Engineering Geology Unit - I

Mineralogy:
Study of minerals

What is a Mineral?

A mineral is a naturally occurring solid chemical substance formed through
biogeochemical processes, having characteristic chemooahposition, highly ordered
atomic structure, and specific physical properties.

To be classified as a true mineral, a substance must be a solid and have a crystalline
structure. It must also be a naturally occurring, homogeneous substance with a defined
chemical composition.

To meet the definition of "mineral” used by most geologists a substance must meet five
requirements:

1. Naturally occurring

Inorganic
Homogenous
Solid
Definite chemical composition
6. Ordered internal structure
Requirements of a substandée be designated a mineral:

1 It must have been formed by natural processes; i.e. artificial or synthetic or man
made substances are not minerals.

1 It must be inorganic substance; i.e. substances of wood or any other organic material
OlFlyQli 0SS YAYSNIt o

1 It must be homogeneous; i.enade of same type of molecules apdssess the same
physical and chemical characters.

1 It must be solid; i.e. gaseous, liquid or semisolid (Qgad) substances are not
minerals.

1 It must have definite chemical compositiore.i.a particular kind of mineral always
has the same chemical composition though it may occur in different size, shape,
association etc.

1 It must be crystallinej.e. it should possess an orderly atomic structure. No two
minerals can possess the same chera@anposition and atomic structure.

oW

Exceptions for Definition of Mineral:
Some substances which are traditionally or generally treateaninerals do not have one or
any of the above said charactefSew exceptions to the definition of the mineral are:
1. Precious gemstones like diamonds, ruBijessapphired and emeraldd are
synthetically produced under controlled laboratory conditions. They resemble their

natural counterparts in all, respects and are treated as minerals.
1,2,3 All are derivatives of condum.1- blood red coloured 2blue coloured 3green coloured.
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2. Coal, ambér, petroleum, natural gas etc. are typical organic substances which are
considered to be minerals.

3. Amethys?, smoky quartz, citrifE O &, @éentuSn@ §uartz aressome minerals
with inhomogeneity. As they processes certain impurities in quartz that give them
colour. Similarly bauxite and coal etc. are not homogenous. Kyaniieeral usually
exhibits blue colours of different intensities.

4. Asphalt (bitumen), copalité, petroleum, mercury and natural gas are semisolids,
liquids or gases, yet are treated as minerals.

5. Many minerals occur in isomorphic groups; i.e. they do not have a definite chemical
composition. Ex. Garnets, olivines, some pyroxenes and amphiboles all are silicate
molecules which are isomorphic

6. Some minerals like flint, chert, jasper and agate all are silicates with cryptocrystalline
character i.e. they do not have a weléveloped crystal structures.

7. Although liquid water is not a mineral, it is a mineral wherfriglezes. Ice is a
naturally occurring, inorganic solid with a definite chemical composition and an
ordered internal structure.

Physicaproperties most useful for mineral identification:
1. Color

Luster

Transparency (or diaphaneity)

Crystal Systems

Technical Crystal Habits

Descriptive Crystal Habits

Twinning

Cleavage

. Fracture

10.Hardness

11. Specific Gravity

12. Streak

13. Associated Minerals

14.Notable Localities

© N O WD

1. Color:Color is due to the absorption of certain wavelength of the light by minerals.
Generdly speaking, color is not a good property to be used in the identification of minerals.
It is usually the first property to confuse a novice collector into making an incorrect
identification. Many minerals have different colors and some minerals' col@sdentical

to other minerals' colors. It is important to understand what causes color in minerals in

order to understand this mineral property.
1- fossilized resin, 2,3,5 quartz; Rurple coloured, 3pale to brown coloured, 4ChrysoberndBeAl204
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Cobr in minerals is caused by the absorption, or lack of absorption, of various wavelengths
of light. The color of light is determined by its wavelength. When pure white light
(containing all wavelengths of visible light) enters a crystal, some of the waytbke might

be absorbed while other wavelengths may be emitted. If this happens then the light that
leaves the crystal will no longer be white but will have some color.

Some elements have electrons that absorb certain wavelengths or colors. These
wavelergths provide energy to the elements that will often emit another wavelength to get
rid of the extra energy. The energy state of the electron is related to the wavelength that it
absorbs. The bonding in this element affects the energy state of these atecffderefore
bonds to different elements produce different colors. Elements that produce colors through
absorption and emission of wavelengths are usually transition metals. They can cause a
mineral to always be a certain color if they are part of the rmatsry of the mineral.
However, if there is just a trace of these elements, they still can strongly influence the color
of the mineral. Even tiny amounts of these elements can deeply colored minerals.

2. Lusteris a description of the way light interacts with the surface of a crystal. This is how
one cantell someone how a mineral looks. It has nothing to do with color or shape, but is
related to transparency, surface conditions, crystal habit and index ofatdra
Some of the characters regarding luster are:
1 Adamantine- very gemmy crystals
Dull - just a nonreflective surface of any kind
Earthy- the look of dirt or dried mud
Fibrous- the look of fibers
Greasy the look of grease
Gumdrop - the look a sucked on hard candy
Metallic - the look of metals
Pearly- the look of a pearl
Pitchy- the look of tar
Resinous the look of resins such as dried glue or chewing gum
Silky- the look of silk, similar to fibrous but more compact
Submetallic a poor metallic luster, opaque but reflecting little light
Vitreous- the most common luster, it simply means the look of glass
Waxy- the look of wax

= =4 4 4 -4 -8 -8 -9 -9 -3 -2 -2 -2

3. Transparency, also known technically as diaphaneity, is a function of the way ligh
interacts with the surface of a substance. There are only three possible interactions. If the
light enters and exits the surface of the substance in relatively undisturbed fashion, then the
substance is referred to as transparent. If the light can eated exit the surface of the

substance, but in a disturbed and distorted fashion, then the substance is referred to as
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translucent. If the light cannot even penetrate the surface of the substance, then the
substance is referred to as opaque. Many substarnbatsare transparent can easily contain
flaws and distortions that will limit a light beam's travels through a substance and make it
translucent.

It is rare for an opaque mineral to have any translucent specimens, however, some
translucent mineral speciens can become opaque from inclusions or weathering effects.
Sphalerite is one example of a normally opaque mineral that often surprises collectors with
an occasionally transparent specimen. Although a transparent mineral will always have
some samples thaare translucent (due to flaws, etc) it may be helpful to know if a mineral
is typically transparent or wvigersa. And occasionally, a mineral that is translucent may
never be transparent and knowing this can be very helpful to a collector. In listing a
mineral's transparency these factors are taken into account to aid the collector as much as
possible.

