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Ontario Curriculum Grades 11 & 12: Science 
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Earth and Space Science: Grade 12, University Preparation

“Earth Materials”                                                                    

Specific Expectations Addressed:

Understanding Basic Concepts – identify different minerals by their physical and chemical properties, and demonstrate understanding that minerals are the constituents of rocks

Developing Skills of Inquiry and Communication – apply a series of tests (e.g. tests evaluating hardness, streak, and density) to identify common minerals (e.g. quartz, calcite, potassium feldspar, plagioclase feldspar, muscovite, biotite, talc, graphite, gold, silver)

Relating Science to Technology, Society, and the Environment – describe the uses and evaluate the economic importance of minerals, rocks, and metallic resources (e.g. gold, silver, nickel, copper) and non-metallic resources (e.g. sand and gravel, aggregates, oil and gas, lime, gypsum, industrial minerals, gems)

Background:

For twelfth grade students to be able to identify minerals and then demonstrate that minerals are the constituents of rock, it is necessary to first distinguish between the two (minerals and rocks) and briefly explain how each comes into being.

At the base of all minerals and rocks are the earth’s elements. Elements are fundamental forms of matter which cannot be broken down into simpler substances by ordinary chemical processes. That’s why elements are considered the building blocks of our earth. There are only ten elements that make up approximately 99 percent of the Earth’s crust.  The abundant elements in the Earth’s crust, in order of weight percent order are oxygen, silicon, aluminum, iron, calcium, sodium, potassium, magnesium, hydrogen, and titanium.Why are the minerals formed by these elements, and the rocks that the minerals form, so important?

Minerals are the building blocks upon which life and our modern societies depend. Our Earth produces vast amounts of resources – through its use of solar, wind, water and soil components. However, these resources aren’t enough for the current human population and “if it can’t be grown, it’s got to be mined”. In other words, we need to tap into the non-renewable riches of the earth – its minerals and the rocks which contain them. Minerals are valued for everything from their beauty, rarity and hardiness as precious gemstones to their useful practicality in the pharmaceutical, manufacturing, construction and petroleum industries. Rocks house these minerals and also provide for many uses: as the foundation from which soil is produced; as naturally occurring major landforms and mountains; as building blocks for most of the great human-built monuments; and as the decorative stones of current architecture and design.

What is the difference between a mineral and a rock? A mineral is a naturally occurring, inorganic solid with a definite chemical composition and crystal structure with specific colour and hardness. (It might be easy to remember that a diamond is a mineral in order to remember these specifics). A mineral may consist of only one of the abovementioned 10+ elements, for example, a diamond is composed only of carbon (one of the “other” elements); or a mineral may consist of several elements. 

From this basis, we can define all rocks as composed of one or more minerals. A rock is composed of mineral(s) but is not a mineral. A rock, therefore, is an aggregate of one or more minerals which are all firmly locked together to form a hard solid. Instead of defining each rock as a specific individual, as we are able to do with minerals, rocks are classified into three basic rock families: igneous, sedimentary, and metamorphic rocks. The key differences are: igneous rocks are formed from hot molten rock called magma derived from deep below the Earth’s surface; sedimentary rocks are formed by sediments accumulated over time; and metamorphic rocks are either of the first two classes of rock (or pre-existing metamorphic rocks) that have “changed in form” through increases in temperature and pressure over time.
On a more exacting level, minerals can be only identified absolutely by x-ray analysis and chemical tests. The x-ray analysis determines the structure of the mineral and the chemical tests determine the composition of the mineral. These are expensive tests which may destroy the mineral specimen. Fortunately, both structure and composition affect certain physical properties which make it possible to do preliminary and fairly accurate “field” tests of minerals. Crystalline structure and chemical composition are the defining marks of a mineral. 

The structure of all things begins with the atom. The atom is the basic unit of the abovementioned elements, with its nucleus (protons and neutrons) and its electrons. When atoms (or groups of atoms) become positively or negatively charged (which is done easily because electrons move easily) they then become ions, which are attracted or bonded to other ions. When bonded, these components form. Most minerals are compounds. (Gold and silver are minerals but not compounds because they are single-element minerals).

When compounds are classified as minerals, it is because they have bonded together in a certain / specific chemical recipe or proportion. This is why minerals are expressed as chemical formulae. If there is any derivation in recipe or formula, the compound is classified as another type of mineral.

Again, because solid minerals follow such exacting chemical specifications and bonds, they form crystals. Crystal atoms are arranged in a set order, and a regular, periodically repeated pattern.

The crystalline structure of a mineral is, therefore, a crucial and defining property. The variety of the shapes and sizes of crystals is almost overwhelming. Crystals have a regularity of form, or symmetry, because of their orderly arrangement of atoms and they can form many interesting geometric shapes of all sizes. The surface of any crystal consists of flat planes, and these planes are of various shapes and sizes too. Finally, there are six crystal systems which designate the lines of symmetry possible in all types of crystals. All minerals have a certain type of crystal structure with its inherent internal lines of symmetry. 

The chemical composition of minerals follows an exact formula for each mineral. However, as we will read later about graphite and diamonds, it is the structure of that chemical composition which determines the resulting mineral. (Graphite and diamonds are both made of elemental carbon, but are two totally different end products!) Finally, some substances can occur in multiple crystal forms called polymorphs (graphite and diamonds are polymorphs of carbon). Thus, while the chemistry needs to be exact it also needs to follow the pattern or fit a certain crystalline structure to finally identify a mineral.

