
CLASSIFICATION OF METAMORPHISM
Classification of metamorphism has been based on the following:
(1) Principle agent of metamorphism, (thermal, dynamic or dynamothermal)
(2) Geologic setting (contact, cataclastic or regional)
(3) Plate tectonic setting 
These classifications are useful because they illustrate the range of metamorphic types found on the surface of the earth and attempt to reconcile these types with regard to mechanisms and driving forces.
1.1.1 CLASSIFICATION BASED ON THE PRINCIPLE METAMORPHIC AGENT - Temperature and pressure are the two principle factors that affect metamorphism. Accordingly, three types of metamorphisms had been observed

(i) Thermal Metamorphism – results when temperature is the dominant agent (e.g. contact metamorphism)

(ii) Dynamic Metamorphism - Results when pressure is the dominant agent either lithostatic pressure or non-hydrostatic (deviationic) stress e.g. cataclastic metamorphism is an example of dynamic metamorphism that occurs locally along fault zones as the result of differential stress. Another example is burial metamorphism which occurs on a regional scale as a result of loading of …in a relatively static environment. 

(iii) Dynamothermal Metamorphism – Results from both thermal and pressure effects and in general, the pressure effects include both lithostatic and differential stress. This type of metamorphism occurs generally on a regional scale in orogenic belts along convergent plate margins.  


1.1.2 CLASSIFICATION BASED ON GEOLOGIC SETTING 
Geologic setting is commonly used in classification because the geologic structures are quite apparent and there is a genetic relationship between the metamorphic type and the agent of metamorphism. There are four general types: contact, shock, cataclastic and regional.
(i) Contact Metamorphism - It occurs in the vicinity of an igneous intrusive as a result of thermal and sometimes metasomatic effects of the hot magma. In the classic case of contact metamorphism, an igneous intrusive such as a granite intrudes a sequence of sedimentary or metamorphic rocks and produces a contact aureole. The thermal effect between hot magma and cool country rock are finally understood and can be modeled with heat flow calculations. 

The magnitude of the thermal effect, the distance over which it is felt and the size of the temperature change depends on: 

(i) The size of the intrusive 
(ii) The temperature difference between the intrusive and the country rock
(iii)  Time factor 

A small intrusive (e.g. a 10 m- thick dyke) will cool very quickly (tens of years) and produce a very small contact effect while a large batholith may take tens of thousands of years to cool and produce an extensive contact aureole. 

In contact metamorphism, the metamorphic phase assemblages are disposed concentrically around the intrusive and the intensity of recrystallisation and metamorphic grade increases inward. 

Contact metamorphism is mainly a thermal phenomena (although there is often some diaviatoric stress associated with intrusive), but considerable mass transfer and fluid flow may also occur. Crystallizing magmas concentrate the volatiles in the magma and the last phase of crystallization is often accompanied by separation of a discrete vapour phase (a phenomenon known as boiling). This vapour phase or the volatile –rich fluid phase may escape from the intrusive along fractures in the country rock or may infiltrate the country rock along grain boundaries. In the latter case when infiltration and metasomatism take place into a limestone country rock, skarn is produced. Skarn have calc –silicate mineralogies formed from the introduction of species such as SiO2, Al2O3 and H2O from the intrusive into the limestone.

Fluids emanating from granite intrusive may also carry metals which may ultimately be deposited as an ore. These fluids also have the potential for changing the isotopic composition of the country rock as well as the bulk chemical composition. 

The contact met-ism is thus a very dynamic process that occurs in diverse tectonic settings. It may occur only where that igneous activity occurs, in orogenic or anorogenic environments or in plate interiors or along plate margins. The best developed contact aureoles are typically in anorogenic, plate interiors where granite batholiths intrude sedimentary rocks and best examples of concentric minerals zonation are in mid and upper levels of the crust where the temperature gradient is most marked. 

· Regional Contact Metamorphism 

Generally, contact aureoles are localised in the vicinity of the igneous intrusive. In active orogenic belts however, intrusive rocks may be sufficiently numerous and closely spaced in distance and time that the contact aureole of one intrusion overlaps that of another. The net result is to increase the temperature of an entire region by the advection (coming) of heat into the crust by the magmas. This phenomenon has been referred to as regional contact met-ism and in many areas is responsible for meta-ism under low P/high T conditions e.g. basin and range of W.W. America and the Sierra Nevada area.

· Shock Metamorphism: - is only locally developed around impact craters and possibly around some diatres. On the lunar surface, shock metamorphism is very penetrative. It is characterized by extremely high P/T conditions (tens to hundred of kilobars) as the shock wave from impact passes through the rocks. In places, shock metamorphism has produced very high pressure polymorphs of quartz such as coesite and stishovite (SiO2 i.e. silica in nature) as well as deformation features such as shutter cones. 

· High Strain Metamorphism: - The type of metamorphism that is characterized by deformation of rocks with only minor thermal effects may be strained high strain metamorphism (sometimes called cataclastic metamorphism). Cataclasis occurs when the strain rate exceeds the ability of the rock to deform plastically. One of the most common name for a cataclastic rock is a mylonite.

