

Chapter 1

Minerals and Mineraloids

When most people think of minerals, they usually imagine expensive gemstones like diamonds, emeralds and sapphires, or economic minerals like silver, gold and copper. While it is true that each of these substances is a mineral, they are all relatively unimportant as far as the make-up of the Earth is concerned.  At last count, there were over 4000 minerals on and in the Earth, but relatively few among them are considered "valuable", i.e. worth mining  and selling for a substantial profit. Minerals that make you money are considered economic and their value is determined on the basis of aesthetic reasons (e.g., gemstones and semi-precious stones) or technological/industrial applications stemming from their specific properties (e.g., the hardness of diamond, the conductivity of copper, the insulation qualities of micas, etc.) Some minerals are mined as a source of elements (e.g., iron, chlorine) that are widely used in industry. And yet, the most important minerals are those that are most common and make up the bulk of the Earth's crust.  Soils includes minerals eroded or weathered from the Earth's crust, and plants could not thrive without elements released by their reactions with acidic rain and groundwater. Two of the most important rock-forming minerals are quartz and feldspars. Almost every sand grain on beaches is a fragment of a quartz crystal, a major component in continental-forming rocks like granite. Quartz-rich sands, sorted and purified by the action of waves on beaches, are mined in larger quantities than any other material on Earth. They are the source of the silica used in glassmaking and the silicon fashioned into computer chips. At Mont St. Hilaire, a world-famous site where over 300 different minerals have been identified so far, the Poudrette quarry extracts 650,000 tonnes/y of syenite, an igneous rock rich in feldspars, which is crushed to make asphalt and concrete. Quartz and feldspars may not particularly valuable minerals per kilogram, but consider how different our industrialized societies would be without glass, computer chips, paving and building materials.

Now that we have considered briefly what makes a mineral valuable, let us discuss what makes a mineral a mineral.  Earth scientists consider a mineral to be a naturally occurring solid that is characterized by a definite chemical composition and an atomic pattern regularly repeated in three dimensions. This definition excludes a number of synthetic substances manufactured by humans and commonly passed off as minerals: cubic zirconia (an inexpensive diamond substitute), synthetic corundum (the red "ruby", and blue "sapphire" found in inexpensive rings), and industrial diamond (a valuable abrasive).  It also excludes a variety of natural substances that are found in and on the Earth.  Some of these materials, such as opal (SiO2 . H2O) are amorphous (i.e. they lack a regularly repeated atomic structure, much like window glass).  Others, such as bauxite or chrysocolla, are mixtures of amorphous and crystalline compounds and show significant variations in chemical composition. And one metal, mercury, occurs naturally as liquid droplets. These natural substances, which are concentrated in the Earth's crust by the same kind of processes as minerals but simply lack their regular structure, are called mineraloids.  Other naturally occurring substances that are not considered minerals by this definition are coal and amber. Both are fossilized remains of organisms (swamp vegetation and tree sap, respectively).

Interestingly, many organisms secrete solids that share all the attributes of minerals, including their regular atomic structure.  The skeleton of corals, the shells of oyster and birds are composed of either aragonite or calcite, two crystalline forms of CaCO3. These biogenic (i.e. generated by living organisms) crystalline solids are identical to the minerals making up stalactites and stalagmites which crystallize from water seeping through limestone caves. Note that the difference between aragonite and calcite, is not their composition but the geometrical arrangement of their atoms.  Minerals with the same chemical composition but with different crystalline structures are called polymorphs. Another pair of polymorphs that you are more likely to be familiar with are the minerals graphite and diamond (both composed of pure carbon).

In this course, you will learn to identify nearly 100 common or economically-important minerals on Earth, at the pace of 12-15 each week. This may seem a bit daunting, especially at first, but mineral identification is a fairly straightforward process.  The trick is to recognize the set of physical properties or attributes which each mineral possesses.  As you progress, you will build your own mineral identification chart using the observations you find most diagnostic. Visual and tactile memories built through experience play a large role in fine-tuning one's mineral identification skills.  The more time you spend with minerals, handling them and examining their many varieties, the more confident you will grow and the faster you will recognize them.
1.1 The Physical Properties

There are several important physical properties by which to identify minerals.  The most common of these, discussed further in the following sections, are colour, streak, specific gravity, luster, hardness, habit, and cleavage.  Many minerals are recognized readily, on the basis of one or two diagnostic characteristics (e.g., they may be unusually heavy, or have a distinctive colour).  However, others may require that you use several properties to identify what they are.  Some look very much like others and it will be up to you to discover (with a little help from the teaching team) which combination of properties best distinguishes them.

