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LECTURE 2 

PHYSICAL PROPERTIES OF MINERALS 
 
2.1 LECTURE OUTLINE  
 
Welcome to lecture 2. From the previous lecture you have covered, it is now clear that a 

relationship exists between the crystal structure and physical properties of minerals. Lecture 2 

has the aim to show you that close onnections do exist between the physical properties of a 

mineral, its crystal structure and its chemical composition. The study of physical properties of 

minerals will enable you to make intelligent deductions about its crystal structure and chemical 

composition. For your information, physical properties of a mineral may be of great 

technological significance because a mineral may have important industrial uses that depend on 

its physical properties. For example, the extreme hardness of diamond makes it a highly efficient 

abrasive, and the piezoelectric nature of quartz is the basis for its use in electronic equipments. 

Many of the physical properties of minerals that will be discussed in this lecture will 

simultaneously be correlated with the mineral’s chemical composition and structure; their 

method of determination and economic application in society at large.  

 

 
               
At the end of this lecture you should be able to: 
 

• Define specific gravity and explain how this property is related to the structure and chemical 
composition of a mineral 

•  Describe a laboratory method of determining specific gravity 
•  Define luster and demonstrate how this property can be correlated to the minerals structure, color 

and light transmission; give its economic application in gemmology.  
• Distinguish exotic and inherent colors; and describe the various causes of colors in minerals. 
• Define hardness and cleavage of a mineral and explain how these properties are related to the 

crystal structure; Give examples of their economic application in gemmology  
• Explain the cause of luminescence in minerals and its economic application in geology. 
• Describe magnetism in minerals and its geological and economic application  
• Describe the surface properties of minerals and their economic application in ore dressing.  
• Explain the cause of radioactivity in minerals and give examples of its economic application.  

OBJECTIVES 
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2.2 SPECIFIC GRAVITY 
 
The specific gravity (SG or G) of a crystalline substance is a fundamental property and 

thus characteristic of the substance. As such, it is a valuable diagnostic property. Specific 

gravity is a dimensionless number that can be defined as the ratio of the density of a 

material to the density of water (at 4oC). The specific gravity of a substance is primarily 

dependent on its chemical composition and crystal structure – i.e., by the kind of 

atoms/ions present and the way they are packed and bonded. In general, the heavier the 

atoms/ions, the closer the packing, and the stronger the bonding, the higher the specific 

gravity becomes. For example, diamond, which has a stronger bonding and a denser 

packing structure compared to graphite, - has an SG of 3.5. Graphite, though having a 

similar chemical composition to diamond, but with a weaker bonding and loose packing 

structure, has an SG of 2.3.    

When a substance of variable composition crystallizes in a specific structure, the 

variation in specific gravity will depend almost completely on the mass of the individual 

atoms. For example, the specific gravity of olivine (Mg,Fe)2SiO4 increases with 

increasing replacement of the lighter magnesium atoms by the heavier iron atoms from 

3.22 for Mg2SiO4 (forsterite) to 4.41 for pure Fe2SiO4 (fayalite). Similarly, in a group of 

isostructural compounds (i.e., minerals with same structure but different chemical 

composition), the specific gravity will show a direct relationship to the mass of the atoms 

present, as exemplified by the group of aragonite minerals presented in Table 2.1 

 

Table 2.1 Relationship of isostructural compounds with specific gravity. 

 

Mineral Composition Specific Gravity Atomic Weight 
of Cation 

Aragonite 

Strontianite 

Witherite 

Cerussite 

CaCO3 

SrCO3 

BaCO3 

PbCO3 

2.93 

3.78 

4.31 

6.58 

40.08 

87.63 

137.36 

207.21 
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In other words, the specific gravity of a substance can be said to correlate to its chemistry 

and its crystallography and, thus, reflects, the nature of the atoms in the structure and the 

manner in which they are packed. 

Specific gravity is also known to vary somewhat with varying temperature and pressure 

because changes in these conditions generally cause mineral expansion or contraction. 

Hence the SG of a pure substance with a fixed chemical composition and crystallizing 

with a specific structure should be constant at any stated temperature and pressure. In 

general, conditions of high pressure favor formation of polymorphic forms with high 

densities, whereas conditions of high temperature favor looser packing and formation of 

polymorphic forms with relatively low densities.            

