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Understanding the Cleavage of Minerals: A Comprehensive Guide

cleavage of minerals refers to the characteristic way a mineral breaks along planes of weakness within its
crystal structure. This fundamental property is crucial for mineral identification, as it is directly related to
the internal atomic arrangement and the strength of chemical bonds. Unlike fracture, which is irregular and
conchoidal, cleavage is predictable and repeatable, yielding smooth, flat surfaces. This article will delve deep
into the fascinating world of mineral cleavage, exploring its origins, types, nomenclature, and practical
applications in geology and gemology. We will examine how factors like bond strength and crystal symmetry
dictate cleavage patterns and discuss common examples to illustrate these principles.
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What is Mineral Cleavage?

Mineral cleavage is a physical property that describes the tendency of a crystalline mineral to split or break
along specific planes. These planes are not random; they correspond to areas within the mineral's atomic
lattice where the bonds between atoms are weaker. When a mineral with distinct cleavage is subjected to
stress, such as a sharp tap, it will preferentially break along these weaker planes, resulting in smooth, flat
surfaces. This property is a vital diagnostic tool for geologists and mineralogists when identifying unknown
mineral samples. Understanding cleavage helps differentiate between minerals that might otherwise appear similar
in color or luster.

The predictability and regularity of cleavage surfaces are what set it apart from fracture, which results in
irregular, curved, or splintery breaks. The angles at which these cleavage planes intersect are also
characteristic and depend on the crystal system and the orientation of the planes within that system.
Observing these angles, along with the number of cleavage directions, provides further clues for identification.



The Atomic Basis of Cleavage

The fundamental reason behind mineral cleavage lies in the arrangement of atoms and the nature of the chemical
bonds holding them together. In a crystalline solid, atoms are arranged in a highly ordered, repeating three-
dimensional structure called a crystal lattice. The strength of the bonds between these atoms varies depending
on the specific elements involved and their arrangement.

When certain planes within this lattice have significantly weaker bonds compared to other planes, the mineral
will naturally fracture along these weaker zones when subjected to sufficient force. These planes of weakness
are directly dictated by the mineral's chemical composition and its crystallographic symmetry. Minerals with
ionic or covalent bonds that are relatively uniform in strength throughout the structure tend to exhibit more
irregular fracture. In contrast, minerals with directional bonding or layers of weaker bonds readily display
well-defined cleavage planes.

Types of Mineral Cleavage

The quality or perfection of cleavage can vary significantly among minerals. This variation is described using a
set of terms that indicate how easily and perfectly the mineral breaks along its cleavage planes.

Perfect Cleavage

Minerals exhibiting perfect cleavage break with extreme ease and produce very smooth, lustrous, flat surfaces.
These surfaces are so well-defined that they can sometimes be mistaken for the mineral's natural crystal faces.
Examples include mica, which can be easily split into paper-thin sheets, and halite, which forms cubic fragments.

Good Cleavage

Minerals with good cleavage also break along definite planes, producing relatively smooth surfaces, though
they may not be as perfectly flat or as easily achievable as with perfect cleavage. The surfaces are still
lustrous and indicative of the mineral's internal structure. Feldspars, with their two good cleavage
directions, are a prime example.

Poor Cleavage

Minerals with poor cleavage can be split along planes, but the resulting surfaces are often rough, irregular,
and lack luster. The cleavage is still discernible, but it is not as prominent or easily observed as in minerals
with higher quality cleavage. Some amphiboles exhibit poor cleavage.

Distinct Cleavage

Distinct cleavage describes minerals that break along planes, producing surfaces that are observable and
measurable, but not necessarily perfectly smooth or lustrous. The breaking is evident and consistent. Calcite,
with its characteristic rhombic cleavage, falls into this category.



Indistinct Cleavage

Indistinct cleavage is the least well-developed form. The planes of weakness are present, but they are difficult
to observe, and the mineral may break more readily by fracture. The resulting surfaces are typically rough and
irregular. Some silicates exhibit indistinct cleavage.

Cleavage Directions and Angles

The number of distinct directions along which a mineral can cleave, and the angles between these planes, are
critical identification characteristics. These directions are directly related to the symmetry of the mineral's
crystal system.

One Direction Cleavage

Minerals that cleave in only one direction produce flat surfaces that are parallel to each other. These are
often found in minerals with layered structures where the bonds between layers are much weaker than the bonds
within the layers. The mica group, such as muscovite and biotite, is a classic example, cleaving into thin,
flexible sheets.

