Chapter 9: Minerals

The reason we care about minerals as geologists is that minerals are the basic building blocks
of most rocks.

A mineral is a naturally occurring, inorganic crystalline substance with distinctive physical and
chemical properties.

By “crystalline” we mean that the atoms occur in a specific, ordered three-dimensional
arrangement as shown in Figures 9.1 and 9.3. This means that all minerals are solid, because
the atoms in a liquid and a gas aren’t geometrically ordered.

Even as minerals are the basic building blocks of rocks, atoms are the building blocks of
minerals. Your book goes into a lot of detail on basic atomic theory. If you haven’t had a
chemistry class, you should read this. If you have, you can skim this section. One word of
caution: don’t take Figure 9.5 too literally. The electrons in an atom don’t really orbit the central
nucleus like planets around the sun; your book gives the more realistic analogy: think of the
electrons behaving more as bees buzzing around a hive, or perhaps moths zipping back and
forth around a flame.

One interesting aspect of minerals is that very often, the way the atoms are arranged is what
leads to the distinctive chemical and physical properties of the mineral. For example, the
chemical formula for the mineral halite (i.e., table salt) is NaCl—there’s one atom of sodium (Na)
for every atom of chlorine (Cl). Elemental sodium is a silvery gray substance that is so
chemically reactive that it explodes when placed in water. Chlorine, on the other hand, is a
greenish gas that is so poisonous that one whiff can kill you! But put the two together, and voila!
You get plain old table salt! In this case, the particular arrangement of sodium and chlorine
atoms within halite gives rise to completely different properties that these atoms exhibit on their
own.

In regard to minerals, there is bad news and good news. Let’s get the bad news out of the way

first...as your book mentions, over 4,500 minerals have been discovered! So, for the first exam,
you’ll be expected to know the physical and chemical properties of all of them...okay, not really;
just checking to see if you're still awake...

Now the good news: of all 4,500+ minerals so far identified, one group is overwhelmingly most
important to geologists, because this group accounts for most of the common rock-forming
minerals. Which group am | talking about?

May | have the envelope please? <<fumbling to open virtual envelope>>...and the answer is...
The Silicates!

That’s right; for the purposes of this course, we can pretty much neglect most exotic minerals
like diamond, ruby, and other gemstones, because such minerals are pretty rare. As geologists,

we’re most interested in those minerals that generally form rocks. And luckily for us, most of the
time, rocks are composed of one or more silicate minerals.



Think of a silicate mineral as a chemical substance containing primarily silicon (Si) and oxygen
(O) as well as various other elements. Why silicon and oxygen? A quick scan of the following
table will answer this question:

Element Symbol Percentage by Weight
Oxygen ®) 47
Silicon Si 27
Aluminum Al 8
Iron Fe 5
Calcium Ca 3.6
Sodium Na 2.8
Potassium K 2.6
Magnesium Mg 2
All other elements 2

Elemental abundances in continental crust.
(source: http://www.uwgb.edu/dutchs/PLANETS/Geochem.htm)

Simply put, silicate minerals are so common because silicon and oxygen are such common
elements in Earth’s crust. Your book puts this in even more graphic terms when it describes
Earth’s crust as a mass of oxygen with various other elements included in the crystalline
structures between the oxygen atoms.

By the way, the same is largely true of the Earth’s mantle as well, except that iron (Fe) and
magnesium (Mg) are more abundant, which is why we previously described the mantle as
enriched in iron and magnesium silicates.

The basic structural building block of the silicate minerals is an elegant chemical structure called
the silicon-oxygen (or silicate) tetrahedron, as shown in Figure 9.6 in your text. The chemical

formula for this structure is (SiO4)*".

Here’s a simplified sketch: o Strong chemical bonds

(solid lines)

Strong chemical bonds


http://www.uwgb.edu/dutchs/PLANETS/Geochem.htm

A good way to visualize the silicon-oxygen tetrahedron in three dimensions is to imagine a four-
sided pyramid structure.