1.1 -1 Colour

The colour of a mineral is generally the first physical property observed.  Ironically, it is usually NOT the most reliable property by which to identify minerals.  The reason is that many minerals exhibit a wide range of colours due to slight variations in the content of colour-inducing trace elements called chromophores.  Minerals that contain different chromophores and which are therefore subject to colour variation are said to be allochromic.  Corundum (Al2O3) is a good example where gem-quality specimens are prized for their  vivid colours. Ruby is a variety of corundum coloured red by trace amounts of chromium (Cr) while sapphire's blue results from electron exchange between tiny amounts of titanium and iron.  Quartz and fluorite are more common allochromic minerals, colourless when pure, but found in an astonishing range of of colours in specific deposits.  Quartz varieties such as citrine (yellow) and amethyst (purple) are not considered mineral species because the colour is due to very low amounts of iron within the crystalline structure.

Some minerals, including sulfur (S), graphite (C) and azurite (hydrated copper carbonate), are always the same colour, regardless of the presence of chemical impurities.  For them, colour can be considered a reliable and diagnostic property.

1.1-2 Streak

The colour of some minerals may be variable from one specimen to the next, but some minerals show a reliably diagnostic colour  in powdered form.  The colour of a powdered mineral (its streak) is determined by scratching minerals against the unglazed porcelain streak plate (included in the mineral identification kit). Light-coloured minerals usually produce white or colourless streaks which are seldom usful for identification purposes.  Many dark-coloured minerals produce white/colorless streaks if their colour-inducing element (e.g., iron or manganese) is combined with silicate groups. Yet, the same elements produce diagnostic coloured streaks if they occur in an oxide, sulfide or hydroxide compound.

There are two things to consider when obtaining mineral streaks: (1) the streak test can only be performed on specimens softer than the streak plate (H = 5-6, see section 1.1-5), otherwise the streak plate will powder instead of the mineral; (2) the mineral must be streaked along a fresh or clean surface.  Some minerals may contain embedded grains of other minerals. The dark mica biotite, for example, produces a white/colourless streak if it is pure, but many specimens leave a brown, red or yellowish streak because of the presence of grains of iron oxides.

1.1-3 Specific Gravity
When you first pick up a mineral, you will probably make note of its "weight".  Whether or not a mineral feels heavy depends upon its overall size and density.  Large specimens, regardless of their density, are always heavier than smaller specimens.  However, specimens of similar sizes (or volumes) may differ significantly in density because of the type of chemical elements (iron is heavier than aluminum) and the length of their bonds (the distance  between sheets of carbon atoms in graphite is larger than the average distance between atoms in diamond).  For this reason, geologists use specific gravity as a diagnostic property.   The specific gravity (usually  abbreviated G) of a mineral is a comparison of its mass to the mass of an equal volume of water, so sample size is removed as a factor.  Since specific gravity is a ratiio, it is a dimensionless (or unit-less) property.  Density, on the other hand, is measured in units of g/cm3. Very 'heavy" minerals, such as galena (PbS) or pyrite (FeS2) have higher specific gravities than most minerals forming the Earth's crust.  

1.1-4 Luster

Mineral luster is an easier property to observe than it is to describe. Luster is the "way in which the surface of a mineral reflects light", but this explanation is rather confusing to anyone who is new to mineral identification.  Analogies to familiar substances are a better way to describe luster.  A highly polished brass doorknob or a shining new penny are instantly recognizable as metals because they reflect light in a "metallic" way.  Regardless of its colour, glass looks like glass because it reflects light… well, like glass. A wax candle has a different luster than either metal or glass.  You get the idea? Minerals reflect light in similar ways to these substances.  Pyrite, galena and hematite reflect light with a metallic luster.  Some minerals imitate glass or wax, and are said to have non-metallic lusters.  Some minerals, like rutile, have submetallic lusters that are "halfway" between metallic and non-metallic.

The non-metallic lusters are quite diverse, and Table 1.1 lists the most commonly used terms.  Luster is largely determined by the atomic structure of a mineral, its surface transparency and roughness. Two points of caution must be kept in mind concerning luster. (1) Some minerals tend to tarnish, i.e. their surface develops a thin coating of a different composition in response to their reaction with oxygen or water.  This can mask the true luster (and colour) of a mineral. Always look for clean or fresh surfaces of minerals when attempting to describe their luster. (2) Some minerals display more than one type of luster because they occur in varieties with different crystal sizes and/or shapes.  Gypsum is a good example.  Most fine-grained gypsum specimens have a  "milky" appearance and a waxy luster.  Large single crystals, known as selenite, look vitreous, but the fibrous variety known as "satin spar" is distinctly silky.

