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Lab 1 - Physical Properties of Minerals
Reading:  Klein, Chapter 2;  Nesse, Chapter 6

This current laboratory emphasizes the importance of thoughtful observation.  Using these observations, you may deduce the identity of an unknown mineral.  Mineral identification is like detective work, with the final rewarding result of a correct identification.  This is a real world skill, as professional geologists often must identify unknown minerals.  

Many physical properties of a mineral are determinable without costly laboratory facilities.  These properties are important clues about the identity of the mineral. Physical properties of minerals are expressions of fundamental atomic structure. The ability to recognize minerals is among the most desirable qualifications of a field geologist. 

1. Habit 

Habit describes the shape and texture of a mineral.  It is the macroscopic expression of the microscopic crystalline structure.  Habit may refer to a single crystal, such as the terms acicular, prismatic, equant, tabular, or bladed.  Or habit may refer to an aggregate, e.g. massive, radiating needles, bladed groups. Key habit terms, which describe the morphology (shape) of individual crystals, are illustrated below.
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Other habit terms relate to aggregates, or groupings of crystals.  A fibrous habit is a bundle of parallel needle-like crystals.  Fibrous minerals consist of straight or bent fibers; they may be arranged in parallel or not; fibrous samples do not have free standing separate crystals, but tightly packed bundles of needles.  Acicular habit also refers to needles of a mineral, but which have formed in free space.  As acicular minerals are very delicate, we do not have examples in this laboratory. A massive habit indicates that there are little to no crystal faces visible, and may refer to a single crystal or group of crystals.  Other habits are summarized in your textbook.  Figure below from Dana’s Manual of Mineralogy, 21st edition.
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	Habit
	Definition
	Example

	acicular
	very elongated, free-standing, and needle-shaped
	Sillimanite

	bladed
	elongate and flattened blades
	Stibnite

	columnar
	column-like with indistinct faces
	Beryl

	prismatic
	a elongate crystal with definite crystal faces 
	Tourmaline

	equant
	box-shaped with equal dimensions
	Galena

	fibrous
	aggregate of hairlike, threadlike or needlelike crystals
	Asbestos

	foliated; micaceous
	easily separated into sheets or leaves
	Biotite

	massive
	no distinct shape
	Lazurite

	lamellar
	consisting of a pile of tablets, like a deck of cards
	Gypsum

	tabular
	tablet-like, one dimension markedly smaller than the other two
	Barite


Exercise 1: Habit (Please do not scratch the samples)
In one or two words, describe the habits of the seven mineral specimens listed below:

	Barite 

 BaSO4
	

	Biotite 

KFe2+3AlSi3O10(OH.F)2
	

	Garnet

X3Y2(SiO4)3 [general]
	

	Quartz 

SiO2
	

	Wollastonite

Ca2Si2O6
	

	Ulexite

NaCaB5O6(OH)6 • 5H2O
	

	Gypsum 

CaSO4 • 2H2O


	

	Beryl 
Be3Al2Si6O18


	

	Kyanite 

Al2SiO5


	

	Bornite 

Cu5FeS4
	


2. Cleavage, Fracture, Parting.

The properties of cleavage, parting and fracture describe the appearance of broken crystals.  They result from external forces, such as a hammer blow.  Many minerals have planar directions in their structure that are systematically weaker in certain directions.  Consequently, when these minerals break, they break forming planar surfaces.  Cleavage is the tendency to split or break parallel to atomic planes, forming planar surfaces. Parting exactly resembles cleavage, but does not occur in every sample of a mineral.  Corundum often shows basal parting, while mica always shows basal cleavage.  These are the planes across which the atoms are weakly bonded. Fracture, on the other hand, describes the way minerals break without yielding cleavage surfaces.  Some minerals only exhibit cleavage (i.e. halite and calcite), in which case fracture is not observed.  Other minerals do not show cleavage, but have fracture (i.e. beryl or quartz).  Others have both cleavage and fracture (such as amphiboles and pyroxenes).  

