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Note: Answer all questions on this sheet.
Q1/ Are the following sentences right (√) or wrong (X)? Correct the wrong ones (you can only change underlined words, no marks without corrections).                                                                       (21 Marks)
1. In the thermal metamorphism, if the metamorphism happened at high temperatures it called dynamo-thermal metamorphism.
2. In the regional metamorphism, if σ1> σ2 > σ3, both foliation and lineation will be formed.  
3. According to limits of metamorphism, the lower limit of metamorphism is 700-900 °C. 
4. Low-grade metamorphism takes place at temperatures greater than 510oC and relatively high pressure.

5. According to the chemical classification of metamorphic rocks, rocks that are rich in Fe with little Mg are termed manganiferrous.
6. Granulites are medium to coarse grained consisting mostly of garnet and green clinopyroxene, that result from high grade metamorphism of basic igneous rocks.
7. In the contact metamorphism ultrahigh pressures can be generated which can produce minerals that are only stable at very high pressure, such as the SiO2 polymorphs coesite and stishovite.
Q2/ Define metamorphic differentiation, and then mention the mechanisms that cause metamorphic differentiation.                                                                                                                                  (15 Marks)
Q3/ Compare between two of the followings:                                                                                (24 Marks)
1- Relict texture and typomorphic texture                          2- Spotted hornfels and spotted slates   

3- granoblastic polygonal texture and decussate texture
Q4/ Answer only one of the followings:                                                                             (20 Marks)

A- Water has different roles in metamorphic processes. Explain water role in the following process: metamorphism, metasomatism, hydrothermal process.
B-  Post metamorphic textures are all the changes that take place on the new texture due to the late processes, and it causes crushing the rock content. Mention the post metamorphic textures and define each type.                                                                                                                          
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Hydrothermal Processes

Name of Process
Role of Water or Product

Water transports ions between grains Metamorphism
in a rock. Some water may be incorporated
into crystal structures.

Water brings ions from outside the rock, Metasomatism
and they are added to the rock during

metamorphism. Other ions may be

dissolved and removed.

Water passes through cracks or pore Hydrothermal rocks
spaces in rock and precipitates

minerals on the walls of cracks and

within pore spaces.



Q5/ The following diagram show one component system (SiO2). Define the phase rule then by applying phase rule, find invarient point, univarient line and invarient point at the points: A, B, C, D and E?
(20 Marks)
Good Luck
Dr. Nihad Majeed
Answers:
Q1/   

1- X  pyrometamorphism
2- X  foliation and no lineation
3- X  upper
4- X  medium
5- X Ferriginous 
6- X Eclogite 

7- X shock
Q2/

       Gneisses, and to some extent schists, show compositional banding or layering, usually evident as alternating somewhat discontinuous bands or layers of dark colored ferromagnesian minerals and lighter colored quartzo-feldspathic layers. The development of such compositional layering or banding is referred to as metamorphic differentiation. Throughout the history of metamorphic petrology, several mechanisms have been proposed to explain metamorphic differentiation.

1. Preservation of Original Compositional Layering.
2. Transposition of Original Bedding: 
3. Solution and Re-precipitation:
4.  Migmatization
Q3/

1-

Constant recrystallization occurs after deformation stops at elevated temperatures or when a thermal disturbance occurs in a low-stress environment. As described above, the process acts to reduce both lattice strain energy and overall surface energy. The textures that result typically depend on the minerals involved. In “structurally anisotropic” minerals, the surface energy of a grain boundary depends strongly on the lattice orientation of the boundary in question, whereas in “structurally isotropic” minerals the grain boundary energy is about the same for any surface.

If the orientation dependence is low (as in quartz or calcite), no particular faces are preferentially developed. Thus in monomineralic aggregates of structurally isotropic minerals (quartzites or marbles), grain boundary area reduction leads to an equilibrium texture in which grains meet along straight boundaries (resulting in low surface area for each grain). The texture is called granoblastic polygonal (or polygonal mosaic),
Minerals becomes more plate-like. Low-energy surfaces in such minerals (e.g., the top and bottom of the plate) predominate in the final static recrystallization texture, even in monomineralic rocks, so that simple regular polygons are no longer abundant. The result is called decussate texture (Figures 9d and e). Decussate (or diablastic) texture is a metamorphic rock texture comprising of equigranular, interlocking, randonly orientated platy, tabular, prismatic or elongate minerals. The texture arises to minimize surface energy in a rock with elongate crystals and is thus similar to a granoblastic texture.
2- 

1-Relict texture: original pre-metamorphic features which have not been obliterated by the metamorphism. For recognizing metamorphic texture from similar texture of other parent rock, the prefix "blasto" used with relict texture, for example Porphyritic texture is inequigranular magmatic texture made of two grain sizes; more or less euhedral larger crystals, called phenocrysts, are embedded in a finer grained or glassy matrix. In metamorphic rocks it will be called blastoporphyritic texture.

2-Typomorphic texture: the characteristic texture produced by the metamorphism as a result of the minerals recrystalization. For recognizing metamorphic texture the suffix "blast" used with typomorphic texture. Porphyroblastic common texture in metamorphic rocks in which larger grains, called porphyroblasts, are surrounded by a finer grained matrix of other phases
3-

A field term for rocks that in hand specimen contain small porphyroblasts (usually ovoid, but not necessarily so) in a fine matrix is spotted. If the matrix is non-foliated the rock is commonly called a spotted hornfels. Contact metamorphism overprinting regional metamorphism is common (reflecting either post-orogenic magmatism or the time required for magmas to rise to shallow regions following an orogenic metamorphic- plutonic event). The result for low grade regional metamorphic rocks is spotted slates or spotted phyllites 
Q4/ 

Post metamorphirc texture: all the changes that take place on the new texture due to the late processes, and it causes crushing the rock content which is called cataclastic or dynamic metamorphism.
· If the rock is coarse to very coarse grained and similar to that of braccia, fault braccia name is used.

· If the rock is medium grained and still the original mineral easily recognized, cataclasite name is used.

· If the rock is granulated to fine or very fine-grained with pronounced foliation mylonite / ultramylonite name is used.

· If the rock is highly strained and the matrix become glassy pseudotachylite is used.
Q5/ 
          The phase rule is an expression of the number of variables and equations that can be used to describe a system in equilibrium.  In simple terms, the number of variables are the number of chemical components in the system plus the extensive variables, temperature and pressure.  The number of phases present will depend on the variance or degrees of freedom of the system.  The general form of the phase rule is stated as follows:

F = C + 2 - P

where F is the number of degrees of freedom or variance of the system.

C is the number of components in the system.

P is the number of phases in equilibrium,

and the 2 comes from the two extensive variables, Pressure and Temperature.
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