Fortunately, there are also many physical properties of minerals which we can use for identification purposes. Most minerals can be identified by inspecting or testing their physical properties of:

· Crystal form (the fact that elemental atoms bond in the shape of crystals to form certain minerals)

· Cleavage (the tendency that some minerals have to break along definite parallel planes)                     (The mineral mica has “perfect” cleavage in one direction, which means it breaks or peels in thin strips. Feldspar minerals break into two planes at right angles to each other, and create a prism-shape.          The halite mineral (table salt) breaks or shatters into three planes at right angles to each other, and this creates tiny cubes. Interestingly, the mineral calcite also has three planes of cleavage or cleavage planes and yet because they do not meet at right angles, the resulting mineral shape is rhombus / rhombic.)

· Fracture (the way a mineral breaks if NOT along planes of cleavage; resulting in irregular, rough, splintered, jagged breaks OR smooth curved breaks which are called conchoidal)

· Hardness (how well the mineral resists scratches; related to the strength of a mineral’s chemical bonds) 

· Colour (the obvious and observable exterior colour of the mineral, not reliable alone)

· Streak (the colour of the powder “streak” a mineral leaves behind when it is scratched / rubbed)
· Lustre (the way the surface of the mineral reflects light: metallic or nonmetallic for example)
· Specific Gravity or DENSITY (the density of a mineral compared with the density of water) Or, the weight of a mineral relative to the weight of an equal volume of water. If a mineral weighs 3.5 times as much as an equal volume of water, its SG (or density) is 3.5 The Ontario Curriculum asks for DENSITY which is the same as SG. The density of water is one gram per cubic centimetre.
An ideal physical property is one that will give a unique result for each mineral and will always give the same result, again and again, for any and every specimen of that mineral. This is, of course, idealized. The physical properties alone usually don't, so we must catalog all the results of several known physical property tests and to find enough positive results out of these to identify an unknown mineral. 

To answer the expectations of The Ontario Curriculum, students in the twelfth grade will be presented with the included “Common Minerals” fact sheets, as well as apply a series of tests to evaluate some of these physical properties. The tests will evaluate hardness, streak, density (or specific gravity) plus reaction to acid.
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· Chemistry: SiO2 , Silicon dioxide   
· Class: Silicates 
· (Compounds containing silicon and oxygen)
· Group: Quartz 
· Uses: silica for glass, electrical components, optical lenses, abrasives, gemstones, ornamental stone, building stone, etc. 

Additional variety specimens include: 
· Amethyst : the purple gemstone variety.

· Citrine : a yellow to orange gemstone variety that is rare in nature but is often created by heating Amethyst.

· Rock Crystal : the clear variety that is also used as a gemstone

· Rose Quartz : a pink to reddish pink variety

· Smoky Quartz : the brown to gray variety

Quartz:

· is the most common mineral on the face of the Earth.

· is found in nearly every geological environment and is at least a component of almost every rock type

· is frequently the primary mineral in almost every rock type, >98%. 

· is also the most varied in terms of varieties, colours and forms, because of its widespread abundance

· you could easily have hundreds of quartz specimens and not have two that are the same due to the many broad categories: colour? shade? size of crystal? shape of crystal? inclusions? (having items included in the mineral such as insects, air, water, crystals of other minerals, petroleum, tar, etc.)                    Multiple combinations of these could produce hundreds of unique possibilities. 
· is not the only mineral composed of SiO2, there are eight known others
· these “others” and quartz are polymorphs because they are one of “many forms” of silicon dioxide and belong to an informal group called the Quartz Group or Silica Group. All members of this group, except quartz, are uncommon to extremely rare on the surface of the earth and are stable only under high temperatures and high pressures or both. These minerals have their own unique structures although they share the same chemistry, hence the term polymorph, which means many forms. 

· has a unique structure 

· the structure of quartz helps explain many of its physical attributes: its complex 3D crystal pattern; lack of  mirrored planes of symmetry; lack of cleavage (parallel lines of breakage) and conchoidal fracture instead (breakage along smoothly curved surfaces)

· is a fun mineral to collect. Its abundance on the Earth's surface is incredible and produces some wonderful varieties that don't even look like the same mineral. 
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PHYSICAL CHARACTERISTICS:

· Colour is as variable as a rainbow, but clear quartz is by far the most common colour followed by white or cloudy (milky quartz). Purple (Amethyst), pink (Rose Quartz), gray or brown to black (Smoky Quartz) are also common. Cryptocrystalline (crystals too small to be seen by microscope) varieties can be multicolored. 

· Lustre is glassy to vitreous as crystals, while cryptocrystalline forms are usually waxy to dull but can be vitreous. 

· Cleavage is very weak in three directions (rhombohedral). 

· Fracture is conchoidal. 

· Hardness is 7, less in cryptocrystalline forms. 

· Density or Specific Gravity is 2.65 or less if cryptocrystalline. (average) 

· Streak is white. 

· Associated Minerals : tourmalines, fluorite, calcite, gold, muscovite, topaz, beryl, hematite 
· Notable Occurrences of amethyst are Brazil, Uraguay, Mexico, Russia, Thunder Bay area of Canada, and some areas in the USA. Fine Agates are found in Brazil, Lake Superior region, Montana, Mexico and Germany. 

· Good Field Indicators are first the fact that it is very common (always assume transparent clear crystals may be quartz), hardness, good conchoidal fracture and lack of good cleavage


· Chemistry: CaCO3, Calcium Carbonate 

· Class: Carbonates 

· Group: Calcite 

· Uses: In cements and mortars, production of lime, limestone is used in the steel industry; glass industry, ornamental stone, chemical and optical uses and as mineral specimens. 