A good description of cleavage includes three (3) features:

1. The quality of the cleavage plane and ease to produce.  This can often be deduced simply from the smoothness of previous existing planes without actually destroying the sample.  Some minerals only need a light tap with a hammer to cleave, e.g. perfect cleavage, such as diamond! Quality is expressed with the terms perfect (like for calcite), good (well-defined, but not completely even, as in fluorite) and poor (difficult to recognize).

2. The number of non-parallel cleavage planes.  It is common to observe

1 basal cleavage, as in micas, topaz, graphite


2 prismatic cleavage, as in amphiboles and pyroxenes


3 cubic (galena) or rhombohedral (carbonates) cleavage -- see feature 3


4 octahedral cleavage, as in fluorite, diamond


6 dodecahedral cleavage is much less common, most common example is sphalerite

3. The angle between non-parallel cleavage planes.  3 cleavages all at 90( to each other is called cubic cleavage (as in halite); 3 cleavages at ~75°/~105° (as in calcite) is called rhombohedral cleavage.  Prismatic cleavages may intersect at any supplementary angle.  Cubic, octahedral, and dodecahedral cleavages have specific angles which need not be specified.  Basal cleavage is only in one direction, thus there is no angle to specify.

Fracture is the manner in which the mineral breaks other than along planes of cleavage.  Some terms describing fracture are listed here:

	Fracture
	Description
	Example

	Conchoidal
	smoothly curved, ribbed surface, like a sea shell
	obsidian, quartz, glass

	Even
	nearly flat surfaces
	garnet

	Hackly
	ragged surface with sharp edges and points
	native copper

	Irregular
	rough and irregular surface
	rhodonite

	Splintery
	fibrous or splintery fracture surface
	pectolite


Examples of cleavage (a) cubic cleavage (b) octahedral cleavage (c) dodecahedral cleavage (d) rhombohedral cleavage (e) prismatic cleavage (f) micaceous cleavage (from Dana’s Manual of Mineralogy, 21st edition)
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Exercise 2:  Cleavage & Fracture (Please do not scratch the samples)

Identify the cleavage or fracture of the following minerals. Describe the cleavage or fracture of the mineral specimens listed below. For minerals with cleavage, try to assess all of the three features (quality, number, angle) described above. Quality of cleavage (#1 for above) may be difficult (check the smoothness of the planes). 

	Galena - PbS
	

	Mica
	

	Quartz
	

	Calcite – CaCO3
	

	Fluorite – CaF2
	

	Gypsum
	

	Spodumene

LiAlSi2O6
	

	Apophyllite

(K,Na)Ca4Si8O20(F,OH) • 8H2O
	


Question: How do you tell the difference between cleavage and crystal faces?  List at least three differences between the two types of surfaces.

3. Hardness

Hardness measures the resistance of a mineral to scratching and abrasion.  Relative hardness is expressed using Mohs’ Hardness Scale.  Hardness is determined by scratching minerals.  If a powder forms, wipe it off the testing area to determine if an abrasive gouge actually appeared.

	Mineral
	Scale Value
	Comparative Hardness

	
	
	Wax

	Talc
	1
	

	Gypsum
	2
	

	
	
	Fingernail

	
	
	Aluminum

	Calcite
	3
	

	
	
	Copper penny

	
	
	Brass

	Fluorite
	4
	

	
	
	Iron

	Apatite
	5
	

	
	
	Knife blade

	
	
	Window glass

	Orthoclase
	6
	

	
	
	Steel file

	
	
	Porcelain streak plate

	Quartz
	7
	

	Topaz
	8
	

	Corundum
	9
	

	Diamond
	10
	


Exercise 3: Practice with Hardness Kits 

Put the hardness standards in order from hardness 1 to 9.  Your TA will confirm the order of your arrangement.

