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The Geological Definition of the Term Mineral
There are five characteristics that an Earth material must possess in order to be considered a mineral. Although what the book says is generally correct, I prefer my way of stating these characteristics. Please learn the five characteristics of a mineral as stated below.

For any earth material to be considered a mineral, it must exhibit ALL of the following characteristics:

a.
It must be naturally occurring.

b.
It must be inorganic (was never alive).

c.
It must be a solid.

d.
It must be crystalline; and all samples of the same mineral must have the same crystalline structure.

e.
It must possess a definite chemical composition; and different samples of the same mineral may vary in chemical composition only within specified narrow limits.

Clarification of Terms

“Naturally occurring” means that it is not made by humans in a laboratory or factory. 

“Inorganic” means that it is not made of organic molecules. When scientists call a substance “organic” they mean that the substance is made of complex molecules composed primarily of carbon and hydrogen. Examples of organic substances include oil, protein, wood, and leaves. “Organic” substances are almost always made by living things. “Inorganic” substances are usually made by processes that do not involve living things, although they can be made by living things. Seashells, for example, are not considered “organic” because they are made of calcium carbonate, not carbon and hydrogen.

“Crystalline” means that the atoms that make up a mineral are always arranged in an orderly geometric pattern. The same mineral will always have the same geometric arrange​ment. To see examples of different types of crystalline structure, look at the illustrations of a single tetrahedron, single chains, double chains, and sheets in Figure 1.12 on p. 32.

“Definite chemical composition” means that, for two samples to be considered the same mineral, they must have similar (not necessarily identical) chemical compositions. Minerals typically have a range of compositions, but that range has limits. For example, olivine has a chemical composition of (Mg,Fe)2SiO4. What this means is that olivine is made of one silicon atom bonded to four oxygen atoms and two other atoms. Those two other atoms can be two magnesium atoms, two iron atoms, or one magnesium atom and one iron atom.

Bowen’s Reaction Series

Figure 2.8 on p. 46 of your textbook shows a very important diagram called “Bowen’s Reaction Series.” This diagram is based on a series of pioneering experiments conducted by a man named N. L. Bowen in the first quarter of the 20th century. He melted rocks and then studied them as they gradually cooled and crystallized.

This diagram summarizes a large amount of information in a simple visual way. It is similar to a graph. The middle part of the diagram shows a systematic arrangement of the nine basic minerals of igneous rocks. These minerals are 

• olivine

• pyroxene (you didn’t study this mineral in lab; it closely resembles amphibole)

• amphibole

• biotite (black) mica

• calcium-rich (dark gray) plagioclase feldspar

• sodium-rich (white) plagioclase feldspar

• potassium (pink) feldspar

• muscovite (light-colored) mica.

• quartz

The systematic arrangement of these minerals on the diagram is based on the order in which they crystallize as a particular magma gradually cools. The minerals that crystallize first are plotted near the top of the chart and the minerals that crystallize last are plotted near the bottom of the chart. 

Why would the minerals near the top of the chart crystallize first? Because they have the highest crystallization temperatures. Likewise, the minerals near the bottom of the chart crystallize last because they have they lowest crystallization temperatures. Minerals that crystallize at about the same temperature are shown side by side on the chart.

You may not be familiar with the term “crystallization temperature.” The term “melting temperature” may be more familiar. But they are really actually the same thing; the melting temperature of any substance is ALSO its crystallization (freezing) temperature. For example, whenever the temperature of pure water drops below  0°C (32°F), the water will crystallize and form ice; whenever the temperature of pure ice rises above 0°C (32°F), the ice will melt and form water. Keep in mind that, for igneous minerals, the range of temperatures we’re talking about is very high. The minerals near the top of the chart crystallize at temperatures over 1000°C (1800°F) whereas the “low”-melting temperature minerals near the bottom of the chart crystallize at temperatures around 700°C (1300°F). 

Now let’s look at the diagram a bit more carefully. Note that each mineral is symbolized by an arrow or by a bar, not by a discrete point. What this tells us is that each mineral crystallizes over a range of temperatures, not at just one particular temperature. If you imagine any horizontal line straight across the chart, it will represent a particular temperature. All arrows or bars that this line crosses will correspond to minerals that can crystallize at that temperature. For example, amphibole, biotite mica and plagioclase feldspar can all crystallize at the same temperature.

What determines the melting temperature of a particular mineral? Everything else being equal, it is the chemical composition of a mineral that is the key deciding factor. Specifically…

• The higher the silica (SiO2) content of a mineral, the lower is its melting temperature. 

• The higher the iron (Fe) and/or magnesium (Mg) content of a mineral, the higher is its melting temperature.

• Plagioclase feldspar crystallizes over a wide range of temperatures, but the higher the calcium content (and lower the sodium content) of a feldpar, the higher the crystallization temperature will be.

Now, minerals that are high in silica tend to be low in iron and magnesium, and visa versa. As a result…

• Minerals that are high in silica and low in iron and magnesium are listed near the bottom of the Bowen’s Reaction Series chart.

• Minerals that are low in silica and high in iron and magnesium are listed near the top of the chart.

Recall from your lab on igneous rocks that felsic rocks are, by definition, high in silica and mafic rocks are, by definition, low in silica. Here is where the right side of the Bowen’s Reaction Series diagram comes in. Felsic rocks are made of minerals that are high in silica. So felsic rocks are made of the minerals listed near the bottom of the chart (feldspar, mica, quartz, and/or amphibole). Note that there is a “stripe” of a different color corresponding to each category of igneous rocks: felsic, intermediate (between felsic and mafic), mafic, and ultramafic (even lower in silica and higher in iron and magnesium than mafic—sort of like the term “extra-large”). To see which minerals can be found in any particular type of igneous rock, simply note the arrows or bars that are at least partially within the “stripe” for that category of igneous rock. Keep in mind that igneous rocks actually form a continuum of composition, ranging from 30-70% silica, and that the boundaries between categories (between felsic and intermediate, for example) are somewhat arbitrary.

