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PURPOSE so that you will be able to complete the rock iden-
tification exercises.
People use many different minerals in different
ways, because of their beneficial properties. Some
minerals are used in their natural forms. Others MATERIALS
are industrially refined, or separated, into their con- , : : .
e - The'most commonly refined Pt?ncﬂ, eraser, steel knife or steel masonry nail,
the ores of metals. For ex- wire nail, glass plate, streak plate, copper penny,
fined from the mincral small magnet, dilute (1-3%) hydrochloric acid
& the lead from (HC) in a dropper bottle, and mineral samples

Sraiersls and provided by your instructor.

INTRODUCTION

in S @ naturally occurring, inorganic sub-

tance with crystalline s l]hésifucture, a characteristic
emical composition, and characteristic physical
roperties. Crystalline structure refers to an or-
ctable arrangement, or pattern, of the

dbstance (Figure 2.13). Substances po¥
ne structure are called crystals.
osition and crystalline structure 4
ysical properties of a mineral: its r
» shape, feel, and how it reﬂectﬁdq
ferent minerals therefore have:
and these can be used to dist™




aloids lack crystalline structure (i.e., they are

amorphous). For example, opal (Figure 2.23) and
limonite (Figure 2.24) are mineraloids. Some com-
mon minerals and mineraloids are shown in Fig-

ures 2.1 through 2.25,

MINERAL PROPERTIES

Crystal form i$ the external, geometrical appear-
ance of a perfectly formed crystal. The flat external
surfaces of the crystal are called crystal faces (Fig-
ures 2.1, 2.2, 2.3). Individual crystals that are per-
fectly bounded by all of their natural faces are

]

This quartz varely has ¢

FIGURE 2.2 Amethyst quarts

violet-to-purple color caused by
large

fron as an impurity. These cry

bubble of gas t PPt d within a sol
molten rock material (magma)
amethyst formed secondary «

crystals of transparent-to-r 11K

lled euhedral crystals, and are ’
that exhibit some na e o e
subhedral crystal 1 i ) weral
grains do not bit an
faces (i.e., they lack ext
called anhedral ci
Color of a mineral, usually t n
property, may be one of tl wccurat
tics in mineral identification
can be colorless (Figure 2.1)
white (Figure 2.4), rose (Figure

V1Ol

green, red, yellow, brown, and more. However
most minerals do have a typical colos n by
For example, the

used as a clue in identification
majority of quartz specimens are colorless
or gray. The color of a mineral also may be a clue
to its chemical composition.
. {'SES:DIs the color of a mineral after it has
been ground to a fine powder. The casiest way to
do this is simply to scratch the mineral across the
surface of a square of unglazed porcelain (called a
treak plate). Then, blow away the excess powder

- br | frlgments The color of the powder
)

remaining on the plate is the streak (Figure 2
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FIGURE 2.3 Some external forms of mineral crystals

FIGURE 2.4 Milky quartz. This quartz variety forms
when quartz contains microscopic fluid inclusions,
water. The sample displays essentially no

crystal faces, because many crystals developed FIGURE 2.5 Rose quartz. This quartz variety is rose-t

” e wea M _— resulting in this pink because it contains small amounts of the element
“massive” form. Note the greasy luster of the fracture titanium as an impurity. Rose quartz generally occurs it
surfaces. massive form like this example
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FIGURE 2.6 Agate. This guartz variety may ;
chert (white to gray), opal (any lor), flint (black)

jasper (yellow, brown, red halcedony (anv
alternating bands, blotch trips ir mosslike
It is commonly found i fractures and solutio

cavities in the bedrock

FIGURE 2.8 Pvrite (lefl ] copyrite (nght). Both
if these iron sulfide 1 ! rmally known as
) gold”™ b ¢ thi j 1 vellow and
metallic luster, Pyrite oft iated crystal
| ; ! the iride it play of
I of lcog L \par  th
i it | rite 1 1571 ) hoto | I
I Ill
Streak lor 1s representativi 1 mineral’s true
color, whic » different from the apparent
color of nground specimen
Luster is the inner in which the surface of
a substance reflects light lerms used to describe
luster include earthy (like concrete), glossy (like
auto paint), metallic (like silver, gold, or copper)
pearly (like a pearl), greasy (like grease), waxy

(like a candle), and vitreous (like glass). Sphalerite
I

(Figure 2.9) has metallic luster only when viewed
in certain directions, so its luster is described as
submetallic