Two Direction Cleavage

Minerals with two cleavage directions produce fragments with two sets of parallel planes. The angle between
these two sets of planes is often a diagnostic feature. For example, feldspars exhibit two good cleavage
directions that intersect at angles close to 90 degrees, leading to rectangular or blocky fragments.
Amphiboles, on the other hand, have two cleavage directions that intersect at angles of approximately 56 and
124 degrees, producing prismatic fragments.

Three Direction Cleavage

Minerals with three cleavage directions will break into fragments with three sets of parallel planes. The
nature of these planes can be further classified by the angles at which they intersect, which relate to the
crystal system. Cubic or prismatic habits are common here.

Cubic Cleavage: If the three cleavage planes are mutually perpendicular (intersect at 90 degrees), the
mineral will cleave into cubic fragments. Halite (rock salt) is a prime example, readily breaking into cubes.

Rhombic Cleavage: If the three cleavage planes intersect at angles other than 90 degrees, the resulting
fragments will be rhombic in shape. Calcite exhibits perfect rhombohedral cleavage, where the faces are
rhombuses, and the angles between the cleavage planes are approximately 75 and 105 degrees.

Four Direction Cleavage

Minerals with four cleavage directions are less common. These typically occur in specific crystal structures



where four planes of weakness are present. Fluorite, for instance, exhibits octahedral cleavage, meaning it can
be broken along four directions to form roughly octahedral (eight-sided) fragments.

Six Direction Cleavage

Minerals with six cleavage directions are rare. These can result in complex fragmentation patterns, often
yielding fragments with dodecahedral or other polyhedral shapes. The precise angles and number of observable
planes can be challenging to determine but are highly characteristic of the mineral.

Common Minerals and Their Cleavage

Examining common minerals provides excellent examples of the principles of cleavage. Each mineral's cleavage
pattern is a direct consequence of its unique atomic structure.

Mica Group (Muscovite, Biotite)

Micas are renowned for their perfect basal cleavage. This means they have only one dominant cleavage
direction, parallel to the basal plane (the plane perpendicular to the c-axis) of their crystal structure. This
weak bonding between layers allows them to be easily peeled or split into thin, flexible sheets. The surfaces are
smooth, lustrous, and often exhibit a pearly sheen.

Feldspar Group (Orthoclase, Plagioclase)

Feldspars are the most abundant mineral group in Earth's crust, and their cleavage is a key identification
feature. They exhibit two good cleavage directions that are nearly perpendicular to each other, intersecting
at angles close to 90 degrees. This results in cleavage fragments that are typically blocky or rectangular.
Plagioclase feldspars often show fine striations on their cleavage surfaces due to lamellar twinning, further
aiding in their identification.

Calcite

Calcite, a carbonate mineral, is famous for its perfect rhombohedral cleavage. It possesses three distinct
cleavage directions that intersect at angles of about 75 and 105 degrees. When a calcite crystal is broken, it
yields fragments called rhombohedrons, which are six-sided solids with parallelogram faces. This distinctive
cleavage allows calcite to be easily identified, even in massive or granular forms.

Halite

Halite, commonly known as rock salt, is an ionic compound that crystallizes in the cubic system. It exhibits
perfect cubic cleavage, meaning it has three mutually perpendicular cleavage planes. When broken, halite readily
forms perfect cubes. The smooth, glassy surfaces of these cubic fragments are easily recognizable.



Quartz

Quartz, a common silicate mineral, is an important example of a mineral that exhibits fracture rather than
cleavage. Its chemical bonds are strong and relatively uniform in all directions within its hexagonal crystal
structure. Therefore, when quartz is broken, it does not split along specific planes but instead fractures in an
irregular manner, often displaying conchoidal fracture (shell-like curves). This absence of cleavage is a key
characteristic of quartz.

Factors Influencing Cleavage

Several factors contribute to the development and quality of cleavage in minerals. The primary determinant is
the mineral's chemical composition, which dictates the types of bonds present (ionic, covalent, metallic, van der
Waals) and their relative strengths. Minerals with layered structures, like micas, where strong covalent
bonds exist within layers but weak van der Waals forces hold the layers together, will exhibit pronounced
basal cleavage.

The crystal structure's symmetry also plays a crucial role. Higher symmetry systems, such as cubic, often
have more uniform bond strengths in multiple directions, leading to multiple cleavage planes. Conversely, lower
symmetry systems might have specific directional weaknesses. Temperature and pressure during mineral formation
can also subtly influence bond strengths and, consequently, cleavage characteristics, although these effects
are generally less significant than the inherent structural and compositional factors.

