6

Physical Properties of Minerals

I-Optical Properties

1- Color: 

· Generally speaking, color results from the interaction between light and the minerals. Keep in mind that this interaction includes: transmission, refraction, reflection, scattering, or absorption.

· Visible light wavelength = 350 – 750 nm.

· Not always a diagnostic property (cf. p. 107 of your text).
· Most minerals with a metallic luster (see below) have diagnostic colors that vary little, whereas many minerals whose luster is non-metallic have variable colors. 

· Origin of color: 

(i) Crystal Field Transitions: Occur when the mineral contains a transition element (chromophore) in which the orbital energies have been affected by crystallization (known as the crystal field effect or crystal field splitting; Fig. 1). With some empty orbitals, electrons can absorb certain wavelengths of the visible spectrum to jump to the next empty orbital, hence rendering a color to the mineral (if the mineral absorbs light of the red wavelength, the resulting color will be blue). When some or all of these electrons return to their original orbital, emission of energy (fluorescence) of a particular wavelength takes place, which can also contribute to the color of the mineral (as in the case of Ruby). Crystal field transitions depend on: (i) the type of transition element or chromophore, (ii) its coordination # in the structure, (iii) its oxidation state, and (iv) the strength of the crystal field imposed by such coordination. Crystal Field transitions are responsible for the color of minerals predominated by ionic bonds; e.g. the green color of olivine, the red colors of ruby and almandine garnet, and the yellow color of chrysoberyl. 
(ii) Valence and conduction band transitions: Applies to minerals with significant metallic bonding. In this case, the mineral absorbs light energy which may be used to promote electrons from one valence band to the next conduction band. When these electrons then return to their original valence band, the energy is released in the form of light, the wavelength of which dictates the color. This “light” appears as being reflected from the mineral. Note that if the band gap (difference in energy between the valence and conduction bands is smaller than the energy range of visible light), the latter is entirely absorbed and the mineral appears black. Valence and conduction band transitions are responsible for the color of such minerals as pyrite, cinnabar, and chalcopyrite.
(iii) Molecular Orbital transitions (Intervalence charge transfer): These occur when valence electrons transfer back and forth between adjacent ions, each time releasing a fixed amount of energy. If the wavelength of such energy falls within the visible light spectrum, the mineral acquires a color. Examples include glaucophane, kyanite, beryl (aquamarine) and corundum (some ruby & sapphire), all of which owe their colors to electrons hopping between Fe2+ and Fe3+ in different sites.

(iv)  Color centers and radiation damage: Color centers are defects in the crystal structure, where a “hole” results. For example in the case of Fluorite, a F- ion can go missing leaving behind a hole to be occupied by an electron (Fig. 2). This electron, not being bound to a central nucleus, can have several energy “states” The movement of this electron between a ground state and an excited one releases energy which may result in a color. “Holes” or crystal defects can be produced by irradiating a mineral (e.g. smoky quartz and amethyst??).

(v) Impurities/ mechanical mixtures: Easiest to explain; a mechanical mixture of two minerals with different colors. For example, Jasper owes its red color to disseminated hematite in the very fine-grained quartz.
2-
Streak: Is the color of the mineral in powder form. Powders tend to scatter light more readily than a mineral surface, so the streak may be different from the color (e.g. hematite has a black color but a reddish brown streak).

3- Luster: Describes how the mineral surface appears in “scattered” light. In reality, scattered light is a combination of reflected and refracted light rays. 

Types: Any mineral will have either a metallic or a non-metallic luster. If the mineral reflects light very well, the luster is considered metallic (e.g. Galena, PbS). Non-metallic lusters result when some of the light rays pass through (or are absorbed by) the mineral. Several kinds can be identified:

a)
Adamantine: e.g. diamond

b)
Vitreous: glassy (e.g. quartz)

c)
Resinous: e.g. sphalerite

d)
Greasy 

e)
Pearly

f)
Silky: e.g. asbestos

g)
Dull or earthy: e.g. Kaolinite.

4- Tarnish: Is the color of the thin surface film of material which forms as a result of exposure to the atmosphere. For example, Bornite has a bronze color on fresh surfaces but a purple tarnish which can be seen on weathered surfaces.

5- Play of colors: 

· Is the variation in color of a mineral when rotated or tilted at different angles in light. 

· Play of colors is of two kinds: (a) Opalescence: which results from the regular arrangement of inclusions in the mineral, and (b) Irridescence (includes labradorescence) which is usually due to the refraction and/or reflection of light rays along cleavage planes, fractures, twin planes, exsolution lamellae, ...etc. e.g. labradorite.

6- Chatoyancy & Asterism: results from radially arranged fibers or inclusions in a mineral, and is quite common in minerals that crystallize in cavities. Examples: Satin spar, Tiger’s eye, and Cat’s eye (chrysoberyl). Asterism results from the diffraction of light from regularly arranged inclusions; usually in tetragonal crystals or hexagonal crystals. Examples: star rubies and sapphires (rutile – bearing).
7- Luminescence: Ambient emission of light by a mineral due to the presence of activators (impurities; almost always transition elements).
8- Fluorescence: Luminescence due to exposure to UV radiation, X-rays, or cathode rays.