4. Tenacity, Elasticity, Flexibility

The resistance that a mineral offers to breaking, crushing, bending, or tearing is known as tenacity. The following terms are used to describe tenacity in minerals: brittle, tough, malleable and ductile. Brittle minerals break and powder easily, and is typical of crystals with predominantly ionic bonding.  Malleable minerals can be hammered out into thin sheets, and ductile minerals can be drawn into wires.  Both malleability and ductility are indicative of metallic bonding.  Related to tenacity are the properties of elasticity and flexibility.  Gypsum is flexible; thin sheets can be bent without breaking.  Mica sheets spring back when bent since they are elastic.  Chlorite can be bent without breaking, but thin sheets do not spring back (flexible, but not elastic).

5. Luster, Transparency

Luster is the general appearance of a mineral fresh surface in reflected light.  It is not the color of the mineral, but its “appearance”, like gloss or shine (this appearance or luster arises from the light that is reflected and scattered by the mineral surface).  

Transparency describes the ability of a mineral to transmit light.  There are three levels of transparency: transparent (can see through mineral), translucent (can only see light through sample), and opaque (does not transmit light).  

The luster of transparent minerals is related to a property called the refractive index (R.I.).  The refractive index is the ratio of the speed of light in a vacuum to the speed of light traveling through the crystal.  Light slows down in crystals so the refractive index is usually a number larger than 1.  A very high refractive index is a desirable property of gemstones.  For instance, diamond has a value of 2.42, meaning that light travels 2.42 times slower in diamond than in a vacuum.

Exercise 4:  Refractive Index
(1 pt.) Compute the speed of light in diamond (R.I. = 2.42, speed of light in vacuum = 300,000 km/s).

Some terms for luster:

	Luster
	Description
	Mineral Type
	Example

	Metallic
	shiny, metallic
	opaque minerals with black or metallic streaks
	galena

	Non-metallic
	
	
	

	adamantine
	Brilliant and diamond-like
	minerals with high R.I.
	zircon, cerussite, anglesite

	vitreous
	bright and glassy
	minerals with medium R.I.
	quartz, glass

	greasy
	Appears greasy or coated with oil
	minerals with low/hi R.I.
	nepheline, massive quartz

	pearly
	Whitish, iridescent, like mother-of-pearl
	look on cleavage surface
	apophyllite (basal), dolomite

	silky
	like silk, satin, or some polyester
	fibrous minerals
	asbestos, fibrous gypsum

	resinous
	luster of a resin
	
	sphalerite, amber

	earthy
	dull and dirty-looking
	rough or porous minerals
	kaolinite


Exercise 5: Luster
Describe the luster and transparency of the mineral specimens listed below. 

	Lepidolite

KLi2Al(Al, Si)3O10(F,OH)2 OHOHOH)2
	

	Celestite

SrSO4
	

	Sphalerite

ZnS
	

	Sulfur - S
	

	Topaz – Al2SiO4(F,OH)2
	

	Barite - BaSO4
	

	Talc

Mg3Si4O10(OH)2
	


6. Color and streak

Some minerals are always the same color.  Galena is always lead-gray; azurite is always a shade of blue (sometimes so dark as to almost look black).  In these minerals color can be a diagnostic property.  Other minerals such as quartz, corundum (ruby, sapphire), beryl (aquamarine, emerald), calcite, and fluorite are well known for the variety of colors they display.  These colors are often a result of the presence of trace quantities of elements.  The nature and location of the trace element within the crystal structure also influences the color of the mineral.  For instance, iron occupying the channels in beryl creates the blue color of aquamarine, but iron substituting for aluminum in the beryl structure creates the yellow color of heliodor.  In many cases, color can give clues about the chemical composition of the mineral.  Some examples of coloring agents in minerals include:

Cr (green) in emerald, uvarovite, tourmaline; Cr (red) in ruby; Cr (orange) in crocoite; Cr (purple) in chlorite; Mn (pink and red) in piemontite, rhodonite, rhodochrosite; Fe (green to brown to almost black) in olivine, pyroxene, epidote; Fe (blue) in aquamarine; Fe (yellow) in heliodor, citrine; Co (lilac) in erythrite; Ni (green) in annabergite; Cu (blue and green) in malachite, azurite, turquoise; U (vivid yellow to yellow-green) in carnotite, autunite.