Another consideration is that a transparent mineral may be so strongly colored as to appear
opaque. Azurite is an excellent example of this, as the exdhgrdeep transparent blue
crystals may appear black and opaque. However, sediace internal fractures, and
sometimes crystal edges when viewed against a bright light, can reveal the true color and
transparency.

4. Crystal StructureMinerals usually fon distinct crystals. The shape of the crystals has
been found to play an important role in the identification of minerals. The study of crystals
is called crystallography and is an important field of study. Not only do scientists in this field
study natual crystals but also the crystals formed by metal alloys, chemicals, and other
synthetic materials. Often it is the use of crystallographic tools, such as-@y x
spectrometer, that find and distinguish new minerals as well as verify or correct the
identification of specimens.

How can crystallography help anyoteidentify minerals?

A mineral's crystalline structure, the arrangement of its component atoms and/or ions, is
responsible for the outward shape of the crystal.

Defined preciselyCrystalsare solids bounded by smdptmore or less plain surfaces
arranged in regular or orderly pattern which is an outward expression of a regular, internal
atomic structure.

Characteristics of Crystals:
Crystals and minerals can be identified with the unigussef the following characters:
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Faces: The crystals are bound by flat surfaces which are known as faces.

Edge: The line of intersection formed by any two adjacent faces in a crystal is called an edge.
Solid angleThe point of intersection formed by the or more adjacent faces in a crystal is
called solid angle.

E H
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ABCD, AEFB, DHGC, AEHD, BFCG are Faces

AB, DC, BC, AD, AE, DH, EH, CG etc are Edges
and D is the Solid Angle

Distortion: In spite of perfect internal atomic arrangement, sometimes crystals develop

faces of different sizes and shapes. This kind of geometrical irregularity in the shape of
crystals is called distortion. Distortion may be due to some restraint on the growth of the

crystal in certain direction or to a greater supply of material being available in one direction

as compared with another.
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Octahedron

Distorted

Regular

(c)

Regular Distoned
hexagonal prism hexagonal prism
(With same interfacial angle 6)

Interfacial angle: Itis the angfermed in between the normal of adjacent crystal faces. This

Is important because both in distorted and proper crystals of the same type, adjacent crystal
faces show the same interfacial angles irrespective of the size or shape of the concerned
faces. T is the indication of regularity of the internal atomic structure and is measured by

goniometer.

Normals to crystal faces 7 A& Angle
(poles) ~

Simple form and combination: If a crystal is bounded by all similar or like faces itis a simple
form. If a crystal is bounded by dissimilar or unlike faités called a combination.
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Simple Combination

Simple form/Combination
(a,, a4, 83 = crystallographic axes)

Crystallographic axes:h&se are the imaginary lines which intersect at tentre of the

crystal. The growth or development of the crystal is considered to take place along the axes.
Based on the number of such axes, their relative lengths, their interchangeability and their
mutual angles, the crystals developed are grouped into six crystal systems. This means any
crystalline mineral should belong to one or the other of these six ahmtstems onlyYet if

any other structure is there it could be amorphous form.

All the Crystal systems can be explained as:
Crystallographic Axes

Triclinic System Monaoclinic System Orthorhombic System
L4 *C

LT “a
B <
Awbwd cwpwy Aabeue  cmy=50,p>50 Avbwt G=p=y=50"
Tetragonal System Hexagonal System Isometric System
'Y *"”
.‘ 03'
a; *a, -, ‘8,
/ * (] -
Q..
== -z
di=JzwC u.-p -r-m‘ di=3;=3;wC ﬁ-p -90-\-,-121:& dy=3;=3; u.-p -?-9‘0’

With the above Crystal Systems we may be obtaining one of the following structures of
minerals.
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¢ Crystal Systems Crystallographic axes features
A Triclinic | a# bzc,azB#=y
Monoclinic azbzcazy,

A _ | B>90%r B<90° |
<t ﬁ;/ b Orthorhombic azbz Ca= ﬂ =y =90a
b ;,f/ a Tetragonal azhzca=B=y =90°

.'*"/ e Hexagonal a=b=d#c o
. - a=pB=y=120
Dase form of eryatallographic mees Isometric or cubic a=b=c,a=p= ?=90°

Crystal Systems: The six pdde crystal systems are cubic system, tetragonal system,
hexagonal system, orthorhombic system, monoclinic system and triclinic sy$tere are
other crystals systems also. The main basis for the division is rotational axis.

A rotational axis is a line imaginarily drawn through the crystal that acts as an axis just like
the axis for a tire. A face can be repeated on a crystal when the crystal is rotated around this
axis and a new face is left at various intervals during thatimn. Consequent to being
rotated is that the face must be identical to the original face when the face is viewed head
on. In other words, if the face has a right handed slant and is rotated, the rotated faces must
keep the right handed slant.

Afald 3fold 2fold

(axes i cube)

The nterval for dropping a face is determined by a division of the full turn into equal
segments. For example, to drop four faces on a crystal the rotation requires a stop at every
90 degrees and this type of rotation is called a four fold rotational axisatidoal axes can

have rotations of 1, 2, 3, 4 and 6 fold. Thus the 1 fold axis rotates the crystal in 360 degree
intervals, the 2 fold interval is 180 degrees, the 3 fold interval is 120 degrees, the 4 fold
interval is 90 degrees and the 6 fold intervab® degrees.

THEREARE THE SEVEN CRYSTALLOGRAPHIC SYSTEMS:
1. CUBIC adSOMETRIC, requires 4 three fold axis of rotation.
2. TETRAGONAL, requires 1 four fold axis of rotation.
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3. HEXAGONAL, requires 1 six fold axis of rotation.
TRIGONAL, requires 1 three falxis of rotation.
5. ORTHORHOMBIC, requires either 3 two fold axis of rotation or 1 two fold axis of
rotation and two mirror planes.
6. MONOCLINIC, requires either 1 two fold axis of rotation or 1 mirror plane.
TRICLINIC, requires either a center or onlgdtational symmetry.
8. AMORPHOUS; no symmetry is present and it is therefore not a crystallographic
system.
Symmetry: The faces, edges and solid angles in crystals occur with some regularity or
orderliness. This is known as symmetry. In the study of crygtedssymmetry, in a simpler
way, is expressed in terms of planes of symmetry, axes of symmetry and centre of
symmetry.