Cleavage planes are flat surfaces along which
some crystalline substances break because of weak-
ness in their crystalline structure. That is, they are
parallel surfaces of weak chemical bonding (attrac
tion) between repeating, parallel lavers of atoms in
the crystal. Each different set of parallel cleavage
planes has an orientation relative to the crystalline
structure, and is referred to as a cleavage direction
(Figure 2.10). For example, muscovite mica (F igure
2.12) has one cleavage direction Galena (Figure
2.11) and halite (Figure 2.14) have three prominent
cle directions developed at right angles to



FIGURE 2.9 Sphalerite. This mineral is zinc sulfide
and it is commonly mined as zinc ore. Sphalerite has a
characteristic luster called submetallic, as in the sample
shown. It also has dodecahedral cleavage (see Figure
2.10), a white-to-yellow-brown streak, and 1s commonly

vellow, red, brown, or black

one another, so they break either into cubes (cubic
cleavage), or into fragments that have sides at right
angles to one another. Other common cleavage
patterns are described in Figure 2.10.

A mineral with good cleavage reflects light from
very obvious, parallel flat surfaces that are exten-
sive on large crystals:
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A mineral with poor cleavage reflects light from
many flat, parallel surfaces that are not so obvious
because the flat surfaces are relatively small:

Fracture surfaces are nnnpldn.n Nonpara|e]
along which minerals and other syp.

surfaces |
v break in addition to cleavage, or i,

stances Mk ) t i
the absence of cleavage. Quartz and volcani gl

ine L‘\;H“}“""‘ of materials that fracture and lack
Thev break along smoothly curved sy;.
taces \'d”t'l{ :t'.l'h hoidal fractures HPIHHVHH ”l'\l‘
wood) and "irregular” (like concrete) are other
terms that describe the fracture appearance of pay.
ticular minerals Unlike cleavage surfaces, fractyre
ct light in many different directions

dH\

cleavage

surfaces refle

Light\rays

Feldspar is a mineral that h: leavage

and fracture (Figures 2.20, 2.21, 2 has two
directions of cleavage at nearly ri vles, plus a

fracture direction

Striations are straight “hairli 00Ves on
the cleavage faces of some miner > can be
helpful in mineral identification imple, we

will use the striations of plagiocla spar to dis-
tinguish it from potassium feldspa

Plagioclase feldspars (Figures
striations, which appear as straigh
grooves on the faces of one cleava
which are parallel to the faces of
age direction.

Potassium feldspars (Figures 2 )2) may
have lines on their surfaces that resemble stria-
tions. However, these are thin, discontinuous, sub-
parallel lamellae (thin, discontinuous layers) of pla-
gioclase, called exsolution lamellae

Tenacity is the manner in which a substance
resists breakage. Terms such as brittle (like glass)
malleable (like modeling clay), flexible (like a plas-
tic comb), and elastic (like a rubber band) are all
used to describe tenacity.

Reaction to acid differs among minerals
Cool, dilute (1-3%) hydrochloric acid (HCI) applied
from a dropper bottle is a common “‘acid test.”
Many carbonate minerals such as calcite (Figure
2.15) will effervesce (““fizz"") when a drop of such
dilute HC1 is applied to a freshly exposed surface
Another carbonate mineral, dolomite, appears al-

2) have

lel lines or
ection, and
nd cleav-






The light is refracted (bent) into two rays, so that a
double image is produced. Clear calate displays
excellent double refraction (Figure 2.15)

Specific gravity (SG) is the ratio of the
weight of a substance to the weight of an equal
volume of water. For example, the mineral quartz
(SG = 2.65) is 2.65 times heavier than an equal vol-
ume of water. Hefting is an easy way to judge the
spedfic gravity of one mineral relative to another
This is done by holding a piece of the first mineral
in one hand and holding an equal-sized piece of
the second mineral in your other hand. Feel the
difference in weight between the two samples (i.e.,
heft the samples). The sample that feels heavier
has a higher specific gravity than the other. Most
metallic minerals have higher specific gravities than
nonmetallic minerals.

Hardness (H) is a measure of resistance to
scratching. A harder substance will scratch a softer
one. A German mineralogist, Friedrich Mohs
(1773-1839), developed a quantitative scale of min-

eral hardness on which the softest mineral (talc) FIGURE 2.12 Muscovite mica. Micas are aluminum
has a hardness of 1 and the hardest mineral (dia- silicate minerals which form stout crystals that split
mond) has a hardness of 10. Higher-numbered easily into paper-thin, flexnblu sheets Ia[llel to the flat
minerals will scratch lower-numbered minerals Bage of the crystals. This splitling is called basal clamege
(e.g., diamond will scratch talc, but talc cannot Muscovite is a light-colored, silvery-1 mica, in

contrast to biotite mica, which is black

scratch diamond). Mohs Scale of Hardness (Figure

2.26) is now widely used by geologists and engi-
neers.

