CRYSTAL SHAPE

For well-devcloped crystals, crystal form and habit
are excellent diagnostic properties. Habit refers to
the overall shape of a crystal or aggregate of crystals.
To mineralogists, the term form refers specilically to
a group of crystal faces. related by the crystal’s sym-
metry. that have identical chemical and physical
properties. Although museum specimens and pic-
tures of minerals in textbooks often show distinctive
habits and forms, most mineral samples do not. Small
irregular crystals without flat faces, or massive aggre-
gates, are typical, often rendering habit and form of
little use for hand specimen identification. Because
form and habit reflect the internal arrangement of
atoms in a crystal, when visible they are important di-
agnostic properties (Box 3.1).

Faces of a single crystal [orm have identical prop-
ertics because they contain identical atoms in identi-
cal arrangements. Some minerals, such as chabazite,
halite, and garnet, normally contain only one form:
others contain more (Figure 3.4). Chabazite crystals
grow as rhombohedrons, cubes “squashed™ along one
main diagonal. Halite crystals are typically cubic, hav-
ing six square faces. Garnet crystals commonly have
12 diamond-shaped faces. Other minerals, such as il-
menite, corundum, gehlenite, vesuvianite, and datolite
(Figure 3.4). may contain multiple forms and have
more complicated shapes. Some minerals—for exam-
ple, calcite—have many common forms. But, as we
shall sce later, they all have a common property
called symmetry.

Wrong With This
Picture?

In the recent movie Congo, an exploration team
goes to Africa to seek large. flawless dmmondq

When the diamonds are shown, the movie in
mediately loses credibility wit ___mmeralogxst&“
because the crystals are hexagonal prisms (long

crystals with a hexagonal cross section). Miner-
alogists know that diamond habit does nm' |
clude hexagonal prisms (Figure 3.3

PFIGURE 3.3

These quartz crystals with hexagonal prismatic
habit are not diamonds because diamonds cannot
form hexagonal crystals of this sort. '

A single crystal’s habit 1s controlled by the forms
that are present, the way the forms combine. the rela-
tive sizes of crystal faces. and other features relating
to crystal growth. The most usclul terms describing
habit are self-cxplanatory (Table 3.2). Common oncs
used to describe habit of single crystals include
equant (equidimensional), acicular (ncedlelike), tab-
ular, and bladed (Figure 3.5). For a group of crystals,
habit includes the shape of the crystals and the way
they are intergrown. The terms massive, granular, ra-
diating, and fibrous arc typical of the terms used to
describe crystal aggregates (Figure 3.5).

The color plates in this book show a wide range
of crystal habits. The orthoclase crystals in Plate 1.5
arc blocky; the celestite in Plate 1.6 is tabular; the
okenite needles in Plate 1.7 and the selenite needles
in Plate 3.5 are acicular; the smithsonite in Plate 1.8
and pectolite in Plate 3.1 are botryoidal. Most of the
quariz crystals in Plate 2 arc prismatic, as are the
beryl and tourmaline in Plate 3.3. The actinolite in



PFIGURE 3.4

Forms and combinations of forms
of six minerals. Different samples
of the same mineral may crystal-

lize with different forms, but

those shown here are typical. The
lines on the crystal faces show ori-
entations of prominent cleavages.
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Terms Used to Describe Crystal Habit
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Terms Generally Used to Describe
Individual Crystals (with Example Minerals)

cquant

blocky

acicular

tabular or platy
capillary or filiform
bladed

prismatic or columnar
foliated or micaceous

having approximately the same dimensions in all directions (garnet, spinel)
equant crystals with approximately square cross scctions (halite, galena)

needlelike (actinolite, sillimanite)

appearing to be plates or thick sheets stacked together (gypsum, graphite)

hairlike or threadlike (serpentine, millerite)

elongated crystals that are flattened in one direction (kyanite, wollastonite)
elongated crystals with identical faces parallel to a common direction (apatite, beryl)

easily split into sheets (muscovite, biotite)