Additional variety specimens include: 
· Scalenohedron or "Dogtooth Spar” : sharp and resembles the canine tooth of a dog 

· Mexican onyx :  banded with multiple orange, yellow, red, tan, brown and white colours that have marble-like texture. Extensively used in ornaments: figurines or carvings
· "Iceland Spar": clear cleaved fragments of completely colorless (ice-like) calcite. Iceland spar was and is used for optical equipment and during World War II it was a strategic mineral as it was used for the sighting equipment of bombardiers and gunners. It is iceland spar that best demonstrates the unique property of calcite called “double refraction” (seeing double, one at a  speed faster than the other)

· Cave Formations : Stalactites and stalagmites, cave veils, cave pearls, "soda straws" and the many other different cave formations in underground caverns 

CALCITE:

· gets its name from "chalix" the Greek word for lime (think limestone!)

· is an amazing and yet very common mineral. 

· is one of the most common minerals on the face of the Earth

· comprises about 4% by weight of the Earth's crust 

· is formed in many different geological environments

· can form rocks of considerable mass and constitutes a significant part of all three major rock classification types 

· serves as the cements for many sandstones and shales

· is also extremely varied in terms of colours and crystal forms, because of its widespread abundance

· the crystals of calcite can form literally a thousand different shapes by combining different basic shapes

· there are more than 300 crystal forms identified in calcite and these forms can combine to produce the thousand different crystal variations

· some calcite is fluorescent and phosphorescent

· definitely responds to acid tests because mixing vinegar / hydrochloric acid with calcium carbonate produces carbon dioxide gas which bubbles out (or effervesces) and the calcium will dissolve in the residual water

· is used by many sea creatures (corals and algae) to make shells by combining bicarbonate and calcium ions from seawater and forming calcite shells. Calcite is not the only mineral composed of CaCO3. Aragonite is a common polymorph found in shells of mollusks and some corals. 
· Calcite it is generally easy to identify because of its type of cleavage (ability to break along definite parallel planes); reaction to acid; and double refraction 


PHYSICAL CHARACTERISTICS:

· Colour is extremely variable but generally white or colourless or with light shades of yellow, orange, blue, pink, red, brown, green, black and gray. Occasionally iridescent. 

· Lustre is vitreous to resinous to dull in massive forms. 

· Transparency: Crystals are transparent to translucent. 

· Cleavage is perfect in three directions, forming rhombohedrons. 

· Fracture is conchoidal. 

· Hardness is 3 (only on the basal pinacoidal faces, calcite has a hardness of less than 2.5 and can be scratched by a fingernail). 

· Density or Specific Gravity is approximately 2.7 (average) 

· Streak is white. 

· Associated Minerals: Fluorite, quartz, barite, sulphur, gold, copper, emerald, apatite, biotite, several metal sulphides, other carbonates and borates and many other minerals. 

· Good Field Indicators are reaction to acid, abundance, hardness, double refraction and especially cleavage


· Chemistry: KAl2(AlSi3O10)(F, OH)2, Potassium aluminum silicate hydroxide fluoride. 

· Class: Silicates (all minerals containing silicon and oxygen)

· Group: Micas (have “perfect” cleavage in one direction, allowing Mica to be peeled like an onion)

· Uses: heat and electrical insulator for industrial purposes. 


Most Common Feldspar Minerals: 
(The feldspar group is a fairly large group with nearly 20 members recognized, but only nine are well known and common. Those few, however, make up the greatest percentage of minerals found in the Earth's crust). 

(a) The plagioclase feldspars:

· Albite, (Sodium aluminum silicate) 

· Oligoclase, (Sodium calcium aluminum silicate) 

· Andesine, (Sodium calcium aluminum silicate) 

· Labradorite, (Calcium sodium aluminum silicate) 

· Bytownite, (Calcium sodium aluminum silicate) 

· Anorthite, (Calcium aluminum silicate) 

(b) The K-feldspars or potassium / alkali feldspars:

· Microcline, (Potassium aluminum silicate) 

· Sanidine, (Potassium sodium aluminum silicate) 

· Orthoclase, (Potassium aluminum silicate) 

FELDSPARS:

· a group of minerals that have similar characteristics due to a similar structure

· have low symmetry (few lines of symmetry (2) to predict lines of breakage or cleavage)

· are slightly hard at around 6

· have an average density at 2.55 to 2.76

· they have a rather dull to rarely vitreous luster

· they have two directions of cleavage at nearly right angles

· feldspars also tend to crystallize in igneous environments, but are also present in many metamorphic rocks 

· the different feldspars are distinguished by structure and chemistry:

a) potassium or K-feldspars are polymorphs, meaning they have the same chemistry, KAlSi3 O8 , but different structures and therefore are different minerals

b) plagioclase feldspars are a set of minerals that are in a series ranging from sodium rich to potassium rich, with minerals in the middle of the range containing calcium

· feldspars are simply referred to as plagioclase and orthoclase (a K-feldspar) because identification to greater precision is difficult with ordinary methods. 

· X-rays and chemical tests are helpful in determining more precise determination of feldspars


· Chemistry: KAl2(AlSi3O10)(F, OH)2, Potassium aluminum silicate hydroxide fluoride. 

· Class: Silicates (all minerals containing silicon and oxygen)

· Group: Micas (have “perfect” cleavage in one direction, allowing Mica to be peeled like an onion)

· Uses: heat and electrical insulator for industrial purposes, can also be found in some hair gels !