 

   
 

 

2.2.1 Method of determination. 

 

Except for readily soluble minerals, determination of SG has the advantage of being a 

completely non-destructive method. The accurate determination of the specific gravity of 

a mineral requires considerable care. Of the methods available for determining the 

densities of solids, the one that is particularly suitable for minerals is where the weight is 

measured directly, and the volume by the Principle of Archimedes. 

The volume is determined by measuring the apparent loss of weight when a weighed 

fragment of the mineral is immersed in a suitable liquid. The fragment displaces an 

amount of liquid equal to its own volume, and its weight is apparently diminished by the 

weight of the liquid displaced. If W1 is the weight of the fragment in air, and W2 the 

weight of the fragment in liquid of specific gravity L, the specific gravity of the unknown 

solid, G, is given by the relationship: 

 

 
Outline a non-destructive laboratory procedure of 
determining the specific gravity of a mineral.  
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    W1   

G     =              x   L 

             W1 –W2                 

     

 

Water is often used as the displacement liquid because it is readily available, and, since 

its specific gravity is 1 or close to 1, the factor L can be eliminated in routine 

determinations. Water, however, is not the most suitable liquid for accurate determination 

because it has a high surface tension and does not wet most solids readily; consequently, 

it can have a damping effect on the fine wire, that is often used to hold the specimen, and, 

in many instances, bubbles arc tenaciously held by the solid and thereby give rise to low 

specific gravity values.  

 
Some people add a pinch or so of detergent to the water to reduce the surface tension. 

However, for most purposes, this addition does not change the density of water enough to 

make it necessary to deal with any correction factor. Alternatively, organic liquids of 

known density and high purity, such as toluene or carbon tetrachloride, whose surface 

tensions are one-third or one-fourth of that of water, can be used. In any case, this 

method is one of the simplest for determining specific gravity, and, if homogeneous 

pieces of sufficient size are obtainable, it is one of the most accurate. In the more recent 

past, a lot of devices using the same principle have been developed that give direct and 

rapid determination of specific gravity. 

 

2.3 LUSTER 
 
Luster, which is an optical property, is closely related to reflection and refraction. Luster 

is defined as the appearance of a material in reflected light. Minerals can be divided into 

two main categories on the basis of their luster:  (i) Metallic and (ii) Non metallic. An 

imperfect metallic luster is sometimes referred to as sub-metallic. Minerals with metallic 

luster are generally opaque; chemically, they include most of the native metals, the 

sulfides, and the metallic oxides. Their refractive indices are 3 or greater. Minerals with 

non-metallic luster are generally transparent or translucent; chemically, they include 

minerals of the other classes such as quartz and feldspar. 
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Varieties of nonmetallic luster include: 

vitreous - the luster of broken glass. It is characteristic of minerals with refractive indices 

between 1.3 and 1.9. This range includes about 70 percent of all minerals, comprising 

nearly all the silicates, most other oxysalts (carbonates, phosphates, sulfates, etc.), the 

halides, oxides and hydroxides of the lighter elements such as Al and Mg.  

adamantine - the brilliant luster typical of diamond. It is characteristic of minerals with 

refractive indices between 1.9 and 2.6. Examples are zircon (n = 1.99-1.96), cassiterite (n 

= 1.99-2.09), sphalerite (n = 2.4), diamond (n = 2.45), and rutile (n = 2.6).  

resinous - a luster like that of resin or amber;  

silky - the appearance often termed sheen, which is typical of fibrous minerals;  

pearly - the semi glossy luster of the inside of an oyster shell, a luster that is common on 

cleavage surfaces of some minerals such as the feldspars;  

dull or earthy - the low reflectance of compact masses of some minerals. 

 
Several terms are used to describe special appearances in reflected light. Some of the 

more frequently used terms are (alphabetically): adularescence, asterism, 

aventurescence,  chatoysncy,  iridescence,  labradorescence,  opalescence, and schiller 

effect. Most refer to some play-of-color effect whereby there is an apparent variation of 

color when the material is viewed from different angles. These effects can be shown to be 

dependent on a mineral’s high dispersion or on inhomogeneities due to the presence of 

such things as specially spaced and/or sized lamellar structures, fibrous or platy 

inclusions, voids, or structural discontinuities.  Some surficial films tarnish gives similar 

appearances.  

Studies have shown that a mineral’s refractive index and light absorption, and its 

reflectivity (luster), can be roughly correlated with its predominant bonding as indicated 

in Table 2.2. 

