Minerals

Minerals are to rocks as letters are to words. Just like letters make up words, minerals make up rocks.

What are minerals?

There are four characteristics of minerals.

1. Minerals are naturally occurring. They are formed by natural processes not man made.

2. Minerals are inorganic, which means they have never been alive, they are not alive now and they will not be alive in the future. 

3. Minerals are solids, not liquids or gases. They have a specific composition of atoms and molecules. That chemical composition is unique.  Some minerals are single elements such as gold or copper, though most minerals are compounds. Some minerals share the same elements but in different arrangements of atoms. Graphite, the stuff inside pencils, and diamonds are both made of carbon. It is the way the carbon atoms are arranged, that make two different minerals. 

4. Minerals have a definite crystalline structure. A crystal is a solid where atoms are arranged in a repeating pattern. There are six basic crystal shapes. Cubic crystals are not always cube shaped! There are many that are shaped like octahedrons, with eight faces, and some that are shaped like dodecahedrons, which have10 faces.  Tetragonal crystals are shaped like cubic crystals but are longer in one direction making shapes like double pyramids and prisms. Orthorhombic crystals are often shaped like rhombic prisms or dipyramids, which is two pyramids stuck together. They often look a bit like tetragonal crystals except that they are not square in cross section (when you look at the crystal on end). Monoclinic crystals look like tetragonal crystals that have been skewed. They often form prism shapes and double pyramids. Triclinic crystals are sometimes very strange shapes! They are usually not symmetrical from one side to the other. Hexagonal crystals often look like six-sided prisms. When you look at the crystal on end, it looks like a hexagon shape in cross section. 
Where do minerals come from?

Minerals come from two things, magma and solutions. Hot liquid magma is forced upwards into cooler areas of the earth. When it gets close to the surface of the earth or if it comes out of the earth to the surface, it cools. The atoms and molecules in the liquid magmas begin to interact chemically and form minerals. If the magma cools quickly the crystals will be small crystals. If the magma cools slowly the crystals will be large. 

The second way minerals form is from solutions. A solution can be supersaturated, which means the solution is holding all the dissolved molecules it can hold. Minerals crystals begin to precipitate out of the solution. Another way minerals form from solutions is when the molecules are dissolved and then the liquid evaporates. The remaining elements being to arrange themselves into crystals and you are left with crystal formations after the liquid evaporates. 

How are minerals grouped?

There are over three thousand minerals on Earth. Of those three thousand, only thirty are common minerals, which means they are the most abundant. Most minerals are made from silicon and oxygen. Minerals are sorted into seven groups, depending on what they are made from. 

Silicates are made from silicon and oxygen. These are the most common, 96% of minerals in crust. 

Carbonates are made from CO3, the carbonate ion, plus a metal. You can substitute many different metals so there is a variety of carbonates. 
Oxides, the next group are made from oxygen combined with a metal. Magnetite is a mineral that is formed from three iron atoms and four oxygen atoms. 
Sulfides are made from sulfur combined with another element. Pyrite is a sulfide that is made from one atom of iron and two atoms of sulfur. Pyrite is also called fools gold. 
Sulfates are made from a sulfate ion, SO4, combined with other elements.
Halides combine either chlorine or fluoride with calcium, sodium or potassium. Regular table salt, the stuff we put on our food, is sodium chloride.
Native elements, the last group, are made from only one element. Examples are silver, lead, copper and gold.

How can you tell one minerals from another?

Minerals have properties that can help you tell one mineral from another mineral. There are nine properties we will go over.

Crystal shape is the shape of crystal due to arrangement of atoms. There are six basic shapes.
Color is just the color of the mineral. This is the least reliable since impurities can change a color.
Luster is the shine a minerals has. There is metallic which shines like metal.  Vitreous shines like glass.  Waxy shines like a pearl. Silky shines like silk cloth. Dull has no shine.  There are at least 14 terms for descriptions of luster.
Texture is the feel of a mineral.  Practice makes perfect. you just have to learn the way they feel. Some common terms to describe texture are smooth, rough, ragged and greasy.
Streak is called streak because of the test used to determine streak. The test is done by dragging a mineral across a piece of unglazed porcelain. The color left on the porcelain is called the streak. It often matches the color of the mineral but not always.
Hardness is how hard the mineral is. There is a scale from one to ten relating a mineral to other minerals, from softest to hardest. The scale is called Moh’s hardness scale.
Cleavage and fracture is how the mineral breaks. You get a cleavage break when the bonds between atoms align in ways where some are weaker than others. Breaks happen at weaker points. Cleavage means there are clean breaks. Fracture means there are rough or jagged edges. 
Fracture is when bonds are approximately the same in all directions, so there are no smooth breaks. No bond is stronger or weaker than another, so the mineral can break anywhere. Fracture means there are rough or jagged edges.
Specific gravity is a way to compare mass of mineral to mass of water that takes up the same volume as the mineral.
There a few other special properties we can test for. The acid test is used because a few minerals react with dilute hydrochloric acid. You drop hydrochloric acid on the mineral and see if there are bubbles because the mineral is dissolving. Calcite is the only mineral that will dissolve with acid. The magnetic test uses a magnet to see if there is a magnetic attraction with a mineral. If there is, then you know you have magnetite. The fluorescence test uses an ultraviolet light to see if a mineral will glow with a different color when exposed to ultraviolet light. There is also the double refraction test. Iceland spar, a type of calcite, is transparent. When you look at letters through it, you can see that there is a double image. The light is refracted twice when it passes through Iceland spur calcite. 
Moh’s hardness scale is listed below. The softest mineral is number one and the hardest is number 10.

1. talc

2. gypsum

3. calcite

4. fluorite

5. apatite

6. feldspar

7. quartz

8. topaz

9. corundum

10. diamond

When a geologist is working out in the field, it is sometimes hard to use this scale. We have another scale to test hardness called the Field scale. It doesn’t have ten scales, but instead combines some so it only goes up to six. It also uses some common tests instead of other minerals to figure out how hard a mineral is. 

If you can scratch the mineral with your fingernail that means the mineral is a one or a two in hardness. 

If the mineral can be scratched by copper, which is a soft mineral, it is a three hardness.

If an iron nail can scratch the mineral then it is a four hardness.

If the mineral can be scratched by glass it is a five hardness.

If the mineral can be scratched by a steel nail but not easily, it is a six hardness. 

Another property you can use to identify minerals is called specific gravity. This is a comparison of the mass of mineral to the mass of a volume of water that is equal to the mineral you are testing. It is a  way to compare the density of different minerals when the sizes of minerals are not the same. It works because if you find the volume of water you can know the mass of water.  This is true because one milliliter of water equals one gram of water. First you find the mass of the mineral in grams. Then you get the volume of the mineral by dropping the mineral into water and observing how high the water rises.  Last you make a ratio of the mass of the mineral divided by the volume of the mineral. This number is unique to each mineral. 
