METAMORPHIC ROCKS
INTRODUCTION 

Metamorphic rocks are rocks that were changed in the solid state by the action and heat, pressure, and/or chemically active fluids.  The pre-existing rock is called the parent rock and can be sedimentary, igneous, or even metamorphic rock.  The type of parent rock and the particular metamorphic conditions it is subjected to, both determine the characteristics of the resulting metamorphic rock.  The diagram below shows several different parent rocks and their response to progressively more intense metamorphic conditions.
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Rocks subjected to metamorphism undergo some or all of the following changes:

(1) Foliation may develop. Differential stress may deform, rotate and/or recrystallize mineral grains into preferred (non-random) orientations collectively known as foliation.  Quartz, calcite, and feldspar, which form relatively equidimensional crystals in metamorphic rocks, are not likely to produce foliation, but if platy or prismatic minerals are present, like mica and hornblende, then foliation will occur under differential stress. Regardless of mineralogy, foliation does not occur without differential stress.  Several types of foliation exist:
· Rock cleavage – the tendency of a rock to split evenly between platy minerals that aligned parallel to each other during metamorphism.  It is commonly confused with fissility (the tendency for a rock to split into layers formed by minerals aligned during sedimentation), but rock cleavage tends to be more uniform than fissility.  Furthermore, unlike fissility, which must parallel bedding, rock cleavage aligns with differential stress directions, which have no relation to bedding.  Rock cleavage occurs in many metamorphic rocks, but is best displayed in rocks that form at low metamorphic grade like slate and phyllite.

· Schistosity – At higher metamorphic grade, the minute platy minerals in slate grow large enough to be seen without magnification.  The rock (schist) will exhibit a planar or layered structure known as schistosity.  Layering in schist is structural - not compositional (see gneissic texture), and may be distorted if larger garnet or staurolite crystals occur embedded within smaller mica crystals.  If prismatic minerals like hornblende are aligned, schistosity may not be planar, but linear.

· Gneissic Texture – Under the most intense metamorphic conditions, ions tend to migrate into positions that segregate minerals into sub-parallel, compositionally distinct layers, bands or lenses.

(2) Recrystallization of minerals into larger grains may occur.  For example, when limestone is metamorphosed into marble, microscopic crystals of calcite grow large enough to be visible without magnification.  Some minerals, especially garnet and staurolite, tend to form much larger crystals than others during metamorphism.
(3) New minerals may form that where not present in the original rock.  The intensity of metamorphism can be described in terms of metamorphic grade.  For example, low-grade metamorphism would result from relatively low temperatures, pressures, and/or little effect from fluids.  Depending on the metamorphic grade, new minerals will form through chemical reactions between existing minerals.  The presence of these new minerals can therefore be used to indicate the grade of metamorphism:
Low Grade
Medium Grade
High Grade
Talc
Hornblende
Augite
Chlorite
Na-Ca Plagioclase
Ca-Plagioclase
Serpentine
Garnet
Sillimanite

Muscovite
Biotite
Na-Plagioclase
Staurolite

Epidote
CLASSIFICATION OF METAMORPHIC ROCKS

Like igneous and sedimentary rocks, the classification of metamorphic rocks is based on mineralogy and texture.  Foliated rocks are first classified according type of foliation present then further described based on the minerals present.  For example, a coarse-grained foliated rock composed of muscovite, quartz, and garnet (in order of decreasing abundance) would be called “muscovite-quartz-garnet schist”.  Non-foliated metamorphic rocks are classified using only the mineralogy.

	CLASSIFICATION TABLE FOR METAMORPHIC ROCKS

	Texture
	Comments
	Parent Rock
	Rock Name

Handbook Page

	FOLIATED
	Very fine grained
	Rock cleavage excellent
	Breaks into flat slabs with dull surfaces. Compared to shale, slate tends to split more evenly, ring more when dropped on a table, and be harder. Fossils are rare in slate, but if present, are usually distorted.
	Shale
	Slate*

208, 209

	
	Fine grained
	Rock cleavage good
	Has a sheen (like a metallic paint); crystals may be barely visible; foliation surfaces may be wrinkled or wavy
	Slate
	Phyllite*

210

	
	Medium to course grained
	Schistose; poor to fair rock cleavage
	Visible crystals of aligned platy, bladed, or prismatic minerals; breaks along scaly foliated surfaces 
	Phyllite
	Schist*

210 - 212

	
	
	Gneissic; poor rock cleavage
	Visible crystals of two or more minerals separated into distinct layers, bands or lenses
	Schist, granite, diorite, volcanic rocks 
	Gneiss*

213, 214

	NONFOLIATED
	Fine grained
	Smooth texture; rock cleavage may be barely visible
	Black, shiny to sub-metallic, breaks along uneven or conchoidal fractures, low specific gravity
	Coal
	Anthracite

244

	
	Fine to course grained
	Generally massive, but may have smooth, curved rock cleavage surfaces and/or fibrous form
	Primarily composed of the mineral serpentine; dull or glossy; shades of green
	Basalt, gabbro, peridotite, dunite
	Serpentinite

194

	
	
	Crystalline
	Calcite or dolomite crystals fused together; banding and/or veining may occur, but is not diagnostic
	Limestone, dolostone
	Marble*

216, 217

	
	
	Crystalline to sub-clastic
	Quartz grains fused together; grains don’t rub off like sandstone; breaks through grains rather than around them
	Quartz sandstone
	Quartzite*

220 (See metaquartzite)


* Modify rock name by adding names of minerals in order of increasing abundance.  For example, garnet-muscovite schist is a muscovite schist with a small amount of garnet.

METAMORPHIC ROCK IDENTIFICATION WORKSHEET
	Sample
	Foliated or 
Non-foliated
	Mineral Composition
	Rock Name
	Metamorphic Grade
	Original Rock

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