 
Can you suggest a reason why diamonds have a high brilliant luster? 
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Table 2.2  Correlation of Luster with bond type, refractive index and light absorption.  

Bond type Refractive Index Light Absorption Luster 

Metallic 

ovalent 

Ionic 

High 

Moderately low 

Low 

High 

Moderately low 

Low 

High 

Moderate 

Low  

 

Luster can also be correlated roughly with color and light transmission in that most 

minerals that have dark colored streaks and/or are opaque have metallic lusters. Most 

minerals that have white or light colored streaks and/or are transparent have nonmetallic 

luster. 

The lusters of minerals have an economic aspect, as is evidenced by the use of minerals 

as gemstones. The qualities of beauty attributed to several gemstones include luster as 

well as color and transparency. Luster, in reality, is the one largely responsible for the 

brilliance of a gemstone such that, other things being equal, the higher the luster (and 

refractive index) of a gemstone, the greater it’s brilliance and its beauty. 

2.4 COLOUR AND STREAK 
 

In most minerals, the impression of colour is produced by the selective absorption of 

some of the wavelengths that constitute white light, the resultant colour being, in effect, 

white light minus the absorbed wavelengths. When white light, which consists of all the 

colours in the visible part of the electromagnetic spectrum (Figure2.1), strikes the surface 

of a crystalline material, some of the wavelengths are transmitted and reflected, while 

others are absorbed. When nearly all wavelengths are transmitted, the substance appears 

colorless or white. On the other hand, when nearly all wavelengths are absorbed, it 

appears dark or nearly black. 

 

The use of color as a diagnostic feature often requires experience as well as 

discrimination. There are two types of colors:  
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(i) Idiochromatic or Inherent colors - which depend on the essential constituents of a 

mineral, is constant and characteristic; 

(ii)  Allochromatic or Exotic colors - which may or may not be present in a given 

specimen of mineral and is variable (i.e., may vary from specimen to specimen). 

 

 

Figure 2. 1. The electromagnetic spectrum (to the right), with colors of the visible light 

portion shown on the expanded section (to the left). 

 

White light 
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Hence inherent color is a useful diagnostic feature, whereas exotic color may be 

misleading. In many cases, streak, which is the color of the fine powder of a mineral,  is 

useful in distinguishing between exotic and inherent colors. Most exotic colors, which are 

much more common in non-metallic than in metallic minerals, are not perceptible in 

mineral powders; for example, dark-colored plagioclase feldspars give white streaks. 

The causes of colors in minerals involve electronic processes, the energies of which 

correspond to the wavelength of light. Most of the processes require external stimulation 

e.g., impinging light, and involve changes that are associated with electron shifts within 

constituent atoms, ions or crystal imperfections. 

Under the crystal field theory, transition metal elements present as essential 

constituents/compounds or as impurities in minerals commonly give inherent and or 

exotic colors respectively to their containing minerals. Examples of exotic minerals 

include: corundum (Al2O3) – which is colorless when pure, red (ruby), or yellow, green 

and blue (sapphire); Inherent minerals include: azurite (Cu-rich) – blue; goethite – brown; 

spessartine (Mn-rich) – orange brown. Lattice imperfections (defects) within minerals 

that are colorless are known to give exotic color to the minerals. Defects that are 

responsible for color changes are widely referred to as color centers. 

Certain colors of minerals are known to result from charge transfers between electrons 

that are orbiting around more than one ion or atom e.g., magnetite with charge transfers 

between Fe2+ and Fe3+, and vanadinite with charge transfers between V5+ and O-2. (NB. 

The former is a metal-to-metal transfer, whereas the latter is metal to nonmetal transfer). 

Several minerals not belonging to the isometric system selectively absorb visible 

wavelengths differently in different directions. The result is that these minerals exhibit 

different colors when light is transmitted through them along different directions. This 

phenomenon is called Pleochroism, and is generally seen during microscopic 

examination using polarized light. Nonetheless, Pleochroism may be observed in some 

minerals by using sunlight or common tungsten light bulbs, e.g., cordierite can be seen to 

transmit purple light when viewed in one direction and light yellow when viewed at right 

angles to that direction. 
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Some colors of some minerals are changed when minerals are submitted to heat 

treatment or atomic bombardment (e.g., exposure to X-rays, gamma rays or neutron 

beams). Examples of such changes include the heating of brown zircons to render them 

blue; the heating of yellow topaz to change it to pink and the atomic bombardment of off-

color diamonds to make them green or bluish.  