1.1-5 Hardness
Hardness is one of the most important and diagnostic mineral properties.  Engineers would define it as the resistance of a mineral to mechanical abrasion. In mineral identification, we usually think of hardness as the ease with which minerals can be scratched.  This is another property that should always be tested on a fresh surface of your mineral. Alteration reactions between mineral surfaces and air or water usually soften a mineral.

Minerals display wide variation in hardness, making this a very useful property for identification.  Some minerals are so soft that they leave a powder against your fingers when you simply hold them. Others are hard enough to scratch metal or glass.  The hardest known substance is the mineral diamond and it frequently used to cut through orpolish a variety of natural and artificial substrates.  Very soft minerals, like talc and graphite are also useful.

The German mineralogist Friedrich Mohs quantified the hardness of commonly used minerals and selected 10 of them to make up what we now called Mohs' Hardness Scale (Table 1.2).   Talc, the softest of the ten, was assigned a hardness of 1; diamond, the hardest, was assigned a hardness of 10. All known minerals can be fitted between talc and diamond on this scale. Each mineral on Mohs' Scale will scratch any lower ranking mineral, and be scratched by any mineral of higher rank.  Mohs' Scale is based on relative hardnesses; however, the increase in absolute hardness between minerals on this scale is not linear (Figure 1.1). At the lower end of Mohs' Scale, the absolute hardnesses of talc, gypsum, calcite and fluorite increase only slightly. Much larger differences occur between the harder minerals such as corundum and diamond.

The hardness of a mineral to be identified may be determined by direct comparison with those on Mohs' Scale. If a mineral scratches talc (H = 1) and is scratched by gypsum (H = 2), then the unknown mineral would have a relative hardness midway between the two (H = 1.5).  Carrying around a pocket full of Moh's Scale minerals is not a terribly practical way to determine the hardness of anything you wish to identify.  More common items can be substituted in their place. Your fingernail has a relative hardness of 2.5.  A copper penny (if minted in the 1980s or earlier) has a relative hardness of 3.5.  Quality pocket knives (e.g. Swiss Army variety) have relative hardnesses of 5.5, but lower quality knifes are closer to 6 on Mohs' Scale.  Many minerals fall close to the transition between 5 and 6, so make sure that you get to know well those that your knife cannot scratch.

The hardness of a crystalline aggregate of crystals can be difficult to evaluate because individual crystals may get plucked out and produce fragments that look like a powder.

1.1-6 Crystal Form & Habit

One of the major requirements for substances to meet the definition of a mineral is that they possess a regular, periodic crystal structure.  The atoms and ions that make up minerals are bonded together at precise distances and in patterns controlled primarily by their size and charge.  If a mineral precipitates from a pocket of watery fluid, atoms or ions tends to add up along   distinct planar surfaces called faces.  The number and arrangement of crystal faces define geometric shapes (cubes, rhombohedra, dodecahedra, octahedra, prisms, pyramids, etc.). These crystal shapes, called forms, can be of great value in mineral identification. However,  many minerals occur as shapeless, massive aggregates of crystals. Well-developed forms are therefore the exception rather than the rule.

Many aggregates show crystals arranged in distinctive patterns. The general appearance of a single crystal (cubic, platy, fibrous) or an aggregate (massive, radiating, foliated) is called habit. Table 1.3 and Fig. 1.2 (next page), as well as Figure 6.1 (in the 21st edition) from your textbook, illustrate some common habits.

1.1-7 Fracture and cleavage 

Most of the mineral specimens that you will encounter are fragments of larger pieces. Some will display jagged broken surfaces which earth scientists call fracture.  Chalcopyrite (CuFeS2), quartz and magnetite (Fe3O4) are all examples of minerals that display fracture.  Some fracture patterns are not diagnostic.  For example, when window glass breaks, the edges have a characteristic concentric or conchoidal fracture pattern. Specimens of quartz commonly display conchoidal fracture.  The same pattern is seen on broken pieces of cryptocrystalline (i.e. crystals smaller than the resolving power of an optical microscope)  aggregates of quartz and some other minerals.