MUSCOVITE:

· is a common rock forming mineral and is found in igneous, metamorphic and detrital sedimentary rocks (sedimentary rocks classified by grain size, i.e. from bolder to sand, silt or clay)

· has a layered structure of aluminum silicate sheets weakly bonded together by layers of potassium ions

· these potassium ion layers produce the perfect cleavage of muscovite

· although it has such easy cleavage, the cleavage sheets are quite durable and are often found in sands that have undergone much erosion and transport that would have destroyed most other minerals

· the sheets of muscovite also have high heat and electrical insulating properties and are used to make many electrical components

· muscovite sheets were used for kitchen oven windows before synthetic materials replaced them

· is not often valuable as a mineral specimen but is often associated with other minerals of extraordinary beauty and value and may accompany such valuable minerals as tourmaline, topaz, beryl, almandine and others

PHYSICAL CHARACTERISTICS:

· Colour is white, silver, yellow, green and brown. 

· Lustre is vitreous to pearly. 

· Transparency crystals are transparent to translucent. 

· Cleavage is perfect in one direction producing thin sheets or flakes. 

· Fracture is not readily observed due to cleavage but is uneven. 

· Hardness is 2 - 2.5. 

· Density or Specific Gravity is approximately 2.8 (average) 

· Streak is white. 

· Associated Minerals are quartz, feldspars, beryl and tourmalines. 

· Other Characteristics: cleavage sheets are flexible and elastic, meaning they can be bent and will flex back to original shape. 

· Good Field Indicators are cleavage, elastic sheets, colour and associations with other minerals


· Chemistry: K (FE, Mg)3 AlSi3 O10 (F, OH)2, Potassium iron magnesium aluminum silicate hydroxide fluoride. 

· Class: Silicates (all minerals containing silicon and oxygen)

· Group: Micas (have “perfect” cleavage in one direction, allowing Mica to be peeled like an onion)

· Uses: heat insulator for industrial purposes. 

BIOTITE:

· is a common rock forming mineral, present in most igneous and metamorphic rocks

· is iron rich

· typical black to brown colour becomes darker with an increase in the iron content

· is rarely considered a valuable mineral specimen, but it can accompany other minerals and compliment them

· in Bancroft, Ontario, biotite forms large crystals with green apatite and amphibole (a group of black/dark green minerals)

·  tiny crystals of biotite can appear golden yellow with a nice sparkle producing a "fool's Gold" 

PHYSICAL CHARACTERISTICS:

· Colour is black to brown and yellow with weathering. 

· Lustre is vitreous to pearly. 

· Transparency crystals are transparent to translucent. 

· Cleavage is perfect in one direction producing thin sheets or flakes. 

· Fracture is not readily observed due to cleavage but is uneven. 

· Hardness is 2.5. 

· Density or Specific Gravity is approximately 2.9 - 3.4+ (slightly above average) 

· Streak is white. 

· Associated Minerals are quartz, feldspars, apatite, calcite, hornblende and garnets. 

· Other Characteristics: cleavage sheets are flexible and elastic, meaning they can be bent and will flex back to original shape. 

· Notable Occurrences include Bancroft and Sudbury, Ontario; Sicily; Russia and many other localities around the world. 

· Good Field Indicators are colour, cleavage, elastic sheets and associations with other minerals


· Chemistry: Mg3Si4O10(OH)2, Magnesium Silicate Hydroxide 

· Class: Silicates 

· Group: Clays 

· Uses: an ornamental and heat, acid and electrically-resistant stone (soapstone) used as counter tops, electrical switchboards, carvings, etc, used as an ingredient in paints, rubber, roofing materials, ceramics and insecticides. Most commonly known as the primary ingredient in talcum powder. 

TALC:

· is an important industrial mineral 

· its resistance to heat, electricity and acids make it an ideal surface for lab counter tops and electrical switchboards

· is also an important filler material for paints, rubber and insecticides

· even with all these uses, most people only know talc as the primary ingredient in talcum powder 

· mineral specimens are not very common as it does not form very large crystals

· however, it often replaces other minerals on an atom by atom basis and forms what are called pseudomorphs (false shape). The talc takes the form of the mineral it replaces. A specimen of what looks like milky quartz is quite a surprise when it not only has a soapy feel but can be scratched by a fingernail.

PHYSICAL CHARACTERISTICS:

· Colour is green, gray and white to almost silver. 

· Lustre is dull to pearly or greasy. 

· Transparency crystals are translucent and masses are opaque. 

· Cleavage is perfect in one direction, basal. 

· Fracture is uneven to lamellar (uneven to being in thin layers)

· Hardness is 1 (can leave mark on paper) 

· Density or Specific Gravity is 2.7 - 2.8 (average) 

· Streak is white. 

· Other Characteristics: cleavage flakes are slightly flexible but not elastic and talc has a soapy feel to the touch. 

· Associated Minerals include serpentine, dolomite, magnesite, quartz, pyroxenes, olivine, biotite and amphiboles. 

· Notable Occurrences: include many mines up and down the Appalachian Mountains and in California and Texas, USA; Germany; Florence, Italy; Tyrol, Austria; Transvaal, South Africa and Shetland, Scotland. 

· Good Field Indicators softness, color, soapy feel, luster and cleavage.


· Chemistry: C, Elemental Carbon 

· Class: Native Elements 

· Group: Carbon 

· Uses: for the lead in pencils, as a toughener of steel and as a lubricant. 