 

   

 

 

Under the Band Theory Hypothesis, color in minerals may also be related to electrons 

that float – i.e., electrons that are detached and freely mobile within their containing 

structures and which, as a consequence, can comprise bands of energy. The shapes of the 

energy bands and the gaps between them are responsible for the colors formed under this 

hypothesis. Examples include copper, gold, silver etc. 

2.4.1 Applications 

Investigations relating to color in minerals have many applications. In some minerals, 

because of their pleochroism, they have to be cut according to certain crystallographic 

orientation to exhibit their desired colors. E.g., (a) rubies cut with their table facets 

perpendicular to the c-axis exhibit their preferred purplish red color, whereas rubies cut 

parallel to c-axis are orange red; (b) porous varieties of some minerals can be stained. 

e.g., most brightly colored agates and turquoise pieces have been soaked in solutions that 

have deposited pigments within their pores. 

   

 

 

 
A general rule of thumb is that heat treatment will reverse results of atomic 

bombardment and vice versa. E.g., smoky quartz can be made colorless by 

heating, or topaz that has been made pink by heating may be “red 

yellowed” by gamma ray bombardment. 

 
What are the causes of colors in minerals? 



Lecture Series: SGL 201 Principles of Mineralogy 

 34

2.5 HARDNESS 
 

The hardness of a mineral is defined as the resistance of the mineral to scratching. It is a 

measure of the strength of the internal crystal structure of the mineral. Relative hardness 

has been employed as a useful diagnostic property ever since the beginning of systematic 

mineralogy. In 1824 it was given a qualitative precision by Fredrick Mohs, who proposed 

a scale for measuring a degree of hardness. Since then, mineral hardness is usually 

expressed in terms of Mohs’ scale as indicated in Table 2.3. 

 
Table 2.3     Mohs’ scale of measuring degree of hardness. 

 
Hardness                                                Mineral 
 

1 Talc 
2                                                    Gypsum 

--------------------------------------------------------------------    Finger nail 
3                                                    Calcite 
4                                                    Fluorite 
5  Apatite 

-------------------------------------------------------------------    Knife blade and glass 
      6                                                   Feldspar (orthoclase or microcline) 
      7                                                   Quartz 

8                                                    Topaz 
9                                                    Corundum 
10                                                  Diamond 

 
 
 

For many identifications, determining that the mineral is soft (H < 2.5), hard (H > 5.5), or 

intermediate (H between 2.5 and 5.5) is all that is necessary. As an example of how the 

scale can be used, a mineral with H = 6.5 would scratch feldspar, would be scratched by 

quartz, and would neither scratch nor be scratched by the typical high quality metal file. 

You must, however, keep two precautions in mind: 

 
1. The hardness given for a mineral is that for a smooth clean surface, such as a 

crystal face or a cleavage plane; therefore, superficial coatings of weathered or 

altered material may give deceptively low hardness values. 
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2. Fine-grained masses of a mineral may be disaggregated when checked for 

hardness, thus giving the false impression of having been scratched. In some 

cases, this false impression can be avoided by using the known as the scratched 

rather than the material being scratched. 

 
Since the bonding of a crystal structure is typically different in different directions, the 

hardness of a mineral may be expected to differ somewhat with crystallographic 

direction. For example, for kyanite, the hardness is 4.5 in the direction of the c axis (i.e., 

parallel to the chains of silica tetrahedra) and 6.5 in the direction of the b axis 

(perpendicular to the chains). 

 
Applications 
 
When hardness is considered in conjunction with the other properties related to strength, 

it constitutes an important property in gemmology and also in the choice of minerals and 

other materials for use as abrasives, jewel bearings, and pressure equipment. Hardness is 

also important to several ore dressing considerations.   

 
2.6 HABIT 
 
Habit defines the shapes of commonly occurring crystals and/or aggregates of crystalline 

grains. 

There are various terms that are used to describe crystal habits, for example: 

Acicular – needle or thorn-like form 

Micaceous – consisting of thin plate-like lamellae 

Tabular – Table like shape 

Fibrous – like asbestos 

Colloform – habit said to be radiating and in some cases concentric, the external 

spheroidal form resemble bunches of grapes or kidney etc.;  

Dendtritic – branching like deciduous trees 

Cryptocrystalline – dense, in some cases almost glassy because it is made up of sub-

microscopic grains. 

