
Metamorphism and Metamorphic Rocks

Metamorphic rocks (from the Greek meta, “change” and morpho, 

“shape”) constitute the third major group of rocks. They result from the

transformation of other rocks by metamorphic processes that usually

occur beneath Earth’s surface. During metamorphism, rocks are

subjected to sufficient heat, pressure and fluid activity to change their

mineral composition, texture or both, thus forming new rock. 

1



Agents of Metamorphism

Heat, Pressure, Fluid activity

Heat is an important agent of metamorphism because it increases the rate of 

chemical reactions that may produce minerals different from those in the

original rock.

The heat may come from intrusive magmas or result from deep burial in the

crust. The temperature increases with depth and that Earth’s geothermal

gradient averages about 25oC/km. The rocks are also subjected to increasing

temperature and pressure along subduction zones.
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Pressure When rocks are burried, they are subjected to increasingly
greater lithostatic pressure. This results from the weight of overlying
rocks and is applied equally in all directions.

C
. G

ill
en

, M
et

am
or

ph
ic

 G
eo

lo
gy

, F
ig

ur
e

4.
4,

The pressure increases with depth, as indicated by sloping black line. A similar
situation occurs when 200-ml styrofoam cups lowered to ocean depths of 
approximately 750 m and 1500 m. Increased water pressure is exerted equally in 
all directions on the cups, and they consequently decrease in volume while still
maintaining their general shape.



Rocks may also experience differential pressure (directed pressure).  

(a) 
(b) 
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Fluid Activity. In almost every region of metamorphism, water and carbon

dioxide are present in varying amounts along mineral grains boundaries

or in the pore spaces of rocks. 

These fluids, which may contain ions in solution, enhance metamorphism

by increasing the rate of chemical reactions. 

2Mg2SiO4 +  2H2O → Mg3Si2O5(OH)4 +   MgO

Olivine     Sea Water Serpentine Carried away in solution
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TYPES OF METAMORPHISM

Contact metamorphism (Dokanak-Kontakt Metamorfizması)

Hydrothermal metamorphism (Hidrotermal Metamorfizma)

Dynamic metamorphism (Dinamik Metamorfizma)

Regional metamorphism (Bölgesel Metamorfizma) 

Burial metamorphism (Gömülme)



7



(Monroe&Wicander, 2005)

Outer zone of spotted slates 

Inner
andalusite-cordierite
hornfels zone

Unaltered
country rock

Intermediate zone
with some biotites

A metamorphic aurole typically surrounds many igneous intrusions. The

above idealized granite intrusion contains three zones of mineral 

assemblages reflecting the decreases in temperature with distance from

the intrusion. 
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Dynamic metamorphism is associated with fault zone where rocks are

subjected to high differential pressure.
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Cataclasite

Ultramylonite
developed in 
mylonite
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Certain minerals form only within specific temperature and pressure
ranges. Such minerals are named as index minerals.

(Monroe&Wicander, 2005)
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CLASSIFICATION OF METAMORPHIC ROCKS
Foliated Metamorphic Rocks
Rocks subjected to heat and differential pressure during metamorphism
typically have minerals arranged in a parallel fashion, giving them a foliated
texture. 
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Non foliated Metamorphic Rocks
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METAMORPHISM AND NATURAL RESOURCES

Marble and slate used as construction materials

Talc for talcum powder

Graphite for pencils and dry lubricants

Garnet and corundum used for abrasives or gemstone

Andalusite, kyanite, sillimanite for manufacturing high-temperature porcelains
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