Each corner of the pyramid represents an oxygen atom. The central silicon atom can be thought
of as “floating” within the middle of the pyramid, as shown in the above figure.

Notice that four oxygen atoms in the above figure are independently bonded to a central silicon
atom, and the entire structure has a -4 negative charge.

The dashed lines in the above figure aren’t real; there just there to help you visualize the four-
sided, tetrahedral structure.

For you chemistry nerds, the chemical bonds in the above figure are partially ionic, partially
covalent, and very strong.

In order to bond, the four oxygen (O) atoms in the structure all ionize to the -2 state. This
means that they all absorb two extra electrons, giving them each two more electrons than
protons, hence the -2 charge.

Silicon (Si) ionizes to the +4 state, meaning it gives up four of its existing electrons, so that it
has 4 fewer electrons than protons, hence the +4 charge.

Counting up all the charges, (4 x-2) + (1 x +4) = -4. So, the Si-O tetrahedron has a -4 charge,
overall.

This overall negative charge is important, because it renders the Si-O tetrahedron highly
reactive in a chemical sense.

Once formed, the Si-O tetrahedron will bond to just about anything in an “attempt” to neutralize
its large negative charge.

It can do this in two ways: (1) by combining with positively charged atoms (called cations) via
ionic bonding or (2) by sharing oxygen atoms with adjacent tetrahedra via covalent bonding.

Once you understand the basic structure of the silicon-oxygen tetrahedron, you’ll be able to
appreciate that all of the different silicate mineral groups result from combining the tetrahedron
both with other atoms and with itself.

Study Figure 9.8 in your text carefully! Think of this figure as a structural classification of the
silicates.

For each type of silicate structure, you should learn which silicate minerals and mineral groups
go with which structure.

Here’s a simple table to help you in this effort:



Silicate Structure Example(s)

Isolated Tetrahedra Olivine
Single Chains Pyroxene Group (augite most common pyroxene mineral)
Double Chains Amphibole Group (hornblende most common amphibole mineral)
Mica Group (includes dark-colored mica—biotite, and light-colored mica—
muscovite)
Sheets
Clay Group
Quartz

3-D Frameworks Feldspar Group (includes potassium feldspar, or K-spar; and calcium

and/or sodium-rich feldspar known as plagioclase feldspar)

Structural classification of common silicate minerals.

To see how these various structures are assembled, check out this link: Silicate Structures—
Figs. 9.7to0 9.11. Here are some photos of the common rock-forming silicate minerals listed in
the table above:

Olivine.
(photo courtesy of USGS; http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html#olivine).

Augite, a pyroxene mineral.
(photo courtesy of Wikipedia; http://en.wikipedia.org/wiki/Augite).



http://highered.mcgraw-hill.com/sites/0072826967/student_view0/chapter9/animations_and_movies.html
http://highered.mcgraw-hill.com/sites/0072826967/student_view0/chapter9/animations_and_movies.html
http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html%23olivine
http://en.wikipedia.org/wiki/Augite

Hornblende, an amphibole mineral.
(photo courtesy of USGS; http://geomaps.wr.usgs.gov/parks/rxmin/mineral. html#amphibole).

Biotite, a ferromagnesian mica mineral.
(photo courtesy of USGS; http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html#biotite)

Plagioclase (Ca/Na-rich) feldspar.
(photo courtesy of USGS; http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html#plagioclase)



http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html%23amphibole
http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html%23biotite
http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html%23plagioclase

Potassium (K-rich) feldspar.
(photo courtesy of USGS; http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html#kspar)

Muscovite, a non-ferromagnesian mica mineral.
(photo courtesy of USGS; http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html#mica)

Quartz.
(photo courtesy of USGS; http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html#quartz)

Another way to think about the silicate minerals is in terms of their composition. In general, light
colored silicates like quartz, muscovite mica, and feldspar lack abundant iron (Fe) and
magnesium (Mg). Geologists call such silicates “non-ferromagnesian silicates.”


http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html#kspar
http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html%23mica
http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html%23quartz

Other silicate minerals and mineral groups like olivine, pyroxene, amphibole, and biotite mica,
are enriched in Fe and/or Mg. Geologists call these silicates “ferromagnesian silicates.” This
too is a useful way of thinking about silicate minerals, particularly in regard to igneous rocks.