GRAPHITE:

· is a polymorph of the element carbon (one of many forms of carbon)
· diamond is another polymorph of the element carbon

(The two share the same chemistry, carbon, but have very different structures and very different properties: 

· Diamond is the hardest mineral known to humans, Graphite is one of the softest. 

· Diamond is an excellent electrical insulator, Graphite is a good conductor of electricity. 

· Diamond is the ultimate abrasive, Graphite is a very good lubricant. 

· Diamond is usually transparent, Graphite is opaque. 

· Graphite is the stable form of carbon, Diamonds at or near the surface of the earth are actually unstable (changing extremely slowly into graphite!!)

External conditions such as pressure and temperature are the determining factors in whether carbon atoms become arranged as diamonds or graphite. All of the differences between graphite and diamond are the result of the difference in their structures:

· Graphite has a sheet-like structure where the atoms all lie in a plane and are only weakly bonded to the graphite sheets above and below. 

· Diamond has a framework structure where the carbon atoms are bonded to other carbon atoms in three dimensions as opposed to two in graphite. 

· The carbon-carbon bonds in both minerals are actually quite strong, but it is the application of those bonds that make the difference. 

· Most graphite is produced through the metamorphism of organic material in rocks 

PHYSICAL CHARACTERISTICS:

· Colour is black to silvery grey. 

· Lustre is metallic to dull. 

· Transparency crystals are opaque 

· Hardness is 1 - 2 

· Density or Specific Gravity is 2.2 (well below average) 

· Cleavage is perfect in one direction. 

· Fracture is flaky. 

· Streak is black gray to brownish gray. 

· Associated Minerals include quartz, calcite, micas, iron meteorites and tourmalines. 

· Other Characteristics: thin flakes are flexible but inelastic, mineral can leave black marks on hands and paper, weakly conducts electricity. 

· Good Field Indicator is softness, luster, density and streak


· Chemistry: Au, Elemental gold 
· Class: Elements 
· Group: Gold 
· Uses: Major ore of gold and as mineral specimens. 
GOLD:

· has long been a pleasure to own and possess, throughout the ages and around the world

· is a very stubborn element when it comes to reacting to or combining with other elements

· there are very few true gold ores, besides native gold, because it forms a major part of only a few rare minerals, it is found as little more than a trace in a few others 

· is almost indestructible and has been used and then reused for centuries to the extent that all gold of known existence is almost equal to all the gold that has ever been mined

·  is a great medium metal for jewelry, as it never tarnishes

· is an ore of (is mined or found in) the telluride minerals, which it bonds with easily

· has a number of mineral imitators named “Fool’s Gold” because of their shiny golden flakes, such as pyrite, chalcopyrite, marcasite, and biotite

· has always been a good financial investment

PHYSICAL CHARACTERISTICS:

· Colour is golden "butter" yellow. 

· Lustre is metallic. 

· Transparency is opaque. 

· Cleavage is absent. 

· Fracture is jagged. 

· Streak is golden yellow. 

· Hardness is 2.5 - 3 

· Density or Specific Gravity is 19.3+ (extremely heavy even for metallic minerals) 

· Associated Minerals include quartz, nagyagite, calaverite, sylvanite, krennerite, pyrite and other sulphides. 

· Other Characteristics: ductile, malleable and sectile (meaning it can be pounded into other shapes, stretched into a wire and cut into slices) 

· Notable Occurrences include California and South Dakota, USA; Siberia, Russia; South Africa; Canada and other localities around the world. 

· Good Field Indicators are color, density, hardness, sectility, malleability and ductility


· Chemistry: Ag, Elemental silver 

· Class: Elements 

· Group: Gold 

· Uses: Minor ore of silver for use in jewellery, coins and photographic films and other industrial uses. 

SILVER:

· has been mined for many, many years and has always been popular in jewelry and for coinage

· in the past hundred years however, the demand for silver been great because of the use of silver in the photography industry, which takes advantage of silver's reactivity to light

· Native Silver is rare 

· much silver is produced from silver-bearing minerals such as prousite, pyrargyrite, galena, etc.

· specimens of Native Silver usually consist of wires that are curved and intertwined together 

PHYSICAL CHARACTERISTICS:

· Colour is silver white with exposed specimens tarnishing black. 

· Lustre is metallic. 

· Transparency is opaque. 

· Cleavage is absent. 

· Fracture is jagged. 

· Streak is silver white. 

· Hardness is 2.5-3. 

· Density or Specific Gravity is variable according to purity 10-12 (well above average even for metallic minerals) 

· Associated Minerals are silver minerals such as acanthite and prousite, cobaltite, copper, zeolites and quartz. 

· Other Characteristics: ductile, malleable and sectile (meaning it can be pounded into other shapes, stretched into a wire and cut into slices)

· Notable Occurrences include Michigan and Arizona, USA; Cobalt, Ontario; Chile; and Germany. 

· Good Field Indicators are colour, tarnish, ductility and crystal habit

Procedure:

Part 1

Understanding Basic Concepts – identify different minerals by their physical and chemical properties, and demonstrate understanding that minerals are the constituents of rocks

Developing Skills of Inquiry and Communication – apply a series of tests (e.g. tests evaluating hardness, streak, and density) to identify common minerals (e.g. quartz, calcite, potassium feldspar, plagioclase feldspar, muscovite, biotite, talc, graphite, gold, silver)


Purpose: To determine the presence of common carbonate minerals in rocks and to determine if calcite and                              
                 aragonite minerals may be identified as carbonate minerals, by applying the Acid Test.