9- Phosphorescence: A type of fluorescence that persists even after the “energy” or radiation source is removed.

10- Diaphaneity: Is the ability of a mineral to pass light through it, or its transparency. Minerals are described as transparent (e.g. Quartz) if they allow most light rays to pass through, translucent (e.g. sphalerite) when they allow some of the incident light rays to pass through their structures, or opaque if they do not allow light rays to pass through (e.g. Galena). Minerals predominated by ionic and covalent bonding are usually transparent, whereas those predominated by metallic bonding are opaque.
11- Form: Describes how well developed the “crystal faces” are. Use the terms: euhedral, subhedral, and anhedral. To understand these terms, we must first understand what a crystal is.

A crystal is an object with a definite geometric shape that reflects a long range regular internal structure with some element of symmetry. 

The regular internal structure results in the production of a space lattice, which is "an array of points in space that can be repeated indefinitely". In the case of a mineral or crystal, these "points" may be considered atoms or ions (Fig. 3). A crystal develops (or grows) faces parallel to the lattice planes that have the highest density of lattice points (atoms or ions). Therefore, there is a 1:1 correspondence between the morphology of a crystal and its internal structure (Fig. 3).

The elements of symmetry are of four types: (1) rotary axes, (2) axes of rotary inversion, (3) mirror planes, and (4) center. These help in building the crystal lattices by repeating basic units (known as unit cells) many times in space. 

The final outcome of these symmetry operations is the production of crystals with perfect faces (euhedral). However, in nature, this seldom happens, as crystals of different minerals growing simultaneously in a rock often compete for space, resulting in the incomplete development of all crystal faces (subhedral) or even apparent lack of such a development (anhedral; Fig. 4) despite the persistence of the regularity of the structure. 

12- Shape or habit: Minerals tend to have external shapes or habits that may reflect to some extent the crystal system to which they belong. Some of the terms used to describe the shape or habit include (Fig. 5):


Cubic: e.g. halite


Prismatic: e.g. pyroxenes


Lath – like (tabular): prismatic crystals that are flattened, e.g. feldspars


Micaceous: paper like, e.g. micas


Acicular: needle shaped crystals.


Fibrous: e.g. chrysotile (asbestos)


Rhombohedral: e.g. calcite

13- State of Aggregation: Reniform, Botryoidal, Massive; Radiating, Dendritic, Banded, Concentric, Colloform, Stalactitic, Fibrous, ….. etc. (Fig. 6). Could give some clues about the conditions of crystallization.

14- Twinning: 

During the crystallization of a mineral, several crystals (of the same mineral) may grow together either in a parallel fashion (known as parallel intergrowth, Fig. 7A) or without the full development of their faces (random intergrowth). A mineral is said to be twinned when it is made of two adjacent crystals (or parts) related to each other by an axis of rotation and/or a plane of symmetry (commonly known as a composition plane), such that if these elements of symmetry are applied to one crystal (or one part of the twinned crystal), it would cause both crystals (or parts) to return to their original orientation or shape (Fig. 7B). Note that if the mineral is originally untwined, it does not have this rotational axis or plane of symmetry. Twinning develops during the growth of the mineral under specific conditions, but is very common in some minerals that it becomes a diagnostic property. By and large, twinning is considered an imperfection, and a twinned crystal has a higher internal energy compared to an untwinned one.

Origin of twinning (pp. 89 - 90): 

(i) Growth (accidents): These are due to nucleation “errors”. Most contact and penetration twins are of this type. 

(ii) Transformation (cooling?; Fig. 8): Resulting from a polymorphic transition. Examples include Dauphiné twinning in quartz and the cross-hatched twinning of microcline. 

(iii) Deformation (glide twinning; Fig. 9): Mechanical stress results in the slippage of the atoms on a small scale. Example is the glide twinning observed in calcite, and the polysynthetic twinning observed in some metamorphic plagioclase feldspars. 

Common types of twins: Repeated, Cyclic, Penetration, and Contact (Fig. 10).

II- Cohesive properties:

1- Cleavage: Is the ability of a mineral to split along regularly spaced planes of weakness. These planes of weakness may be due to a weaker bond type along one or more directions. Accordingly, cleavage, which is a manifestation of the internal structure of the mineral, is described by (1) the number of cleavage planes which a mineral may have, (2) the direction or orientation of those cleavage planes, and (3) the angles between them. Accordingly, minerals may be described as having one, two, three, four, or six directions of cleavage (Fig. 11). If a mineral has more than one direction of cleavage, the angle between any two directions has to be listed, as it is considered a diagnostic property. For example, amphiboles and pyroxenes are two mineral groups with similar properties which include having two directions of cleavage. However, the angle between the two cleavage planes in each mineral group is different; amphiboles are characterized by an angle of 124°, pyroxenes by an angle of 94°, making the cleavage angle in these two mineral groups a diagnostic feature. Figure 11 shows some of the types of cleavages observed in some minerals. Minerals are also described according to how well their cleavages develop. Each cleavage set is therefore described by the terms: perfect, excellent, good or poor. The mica group (another group of silicate minerals) is characterized by perfect, one-directional cleavage. Calcite has three directions of excellent cleavage at angles of 75°.