Streak is the color of the powdered mineral, which may be different from the color of the crystal.  Although the color of a mineral may vary, its streak is usually constant, and thus serves to distinguish minerals with intrinsic color from those with variable color.

Exercise 6: Color and Streak

Identify the color and streak of the following minerals. Please give the apparent color(s) and streak color of each mineral in the table.

	
	Color
	Streak

	Galena
	
	

	Chalcopyrite
	
	

	Pyrite
	
	

	Azurite
	
	

	Hematite
	
	

	Fluorite
	
	


7.  Density

It is readily apparent that some minerals are heavier than others.  However, weight is not a good measure of this property because it depends upon  the volume of material being weighed.  Instead, we use density, which is the mass of a mineral per unit volume, ( =  mass/volume.  E.g.  the density of quartz is 2.65 gm/cm3.  Often, instead of density, it is common practice to express the "heaviness" of a mineral as its specific gravity, SG.  This is the ratio of the density of a mineral to the density of a equal volume of water, and is dimensionless.  Conveniently, the density of water is 1 gm/cm3 so the specific gravity is exactly equal to the density in magnitude, you just don't have to remember the units.  Specific gravity measurements in the field are usually qualitative and relative to common materials such as halite (2.1, light), quartz (2.65, medium), barite (4.5, heavy), and galena (7.6, very heavy). The terms “light”, “medium”, “heavy”, and “very heavy” are used to denote relative density.  In the lab, density can be calculated from chemical composition and X-ray data or can be directly measured, as you will do in this next experiment.  A physical feeling for density can sometimes be very useful in identifying a mineral. 

Exercise 7: Density of Minerals and Rocks

Using the scale and a graduated cylinder with water, measure the density (specific gravity) of each of the following minerals.  Give your answers in grams/cm3.

Quartz:





Olivine:

Feldspar:





Galena:

Using the mineral density values you calculated above, determine the density of a typical upper crustal rock composed of 35% quartz and 65% feldspar.

Upper crustal average density:

Why is the density of the crust likely to increase with depth?

Exercise 8: Pressure in the Earth

(1 pt.) What is the pressure at 20 km depth in the Earth’s crust assuming ( =  3.33 g/cm3 and g = 10 m/s2?  Use P = (gh and give pressure in GPa (109 kg s2 m)?

8. Miscellaneous Properties
· reaction to acid - some carbonates with calcite structure bubble with HCl; zeolites form a gel

· taste - halite tastes salty; sylvite tastes bitter; chalcanthite tastes metallic (poisonous, so don’t taste too liberally)

· feel - talc feels soapy or greasy

· magnetism - native iron and meteorites, magnetite, weaker in pyrrhotite, even weaker in ilmenite

· double refraction - calcite

· smell – sphalerite’s streak smells of sulfur; heated arsenic smells like garlic, selenium like horseradish   (As and Se fumes are poisonous, so this test should not be routinely used)

· radioactivity - uranium and thorium minerals 
· fluorescence - fluorite, calcite, scheelite
Exercise 8: Miscellaneous Properties
Identify other mineral properties.  For the following seven minerals, determine if they are radioactive, electrically conductive, magnetic, exhibit double refraction or other interesting optical properties.

	Magnetite
	

	Carnotite
	

	Ulexite
	

	Calcite
	

	Galena
	


Exercise 9: Character building exercise

Draw a ternary diagram of the feldspars, label the corners with the names of the phases and their compositions, and show known solid solution series.

Exercise 10: Reading Questions

1.  Name a common mineral with rhombohedral cleavage.

2.  How many different cleavage planes are required to produce octahedral cleavage?  Name a common mineral with this type of cleavage.

3.  Name a mineral that is flexible but not elastic.

4. Define translucent.
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