Chap. 3: Introduction to crystallography and mineralogy
	
Introduction:
Mineral matter can be found in nature in two opposing physical states, which are: 
The amorphous state and the crystalline state (without shape).
The amorphous state is characterized by absence of regularities in the arrangement of the distribution of molecules in any way; the properties are the same (isotropic) glasses, opal and obsidian.
The crystalline state is characterized by the regular arrangement of molecules (anisotropy) from which the vector properties are different except in the cubic system.
1- Chemical Bonds
Two major types of bonds are found in most rock-forming minerals: ionic bonds and covalent bonds.

a- Ionic bonds: The simplest form of chemical bond is the ionic bond. Bonds of this type form by electrostatic attraction between ions of opposite charge, such as Na+ and Cl -   in sodium chloride.
 The strength of an ionic bond decreases greatly as the distance between ions increases, and it increases as
the electrical charges of the ions increase. Ionic bonds are the dominant type of chemical bonds in mineral structures: about 90 percent of all minerals are essentially ionic compounds.
b- Covalent bonds: Elements that do not readily gain or lose electrons to form ions, and instead form compounds by sharing electrons, are held together by covalent bonds.
These bonds are generally stronger than ionic bonds. One mineral with a covalently bonded crystal structure is diamond.
c- Metallic bonds: Atoms of metallic elements, which have strong tendencies to lose electrons, pack together as cations, and the freely mobile electrons are shared and dispersed among those cations. 
d- Van der Waals bonds
This type of bond does not involve electrons but results from weak electrostatic (residual) charges on units of structures.



2. Crystallography
Crystallography is the science of crystals. The crystalline state is determined by the way, in which a substance is constructed. Crystals reflect the ordered regular arrangement of elementary particles (atoms, ions, and molecules) of which they are composed, and determines their regular geometric shape.
a- Crystals
A crystal is a solid body in the form of a polyhedron, in which particles of matter (atoms, ions, and molecules) are arranged regularly in the form of a space lattice.
b- unit cell
 Is an elementary parallelepiped, the regular repetition of it forms a spaсe lattice. The geometrical shape of this unit is designed by three edges labeled as a, b, c and angles between the edges, labeled with Greek letters α, β and γ. The angle between axial directions b and c is α; between a  and c is β; and between a and b is γ.
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c- Space Lattice
It’s a regular, indefinitely repeated of the unit cell in three dimensions.
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d- The symmetry of crystals is the regular repetition of the same faces, edges, and vertices concerning some auxiliary geometric images.
There are three elements of crystal symmetry:
a- The axis of symmetry (L) is a straight line when rotating a symmetrical figure by a certain angle around, it will occupy the same position in space that it occupied before the rotation.
b-  The plane of symmetry (P) is a plane that divides the crystal into two mirrored parts. As a result of this virtual division, a figure is an object and its mirror image.
c- The center of symmetry (C) is an imaginary point inside the crystal at which the symmetry lines intersect and bisect, connecting opposite identical faces, edges, and vertices of the crystal.
3- The seven systems crystals 
a- Highest category
· Isometric system (obligatory presence of 4L3, several axes above the second-order),
 unit cell parameters: a = b = c; α = β = γ = 90°.
b- Medium category
· Hexagonal system (obligatory presence of one L6 axis), 
unit cell parameters: a = b ≠ c; α = β = 90°, γ = 60°.
· Tetragonal system (obligatory presence of one L4 axis), 
unit cell parameters: a = b ≠ c; α = β = γ = 90°.
· Trigonal system (obligatory presence of one L3 axis),
 unit cell parameters: a = b ≠ c; α = β = 90°, γ = 120°.
c- Lowest category
· Orthorhombic system (the sum of the axes of symmetry of the second-order and the planes of symmetry is six or three – 3L23P or L22P. No axes of symmetry higher than second-order, 
unit cell parameters: a ≠ b ≠ c; α = β = γ = 90°.
· Monoclinic system (the sum of the symmetry axes of the second-order and the planes of symmetry is equal to two or one – L2PC or L2. There are no axes of symmetry higher than the second-order),
 unit cell parameters: a ≠ b ≠ c; α = β = 90°, γ ≠ 90°.
· Triclinic system (the presence of a center of symmetry (C), or the complete absence of symmetry elements),
unit cell parameters: a ≠ b ≠ c; α ≠ β ≠ γ ≠ 90°.


4- Physical properties of minerals
a- Hardness is a measure of the ease with which the surface of a mineral can be scratched.  The Mohs scale of hardness) that is numbered from 1 to 10 based on the ability of one mineral to scratch another. The following minerals are used as references in the scale:
 Talc – 1 (hardness), gypsum – 2, calcite – 3, fluorite –4, apatite – 5, orthoclase – 6, quartz – 7, topaz – 8, corundum – 9, and diamond – 10. 
At one extreme is the softest mineral (talc); at the other, the hardest (diamond)
b- Cleavage is the tendency of a crystal to split along planar surfaces.
c- Fracture is the tendency of a crystal to break along irregular surfaces other than cleavage planes.
d- Luster The way the surface of a mineral reflects light gives it a characteristic luster. 
Mineral lusters are described by the these terms : Metallic, Vitreous, Greasy, Pearly, Silky, Adamantine
e- Color in minerals can result from the presence of major elements but commonly results from the presence of trace elements. The color of the streak of a mineral is that of its fine powder.
f- Density depends on the atomic mass of a mineral’s atoms or ions and how closely they are packed in its crystal structure. of density is specific gravity, which is the weight of a mineral divided by the weight of an equal volume of pure water at 4°C.
g- Particular properties
· Magnetism is the force exerted between a magnet and a mineral specimen. Only two minerals are distinctly magnetic: magnetite and pyrrhotite. 
· Solubility Several carbonate minerals show effervescence, also known as fizz or bubbling, when a drop of dilute HCl is placed on them.
· Taste some common minerals have a distinctive taste, halite (salty) and sylvite (bitter)
h- Instrumental methods for the quantitative characterization of minerals
Optical microscopy, using a polarizing microscope and X-ray powder diffraction are commonly a quick techniques extensively used in the laboratories that help in identification of a minerals
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