Apparatus:

· rock samples (including limestone and marble)and mineral samples (calcite and aragonite)
· vinegar
· bowl
· spoon or eye dropper
· magnifying glass
Method:

1) Fill bowl 1/3 full of vinegar
2) Drop examples of the more “common” rocks, such as flint, granite, sandstone, into the vinegar 

Observations:

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3) Drop examples of “other” rocks, such as limestone or marble, into the vinegar 
Observations:

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4) To view this gas another way, use the spoon or eye dropper to drop vinegar onto dry rocks and observe with magnifying glass 
5) Drop the mineral specimens calcite and aragonite into vinegar OR apply by dropper to dry surfaces
Observations:

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Conclusions:

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________




Purpose: To identify different minerals present in rocks by a physical property evident in the application of a

                 Streak Test.
Apparatus: 

· local rock samples, plus hematite, pencils, white chalk 
· white or off-white ceramic tile and black / dark coloured tile (for white streaks)
· library books / charts / field guide books containing mineral information
· Teacher’s Appendix C : Ontario Rocks and Minerals Streak Test Colour Guide
· “Common Minerals” fact sheets
Method:
1) Form  student pairs or small groups : use your own collection of 4 specimens and one white tile plus one dark tile
2) Turn tiles face down, with rough side facing up
3) Decide on which order the rocks will be given the Streak Test and place them in that order
4) Take the first sample and rub a straight line, or streak, down the length of the tile 
Observations:

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5) Return rock to its place in the ordered line-up and continue to perform the streak tests in order
6) Perform a streak test on the hematite and the “obvious” pencil and white chalk 
Observations:

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
· Using specimens from the “Common Minerals” facts sheets, verify as many of the given Streak Test results as possible

· Create a Colour Wheel spectrum (using colour ratios in proportion to those found in streaks) for the common minerals of Ontario. Use more than 2 colour results from your tests.

(For example, if white is the most commonly found colour in Streak Testing, it is the colour of largest proportion. If red was only discovered once, it is the smallest proportion of colour (red) on your wheel and the ratio could be 7:1. White = 7; Red = 1, if you did 8 tests, with 7 white streaks and 1 red streak as results)




· Repeat the Streak Test using ROCKS to determine which MINERALS they may contain


Purpose: To identify different minerals by their physical and chemical properties by applying a Hardness Test                                            

                using the Mohs Scale

Apparatus: 

· mineral specimens, especially those mentioned in Mohs Scale, Appendix A
· small bowls of water
· nail brushes / small scrub brushes
· pennies
· small baby food jars / jam jars
· steel nail or tool files
· sandpaper
Method:

1) Create student pairs or small groups 
2) Clean the mineral samples / specimens gently using the water bowls and scrub brushes
3) Scratch two samples together. Can one scratch the other? It is therefore HARDER 
4) Scratch each mineral with a fingernail. On the Mohs’ Scale for rating hardness, a fingernail has a hardness of just over 2. If you can make a scratch on a certain sample, it has a hardness of 2 or less. 
5) Set aside the minerals which were hardness of 2 or less from the fingernail scratching
6) Scratch the remaining specimens with a penny. On the Mohs Scale for hardness, a coin has a hardness of about 3. If you can make a scratch on a certain sample using a coin, it has a hardness of less than 3.
7) Set aside the mineral specimens which were hardness of 3 or less from the penny scratching
8) Continue the scratch tests using the glass jars, steel files, and the sandpaper. Glass has a hardness of between 5 and 6; steel files have a hardness of 7; and sandpaper has a hardness of 8.
Observations:

· Graph your results from your Mohs’ Scale Hardness Test

Conclusions:


Is the rating of a mineral on the Mohs’ Scale relative or quantitative? ________________________

Explain: ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Why is the Hardness Test a good way to identify minerals?

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Purpose: To identify different minerals by their physical and chemical properties by applying a Specific 

                Gravity or Density Test    

Apparatus: 

· Single, small, homogeneous mineral specimens 
· simple weigh scale
· beaker of water
Method:

1) Create student pairs or small groups
2) Weigh each mineral specimen individually (dry)
3) Record this weight as D
4) Weigh each mineral specimen while immersed in the beaker of water
5) Record this weight as W
6) Calculate the Specific Gravity or Density SG using the following formula:
SG = D/([D-W]L), where L is the density of the liquid,

 if water is used, L=1, 

so that the formula is simply 

SG = D/(D-W)

Observations:
· Using 2.75 as the average density or specific gravity of minerals, set up a bar graph to chart your calculations against this average

Conclusions:

· Why is comparing a mineral to water not practical and not really helpful?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

· Did you test metallic or non-metallic minerals? Which would you expect to be more dense? Why?
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
BONUS QUESTION: Which metallic mineral would you guess has the highest Specific Gravity or               

                                 Density Test reading? Why? List some characteristics of that mineral.

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Procedure:

Part 2

Relating Science to Technology, Society, and the Environment 

-describe the uses and evaluate the economic importance of minerals, rocks, and metallic resources (e.g. gold, silver, nickel, copper) and non-metallic resources (e.g. sand and gravel, aggregates, oil and gas, lime, gypsum, industrial minerals, gems)

The chart below indicates the uses and therefore economic importance of some of Earth’s mineral resources.

