarly
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Regional Metamorphic Zones

Alndex minerals

I A mineral that forms within a specific,
often narrow range of conditions

I Identifies a specific grade of
metamorphism



Index Minerals in metamorphic rocks

| Increasing Metamorphism >
Low Grade (200°) Intermediate Grade High Grade (800°)
Chlorite
Muscovite (mica)
Biotite (mica)
Mineral _ Garnet
Composition Staurolit
Sillimanite
Quartz
Feldspar
No
Rock Type alteration Slate Phyllite Schist Gneiss Melting

Each of these minerals is an /index of Tand P



Different kinds of tectonic settings can
produce distinct types of metamorphism

Temperature (2
400

Pressure 0 Depkh
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Regional metamorphism

High pressuras dominant factor

I Occurs as large belts in intensely deformed
mountain ranges

Results In rocks witloliatedtextures
May occur over wide temperature range

Higher pressurandtemperature will produce
Increasednetamorphic grade

Prograde metamorphism common




Regional Metamorphism and plate tectonics

A Most regional metamorphism occurs along
convergent plate boundaries

ACompressional stresses deform along the plate
boundaries

ACores of subduction zones contain linear belts
of metamorphic rocks

AOccurs in major mountain belts: Alps,
Himalayas, and Appalachians

High-P, lowT zones near trench
High-T, low-P zones in region of igneous activity (arc)
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