2- Parting: Structural planes of weakness that are not necessarily equally spaced or regular may develop in some minerals as a result of twinning, shearing, or the occurrence of oriented inclusions of another mineral. Because these are planes of weakness, the mineral will break or develop cracks along them, some of which may be diagnostic. Example: Olivine is commonly characterized by the development of Y - shaped cracks that are not related to its cleavage planes.

3- Fracture: describes the appearance of all surfaces of breakage of a mineral other than planes of cleavage or parting.

Types:

SYMBOL 183 \f "Symbol" \s 12 \h
conchoidal: characterized by smooth curved surfaces (e.g. quartz).

SYMBOL 183 \f "Symbol" \s 12 \h
splintery: when the mineral breaks into small, thin, slightly elongated pieces.

SYMBOL 183 \f "Symbol" \s 12 \h
hackly: a very irregular, sharp edged surface

SYMBOL 183 \f "Symbol" \s 12 \h
uneven or earthy: an uneven surface with many small irregularities.

4- Hardness: 

· A measure of the relative resistance of minerals to scratching. 

· Mohs scale of hardness: is an empirical scale from 1 to 10 that arranges the minerals according to their relative hardnesses, 1 being the softest, and 10 the hardest. However, a mineral with a hardness of 3 does not mean that it is three times harder than another with a hardness of 1!

· Relationship between absolute hardness and Mohs scale (Fig. 12). 

· Objects commonly used to test for the hardness of the different minerals include: finger nail: 2.5, Cu penny: 3.5, knife blade (steel): 5 – 5.5, glass plate: 5.5; streak plate: ~ 6.5 - 7. 

· Hardness is a function of: (i) type of bonding, (ii) interionic/ interatomic distances, (iii) ionic charge, and (iv) orientation of surface scratched.

· A single mineral may have different hardnesses in different orientations. This is b/c hardness is a reflection of the strength of the different bonds in a mineral.

· The weakest bond is the one that controls the “overall” hardness of the mineral, if such a property exists!

5- Tenacity: 

· A function of the average or overall strengths or types of all bonds in the mineral.

· Importance of metallic bonding

· Terms used to describe tenacity: brittle, ductile, sectile, malleable, flexible, and elastic (cf. your textbook for a definition of these terms).

III- Sense - related properties:

1- Taste: 

Saline: Halite, Bitter: Epsomite; Astringent: Alum

2- Feel: 


Greasy: Talc; Cold: magnetite

3- Odor: 

Some minerals with weak van der Waals bonds have a characteristic smell when rubbed. For example, Realgar (AsS) has the smell of garlic.

IV- Specific gravity: 

This property is defined as the density of a mineral relative to the density of water at 4°C. In practice, it measured by weighing the mineral in air, then dividing that value by the difference between the weight of the mineral in air and that in water. The specific gravity or density of the mineral depends on its chemical composition, and internal structure (how closely packed it is). Minerals can be classified according to their specific gravities into 4 groups:

· Very heavy: > 5, e.g. Galena

· Heavy: 3.2 - 5, e.g. Chromite

· Intermediate: 2.4 - 3.2, e.g. Quartz

· Light: < 2.4, e.g. Halite.

V- Magnetic properties: 

· Origin of magnetism in minerals: (page 108) (Figs. 13 - 15)

· Magnetic number and magnetic moment 

· Importance of transition elements and their total magnetic moments (Table 1).

· Magnetic susceptibility: depends on magnetic moment and structure of the mineral.

· Types of magnetic minerals: 

1. diagmagnetic: repels a magnet, zero dipole 

2. paramagnetic: random arrangement of magnetic dipoles in a crystal structure; drawn weakly to a magnet. Example: olivine.

3. ferromagnetic: similar to paramagnetic but has domains that align easily in the presence of an external magnetic field; therefore strongly attracted to a magnet. Example: Fe.

4. ferrimagnetic: antiparallel ionic spin moments; permanent magnetic domains are there. Example: magnetite

· The Frantz Isodynamic Separator: used to separate minerals from one another based on their magnetic susceptibilities.

· Ferrimagnetism is that type responsible for “thermoremanent” magnetism in rocks (basis of paleomagnetic studies). 

VI- Electrical properties:
· Pyreoelectricity: Some minerals acquire an electric charge when heated (e.g. quartz).

· Piezoelectricity: Electrical charges can be produced by pressure on a mineral (e.g. quartz and tourmaline). Occurs only in crystalline substances lacking a center of symmetry (in 21 classes with polar axes). This property is useful for making watches (see Fig. 16).

