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Metamorphism

» Changes in heat, pressure, and the
chemical environment of rocks
« alters mineral composition
* alters textures of crystals
 creates metamorphic rocks

» Metamorphic changes occur in the solid
state, no melting

Metamorphism

* Causes

* Types

Rock textures

Grade, mineral assemblages

Facies

Prograde vs. retrograde P-T pathways

Causes of metamorphism

« pressure and temperature increase with depth in all
regions

« consider tectonic setting
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» Temperature increase with depth in all regions
« rate = 20° to 60° C per km
« at 15 km depth: 450° C
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» Temperature-pressure (depth) relations in different
tectonic settings

Three main types of metamorphism

 “Normal”-regional
« high pressure-regional
* contact

Regional
metamorphism

Ocea
lithosphere




Intrusive Contact of Igneous Rock

444

“Baked” zone Chill zone Xenoliths

Contact metamorphism-hornfels

Metamorphic textures

Metamorphism changes
sedimentary rocks, thus
forming slaty cleavage planes.

slaty cleavage planes
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The original bedding Regional metamorphism
can be seen in the causes cleavage planes
thin sandy layers. to develop.

shale

original

sandstone
bedding

layers

Metamorphic textures
« foliation

« preferred orientation of minerals
« result of compressive stresses

Staurolite
crystal

Schistose Texture
Platy minerals
lsuch as mica e,

minerals
such as
amphibole

* Foliation/schistose texture develops best
when platy minerals (micas) present
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Foliated rocks are classified by the degree
of cleavage, schistosity, and banding

Increasing temperature & pressure left to right:

Slate Phyllite Schist Gneiss Migmatite
(abundant (fewer
micaceous micaceous

minerals) minerals)

Slaty cleavage Schistosity Banding Banding




Regional metamorphism and metamorphic grade

* mineral isograds

* index minerals
reflect pressure

& temperature

e groups of 2t0 3
index minerals

1sograds

define zones of

Key: Not
metamorphosed

each grade, Low { B chiorite zone
separated by grade | I siotite zone
isograds

grade

e { 1 Garnet zone

B staurolite zone

High grade | Sillimanite zone

Regional metamorphism and metamorphic grade

0 0
1
5
2
3 Intermediat€ 10
—~ 4 Grade
@ 15
£ 3 s0: €
= 6 = z
g 7 25 %
7] o
4 : Blueschist _!Q'Gneiss -
a . Migmdtite
10 pe 35
1; o 40
0 200 400 600 800 1000
Temperature (°C)
During metamorphism, Composition of crystal
a garnet crystal grows, can be plotted on the
and its composition P-T path as it grows.
changes.

thin section of garnet gneiss growth zone in garnet
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Metamorphic facies correspond ... and can be used
to particular combinations of to indicate specific
pressure and temperature... tectonic environments.

Tectonic setting and processes important

Low P,
Greenschist
Facies
High P,
Blueschist & Eclogite
Facies

The garnet crystal initially grows in a schist
but ends up growing in a gneiss.
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Devonian Slate
400 million years old