»

~

Plane of symmetry  Rectangular plane of Diagonal plane
symimetry of svmmetry
Other axes mentioned are crystallographic axes that are used by crystallographers like
geometric axes to plot the faces and symmettgments and their orientations within the
crystal. These axes may or may not be part of the symmetry of the crystals. But they usually
are since crystallographers will often orient the crystallographic axes along the planes and
axes of symmetry.

No. of axes of symmetry present Centre of
No. of Binary| Trigonal| Tetragonal| Hexagonal symmetry
Systerns Planes of
symmetry Axes | axes axes axes present or
absent
Cubic or Isometric 9 6 4 3 Nil Present
Tetragonal system 5 4 Nil 1 Nil Present
Hexagonal system
with hexagonal 7 6 Nil Nil 1 Present
division
Hexagonal system
with Trigonal 3 3 1 Nil Nil Present
division
Orthorhombic 3 3 Nil Nil Nil Present
System
Monoclinic system 1 1 Nil Nil Nil Present
Triclinic System Nil Nil Nil Nil Nil Present
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5. Crystal Habitlt is a description of the shapes and aggregates that a certain mineral is
likely to form. Often this is the most important characteristic to examine when identifying a

mineral. Although most minerals do have different forms, they are soneiquite distinct

and common only to one or even just a few minerals. Many collectors strive to collect
mineral specimens of certain typical and abnormal habits. There are either open forms or
closed forms.

The Open Forms:

The Pedion

In this form or class there is no symmetig. a mineral with low symmetry, a pedion is a
possible face. Itis a flat face thatriet parallelor geometrically linked to any other faces. It
can be found on the top of prismatic crystals that lack a perpzundr mirror plane or a two

fold rotational axes. Elbaite is a mineral known to form a pedion face. The pedion is possible
only on minerals that lack symmetry operations parallel to the pedion face and lack a

center.
_ padion
A
= pyramid
The Pinacoid

Sincein thisform or class there is only a center of symmetry, pairs of faces are related to
each other through the center. Such faces are cagtiedcoids The pinacoid is composed of
only two parallel faces. Prominent pinacoidsl form platy or tabular crystals such as in
wulfenite, pictured) and can be thought of as the top and bottom of a book. Pinacoids also
routinely terminate the top and bottom of prismatic crystals such as apophyllite. It is caused
by either a mirror plae reflecting the face from one side of the crystal to the other, a two
fold rotational axes rotating the face from one side to the other or simply a center of
symmetry (see the triclinic symmetry class) where an inversion of the face takes place
through the center of the crystal. It is possible in most every crystal except those lacking the
required symmetry of a solitary mirror, two fold axes or a center.

prism
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The Dome and Sphenoid
These forms are found in monoclinic and orthorhombic minerals Thegisbof only two
intersecting faces that are caused by either a mirror (the dome) or a two fold rotational axes
(the sphenoid). These two forms could, more graphically, be called "The Tents" because
they look like simple pup tents. The rare sulfate mihgrekeringite forms sphenoids and
the silicate topaz commonly forms domes (the prominent slanting face pictured below).
Domes and sphenoids can also form on the sides of crystals as well as terminations for
prismatic crystals. If a dome or sphenoid istloa side of a crystal it might be confused with
two of the four faces of a prism (look for similar faces on the other side of the crystal axes).

2

Sphenoid

The Prism

A prism is a set of faces that run parallel (meaning they never converga) axes in the
crystal. There can be three, four, six, eight or even twelve faces that can form a prism. All
the faces of one prism must be separated form each other by a specific amount of degrees
or they are not of the same prism. For the three sigetsm there must be 120 degrees
separating each face, for the four sided prism, 90 degrees, for the six sided prism, 60
degrees, etc, etc. Four sided orthorhombic prism faces are not necessarily separated by 90
degrees and are an exception to the rule, leser two adjacent angles must equal 180
degrees. In viewing a prism lengthwise, perfect geometrical shapes should be seen such as a
the cube, the hexagon, the octagon or the rhombus (monoclinic crystals). Prisms are not
possible in isometric or triclinic imerals. Quartz forms two sets of three sided prisms.
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Prismatic habit does not mean that the mineral faces are prism faces for they could be two
sets of pinacoids that are parallel to the same axes.

The Pyramid

The pyramids are easy to understasichce most people are familiar with the Egyptian and
Mexican pyramids. Pyramids, like prisms, are composed of either three, four, six, eight,
twelve or even sixteen faces. The faces are separated by a specific amount of degrees as
with the prism describedibove. The faces are not parallel and in fact converge around a
crystallographic axes forming a mestided tent (compare the dome and sphenoid) with a
point unless capped by a pedion or pinacoid. The steepness of the faces of a single pyramid
must remain constant. Many minerals may contain a tapering termination of different
inclines due to the presence of different pyramids. The mineral uvite can be terminated by a

three sided pyramid. Pyramids are not possible on isometric, monoclinic or triclinicatsner
4

4 ’
/
p

rhombic pyramid mm 2 Tetragonal-pyramidal

The Closed Forms:

The Isometric Forms

The Cube
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The cube is familiar to everyone as a symmetrical six sided box. Although the cube is familiar
it is hard to identify its faces on a highly modified crystal that has faces from other forms.
Remember it has eight points, six faces and twelve edges thapemgendicular to each

other forming 90 degree angles and square cfesstions. The faces are usually square, but

if modified can be other geometric shapes. The cube can only be formed by isometric
minerals. Galena is a mineral that forms cubes.

The Octahedron

The octahedron is a symmetrical eight sided shape that may look like two four sided
pyramids lying base to base. But closer inspection will show that each set of opposing points
is exactly the same and could serve equally well as the" "o "bottom" of the two
pyramids. In fact there is no top or bottom on isometric forms. The faces are equilateral
triangles unless modified. There are six points, eight faces and twelve edges. Each face is
parallel to the opposite face. The octahedronrédated to the cube by placing each point of

an octahedron at the center of each face of a cube. The mineral diamond commonly forms
octahedrons.