Oolitic – consisting of small ellipsoids or spheroids that resemble fish roe. 
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 Striations – parallel, threadlike lines or narrow bands running across mineral surfaces. 

 

 

Figure 2.2 Cubic crystals of pyrite. Striations are clear on the large specimen. Note that 

those in the adjacent faces are perpendicular to each other. 

 

2.7 CLEAVAGE, PARTING AND FRACTURE 
 

2.7.1 Cleavage 
 
Cleavage is the tendency of a mineral to break in definite direction along planes that are 

parallel to possible crystal faces. Cleavage is a reflection of the minerals internal structure 

in terms of bond strength and distribution of atoms/ions. This relation is particularly 

apparent in minerals that have layered structures in which the bonding within layers is 

very strong, whereas that between layers is relatively weak. Examples are graphite and 

the phyllosilicates such as talc and the micas (see Figure 2.3). In graphite, the carbon 

atoms are covalently bonded in sheets, and the sheets are linked by weak residual forces. 

 
A mineral may show cleavage in more than one crystallographic direction. In most cases, 

the quality of cleavage is different in the different directions, thus enabling us to 

distinguish one cleavage from another. The different qualities of cleavage are usually 

described by the terms such as perfect, good, distinct, and indistinct.  
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Figure 2.3 Mica cleavages. The large block (or “book”) is bounded on the sides by crystal 
faces. Cleavage fragments lying in front of the large block are of different thickness, as 
indicated by their degree of transparency. 

 
Perfect cleavage – this is present when a mineral breaks giving a smooth lustrous surface 

Good cleavage – is present when a mineral breaks easily along the cleavage but can also 

be broken transverse to the cleavage (e.g., feldspar). 

Distinct cleavage - this is shown by minerals that break most readily along the cleavage, 

but they also fracture rather easily in other directions. 

Indistinct cleavage - is shown by minerals that generally fracture as readily as they 

cleave. 

Most cleavage is easily recognized in thin-sections that are cut for optical study of 

minerals and rocks. Cleavage is a very useful diagnostic property because it often affords 

a guide to the symmetry of a substance. 

 

Application/ uses 
 
In its practical and technical application, cleavage is an important property in the 

industrial use of many minerals. For example, the ability of muscovite to be cleaved into 

very thin sheets, together with its dielectric properties, is the basis of its use in electrical 

equipments. Secondly, a pencil is an efficient writing implement because the perfect 
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cleavability of graphite causes small cleavage flakes of the mineral to be rubbed off so as 

to adhere in paper. Besides, the lubricating qualities of graphite and talc depend on their 

softness and the ease with which these minerals break along cleavage surfaces. 

  
 2.7.2 Parting 

 
Parting, which resembles cleavage (sometimes refereed to as false cleavage) is separation 

along planes of weakness caused by twinning, deformation, or the presence of oriented 

inclusions or approximately parallel exsolution lamellae that are accentuated by incipient 

alteration. 

 
Like cleavage, parting is typically parallel to possible crystal faces; unlike cleavage, it 

consists of a finite number of discrete, relatively wide spaced planes. Parting does not 

have to conform to symmetry requirements of the material involved. Examples of parting 

are like those controlled by the compositional planes of polysynthetic twinning in 

corundum or those controlled by included exsolution lamellae parallel to the basal 

pinacoid [001] of pyroxenes such as augite, diopside, and hypersthene. 

 
2.7.3 Fracture 

 
Fracture includes all breakages in minerals. However, the usage of the term is limited in 

application to rapture patterns that result in the formation of irregular surfaces – i.e., 

ruptures that bear no consistent, well-defined angular relationship to crystallographic 

directions. 

 
Fracture generally starts from a scratch or a crack and continues along concentrations of 

dislocations, flaws, inclusions etc. Fracture generally takes place in substances that have 

about the same strength in all directions or in non-cleavage directions in minerals that 

have cleavage.  