What the Bowen’s Reaction Series diagram is NOT

It is very tempting, when first looking at the Bowen’s Reaction Series diagram, to incorrectly see it as a cross section of the Earth, showing a series of layers stacked on top of each other with the top layers near the surface and the bottom layers at great depth. This is NOT what the Bowen’s Reaction Series diagram is trying to show. This diagram puts the top “layer” on top in order to show that these rocks are made of minerals with high melting temperatures. The “layer” on the bottom shows rocks with low melting temperatures. 

If you incorrectly see the Bowen’s Reaction Series diagram as a picture of Earth’s layers, you will be very confused because the diagram will seem to be upside down. You see, ultramafic rocks (shown at the top of the diagram) are extremely rare at the surface; almost all ultramafic rocks are found at depth in the mantle. Similarly, felsic rocks (shown at the bottom of the diagram) are extremely rare at mantle depths; felsic rocks are found almost exclusively in continental crust.

Minerals Formed By Chemical Precipitation


As stated on p. B–14 (Homework Assignment #4), one of the four basic residual products of weathering is chemicals dissolved in water. These chemicals do not remain in solution forever. For various reasons, they eventually “precipitate out” and form new minerals. These new minerals are usually quite different from the original minerals that weathered and produced the dissolved chemicals in the first place. 


For example, when feldspar weathers, it transforms into clay minerals and dissolved chemicals: silica, potassium, sodium and/or calcium (see Table 3.1 on p. 72). The water that is carrying these chemicals usually flows downstream and makes its way to the ocean. Other minerals will weather to form, among other things, chloride ions dissolved in water. The water carrying these ions usually makes its way to the ocean too. The ocean, in fact, contains so many ions of sodium and chloride that it tastes very salty (table salt is sodium chloride). The sodium and chloride may precipitate out of the sea water and form crystals of the mineral halite (i.e. sodium chloride).


What could cause this to happen? The next three sections describe three processes that can cause chemicals to precipitate out of a solution:  evaporation, cooling and the action of living things.

Chemical Precipitation Caused by Evaporation

When water evaporates from the ocean, it leaves any dissolved chemicals behind. Sometimes, especially in warm shallow ocean bays, a large proportion of the water evaporates, concentrating the dissolved chemicals in the remaining water. Eventually, the dissolved chemicals may become so concentrated that the water can no longer hold them all--it may become a supersaturated solution. As a result, various chemicals will precipitate out, forming crystals that settle to the ocean bottom. Almost all halite crystals form in this way.

Chemical Precipitation Caused by Cooling

Evaporation is not the only way that a solution of chemicals in water can become supersaturated. A temperature change can also do the trick. Warm water can usually hold more dissolved chemicals than cold water can. Thus a chemical solution that is unsaturated can become supersaturated just by decreasing its temperature. For example, hot springs produce hot water that contains various chemicals in solution. When that hot water cools off in the open air, the solution becomes supersaturated. As a result, various types of minerals precipitate, forming the white mineral deposits characteristic of hot springs.


A temperature drop can also cause minerals to precipitate in cracks or cavities under the ground. Most underground “open” spaces are filled with water that contains dissolved chemicals. This water doesn't stay put; it flows through the open spaces. As it does so, it sometimes cools and becomes oversaturated. It then precipitates some of its dissolved chemicals onto the walls of the open spaces. Most museum-quality mineral specimens were formed by this process--for various reasons, the crystallization process stopped before the open space was completely filled; thus the crystal forms of the minerals were preserved. 

Chemical Precipitation Caused by the Action of Living Things

Living things, especially micro-organisms, are unimaginably abundant in rivers, lakes and the ocean. They “drink” the water and use the minerals that were dissolved in the water to make their shells, skeletons, cell walls, poop, etc. A great deal of calcite (calcium carbonate) is formed this way. When these creatures die, they settle to the bottom and form layers of chemical sediment.

Minerals Formed During Metamorphism


Rocks (and the minerals they are made of) are formed by a variety of processes under a variety of temperature, pressure and chemical conditions. Minerals are often stable only under the particular conditions that prevailed when and where they formed. If these conditions change, the minerals may become unstable and change to adjust to the new conditions. We have already seen that minerals that were formed at high temperatures or underground will weather when exposed to surface conditions. The weathering process converts minerals that are unstable at Earth's surface into minerals that are stable at Earth's surface.


Minerals can also undergo profound changes when they are subjected to conditions deep underground. We call these types of changes metamorphism. For example, sedimentary rocks, which form under low temperature and pressure conditions at Earth's surface, undergo metamorphism when they are buried deep underground where pressures and temperatures are high. Specifically, the original minerals in the sedimentary rock recrystallize to form new metamorphic minerals that are stable under the new conditions. During the process of recrystallization, the atoms and ions that make up the original minerals will actually re-arrange themselves into new crystalline structures and they will often migrate from one mineral grain to another, recombining in various ways. For example, iron may migrate from an iron oxide grain to a clay grain, combining with the ions in the clay to form mica. Thus the new minerals may have chemical compositions that are quite different from those of the original minerals. Strange as it may seem, this process can take place without melting or dissolving the original minerals. As you might imagine, metamorphic mineral growth takes a very long time.

� Igneous petrologists (geologists who study igneous processes and rocks) care a great deal about these feldspars but you don’t have to, so don’t worry about the calcium/sodium content of minerals. You can ignore the calcium/sodium content of the feldspars; just realize that feldspar  can crystallize over a very wide range of temperatures.
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