The Tetrahedron

The tetrahedron has only four equilateral triangular faces (unless modifieat) pbints and

six edges and when sitting on one face looks like a trigonal pyramid. But every point of the
tetrahedron can serve as the top of the pyramid because all four points are identical. The
tetrahedron is related to the octahedron by placing th& points of the octahedron in the
middle of the six edges of the tetrahedron. In fact the four faces of the tetrahedron would
be parallel to four of the eight faces of the octahedron. The tetrahedron can be thought of

as having removed every other facerfr an octahedron and extending the four faces that
are left to complete the closed tetrahedron. Tetrahedrons only form in isometric minerals
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that have four fold rotoinversion axes. The mineral tetrahedrite as its name infers, forms
mostly tetrahedrons.

Dodecahedrons

Another isometric shape the dodecahedron is twelve sided and there are four basic types.
The first dodecahedron has symmetrical pentagonal faces (five edged polygons). The second
dodecahedron has delta shaped faces (four edged polygoThe third dodecahedron has
asymmetrical pentagonal faces. The last dodecahedron has rhombic faces (four edged
diamondshaped polygons).

The pentagonal dodecahedron is termed a pyritohedoetause it is most commonly found

in the mineral pyrite. The pyritohedron is related to the cube by orienting two of the
pyritohedron's faces essentially with each cube face. Two of the pentagonal faces touch
bases in a line or edge that is parallel t@ tbhube faces. This edge is responsible for the
striations seen on pyrite's cubic faces when the two forms are trying to form together.

The deltoid dodecahedron has four sided delta shaped faces. It is derived from a
tetrahedron with each of its four faceeplaced by three delta shaped faces. The deltoid
dodecahedron is a rare dodecahedron and is usually only seen modifying the tetrahedral
crystals of tetrahedrite and tennantite.

The tetartoid is a 12 sided form that is very rarely seen. The faces granarical
pentagons. The mineral cobaltite has been known to form this type.

The rhombic dodecahedron is found commonly in the garnets as well as other minerals
including fluorite (pictured above left on rhodochrosite). Each of the faces of this
dodecaledron have a parallel face across from them. The faces are rhombic or diamond
shaped, like the diamonds in a deck of cards. A rhombic dodecahedron has fourteen points,
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twelve faces, and twenty four edges. A rhombic dodecahedron is related to the octahedron
by placing a dodecahedral face over each of the twelve octahedral edges. The generic use of
the word dodecahedron is usually applied to this rhombic form.

The Gyroid
The gyroid has 24 nesymmetrical pentagonal faces and is a rare form. Cuprite imhe
mineral that commonly forms gyroids and usually they are modified by other forms.

The Diploid

The diploid is also a form that is rarely seen. It has 24 four edged faces that are formed from
the splitting of the pentagonal faces on the 12 sided pyritohedron. The split is from the
center of the pentagons base edge to the top point of the pentagore Thineral
skutterudite will occasionally form this rare habit.

(Pyrite)

The Hexoctahedron

The hexoctahedron is a richly faceted form with a total, if fully formed, of 48 triangular
faces. It is related to the octahedron by the dividing of eacthefdctahedron's eight faces

into six triangular faces. Diamond is found in this form however the crystals tend to appear
rounded.
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The Tetrahexahedron

This form is composed of 24 triangular faces and is related to the cube by dividing each of
the cubes six faces into four faces. The edges of the cube remain in place and form the
bottom edge of each isosceles triangle. This form will still give an overall cubic look but with
each cube face pushed outward to a four sided squat pyramid. The mineralkdlars
shown this form but the tetrahexahedral faces are usually just modifying the cubic faces.

102 012
201 021
e
210 210 | 120
201

The Trapezohedron

The trapezohedron has 24 trapezium or deltoid shaped faces. They can be thought of in two
ways. Either they are dividing each face af octahedron into three faces or they are
dividing each face of a cube into four faces. Either way the result looks a little more like a
cube than an octahedron however no edges of the cube or the octahedron remain. The
mineral analcime is commonly seenthis form.

<
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The Tristetrahedron

The tristetrahedron has 12 faces that are shaped like extremely acute isosceles triangles. It
is formed by the dividing of a tetrahedral face into three faces. The original edges of the
tetrahedron serve as the bas for the triangular faces of the tritetrahedon. The mineral
sphalerite can have faces of the tristetrahedron.

Z4

The Trisoctahedron

The trisoctahedrorhas 24 faces that are shaped like extremely acute isosceles triangles. Itis
formed by the dividing of an octahedal face into three faces. This is different from the effect

created in the trapezohedron in that these faces leave the original edges otthbedron

in place and use them as their base for their squashed triangular shapes. The mineral
Diamond can have octahedral crystals modified by the trisoctahedron but rarely is this form

fully developed.

\

The Hextetrahedron

This is also a rare form that almost is never fully developed. It is composed of 24 triangular
faces and is formed from the dividing of each face of the tetrahedron into six faces. Its faces
are sometimes seen on the highly modified crystals of the mirsgshélerite.
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The Norisometric Closed Forms:

The Rhombohedron

The rhombohedron is difficult to describe. The best way to visualize it is to think of a
partially squashed box. In other words a square box that has been sat on and deformed in
one drection only. The deformation occurs in the direction of one of the three diagonals
that run through the cube from one corner to the other. The steepness of the
rhombohedron is variable for different minerals and even within the same mineral a crystal
may have several different rhombohedrons of different inclines. The diagonal of
"deformation” becomes the prominent axes of symmetry and is trigonal with a three fold
rotation about the axes. Six mirror planes protrude through the middle of the faces and
edgesthat converge on the top and bottom points. There are six faces (like a cube) and if
the "deformation” is not severe then the crystal can appear to be pseuwdiwc. However
careful measurements of angles will differ from 90 degrees and the sdikrdacs will
actually be shown to be rhombic. With severe "deformation” the crystal can appear tabular.
The rhombohedron is the only nesometric closed form with parallel faces. Rotoinversion
(discussed below) is the symmetry operation that produces the rlubratron. The
minerals siderite and rhodochrosite are commonly found in rhombohedral crystals.