There are many other properties of minerals
that we have not described here. Keep this in
mind as you continue this exercise, so that you can

Increase your understanding of mineral identifica-
tion and uses. Refer to Figures 2.13-2.26 before
you proceed.

MINERAL IDENTIFICATION

The ability to identify minerals is one of the most
fundamental skills of an Farth scientist. It also is
fundamental to identifying rocks, for you must first
identify the minerals composing them. Only after
minerals and rocks have been identified can their
origin, classification, and alteration be adequately
understood.
~ Toidentify a mineral, you must first list as
‘many of its properties as you can determine, using
available tools and your senses. Then, identifv the
ral using the mineral identification tables (Fig-
27, 2.28) or flow charts (Figures 2.29, 2.30)
e this procedure for each mineral:



A. Galena B. Hematite C

FIGURE 2.13  Atortic-resolution tmages of galena, hematite, and calcite. Scales are in
nanometers (nm) There are 1000 nanometers in 1 micron, and 1000 microns in 1
millimeter, 50 1 nanometer is 1 millionth of a millimeter (or | billionth of a meter)
(Images courtesy of Stanford University)

A. Scanning tunneling microscope (STM) image of galena (P'bS), tilted back 30° to
give better perspective. High bumps are electrons tunneling from sulfur atoms, and
low bumps represent fewer electrons tunneling from the individual lead atoms
Nevertheless, the surface is atomically flat. Each sulfur atom is bonded to four lead
atoms in the image, plus another lead atom beneath it. Similarly, each lead atom is
bonded to four sulfur atoms in the image, plus a sulfur atom beneath it. (Image
collected by C. M. Eggleston, Stanford University)

B. STM image of hematite (Fe,O,) fracture surface, also tilted back 30° for
perspective. Because of the conditions under which electrons were tunneled onto the
surface, only the oxygen atoms (and not the iron atoms) are visible in the image. The
blue bumps represent oxygen atoms on atomically flat surfaces. The pink bumps
highlight oxygen atoms located at the edges of steps that are one atom high (Image
collected by C. M. Eggleston, Stanford University)

C. Scanning for T FM| e of a surface of calcite (CaCOj). It has

‘hydrolysis, a decomposition reaction
© ed from a relatively large
int on the image (lightest
rkest color). The two markers

is only one atom high. (Image




FIGURE 2.15 Calcite has a characteristic rhombohedral
cleavage (see Figure 2 10), meaning that it breaks into
thombohedra (leaning blocks) or shapes composed of
rhombohedra. Also note the golden colored crystal of
caleite (lower left) that is easily scratched by an iron nail
it exhibits external crystal faces rather than cleavage
surfaces, Calcite is a carbonate mineral that efferresces
(fizzes) in dilute, cool hydrochloric acid (HC) squeezed
from a dropper bottle (upper left). It also exhibits double
refraction; note how the X behind the top-center sample
appears as two overlapping letters. Calcite is the chief
mineral in the rocks limestone and marble. (Photo by R
Busch)
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FIGURE 2.18 Augite pyvroxene. Pyrox re a group
ol compiex silicates. Because they cont

proportion of iron (Fe) and magnesium (M they are
ferromagnesian siicates. Augite 1s a pvr taining
both iron and magnesium. It forms s t crystals
which are dark green to black and luster
Augite also has two prominent cle S
vhich intersect at 87° and 93° and € duftl { letect

in hand samples

FIGURE 2.19 Hornblende amphibole. Amphiboles are

group of complex silicates containing some
proportion of iron (Fe) and magnesium (Mg), so they too
re ferromagnesian silicates. Hornblende is generally green

to black and has two prominent cleavage directions,
Intersecting at 56 and 124

nother

FIG . Albite feldspar. All
plagioclase feldspar. Like other fel
obvious directions of cleavage, one

closely spaced hairling tions (z

['he striations are caused by twinning

ntergrowth of symmetncally paired

portions of the large crystal. Albite is

white, or gray
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FIGURE 2.22 Common feldspars and rock.
A. This piece of plagioclase feldspar crystal shows hairline striations on a cleavage

surface. These striations are caused by twinning. Twinning occurs when microscopic
intergrowths develop between symmetrically paired microcrystalline portions of the
larger crystal. The striations occur only along one of the two cleavage directions.