Terms frequently used for diverse kinds of fracture include:  

Conchoidal fracture – smooth and curving  

Even fracture – more- or- less flat 

Hackly – rough, jagged, and sharp edged 

Splinterly (or fibrous) – resembling split wood 
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Uneven (or irregular) - rough  

 
 

     
 
 
2.8 SPECIAL  PHYSICAL TESTS 
 
These are special tests, which on a macroscopic scale are applicable to only a few 

minerals. Those frequently used include: 

 
2.8.1 LUMINESCENCE 

 
Luminescence is the emission of visible light by a crystal that has been excited by 

ultraviolet light. Macroscopically luminescence is checked by placing a mineral under a 

long wave (3200-4000 Å) or short wave (centered around 2535 Å) ultraviolet light. Many 

minerals may react the same way or quite differently to the short versus long wave 

sources. Some minerals fluorescence under one but not the other; some emit different 

colors under the different wavelengths.  

 
The kinds of energy shown to cause luminescence include those usually referred to as 

electromagnetic (optical and nuclear), electric, mechanical, chemical and biochemical 

energy. Luminescence, most frequently observed in minerals is generally termed 

photoluminescence. It is stimulated by irradiation with ultraviolet light and it is best 

observed in total darkness. Fluorescence is the emission of light at the same time as the 

irradiation. The energy absorbed is released in two or more steps, one of which is in the 

visible range. Phosphorescence is the continued emission of light after the irradiation is 

terminated. In phosphorescence, the excited electron falls into an electron trap (such as a 

hole), where it may remain for up to several hours, until the thermal energy of the system 

causes its recombination with a positive ion. Light is emitted during the recombination. 

Both natural and man-made materials that exhibit luminescence are widely referred to as 

phosphors. 

 
Distinguish between cleavage, parting and fracture. 
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Applications 
 

• Luminescence of minerals can be valuable in determination of mineralogy, in 

prospecting, and in mineral dressing. 

• In several geological applications e.g. as a tracer in hydrological studies. 

• Luminescence is the basis of a number of modern illumination techniques that use 

the fluorescence of inorganic compounds many of which are analogs (e.g. 

CaWO4, CaCO3 and ZnSiO4). 

• Luminescence serves an important role in certain electron microprobe 

investigations etc. 

 
The fundamental law of luminescence (Stoke’s law) states “the wavelength of the 

luminescence that is emitted is longer than the wavelength of the exciting radiation” or 

alternatively “the energy of the luminescence that is emitted is less than the energy of the 

exciting radiation”. 

 
The phenomenon of luminescence is linked with lattice disturbances that are the result of 

either imperfections or the presence of foreign ions that function as activators. In many 

instances, it has been shown that the foreign ions are substituting for major elements in 

the given structure e.g. in Willemnite (Zn2SiO4), the activating ion is Mn2+ substitution 

for Zn2+ in Scheelite (CaWO4) it is Pb2+ substituting for Ca2+ and Mo6+ for W6+. 

 
The production of luminescence involves the following dependent process: 

- A quantum of energy is first absorbed in response to excitation e.g. ultraviolet 

light or X-ray irradiation; 

- Electrons in the activators are then raised to higher, excited levels 

- Subsequently, when the electrons fall back to their ground state, the energy that is 

released is in the form of the appropriate wavelength of electromagnetic radiation 

(light). The best-known activators are the transition metals. 

 

 

State Stoke’s and list three applications of luminescence 
in mineralogy 
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2.8.2 MAGNETIC PROPERTIES 
 
From the standpoint of macroscopic tests, a mineral is either noticeably attracted to or not 

attracted to a hand magnet. Native iron, magnetite, most pyrrhotite and maghemite are the 

common minerals that are attracted by such magnets. Most Fe-bearing minerals, 

however, if heated strongly in air, become magnetic as a result of the formation of 

magnetite. This is a useful test for the presence of iron. 

 

Nearly all minerals are affected by a non-uniform magnetic field, i.e. they react 

mechanically, to some greater or lesser extent whenever they are placed in a magnetic 

field. Although it has been shown that there are five kinds of reactions – termed 

diamagnetism, paramagnetism, ferromagnetism, ferrimagnetism and antiferromagnetism 

– only three different kinds are easily distinguished: 

 

Diamagnetism – the slight repulsion whereby a material moves or tends to move toward 

regions of weaker magnetic field strength. 

Paramagnetism – the slight attraction whereby a material moves or tends to move, 

towards regions of stronger magnetic field. 

Ferromagnetism – the strong attraction toward regions  of strong magnetic field strength.  