The Scalahedron

The scalahedron is a general term for three crystal forms differentiated by the symmetry of
the prominent axis. The prominent axis can hather a four fold axis of rotoinversion (an
eight faced scalahedron) or a three fold axis of rotoinversion (a twelve faced scalahedron).
Rotoinversion is the symmetry operation that produces the scalahedron. A scalahedral face
(a scalene triangle) if rated by a fraction of a circle around the crystal and then inverted
through the center of the crystal will form a new scalahedral face. If from this new position
the face is rotated by the same amount of degrees and again inverted, a third face forms.
The entire crystal can be formed in this way. Calcite is famous for forming well shaped
trigonal scalahedrons and fine examples of scalahedrons of hematite are actually rare.
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6. Descriptive Crystal Habits:

The following terms are more descriptive thére technical crystallographic terms and are
therefore easier to understand. There are basically two types: single crystal forms and
aggregate forms. The single crystal terms are used to describe individual crystals and so
terms like platy or prismatic arused. Aggregate terms are for minerals whose crystals come
in groups of at times literally thousands of crystals and form a unique shape. Individual
crystals in these aggregates are usually hard to discern. Terms such as dendritic and
botryoidal are usedo describe these. All these terms are subjective and most minerals form
more than one. Some habits differ only in the slightest of ways and differntiation between
these is therefore not very diagnostic. However there are some minerals that seem to
alwaysbe found in one habit. Some examples of habits are pictured and each habit has a
link to a mineral that has been known to be found in this habit, but remember few minerals
are limited to just one habit.

These are some of the more common descriptive ®rased to portray certain crystal
habits of both individual and aggregate crystal varieties:
Individual Crystal Terms:

Acicular
Long and needHike, thinner than prismatic but thicker than fibrous. Natroliteystals can
be good examples of acicular crystals.

Bladed
Elongated and flattened like a blade of grass. More elongated than platy and thinner than
tabular. Kyanite forms crystals that are a good example of bladed crystals.

Blocky
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Rectangular andbox-like, but not necessarily with flat sides. More elongated than equant
but less elongated than prismatic and thicker than tabular. Oligoclase forms crystals that are
a good example of a blocky habit.

Equant

Any three perpendicular axis through theystal are more or less equal. Can be used to
describe rounded as well as angular crystals. Fluorite forms crystals that are a good example
of equant crystals.

Fibrous
Thinner than acicular crystals in either individual crystals or in a tight compaosabioth
like mass. Okenite forms crystals that are a good example of the fibrous habit.

Platy
Flattened and thin crystals (like plates) but wider than bladed and thinner than tabular.
Crystals of wulfenite generally show good examples of the plastanabit.

Phantomed

Phantomed crystals occur when a crystal stops growing and then for some reason continues
to grow. During the hiatus in growth, small microcrystals of other minerals or even the same
mineral may grow on the surface of the crystahd® the main crystal begins to grow again,

it grows out and around these small crystals trapping them as a layer inside. This layer has
the shape of the crystal at the time it stopped growing and often has a ghostly look to it,
hence the name phantom. Cale and quartz are two minerals that forms phantomed
crystals more often then others.

Prismatic

One of the most common of crystal habits. Prismatic crystals are "pikel] elongated
crystals that are thicker than needles (see acicular). Indicctiteatiety of elbaite) forms
good examples of prismatic crystals.

Pseudomorphs

A pseudomorph (which mean false shape in Latin) is a crystal that has replaced another
mineral's chemistry or structure with its own without changing the outward shape of the
original mineral. Transformations from one mineral to another are not unusual in nature,
but preserving the outward shape of the original mineral is! The end result is that the crystal
appears to be one mineral but is actually another. The quarerisgenabove was once
aegirine.

Sceptered

Sceptered crystals occur when a crystal stops growing and then for some reason continues
growth on the upper portion of the crystal but not the lower portion. The result on
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prismatic crystals is a shape that appears Bkgweled royal scepter of kings and queens.
Scepters are quite popular and rare! Smoky quartz, a variety of quartz, forms sceptered
crystals.

Stubby
Slightly more elongated than equabut not as elongated as prismatic and possibly more
rounded than blocky. Topaz forms crystals that are a good example of stubby crystals.

Tabular
Booklike (tablets) that are thicker than platy but not as elongated as bladed. Wulfenite
forms crystalshat are a good example of tabular crystals.

Aggregate Crystal Varieties:

Arborescent

Branching, tredike clusters similar to dendritic. Some of the best examples of the
arborescent crystal form are found in many specimens of native gold.

Botryoidal

Resembling grape bunches with interlocking rounded masses. Formed from acicular or
bladed crystals growing from a common site for each rounded mass. The tops of the crystals
are smooth and blend so that individual crystal edges are indiscernible exoceptfioken
edges. Botryoidal is similar to globular and mammillary; but more of an aggregation of
rounded masses. Sdiwtryoidal has more discernible crystals. Hematite and smithsonite
both form aggregates that are good examples of this form.

Dendritic

A branching growth of crystals usually on a surface or as an inclusion that formdilgant
patterns similar to "Jack Frost" on windows and similar to arborescent, but les$ikeeesal
ammoniac forms aggregates that are a good example of this form.

Druse

Outwardly oriented crystals usually lining the inside of a geode, but is also applied to other
outwardly oriented crystal coatings. Amethyst, a variety of quartz, forms aggregates that are
a good example of this form.

Encrusting

Thin crust of crystalline material over host rock. Sometimes forms from evaporation,
efflorescence or simple precipitation. Uranocircite forms aggregates that are a good
example of this form.
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Geode

A hollow stone embedded in a layer of rock mineralogically diffefeom the mineral
composing the outer shell of the geode (see vugs). Celestite is found in good examples of
this form.

Globular
Bubbly, rounded masses, similar to botryoidal or mammillary but less coherent. Gyrolite
forms aggregates that are a good example of this form.

Granular

Crystals of a small size, less than 1 cm across, that exhibit no really discernable crystal form.
Usually applied to many tiny crystals separated and disseminated throughout a host rock.
Franklinite forms crystals that are a good example of this habit.

Hopper Crystals

Crystals were their edges grew faster than their faces forming a "skeletal" like structure.
Minerals that form this type of habit usually grow quickly and crystals gratifically, see
bismuth, often show this form. Halite often forms crystals demonstrating this habit.

Lamellar
Layered masses like sheets of paper. Muscovite forms aggregates that are a good example
of this form.

Mammillary

Rounded, literally "breddike" masses, similar to botryoidal and globular but more
rounded, larger individual masses. Prehnite and kidwellite forms aggregates that are a good
example of this form.

Massive
Indiscernible masses of crystals usually too fine to see. Lazunites imassive examples.

Micaceous

Flaky to platy crystals compacted together in sparkling masses. Similar to lamellar but with
smaller crystals. Muscovite, the most common member of the Mica Group, forms
aggregates that are a good example of this form.

Nodular
A stone of concentric growth around a center usually composed of mostly one mineral.
Concretions fall under this term. If broken, may show concentric rings. Forms nearly
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spherical balls, flat round "suns" to oddly shaped concretions. Pyntasf@good examples
of this form.