Terms Generally Used to Describe

Crystal Aggregates

massive

granular

radiating or divergent
fibrous

stalactitic

lamellar or tabular
stellated

plumose

arborescent or dendritic
reticulated or latticelike
colloform or globular
botryoidal

reniform

mammillary

drusy

elliptic or pisolitic

solid mass with no distinguishing features
composed ol many individual grains

crystals emanating from a common point

appearing to be composed of fibers

stalactite shaped

flat plates or slabs growing Ltogether

aggregate of crystals giving a starlike appearance
having a feathery appearance

having a branching treelike or plantlike appearance
slender crystals forming a lattice pattern

spherical or hemispherical shapes made of radiating crystals
having an appearance similar to a bunch of grapes
having a kidney-shaped appearance

breastlike

having surfaces covered with [ine crystals

very small or small spheres




PFIGURE 3.5

Examples of crystal habits: (a) galena showing a blocky
habit; (b) gypsum showing a bladed habit (and scratch
marks caused by tests for hardness); (c) serpentine showing
a fibrous habit; (d) goethite showing a stalactitic habit;

(e) hematite (on quartz) showing a radiating habit; and

{f} limonite showing a pisolitic habit.



Plate 3.2 and the kyvanite in Plate 3.6 are bladed,
while the anthophyllite (Plate 3.4) and chrysotile
(Plate 3.7) are fibrous aggregates. In Plate 3.8, drusy
pyrite has grown on top of calcite.

STRENGTH AND BREAKING OF
MINERALS

The color and shape of minerals are obvious to any-
one, but there are other, more subtle, properties that
a mineralogist will notice. Several relate to the
strengths of bonds that hold crystals together. These
propertics arc especially reliable for mineral identifi-

cation because they are not strongly affected by
chemical impurities or defects in crystal structure.

Tenacity

The term tenacity refers to a mineral’s toughness and
its resistance o breaking or deformation. Those that
break, bend, or deform easily have little tenacity. In
contrast, strong unbreakable minerals have great
tenacity. Jade, composed of either the pyroxene
jadeite or the amphibole actinolite, is one of the most
tenacious natural materials known. It does not easily
break or deform, even when under extreme stress.
Table 3.3 contains some of the terms typically used to
describe tenacity.



»TABLE 3.3

Terms Used to Describe Tenacity

flexible bendable

clastic a bendable mineral that returns to its
original shape after relcase

malleable capable of being hammered into
different shapes

ductile capable of being drawn into a wirelike
shape

brittle easily broken or powdered

sectile capable of being cut into shavings with

a knife

The tenacity of a mineral is controlled by the na-
ture of its chemical bonds. lonic bonding often leads
to rigid, brittle minerals. Halite is an excellent exam-
ple of a brittle mineral. It shatters into many small
pieces when struck. Quartz, too, is brittle, although
the bonding in quartz is only about 50% ionic. Many
metallically bonded minerals, such as native copper,
are malleable. Other minerals, such as gypsum, are
sectile. Some minerals, including talc and chlorite, are
flexible due to weak van der Waals and hydrogen
bonds holding well-bonded layers of atoms together.
When force is applied, slippage between layers al-
lows bending. When pressure is released, they do not
return to their original shape. Still other minerals, no-
tably the micas, are elastic. They may be bent but re-
sume their original shape after pressure is released if

»TABLE 3.4

they were not too badly deformed. In micas and
other elastic minerals, the bonds holding layers to-
gether are stronger than those in chlorite or clays.

Cleavage, Parting, and Fracture

Because atomic structure is not the same in all direc-
tions and chemical bonds are not all the same
strength, most crystals break along preferred direc-
tions. The orientation and manner of breaking are
important clues to crystal structure. If the fractures
are planar and smooth, the mineral is said to have
good cleavage. Cleavage refers to minerals breaking
parallel to atomic planes. There are a few exceptions,
such as quartz, that break along curved surfaces to
form conchoidal fractures (sce Plate 2.1), but the ma-
jority of minerals cleave to form flat surfaces. For
minerals that do not have good cleavage, terms used
to describe fracture include conchoidal, splintery,
and hackly (Table 3.4).