	MINERAL RESOURCE
	OBJECT

	Calcite (the main ingredient in limestone)
	Cement

	Clay (from sedimentary rock)
	-Ceramic dishes  

-Pottery

-China / Chinaware (a type of ceramic called porcelain)

	Copper
	Pennies

	Diamond / Emerald / Ruby / Sapphire / Opal
	Jewellery containing these gemstones

	Gold or Platinum
	Jewellery

	Graphite (from metamorphic rock)
	Pencil “leads” 

	Gypsum
	-Drywall 

-Plaster of Paris 

-White chalk

	Iron
	Metal products made with iron: 

IN SCHOOL: (desk frames, chair legs, door frames, window frames, shelves, filing cabinets, light fixtures, door handles and locks, plumbing, taps, coat hangers, fences)

ON YOU: zippers, belt hooks

AT HOME: stainless steel knives, forks, spoons

	Mercury
	-Mercury thermometers

-Insecticides

	Nickel
	-Silver coins: nickels, dimes, quarters, toonies

-Stainless steel items

	Petroleum
	ALL plastics: some table/desk tops and trims, synthetic tiles, computer casing, telephone casings, toys, pencil boxes, etc.  -Vinyl: chair coverings, flooring, items marked          

-Synthetic fabrics (man-made fabrics) : 

could include carpet, rugs, curtains, polyesters, rayons, nylons, rubber, upholstery, curtains, etc.

	Silica / Quartz Sand
	-ALL objects containing GLASS: drinking glasses, eyeglasses, window panes, light bulbs, computer and television screens

-Computer chips

	Silver
	-Jewellery

-Black & White Pictures

-Dental Fillings

	Talc
	Soapstone carvings

	Tin
	Pewter objects such as keepsake frames, boxes

	Titanium
	-Aircraft frames, engines

-Golf club shafts


Procedure:

Part 2

Relating Science to Technology, Society, and the Environment                                                             

 cont’d

1) Construct your own chart (as an individual or group) to describe more uses of different minerals, rocks and metallic and non-metallic resources (Use the internet or science texts)

· What do you notice about the use of minerals, rocks, metallic and non-metallic resources?

· Are there many “objects” in our modern society which are not made of the earth’s resources?

· What would this indicate about their “economic importance” to our society?

· If our society could thrive on resources such as sunlight, water, air, and agriculturally grown foods and substances alone, would our mineral, rock, metallic and non-metallic resources still have value? Or would it be impossible that these resources not have some  part to play even without being mined or manufactured? Would we still not require minerals in the earth to harvest our crops? etc…

· Explain the saying “If it can’t be grown, it’s got to be mined”.

	MINERAL RESOURCE
	OBJECT

	
	

	
	

	
	

	
	

	
	

	
	


2) Organize a classroom debate to determine a fair way to evaluate the economic importance of these resources. Your arguments could touch on:

· Intrinsic values of natural resources vs. Anthropocentric (human centered) values of natural resources

· Non-renewable resources vs. Renewable Resources

· Aboriginal “Economies” of importance vs. Western “Economies” to determine importance

· Socialist economic values of resources vs. Capitalist economic values of resources

Warm Up Ideas:

The “economic importance” of well-educated students to our work places is …

The “economic importance” of tax-payers to a city or town is…

The “economic importance” of retirees and senior citizens to a particular community is…

The “economic importance” of newborn babies, invalid family members, pets, etc. to our family is…

Define:

Intrinsic __________________________________________________________________________________

Anthropocentric ____________________________________________________________________________

Renewable ________________________________________________________________________________

Non-Renewable ____________________________________________________________________________

List three characteristics of a Socialist society and three characteristics of a Capitalist society:

__________________________________

________________________________________________

__________________________________

________________________________________________

__________________________________

________________________________________________

Appendix A 

Colour: 

· the first thing someone notices when they view a mineral

· one of the big reasons that attract people to minerals. 

· not a good property to be used in the identification of minerals: minerals have different colours and some minerals' colours are identical to other minerals' colours 

· is caused by the absorption, or lack of absorption, of various wavelengths of light. The colour of light is determined by its wavelength. When pure white light, that is, containing all wavelengths of visible light, enters a crystal, some of the wavelengths might be absorbed while other wavelengths may be emitted. If this happens then the light that leaves the crystal will no longer be white but will have some color. 

· most minerals, however, are usually white or colourless in a pure state

· many impurities can colour these minerals and make their color variable

Below is a list of some coloring elements and the color they produce in at least one mineral: 
· Cobalt, Co, produces the violet-red color in erythrite, (cobalt arsenic sulfide). 

· Chromium, Cr, produces the color orange-red color of crocoite, (lead chromate). 

· Copper, Cu, produces the azure blue color of azurite, (copper carbonate hydroxide). 

· Iron, Fe, produces the red color of limonite, (hydrated iron oxide hydroxide). 

· Manganese, Mn, produces the pink color of rhodochrosite, (manganese carbonate). 

· Nickel, Ni, produces the green color of annabergite, (hydrated nickel arsenate). 

· Uranium, U, produces the yellow color of zippeite, (hydrated potassium uranyl sulfate hydroxide). 

Streak:

· often demonstrates the true or inherent color of a mineral

· may eliminate some of the surface impurities of the mineral 

· unfortunately, many Ontario minerals will streak white and thus be indistinct from each other

Hardness:

· is one of the better physical properties for minerals

· minerals with small atoms, packed tightly together with strong covalent bonds throughout tend to be the hardest minerals

· the softest minerals have metallic bonds

· is generally consistent because the chemistry of minerals is generally consistent

· is tested by scratching

· a mineral can only be scratched by a harder substance

· is measured by the Mohs Hardness Scale, created by French mineralogist Friedrich Mohs, and is universally used. The scale starts with (soft) talc at 1 and ends with (hard) diamond at 10. 