 
Applications 
 
Magnetism in minerals has several geological and economic applications: 

 

• Magnetic separations, in which electromagnets are used to produce high-intensity 

magnetic fields, are used both in the research laboratory and in ore dressing plants 

for separating pure concentrates from diverse mixtures of minerals. 

• Sensitive instruments are capable of not only separating paramagnetic minerals 

from diamagnetic minerals, but also separates two paramagnetic minerals from 

each other (e.g. biotite from hornblende). 

• Magnetic properties of minerals are also used in geophysical prospecting by 

employing the use of a magnetometer - an instrument that measures variations in 

the earth’s magnetic field. Such magnetic surveys are valuable for locating ore 
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bodies, in detecting changes in rock type, and in tracing formations with specific 

magnetic properties.  

• Applications in the field of geomagnetism. Investigations in the field are based on 

the following premise: the relative positions of land masses through geologic time 

can be reconstructed on the basis of the assumption that the direction of the 

magnetic field of a mineral at the time of its formation is (and was in the geologic 

past) controlled by the earth’s magnetic field. Uses of geomagnetism in polar 

wandering studies and in geochronology are well documented in various scientific 

studies (e.g. Strangway (1970); McElhinny (1973)).  

 
 

2.8.3 SURFACE PROPERTIES 
 
The surface of crystals and crystalline grains usually represent growth, cleavage, parting 

or fracture.  It is also true that the parts of a structure at or within a few atomic layers of 

the surface of a crystalline grain are not in equilibrium state in the same sense as those 

parts well within the crystalline grain. The reason for this is because surface and near-

surface atoms are in environments that are non-uniform from the standpoint of their inter-

atomic and/or inter-ionic distances, the number of bonds per atom/ion, probable structure 

distortions and cation shielding effects. As a result, surfaces are characterized by an 

excess free energy, generally termed as surface energy and the constituent atoms and/or 

ions on the surface tend to behave differently from those located within the crystalline 

units. Surface energy can be calculated or measured by determining such diverse values 

as heat of fusion, heat of sublimation, or the energy required for cleavage. 

Thermodynamically equivalent to Gibbs free energy of the surface, the quantities are 

usually expressed in newtons per metre. These surface tension values are used in several 

thermodynamic calculations. 

 
Several minerals have been shown to have different surface tension values for surfaces 

with different crystallographic orientations. In general, closely packed planes have lower 

surface tension values than those with more loosely packed planes. 
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Applications 

 
Surface properties are important to many technologies, especially those in which metals 

or ceramics are used. Surface properties are known to influence a number of physical and 

chemical properties and processes – for example, adhesion, cohesion, friction, 

lubrication; chemical reactivity, solution and nucleation; brittle fracture, diffusion and 

wettability. With respect to diffusion, we now know that keeping other conditions 

constant, diffusion will take place much more rapidly along grain boundaries than 

through individual grains. Wettability, which is a property defined as the relative ease 

with which a surface can be coated with water, finds widespread commercial application 

in separating certain economic minerals from their gangue mineral associates. According 

to this property, minerals can be divided into two groups: lyophile minerals being those 

minerals that are easily wetted, and lyophobe minerals being those that are not easily 

wetted. There are all degrees of wettability between extreme lyophile and extreme 

lyophobe minerals. Minerals with ionic bonding are generally lyophile, whereas minerals 

with metallic or covalent bonding are lyophobe. 

 

 
 
 
 
These differences in surface properties have been applied for many years in the 

separation of diamonds from the accompanying heavy minerals, such as garnet. 

Diamond-bearing rock is crushed, and a concentrate of the diamonds and other heavy 

minerals is separated by mechanical means. This concentrate is then washed over tables 

coated with grease. The lyophile minerals such as garnet are readily wetted and washed 

away, while the lyophobe diamonds are not wetted and thus stick in the grease from 

which they are easily recovered. 

 
The principle application of differences in surface properties is, however, in the ore 

dressing technique known as floatation. Floatation is used primarily for the separation of 

 
Explain the concept of wettability in minerals and show how this 
property has found wide commercial application in the 
separation of economic minerals from their gauge associates. 
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sulfide minerals from gangue minerals, and separation of individual sulfide minerals from 

mixtures. In general, the sulfide minerals are lyophobe, whereas the typical gangue 

minerals (quartz, calcite, etc) are lyophile. The finely crushed ore is mixed with water, to 

which are added small amounts of oil (which is attracted to and covers the sulfide grains) 

and a foam-producing compound. Air is then blown through the mixture, and the foam 

that is produced carries the sulfide minerals with it, while the gangue sinks. 