Breakage occurs only planar surfaces called cleavage in minerals held together by chemical bonds that are stronger or more numerous in certain directions.    The number and orientation of cleavage planes varies between minerals (Table 1.4, Figure 1.3).  Biotite, for example, is characterized by a single cleavage plane and can be peeled into paper-thin layers.  Orthoclase (KalSi3O8) has two cleavage planes that are arranged at 90° to one another.  Galena and halite both have three cleavage planes that are mutually perpendicular, and break into cubes.  Calcite also has three cleavage planes, but they are inclined at angles that are not 90°, forming rhombohedra.  Try to attune your eyes to the difference between cleavage planes and crystal faces: they are completely different properties even though both are controlled by the symmetry of the crystal structure.  The cleavage angles of a given mineral depend on its atomic structure, and they are constant from specimen to specimen. Crystal forms, on the other hand, depend on the environmental conditions that prevailed during growth, and they can vary spectacularly from one specimen to the next.  Minerals like quartz, pyrite or garnet all have well-developed hexagonal, cubic or dodecahedral crystal forms but they fracture without cleaving because the average strength of their bonds is approximately even in all directions.

Another difficulty in identifying cleavage patterns is that not all planes are necessarily equally well-developed.  Cleavage planes vary in quality from "perfect" (very well developed in all specimens of a mineral such as biotite) to "poor" (seldom seen in a mineral such as staurolite). Feldspars are characterized by two cleavage planes, but both are said to be "good", which means that you usually see hints of them in hand specimens but not always.

Cleavage is perhaps the trickiest of the mineral properties that an aspiring mineralogist must learn, but it contributes so much to the general appearance of a mineral specimen that you will learn to appreciate it almost without noticing it.  When it is well developed, you see characteristic step-like surfaces that reflect light when you hold the specimen at the right angle. Cleavage surfaces are often the freshest looking surfaces on a mineral specimen.  Whenever crystal forms are not distinct, it is often the cleavage which indicates that an aggregate consists of cm-size or mm-size crystals.

1.1-8 Optical Properties

Diaphaneity: the ability of a material to transmit light.  Transparent minerals such as quartz, halite and calcite can transmit light as readily as glass if they are chemically pure and free of gas or liquid-filled bubbles. The presence of internal fractures, microscopic gas bubbles or colour-inducing impurities can produce translucent varieties of the same minerals: some light passes through but a clear image is not visible throughout.  Opaque minerals do not allow light to pass through them.  The diaphaneity depends partly on the thickness of the mineral specimen, and many dark minerals that look opaque in hand specimen are actually translucent in thin section under the microscope.

Double refraction: light travelling through most minerals is split into two rays that vibrate faster in one direction than in another as they travel through the crystal. In Iceland spar, an optically-clear variety of calcite, this phenomenon is so pronounced that it causes images viewed through it to appear double.

Iridescence: this is a play of colours produced by diffraction, an interference pattern caused by a a "grating", i.e. differences in composition or structure that are regularly spaced at intervals close to the wavelength of visible light.  Precious varieties of opal and some plagioclase feldspars (labradorite and moonstone) show this effect.

1.1-9 Other properties

Reaction with hydrochloric acid (HCl): some minerals like calcite, aragonite and, to a lesser extent, dolomite and other carbonates, react with hydrochloric acid.  Their dissolution releases CO2 gas which bubbles up through the dilute acid with a fizzing sound.  Your mineral identification kit includes a bottle of dilute HCl. Some people's skin is sensitive to it. Avoid contact with your eyes, skin or tongue.

Taste: halite can be easily identified as table salt by its taste. Sylvite (KCl), a primary ingredient in "sodium-free" salt substitutes is another mineral with a salty taste but a bitter aftertaste.  Be careful when testing this property, especially if someone before you first tested the specimen for its reaction with HCl.  It is safer to scrape a bit of the mineral off its surface and taste it on your blade rather than directly licking the specimen. Water bottle will be provided during exams.

Feel: minerals that are softer than your skin (H = 1) feel greasy or soapy.  This is typical of talc, graphite and kaolinite.

Flexibility: a number of minerals display platy cleavage but some, like the mica group, are flexible while others, like talc, remain deformed if they are bent.

Smell: a few minerals have a distinctive smell, such as the earthy odor of kaolinite or the rotten egg (sulfurous smell) of several metallic sulfides. A word of caution: some mineral dusts are known to be carcinogenic. The occasional sniff will not harm you but avoid inhaling dust, particularly if the mineral is fibrous.

Magnetism: a few minerals (especially magnetite) have natural magnetic properties. Your kit includes a pen magnet, which can be held by its clip to test whether or not it is attracted by small magnetic grains within a specimen.

� Figure shows several hand drawings of crystals. From: Ford, 1932. Dana's Textbook of Mineralogy. John Wiley and Sons, New York, NY, 851p.