· is particularly important for gemstones. (Very few soft minerals are cut as gems and when they are, they generally are cut only for collectors and not for wearable jewelry). 

· most gemstones have a hardness of 7 or more. 

· also plays a major part in the minerals that are used for grinding, polishing and other abrasive purposes.

· soft minerals can be used as high temperature lubricants, pencil lead, talcum powder, paper gloss, etc. 

· a massive specimen will probably be softer than a single crystal and ideally hardness should only be used on individual crystals

· don't be fooled by a dust trail on a mineral after being "scratched" by a softer mineral

· ease of scratching (both diamond and quartz scratch glass, but diamond scratches glass ". . . like a knife through butter").


Below is the Mohs Hardness Scale: 

1. Talc 

2. Gypsum 

3. Calcite 

4. Fluorite 

5. Apatite 

6. Orthoclase 

7. Quartz 

8. Topaz 

9. Corundum (ruby and sapphire) 

10. Diamond 

Specific gravity 

· is a measure of the density of a mineral

· at times it is such a useful property that it is the only way to distinguish some minerals without laboratory or optical techniques. Gold can easily be distinguished from "fool's gold" by specific gravity alone, although there are many other ways

·  is a unit-less measure, because it is derived from the density of the mineral divided by the density of water and thus all units cancel. However, since water's density equals 1 gram per cubic centimeter (at specific conditions), then a mineral's specific gravity would also correspond to a mineral's density as expressed in grams per cubic centimeter. 

· comparing a mineral to water is not practical and is not really helpful. It is easier to consider what the SG of a typical mineral is and compare minerals that way. 

· 2.75  is close to the average SG of the rocks on the outer surface of the Earth's crust

· can be measured accurately by use of sensitive laboratory equipment

Reaction to Acid:

· an important property in minerals

· all the minerals that have some reaction to acids tend to be carbonates and a few minerals that contain significant amounts of carbonate ions

· with a drop of acid, carbon dioxide gas (CO2) is given off as bubbles and the calcium simply dissolves in the left over water

· the bubbles or effervescence is the reaction we are looking for and indicates the presence of carbonate ions. (Two hydrogens attack the carbonate ion (CO3) and detach one oxygen leaving the CO2 gas. The hydrogens are supplied by the acid which is generally dilute hydrochloric acid (<10% solution) or dilute acetic acid (vinegar). Other acids can be used with similar results but these two acids are the most user friendly as they are relatively mild

· use the minerals calcite and aragonite, the two most common carbonate minerals, in your acid test because the reaction is easily accomplished and is often so energetic that it is associated with a fizzing noise

Appendix B : Further Information regarding the Ontario connection to The Ontario Curriculum!

The Bancroft, Madoc and Wilberforce areas of Ontario, Canada 
· This assemblage of minerals is the result of a chemically unique igneous intrusions, altering the country rock (mostly impure limestones), by way of complex contact metamorphic interactions and it is these wonderful mineral sites that are the end products

Cobalt, Ontario, Canada 
· Named for the metal found in many of its unusual mineral types, it is also known for silver that was extensively mined here

Sudbury, Ontario, Canada - 
· Mineralogically unique suite of minerals centered around nickel and platinum 
Appendix C: Ontario Rocks and Minerals Streak Test Colour Guide

Note to Teachers: Geology is a complex science. The minerals listed in this appendix (Apatite*, Calcite, Chalcopyrite*, Dolomite, Fluorite*, Hematite*, Pyrite*, and Quartz) are all found in Ontario, with the minerals marked with an asterisk* being found in Northern Ontario, in the Canadian Shield. 

You will notice that these minerals are found in many colours and it will be difficult to distinguish many of them without the aid of a good geology field book, a set of labeled samples from a collector or university, or a helpful website such as http://www.ontariominerals.com/index.html 

Apatite: Ca5  

Colour: Colorless, white, yellow, brown, red, pink, purple, blue, green, sometimes multicoloured

Streak: White


Hardness: 5

Calcite: CaCO3

Colour: Occurs in all colours, sometimes even multicoloured

Streak: White


Hardness: 2-3

 

Chalcopyrite: CuFeS2

Colour: Brass yellow to golden yellow. Tarnishes purple, blue, and red

Streak: Black with a slightly green tinge

Hardness: 3 ½ to 4

Dolomite: CaMg (CO3) 2
Colour: Colourless and transparent or white grey or greenish becoming yellowish brown or brown with increasing iron content also pink or rose
Streak: White


Hardness: 3 ½ to 4


Fluorite: CaF2

Colour: Occurs in all colours, even multicoloured

Streak: White


Hardness: 4

Hematite: Fe2O3

Colour: Black, gray to silver gray, brown to reddish brown, red. May be iridescent.

Streak: Red to reddish brown
Hardness: 5-6


Pyrite: FeS2

Colour: Yellowish gray to gray

Streak: Black with a slightly green tinge

Hardness: 6 – 6 ½

Quartz: SiO2
Colour: Occurs in an infinite range of colors. Most commonly white, purple, brown, and colourless. Many specimens are multicolored or banded.

Streak: White


Hardness:7
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Mineral Colour Streak Test 











“Give it the Acid Test”– Testing for Minerals (carbonate minerals)
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The      Geologist      Can              Find                An         Ordinary  Quartz, (that) Tourists        Call     Diamond! 











   1 Silicon atom 


+ 2 Oxygen atoms


= SiO2   





Specific Gravity or Density Test
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