Whether in nature or in the laboratory, minerals are built one atom at a time.

Given that all minerals are groups of atoms chemically bonded together in a specific
arrangement, it takes time to assemble things.

Generally, this happens in a cooling magma (molten rock material in Earth’s interior) or lava
(molten rock material at Earth’s surface), but it can also take place in evaporating fluids such as
water.

For some interesting visual animations of this process, try the following link: Mineral Growth &
Crystallization.

Before we move on to mineral properties, | should mention a few important non-silicate minerals
that are quite common in some rocks:

e  Calcite (CaCO3z)—forms the main mineral in limestone, a very common sedimentary rock.

. Dolomite (Ca,Mg[CaCO3],)—essentially, magnesium-rich calcite, forms in certain geologic
environments similar to those in which calcite forms.

e  Gypsum (CaSO,)—forms the main mineral in rock gypsum, another common sedimentary
rock associated with evaporative geologic environments.

. Halite (NaCl)—occurs as extensive deposits of rock salt in evaporative geologic
environments.

Here are some photos of these minerals:

Calcite.
(photo courtesy of USGS; http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html#calcite)



http://www2.wwnorton.com/college/geo/egeo/animations/ch3.htm
http://www2.wwnorton.com/college/geo/egeo/animations/ch3.htm
http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html%23calcite

Ll

Dolomite.
(Mineral collection of Bringham Young University Department of Geology.
Photograph by Andrew Silver. BYU; photo courtesy of USGS;
http://libraryphoto.cr.usgs.gov/htmllib/btch566/btch566j/btch566z/byu00463.jpq)

Gypsum (desert rose).
(photo courtesy of Wikipedia; http://en.wikipedia.org/wiki/Gypsum)

Halite (hopper crystals).
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http://en.wikipedia.org/wiki/Gypsum
http://libraryphoto.cr.usgs.gov/htmllib/btch566/btch566j/btch566z/byu00463.jpg

The final part of Chapter 9 describes various physical properties of minerals, including color,
density, luster (character in reflected light), streak (color in powdered form), hardness
(scratchability), cleavage (breakage along well-defined planes of weakness), fracture (breakage
along irregular surfaces), crystal form (shape), reaction to hydrochloric acid, magnetic
properties, etc.

These are important mainly for practical reasons, because geologists can identify minerals in
hand specimen based on their physical properties. You should read this section, but you won’t
be responsible for knowing it in detail. The reason is that this material is typically covered in
much more detail in the laboratory course. Just be able to describe the various physical
properties listed above.

One final note...

Once your friends and family find oraverbgaskedty e ha
identify various exotic minerals.don’t despair!
more than the 100 or so most common minerals in hand specimen. But knowing what you know

about the silicate minenmusdtssoundsenarteves whanysuthavat e gy
no idea what mineral you’'re |l ooking at (I do th

When somebody hands you a mineral to identify (
closely and then stare off into space . Give the impression that yol
database of all 4,500+ minerals. Rub your <chin
seconds, say something like this:

“Well, based on my extensi ve tkhisawdratisipgjobablggomemi ner
sort of silicate.”

Hey, the chances are very good (about 90 percent, infact)t hat you’ | | be correc
MOST minerals you're |ikely to find are silicat

Before your questioner has time to wonder what a silicate is, launch into an animated
explanation of the silicon-o x ygen tetrahedron..and watch your qu
Pretty soon, they’ || be convinced you’re smarte