 

 

  
 
 

 
 

 
2.8.4 RADIOACTIVITY 

 

Minerals that contain uranium and thorium give off radiations that are readily detected by 

a Geiger-Müller counter or a scintillometer. The other radioactive isotopes (e.g., 40K and 
87Rb) typically defy detection except by highly sensitive instruments for example, 

instruments used in specialized laboratories and instruments used for certain types of drill 

hole logging. 

 
Each radioactive isotope (radio nuclide) decays at a constant rate generally referred to as 

its half-life that is unaffected by temperature, pressure, or the nature of the containing 

compound. The decay is accompanied by the emission of energetic particles and/or 

radiation such as: 

 

• Alpha particles, which are identical to helium nuclei (4He); 

• Beta particles, which are the same as electrons (e-);  

• Gamma rays, which are a type of electromagnetic radiation with wavelengths 

equal to those of short X-rays;  

Explain the differences in surface properties that 

enable the easy mechanical separation of diamond 

from the other accompanying gauge minerals (e.g. 

garnet) in a kimberlitic rock.  
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• Plus or minus other energetic particles [e.g., positrons (e+)] and atomic de-

excitation  phenomena.  

 
  

Any mineral that contains a fairly large amount of certain radionuclides is subject to 

structural changes (e.g., destruction of its coordination polyhedra or of even larger units 

of its structure). Such modifications are thought to take place because of the size and/or 

charge differences between the original atom and one or more of its daughter nuclides. 

That is to say, even if the original element (e.g., 238U) and the stable end product (e.g., 
206Pb) have sizes and charges that can occupy identical structural positions, the original 

containing structure still tends to become disrupted during the existence, especially 

during the relatively long-term existence, of any intermediate daughter nuclide (e.g., 
226Ra) that has a notably different size and/or charge. 

  
Impelled alpha particles can also cause mechanical breakdown or, because of their 

oxidizing tendency, chemical change. Pleochroic haloes (e.g., those surrounding 

radioactive minerals, such as thorium-bearing zircon in such minerals as biotite, 

cordierite, and hornblende) bear witness to alpha particle bombardment. 

 
Since the rate of decay of radioactive minerals is known, the age of a radioactive mineral 

can be calculated once the amounts of e.g. uranium, thorium, and lead isotopes are 

determined. Fresh specimens of radioactive minerals are of great scientific value because 

of the information they can provide on geological age. The development of atomic 

energy has resulted in a worldwide search for radioactive minerals, especially uranium-

bearing minerals because uranium has found the greatest use. 

 
 

 
 
 
 
 
 
 

 
(a)  What do you understand by the term “half-life” 

of a radioactive element? 
 
(b) What causes pleochroic haloes in minerals? 
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2.9 SUMMARY 
 
In this lecture we have described the major physical properties of minerals such as 

density, color, streak, luster, hardness, habit, cleavage and other special physical 

properties such as luminescence, magnetic, surface, and radioactivity. We have defined 

each of these properties and showed how some of their physical properties can influence 

their utility and applications industry. For example, we learnt that specific gravity of a 

crystalline substance is a fundamental and diagnostic property that is primarily dependent 

on its chemical composition and crystal structure. We learnt that, luster, which is an 

optical property, is closely related to reflection and refraction.  In minerals, there are two 

types of colors - inherent and exotic – whose causes involve various electronic processes, 

the energies of which correspond to the wavelength of light. We defined hardness as the 

resistance of a mineral to scratch and learnt that its an important property in gemmology 

when it comes to the choice of minerals and other materials for use as abrasives, jewel 

bearings, and pressure equipment.  

 

Among the special physical properties, we described luminescence as the emission of 

visible light by a crystal that has been excited by ultraviolet light. In radioactivity we 

learnt that minerals that contain uranium and thorium do give off radiations and decay by 

emission of energetic particles such as alpha, beta and gamma rays. We learnt that fresh 

specimens of radioactive minerals are of great scientific value because they can provide 

information on past geological age and be a source for the development of atomic energy 

that would be necessary for the sustainace of our global energy sources and economy.   
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