B. This piece of potassium feldspar (K-spar) crystal shows intergrowths of thin,
discontinuous, subparallel lamellae of plagioclase, called exsolution lamellae. Such
texture is called perthitic texture.

C. This hand specimen formed as an aggregate of intergrown plagioclase mineral
crystals. Individual mineral crystals are discernible within the rock, particularly the

cleavage surfaces of plagioclase with their characteristic hairline striations.

Cleavage surface
with striations

Cleavage
plane with paralle|,
closely spaced
striations
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many crvstal faces

{ each quartz crystal?
s it (See Figure 2.3)?
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a. Why are they ditferent
!‘. ‘1\'[14[ Py sical Plﬂi\t rhie 1154

from muscovite?

3. Other than the properties already discu
this exercise, name two properties of halite
can be used to distinguish it from colorless «
cite. (Examine laboratory samples of both, if
available.)

4. What products in your house or dormitory
might be made from these minerals? (Examine
laboratory samples of them, if available. Also
refer to Figure 2.31 as needed for information
about the uses of some common minerals.)

muscovite

gypsum

hematite, magnetite, or limonite

graphite

galena

feldspar

garnet

h. talc

5. Which property is more reliable in mineral
identification, color or streak? Why?

® oo o

6. Both magnetite and pyrite can be ores for iron.

Based upon their chemical composition, which
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one of these minerals would you choose for
this purpose? Why?

7. Describe the chemical changes that take place
(o form limonite pseudomorphs after pyrite
(Figure 2.25). (Fxamine laboratory samples, if
avallable. )

B. Why are so many minerals pseudomorphic
after the mineral halite?

9. Imagine that you have found a large vein of
white calcite in a quarry that mines limestone
(a type of rock componed of calcite),
a. Why is the calcite white?
b, Describe how the white calcite formed at
that location. (Hint: normal rainwater is a
weak acid,)

10, What kind(s) of crystal form do the pyrite crys-
tals and limonite pseudomorphs have in Figure
2.257 (Also wee Figure 2.3,)

11 Obtain a set of minerals from your instructor,
I available. Identify each of the minerals using
the information provided in this exercise,

ATOMIC-RESOLUTION
MINERALOGY

Two modern technologies now allow mineralogists
(1] lb? images of the atoms and atomic struc-
tures of minerals and other Farth materials. These
new technologies are described here, along with

¢e minerals for you to interpret.

' ing microscopy (STM) was
Ty .tzmt‘t Mml"

exact electronic structure (Figure 2.13p). At
resolution, images are most easily i"l?rprete:;%
when the surface composition is known an
types of chemical bonds are understoog. At the
resolution (larger scan areas), surface sh, b"ﬂ
mapped precisely by requiring a constang g, "0
current between the tip and sample. This t:p’:h
the gap constant. The image then is formeg },
up-and-down motion of the tip as it scang Over
surface, the

Scanning force microscopy (SFM), g,
atomic force microscopy (AFM), is a direct d
dant from STM technology. It was first byjl
used in 1985 by Gerd Binnig and Calvin Quate
respectively of IBM and Stanford University, sp,
is similar to STM, except the image is Produceg
moving the sample laterally under a harq, sharp
tip that is free to move up and down.

Unlike STM, the tip is in actual physical con.
tact with the surface. However, the force holding i
down is approximately a billion times Jess than the
force used to hold a stylus against a phonograph‘r
record. These extremely light tracking forces
the sharp tip from damaging the surface. The mo-
tion of the tip usually is measured by an optical
laser system that is sensitive to movement on the
atomic scale. Consequently, images with nearly
atomic resolution can be obtained. Because this
type of microscopy does not require electrical cur-
rent, insulating surfaces can be imaged as well as
those that are conducting (Figure 2:18C);

STM and SFM have become important tools
for studying mineral growth and breakdown.
Atomic structure and bonding can be studied (Fig-
ures 2.13A, 2.13B), along with minute surface topo-
graphic features (Figures 2.13B, 2.13C). Structure,
bonding, and topography determine what may or
may not adsorb to a mineral (this is the process by
which ions in water attach to a mineral’s surface).
If the attachment reaction is strong, the attracted
ions may be effectively removed from solution. Or
if attachment is weak, they may stay in solution.
These processes are extremely important in water
tion. They also may be important in ore
formation and hazardous waste migration
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