Oolitic
Rounded pebble to sand sized nodules in a compact mass formed in sedimentary environs.
Hematite forms masses that are a good example of this form.

Pisolitic

Rounded marble to pebble sized nodules in a compact mass formed in certain sedimentary
environments. Nodules are larger than oolitic forms. Gibbsite forms masses that are a good
example of the this form.

Radiating
Distinct crystals arranged in an oriatibn outward from a common point. Atacamite forms
aggregates that are a good example of this form.

Rosette
Petallike crystals arranged in a flattened radial habit around a central point. Barite roses are
good examples of the rosette form.

Stalactitc

A concretionary growth sometimes around a hollow tube, producing long, slowly tappering,
rounded masses. Cros®ctions usually have circular rings like the rings of a tree. Usually
formed in caves or other voids in rocks from the precipitation of aemal from an
evaporating fluid. Rhodochrosite and malachite form aggregates that are attractive
examples of this form.

Subbotryoidal
Similar to botryoidal, but with more crystalline components in the interlocking rounded
masses. Adamite typicallyrfo aggregates that are a good example of this form.

Vugs

A void in a rock whose "shell" contains the same mineral as the host rock (see geode). A vug
can be thought of as a hole created by dissolving the host rock whereas a geode is formed
by precipitding a hollow nodule in the host rock. The cavity is sometimes filled with an
assortment of minerals, often different than the host rock however. A variety of Quartz
known as Herkimer Diamonds are found inside of limestone vugs.
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7. TwinnedMinerals Twins can add a fascinating side to otherwise boring minerals or can
add yet another dimension to an already complex mineral such as calcite. There are several
minerals that form classic twins such as chalcocite, fluorite, sanidine, microcline,
harmotome, staurolite, gypsum, cinnabar, spinel and rutile to name a few (more are listed

below). Some twins have been given colloguial names such as the "fairy cross", "iron cross
and "cog wheel" twins.

Twins form as a result of an error during crystation. Instead of a "normal” single crystal,
twins will often appear doubled where two crystals appear to be growing out of or into each
other, like Siamese twins. Some twins however are not even identifiable outwardly and
some minerals in fact have bedound to be just a twinned variety of another mineral.
Accidental relationships are not considered twins, such as when two distinct crystals grow
more or less randomly sidey-side or toward each other, etc. Also epitaxial overgrowths
are also not twins.These occur when one mineral of similar structure, but different
chemistry, grows onto and "continues" the earlier mineral's crystal. A twin's formation is
never random and follows certain defined rules called twin laws. Many types of twin laws
are given heir own unique names and some are well known, such as the Spinel Law or the
Albite Law.

The twin laws are crystallographic in nature and are caused by flaws in the crystal structure
that occur during growth or during changes in phases such as from hatéimgperature

phase to a low temperature phase. One example of how twins form is explained by looking

at how crystals grow. Most crystals grow by adding layers of atoms, one layer at a time (in a
simplistic model). If the first layer is called A and thextneyer which is in a different
position is called B and the next C followed by another A and so forth, then a structure will

be built like so: ABCABCABCABC .. . Many minerals form with such a stacking sequence. But,
if an error occurs during growth a imwcan be formed. If the next layer of atoms becomes
misplaced and assumes the wrong position, then the following sequence will form:

ABCABCABCACBACBACBA

Can you see the flaw? The C layer next to the middle A layer is wrong because there should
be a B dyer next. The rest of the sequence is then repeated as if nothing happened and the
crystal grows outward in both directions until finished growing. Directly through the middle

A layer, a mirror plane is produced and the right side of the crystal willrbgrar image of

the left side just as a left hand is the mirror image of the right hand. The mirror is easier to
see if the A is replaced by a vertical line | which represents a mirror plane as in:

ABCABCABC | CBACBACBA
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Not all twins are formed this &y, but it gives a goodiéa of how a twin is possibl&wins

are recognized by penetration angles or notches in the crystal, mirror planes that do not
normally occur on a specific mineral and crystallographic techniques not normally available
to the averaye collector. Twinning often has a dramatic effect on the outward symmetry of
the mineral either by raising or lowering the symmetry. Twinning can make an orthorhombic
mineral appear hexagonal or make a trigonal mineral appear monoclinic.

There are two gneral types of twin styles; contact and penetration. Contact twins have a
composition plane (the twin plane) that forms at the boundary between the two twins. The
composition plane is a mirror plane where the two twins can look like reflected images of
each other (like a Siamese twin). The angle between the twins is critical and in some cases
diagnostic. If the angle is 180 degrees then the crystals grow away from each other in
opposite directions. If the angle is less than 180 degrees then the twinawidl & noticeable

bend. These twins form dowvil, fishtail and chevron shaped twins.

Many twins form penetration twins which look like two crystals that grew into and out of
each other. These twins have portions of their respective twins protrudingfoetich other

on different sides. At times it may look as if half the crystal was twisted in the wrong
direction or that whoever made the crystal didn't know how it was supposed to fit together.
The effect is really interesting on well formed twins. Thagi@s can form crosses;B star
shapes and complex structures.

ContactTwins Penetration Twins

In some minerals, these two types can be repeated again and again; two, three or nearly an
infinite number of times. There are two types of repeat twinning; cyclic and lamellar.
Lamellar, which is also called polysynthetic twinning, forms from contactstwepeating
continuously one twin after another, even on the microscopic level. Eventually a crystal
composed of stacked twin layers is the result. The Feldspar Group minerals are the masters
of this type of twinning which for the feldspars is know as Atlite Law.

If a composition twin has an angle of 30, 45, 60 or 90 degrees and it repeats 3, 4, 6 or so
times . . . then it could form a complete circle or cyclic twin. Some classic twins form cyclic
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twins called "trillings"; where the mineral is compasef three twin components. Other
cyclic twins can have 4, 6 or even 8 components, but trillings are the most common.