If a mineral cleaves along one particular plane, a
nearly infinite number of parallel planes are equally
prone to cleavage. This is due to the repetitive ar-
rangement of atoms in atomic structures. The spacing
between planes is the repeat distance of the atomic
structure, on the order of Angstroms (1A = 10'"m).
The whole set of planes, collectively referred to as a
cleavage, represents planes of weak bonding in the
crystal structure. Biotite (Plate 6.6) is an excellent ex-
ample of a mineral with one excellent cleavage. Min-
erals that have more than one direction of weakness
will have more than one cleavage direction (Figure

Terms Used to Describe Fracture Surfaces and Cleavages {(and Examples)

Fracture Terms

cven breaking to produce smooth planar surfaces (halite)

uneven or irregular
hackly

splintery

fibrous

breaking to produce rough and irregular surfaces (thodonite)
jagged fractures with sharp edges (copper)

forming sharp splinters (kyanite, pectolite)

forming fibrous material (chrysotile, crocidolite)

conchoidal

Cleavage Terms

basal
cubic
octahedral

prismatic

breaking with curved surfaces as in the manner of glass (quartz)

also sometimes called plary; refers to cleavage in minerals
such as micas that have one well-developed planar cleavage

geometric term used Lo describe three cleavages at 90° to
each other (galena)

geometric term used Lo describe four cleavages that produce
octahedral cleavage fragments (fluorite)

multiple directions of good cleavage all parallel to one
direction in the crystal




3.6). The direction and angular relationships between
cleavages, therefore, give valuable hints about atomic
structure.

Minerals that are equally strong in all directions,
such as quartz, fracture to form irregular surfaces
(Plate 2.1). Minerals with only one direction of
weakness, such as gypsum and micas, have one direc-
tion of cleavage and usually break to form thick
slabs or sheets. Kyanite (Plate 3.6) and anthophyl-
lite, which have two good cleavages, easily break
into splintery shapes. Other minerals may have 3
(halite), 4 (fluorite), or even 6 cleavages (Figure 3.6).
The ease with which a mineral cleaves is not the
same for all minerals or for all the cleavages in a par-
ticular mineral. Mineralogists describe the quality of
a particular cleavage with qualitative terms: perfect,
good, distinct, indistinct, and poor. Quartz has poor
cleavage in all directions, while micas have one per-
fect cleavage.

Crystal faces and cleavage surfaces may be difti-
cult to tell apart. A set of parallel fractures indicates
a cleavage, but if only one flat surface is visible, there
can be ambiguity. However, crystal faces often dis-
play subtle effects of crystal growth. Twinning (ori-
ented intergrowths of multiple crystals) and other
striations (parallel lines on a face), growth rings or
layers, pitting, and other imperfections make a face
less smooth than a cleavage plane and give it lower
reflectivity and a drabber luster. In some minerals,
principal cleavage directions are parallel to crystal
faces, but in most they are not. Plates 1.3 and 2.7
show pyrite with well-developed striations on its
crystal faces.

Cleavage is an excellent property for mineral
identification. Often the quality and number of
cleavages may be seen in hand specimen. Some-
times a hand lens is used to identify the set of fine
parallel cracks, more irregular than twinning and
striations, which indicate a cleavage that is too
poorly developed to be seen with the naked eye.
Angles between cleavages may be estimated or, if
accurate angular measurements are needed, tech-
niques involving a petrographic microscope or a
device called a goniometer may be used to measure
them.

Some mineral specimens exhibit parting, a phe-
nomenon that looks like cleavage. Parting is not due
to atomic structure weaknesses, but to crystallo-
graphic imperfections such as twin planes (planes
that separate domains with different atomic-struc-
ture orientations), stress, or chemical alteration. In
contrast with cleavage, parting is restricted to one or
a few distinct planes rather than an infinite set. Un-
like cleavage, parting will not be present in all speci-

mens of a particular mineral, and parting surfaces are
usually less smooth than cleavage planes.



HARDNESS: MOH’S Hardness Scale (NOT absolute):

Talc 1 The
Gypsum 2 Girls/Guys
Calcite 3 Can
Fluorite 4 Flirt
Apatite 5 And
Orthoclase 6 Other
Quartz 7 Queer
Topaz 8 Things
Corundum 9 Can
Diamond 10 Do

MOH'’ S Hardness of Common Items:

Fingernail ... 2t025
Copper coin.......... 35
Steel knife_......oo. 5t06
Glass 5t05.5

Streak plate 6.5t07