Deviatoric stress, strain rate and temperature are the most important variable in this type of metamorphism. Different minerals respond to deviatoric stress in different ways and variously exhibit the effect of stress. Moreover, temperature has a first order effect on the rheological[footnoteRef:1] (or flowing)   properties of minerals. The interplay of these three variables (stress, strain and temperature) that determine the fluid metamorphic product e.g. under conditions of the middle crust, calcite and quartz have a considerable different rheological properties and under the same stress field a marble might deform plastically where as a quartz might deform brittly. The marble might appear undeformed (although calcite grains will show preferred orientation of the crystallographic axes), whereas the quartz is cataclastized.  [1:  This is the science of flow-phenomena in general. It is important in geology in connection with running water, moving ice, magma, rock material in a plastic state.  ] 


High strain metamorphism is produced in areas of high strain rate, typically along fault zones and shear zones in upper crustal levels (which exhibit brittle failure). in this regard, it is usually restricted to orogenic zones and typically occurs along plate margins. Whereas these highly deformed rocks are not significant in a regional sense in that they do not commonly make up a large percentage of a met-ic terrane, they are extremely important for the tectonic significance of their origin. That is they may signify the presence of a major shear zone.

· Regional Metamorphism:- it is any metamorphism that occurs over a large region and is by definition the most wide spread in aerial extent. There are three basic types of regional metamorphism: burial, ocean ridge and orogenic met-ism. 

(a) Burial Metamorphism – occurs in sedimentary basins as a result of compacting due to burial by overlying sediments. Because the temperature increases with depth, both P and T contribute to metamorphism. However, there are generally no thermal perturbation (disorder or deviation) associated with burial metamorphism and no deviatoric stress fields. The met-ism occurs along a more or less stable geotherm and the rocks are characterized by low temperature of crystallization and by an absence of deformation features. There is of course a continuum of change between diagenesis and burial met-ism. 
	Burial met-ism is anorogenic and occurs in plate interiors in large, relatively undisturbed sedimentary basins, e.g. the Michigan basin in central Michigan is an ancient example and the Gulf of Mexico is a present day example.  Burial met-ism probably also occurs in most oceanic sedimentary basins (geosynclines basins). The effects of later orogeny and attendant metamorphism on these basins will erase all features of the early burial metamorphism. 
(b) Oceanic – ridge met-ism - This term was given or invented by Miyashiro et al (1971) to describe the type of meta taking place at the mid-oceanic ridges (MOR) in divergent plate margins. Before the late 1960s, such met-ism was known but deep sea remains during the 1960s and 1970s along oceanic fracture zones and fault scarps recovered numerous metamorphic rocks along with typical oceanic basalts. These metamorphic rocks are greenstone and amphibolites, the met-ic equivalent of oceanic basalt.

Ocean ridge met-ism is formed as a result (attributed) to high heat flow and fluid circulation that occurs along oceanic ridges because new crust is continuously being created at the oceanic ridges, met-ic rocks that are formed may be quenched as new crust is produced and these rocks move away from the ridge. Hence, a mechanism is available to produce metamorphism in the entire oceanic crust on a regional scale. However, in order to convert basalts into greenstones or amphibolites, H2O must be introduced into the rock so some form of hydrothermal circulation of fluids through the oceanic crust is also required. This hydrothermal circulation may be pervasive or channeled and the chemical, thermal and physical effects of hydrothermal circulation in the oceanic crust are incompletely understood.  This leaves some major questions concerning oceaning – ridge metamorphism.

(1) How much of the oceanic crust is actually meta-ic rock?

(2) What is the chemical, thermal and physical nature of the hydrothermal circulation in the ocean ridge environment?

(3) What is the chemical balance between the ocean crust and sea water?

(4) What are the implications of this circulation for the generation for ore deposits?

(c) Orogenic Metamorphism – This is the most common type of met-ism found in island areas and on the continents and it is typical of orogenic belts all over the world. Because orogenic belts form at convergent plate margins, this is where orogenic met-ism occurs. Due to the large amount of research which has been done on rocks from orogenic belts, the term regional met-ism is usually synonymous with orogenic met-ism. Thermal perturbations, pressure changes and deviatoric stress are all important in orogenic metamorphism which is why the term dynamo-thermal met-ism is often equated with orogenic met-ism. 

To understand orogenic metamorphism is to understand the thermal/burial/erosion cycle of orogeny.

· Orogeny occurs at convergent plate margins and there are a number of different types of convergent plate margins. The general types include ocean-island arc, ocean – continent and continent – continent, each of which has distinctive thermal /burial/erosion characteristics.

· There is a wide range of configurations in the pre-collision nature of the continental margin from a large, passive Atlantic type margin to small back are extensional basin…

· The interaction between the crust and mantle which determine factors such as orogenic heat flow, magma intrusion with associated heat advection into the crust and exhumation rates differ from one orogenic belt to the next. The result is a continuum of possible metamorphic history.

1.1.3 CLASSIFICATION BASED ON PLATE TECTONIC SETTING 

Plate tectonics provide a framework within which to classify metamorphic rocks. Different types of meta-ism are likely to be found in different plate tectonic environments. Many of them were explained above and only will only be summarized below.

(i) Plate Interior – contact met-ism, burial met-ism and perhaps regional metamorphism at the base of the continental crust. 

(ii) Divergent Plate Margin – Ocean ridge met-ism, contact met-ism around intrusive in the ocean crust. 

(iii) Transform Plate Margin – Cataclastic met-ism and possibly ocean ridge met-ism (if a ridge transform occurs entirely within oceanic crust).

(iv) Convergent Plate Margin – Orogenic, dynamo-thermal, regional meta-ism. Also regional contact met-ism and cataclastic met-ism. 
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