Among the Elements:
Diamond (Spinel Law and penetration twins)

Among the Sulfides:
Arsenopyrite (crosshaped twins)
Bournonite ("Cog Wheel" twins)
Chalcocite (pseudohexagonal cyclic twins)
Chalcopyrite (penetration twins)
Cinnabar (pentration twins)
Dyscrasite (pentration twins)
Enargite (star shaped cyclic twins)
Galena (Spinel Law twins)
Loellingite (penetration twins)
Marcasite (polysynthetic twining and "Cockscomb” twins)
Pyrite ("lron Cross" twins)
Sphalerite (complex; involving penetration and contact twinning)
Stibnite (bent angles on elongated crystals)
Tetrahedrite (penetration twins)
Waurtzite (fourling twing

Among the Halides:
Boleite (pseudeubic twins)
Fluorite (classic penetration twins)
Among the Oxides:
Cassiterite (classic trillings)
Chrysoberyl (hexagonal trillings)
Rutile (classic eightlings and sixlings, "sagenite" lattice twinning anawéliwins)
The Spinel Group minerals (Spinel Law twins)

Among the Carbonates:
Aragonite (pseudohexagonal trillings)
Calcite (four different contact twins)
Cerussite (pseudohexagonal trillingsd chevron twins; the very best reticulated
twin structures)
Leadhillite (pseudohexagonal trillings and Artini Law twins)
Witherite (pseudohexagonal pyramidal trillings)

Among the Sulfates:
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Gypsum (fishtail and dov&il twins)
Spangolite ("hatchéttwins)

Among the Phosphates:
Amblygonite (flattened elongated twins)
Herderite (fishtail twins)
Monazite (penetration twins)

Among the Silicates:
Chabazite (simple and complex penetration twins)
Epididymite (six sided tabular trillings and fitshl twins)
Eudidymite (tabular star shaped twins)

All of The Feldspar Group of Minerals especially:
Albite (Manebach, Carlsbad, Baveno and of course Albite Law lamellar twins)
Andesine (Manebach, Carlsbad and Albite Law lamellar twins)
Labradorite Albite Law lamellar twins)
Microcline (Manebach, Carlsbad and Albite Law lamellar twins)
Oligoclase (Manebach, Carlsbad and Albite Law lamellar twins)
Orthoclase (Manebach, Carlsbad and Albite Law lamellar twins)
Sanidine (Manebach, Carlsbad and Alliéev lamellar twins)
Harmotome (Stempel, Perier and Marburg Law twins forming complex -tikass
penetration twins)
Muscovite ("star" twins)
Neptunite (penetration twins)
Phenakite (penetration twins)
Phillipsite (Harmotomeike twins)
Quartz (Japahaw, Dauphine Law, Brazil Law and others)
Sphene/Titanite (contact twins)
Staurolite (crosshaped twins gave it its name)
Tridymite (six rayed trillings)

8. Clevage:When a mineral breaks it does so either by fracturing or by cleaving. Crystal
cleava@ is a smooth break producing what appears to be a flat crystal face. Here are a few
rules about cleavage. First cleavage is reproducible, meaning that a crystal can be broken
along the same parallel plane over and over again. All cleavage must paraibsisdle
crystal face. This means that the crystal could have a crystal face parallel to its cleavage, but
these faces are not always formed. All cleavage planes of a mineral must match that
mineral's symmetry. And finally, the same mineral will alwaysyagt have the same
cleavage.
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Cleavage in two direction's;. Example: CALCITE

The tendency for minerals to cleave or not and in which directions is very characteristic and
therefore important to the identification of minerals. Cleavage is described in terms of how
easy the cleavage is produced. Fronsieat to hardest to produce the terms are: perfect,
imperfect, good, distinct, indistinct, and poor. Cleavage is said to be basal when it occurs
perpendicular to the major axis of the mineral and prismatic when it occurs parallel to the
major axis. Multig¢ cleavages that produce geometric polygons are referred to using the
name of the geometric polygon, such as octahedral cleavage in the mineral fluorite, cubic
cleavage in the mineral halite or rhombohedral cleavage in calcite (pictured). Cleavage
occurs n minerals that have specific planes of weakness. These planes or directions are
inherent in the struatire of the mineral and forna variety of factors.
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Cleavage, being related to structure, is important at times in the correct identification of a
mineral's symmetry. Remember, cleavage must obey the symmetry of the mineral and must
be parallel to a possible crystal face. A mineral of the isometric symypro&ss can either
have no cleavage or at least three directions of identical cleavage that form a closed three
dimensional polygon. A mineral of a uniaxial class (trigonal, tetragonal or hexagonal) will
potentially have a cleavage perpendicular to the daamt axis and/or prismatic cleavage of
either 3, 4 or 6 directions respectively, running parallel to the axis. Other cleavage directions
are possible, but will always be controlled by the symmetry of the crystal. A biaxial mineral,
those belonging to ortbrhombic, monoclinic or triclinic classes, can not have more than
two identical cleavage directions.

The angle between cleavages is also important to note and may be diagnostic. The pyroxene
and amphibole groups of minerals are distinguished primanlycleavage angle with the
pyroxenes having a more acute angle. The angle may also help identify the type of cleavage.
Three identical directions of cleavage in one mineral can only be either cubic cleavage,
rhombic cleavage or prismatic (forming six sidaisms). If the angle between cleavage
faces is 90 degrees, then the cleavage is cubic. If the angle is 60 degrees, then the cleavage
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Is prismatic. Also, if the angle is something else and there are three identical cleavages, then
the cleavage is rhombic.

The phyllosilicates are a group of minerals whose structure is based upon stacked layers. A
natural cleavage plane is produced between these layers. Other minerals may have cleavage
planes that are more related to bond strength. Weak bonds that allirli@ plane will
produce a cleavage direction.

To identify cleavage in a mineral remember that it is always parallel to a possible crystal
face, it is reproducible over and over again and that it may be seen as internal reflection

planes. Cleavage can be observed without the specimen being cleavibeé alhy through

as pictured above. Minerals with perfect cleavage will sometimes have a stairstep look
around a broken section. Twinning may break a minerals cleavage at the twin plane and this
should be kept in mind. Knowledge of a mineral's cleavagebeamportant in determining

if a given specimen has been broken or not (a key characteristic in a mineral specimen's
value). The related property of parting is thought by many to just be an example of poor

cleavage. Many minerals lack any cleavage atrallvall only show fractures.

9. Fracture:Fracture is a description of the way a mineral tends to break. It is different from
cleavage angbarting which are generally clean flat breaks along specific directions. Fracture
occurs in all minerals even onestlwcleavage, although a lot of cleavage directions can
diminish the appearance of fracture surfaces. Different minerals will break in different ways
and leave a surface that can be described in a recognizable way. Is the broken area smooth?
Irregular? Jaged? Splintery? These are some of the ways of describing fracture.

