CHAP.7   Metamorphic rocks
Definition: Metamorphism (from the Greek words for “changing form”) is the process by which rising temperature, pressure and chemical environment transforms rocks (protolith) and minerals.
Metamorphism occurs in solid rock. Most metamorphic rocks are formed at depths of 10 to 30 km, in the middle to lower half of the crust.

A-  Metamorphism factors: The heat and pressure in Earth’s interior and its fluid composition are the three principal factors that drive metamorphism.

1- Temperature increases
-  With depth in Earth’s crust at an average rate of 30°C for each kilometer of depth (the geothermal gradient).
- Near igneous intrusions and volcanic lava.
 2- Pressure:  also increases with depth on average, about 1 atmosphere for each 4.4 m of depth. The contribution of pressure is the result of vertically forces exerted by the weight of overlying rocks (Confining pressure or burial pressure) as well as horizontally oriented forces developed as the rocks are deformed by plate tectonic processes (Directed pressure or  differential stress ).
3 - Hydrothermal fluids: accelerate metamorphic chemical reactions because they carry chemical substances that are soluble in hot water under pressure. This kind of change in a rock’s composition by fluid transport of chemical substances into or out of it is called metasomatism.
4- Time: Most metamorphic reactions are very slow, so time is important.
B- Laboratry finding
Some silicate minerals are found mostly in metamorphic rocks: these minerals include kyanite, andalusite, sillimanite, staurolite, garnet and epidote. 
The stability conditions of metamorphic minerals were determined experimentally, Knowledge of these minerals in metamorphic rocks allows evaluating the pressure and temperature conditions to which they were formed, for this reason they are called index minerals or geothermometer of metamorphism.
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C- Types of metamorphism
1- Regional metamorphism: the most widespread type of metamorphism, takes place where both high temperatures and high pressures are imposed over large parts of the crust.
 It occurs in and near a subduction zone, where tectonic forces build mountains and deform rocks. It is the most common and widespread type of metamorphism and affects broad regions of the Earth’s crust.
 Burial metamorphism is caused by the progressive increase in pressure exerted by overlying sediments and sedimentary rocks and by the increase in heat associated with increased depth of burial.
2- Contact metamorphism occurs where hot magma intrudes cooler country rock. The country rock may be of any type sedimentary, metamorphic, or igneous. A metamorphic halo (aureoles) around a pluton can range in width from less than a meter to hundreds of meters, depending on the size and temperature of the intrusion.
3- Other types of metamorphism : Other types are known, but of very secondary importance
· Hydrothermal metamorphism (also called hydrothermal alteration and metasomatism) occurs when hot water and ions dissolved in the hot water react with a rock to change its chemical composition and minerals.
· Shock metamorphism which results from the heat and shock waves of a meteorite impact, transforms rock at impact site.
D- Metamorphic textures
Metamorphism imprints new textures on the rocks it alters. Each textural variety of metamorphic rock tells us something about the metamorphic process that created it. There are two major textural classes of metamorphic rocks: foliated texture and granoblastic texture.
 Foliated metamorphic rock: the minerals are arranged in stripes or bands. Most foliated rocks contain crystals of flat minerals, such as mica. Foliated rock include: slate, phyllite, schist and gneiss
Granoblastic rocks are non foliated metamorphic rocks composed mainly of crystals that grow in equant (equidimensional) shapes, such as cubes and spheres. Granoblastic rocks include: hornfels, quartzite, marble, greenstone, amphibolite, and granulite. 
E- Metamorphism grade : 
Depending on the intensity of metamorphism, different metamorphic grade are distinguished:
1- Lower grade (epizone): area of low metamorphism characterized by moderate temperature and low geostatic pressure but high directed pressure (tectonic), where slate and phyllite form.
2- Intermediate grade (mesozone): high temperature, high geostatic pressure. This is the area where shist, various gneiss, quartzite, marble and amphibolite abound.
3-High grade (catazone): where high geostatic pressure and very high temperature prevail, the directed pressure does not exists. In this area, stable minerals and rocks are formed, without foliation.
F-  Main metamorphic rocks.
Metamorphic rocks result from the transformation of pre-existing rocks, their classification can be based on their degree of transformation, texture and on the nature of the parent Rock.
	Classification
	Rock Name
	 Parent Rock  (Protolith)

	Foliated
	Slate
Phyllite
Shist
Gneiss
	Shale

	Granoblastic
	Hornfels
Marble
Quartzite
Argilite
Greenstone
Amphibolite
Granulite
	Shale
Limestone, Dolstone
Sandstone
Shale
Basalt
Shale, Basalt
Shale, Basalt
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