Although many minerals break in similar ways, some have a unique fracture and this can be
diagnostic.

The most common fracture type is conchoidal. This is a smoothly curved fractairésth
familiar to people who have examined broken glass. Sometimes described as-ahadlhm
fracture. Quartz has this fracture type and almost all specimens that have been broken,
demonstrate this fracture type very well.

Another common type is subcongaidal. Similar to conchoidal, just not as curved, but still
smooth. Andalusite can show this type.

Uneven is a type that is basically self explanatory. It is a common type that is found in
anhydrite.
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Unlike uneven, jagged has sharp points or edges ¢htch on a finger that's rubbed across
the surface. Usually this indicates a metal suclt@sper,a metal alloy or some sulfides or
oxides.

Splintery is a fracture type that occurs in fibrous or finely acicular minerals and in minerals
that have a rehtively stronger structure in one direction than the other two. Chrysotile
serpentine is a typical mineral with splintery fracture and kyanite is an example of-a non
fibrous mineral that has this fracture.

Earthy is a fracture that produces a texturemgar to broken children's clay. It is found in
minerals that are generally massive and loosely consolidated such as limonite.

10. Hardness:In terms of reliability, hardness is one of the better physical properties for
minerals. Specimens of the sameineral may vary slightly from one to another, but
generally they are quite consistent. Inconsistencies occur when the specimen is impure,
poorly crystallized, or actually an aggregate and not an individual crystal.

Hardness is one measure of the strengththe structure of the mineral relative to the
strength of its chemical bonds. It is not the same as brittleness, which is another measure of
strength, that is purely related to the structure of the mineral. Minerals with small atoms,
packed tightly togther with strong covalent bonds throughout tend to be the hardest
minerals. The softest minerals have metallic bonds or even weaker van der Waals bonds as
important components of their structure. Hardness is generally consistent because the
chemistry of mnerals is generally consistent.

Hardness can be tested through scratching. A scratch on a mineral is actually a groove
produced by microfracturesn the surface of the mineral. It requires either the breaking of
bonds or the displacement of atoms (as in the metallic bonded minerals). A mineral can only
be scratched by a harder substance. A hard mineral can scratch a softer mineral, but a soft
mineral can not scratch a harder mineral (no matter how hard you try). Therefore, a relative
scale can be established to account for the differences in hardness simply by seeing which
mineral scratches another. That is exactly what French mineralogist Frietifalis
proposed almost one hundred and seventy years ago. The Mohs Hardness Scale starting
with talc at 1 and ending with diamond at 10, is universally used around the world as a way
of distinguishing minerals. Simply put; the higher the number, the hatttemineral.

Below is the Mohs Hardness Scale:

In order to use this scale, itis necessary to have on hand some of the minerals in the scale. If
you wish to test an unknown mineral for hardness you might want to start with an ordinary
specimen of apatite to see if the unknown mineral can scratch thdfunknown mineral
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scratches the apatite, then you can conclude that it has a hardness of 5 or more. If the
apatite can scratch the unknown mineral, then the unknown mineral has a hardness of 5 or
less. If they can scratch each other, then the unknownemal has a hardness of 5. You will
need to perform other tests to narrow down the hardness. If it is softer than apatite, try
calcite, etc., etc until you have narrowed down the approximate hardness. Remember, this
is a relative scale and a mineral thaincscratch a mineral that has a hardness of 4.5 may be
given a hardness of 5, but it still might be softer than apatite.

One word of caution for inexperienced collectors: do not SCRATCH NICE CRYSTAL FACES! A
fractured, cleaved or inconspicuous part okthineral should still give a good hardness test
and not damage a potentially wonderful specimen.

What if you do not have the minerals listed in the Mohs Hardness Scale? Well, a collector
might keep a few items of known hardness in a "hardness kit";jijusase they are needed.

Below is a revised Mohs Hardness Scale with some everyday items listed:
Talc
Gypsum
--fingernail at 2.5
Calcite
--copper (old penny) at 3.5
Fluorite
Apatite
--window glass or typical knife blade at under 5.5
Orthoclese
--streak plate or good steel file at over 6.5
Quartz
Topaz
Corundum
Diamond

Again, the MohsHardness Scale is only relative. Meaning that fluorite at 4 is not twice as
hard as gypsum at 2; nor is the difference between calcite and fluorite similar to the
difference between corundum and diamond. An absolute hardness scale looks a little
different than the relative scale. Using sensitive equipment, a comparison of the absolute
hardness of minerals can be measured. It turns out that most minerals are close in hardness.
But as hardness increases, the difference in hardness greatly increases am g&esdale
below.
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Below is an absolute hardness scale:
1 Talc
3 Gypsum
9 Calcite
21 Fluorite
48 Apatite
72 Orthoclase
100 Quartz
200 Topaz
400 Corundum
1600 Diamond

The simpler, relative Mohs hardness scale iclmeasier to remember andse. It is easy to

see why diamond gets so much respect as the hardest natural substance known to man. The
next hardest mineral, corundum, is four times softer! There are many substances that are
currently being created and studied to beat diamond in has®eBut diamonds' all carbon,
extremely dense, structurally sound and tightly bonded structure is hard to beat. At present
only diamonds created with isotopes of carbon have exceeded the mark of 10 on the
hardness scale.

Hardness is particularly importafior gemstones. Very few soft minerals are cut as gems
and when they are, they generally are cut only for collectors and not for wearable jewelry.
Apatite is one of the softest of gemstones. Mostly gemstones have a hardness of 7 or more.
Hardness also ple a major apart in the minerals that are used for grinding, polishing and
other abrasive purposes. Soft minerals can be used as high temperature lubricants, pencil
lead, talcum powder, paper gloss, etc.

Here are a few hints on how to use hardness taidg minerals:

Keep in mind that most minerals have small differences in hardness according to the
direction of the scratch and the orientation of the scratch and that some minerals such as
kyanite and diamond, have a marked difference in hardnei$is respect to these factorsA
massive specimen will probably be softer than a single crystal and ideally hardness should
only be used on individual crystals.

Some minerals will have a range of hardness due mostly to impurities or substitution of
certain iors.

Don't be fooled by a dust trail on a mineral after being "scratched” by a softer mineral. It
may look as if the softer mineral scratched the harder mineral but in actuality the softer
mineral just left a dust trail across the resistant surface of taedar mineral (always blow

air over the scratch or rub across the scratch to be sure it's a scratch).
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