Distinguishing Cleavage from Fracture

It is essential to differentiate cleavage from fracture, as they are distinct breakage properties. Cleavage
occurs along planes of structural weakness, yielding smooth, planar surfaces. Fracture, on the other hand,
describes the way a mineral breaks when it does not have cleavage planes, or when the applied force exceeds the
strength of even the strongest bonds.

The types of fracture include:

Conchoidal Fracture: Smooth, curved surfaces resembling the interior of a seashell. Common in glass and
minerals like quartz and obsidian.

Fibrous or Splintery Fracture: Breaking into long, thin fibers or splinters. Seen in minerals like asbestos.

Hackly Fracture: Jagged, sharp edges, often found in metals.

Uneven or Irregular Fracture: Rough, irregular surfaces with no particular pattern. This is the most
common type of fracture.

Observing the nature of the broken surface is key: if it is flat and reflects light uniformly, it's likely cleavage.
If it's rough, curved, or jagged, it's fracture.

Practical Applications of Mineral Cleavage

The property of cleavage has numerous practical applications across various fields. In mineral identification,



it is one of the most reliable diagnostic characteristics. Geologists use cleavage patterns to help identify
unknown rock samples in the field and in the laboratory, often in conjunction with other properties like
hardness, color, and luster.

In the gemology industry, cleavage plays a vital role in the cutting and polishing of gemstones. Understanding
the cleavage of a gem mineral allows lapidaries to cut stones in a way that avoids breakage and maximizes
brilliance. For example, diamonds, which have perfect octahedral cleavage, must be cut with great care to
prevent them from splitting along these planes during the faceting process. Conversely, cleavable minerals can
be intentionally split to produce specific shapes or sizes.

Furthermore, the presence and orientation of cleavage planes can influence the mechanical properties of rocks,
impacting civil engineering projects such as tunnel construction and dam building. Rocks with prominent cleavage
may be weaker and more prone to structural failure along those planes.

The mining industry also considers cleavage. For instance, the ease with which certain minerals can be cleaved
can affect the efficiency of extraction and processing methods. Minerals that readily cleave into manageable
pieces might be easier to mine and crush.

Conclusion: The Significance of Cleavage in Mineralogy

In summary, the cleavage of minerals is a direct manifestation of their internal atomic structure and the
varying strengths of chemical bonds. This predictable breakage property, characterized by its distinct planes,
quality, directions, and angles, serves as an indispensable tool in mineralogy. From the perfect sheets of mica to
the cubic fragments of halite and the rhombic forms of calcite, each cleavage pattern tells a story about the
mineral's atomic arrangement. Recognizing and understanding cleavage, and distinguishing it from fracture, is
fundamental for accurate mineral identification, gemstone cutting, and appreciating the physical behavior of
geological materials. The study of mineral cleavage continues to be a cornerstone of mineralogical science.

Q: What is the difference between cleavage and parting in minerals?
A: While both cleavage and parting refer to planes of breakage in minerals, parting is a more specific phenomenon.
Parting occurs along planes of weakness that are not inherent to the mineral's fundamental crystal structure
but are instead related to twinning or exsolution lamellae. Cleavage, conversely, is a result of the basic
atomic bonding within the mineral lattice. Parting is often less consistent and may only be present under specific
conditions or in certain directions, whereas cleavage is a more pervasive characteristic of the mineral species.

Q: Can cleavage angles change for the same mineral?
A: Generally, the characteristic cleavage angles for a specific mineral are very consistent and are determined by
its crystallographic system and the orientation of weak bonds. However, in rare instances, slight variations
might be observed due to impurities or complex solid solutions within the mineral. These variations are
typically minor and do not fundamentally alter the mineral's diagnostic cleavage pattern.

Q: How is cleavage determined in a laboratory setting?
A: Cleavage is typically observed visually. Geologists examine a mineral sample, often using a hand lens or
microscope, to look for flat, parallel surfaces where the mineral has broken. The number of these directions and
the angles between them are then recorded. In more advanced studies, techniques like X-ray diffraction can
confirm the crystallographic orientation of these planes, providing definitive evidence of cleavage.



Q: Why do some minerals, like diamond, have multiple perfect cleavage
planes?
A: Minerals like diamond have a highly symmetrical crystal structure (cubic for diamond) with relatively
uniform bond strengths that happen to be weaker along specific crystallographic planes. Diamond has four
perfect octahedral cleavage planes. This means it can be broken along these planes to form shapes that
approximate octahedrons. This property is crucial for diamond cutters, as it dictates how the rough stone
can be cleaved to produce valuable gemstones.

Q: Is it possible for a mineral to have both cleavage and fracture?
A: Yes, it is very common for a mineral to exhibit both cleavage and fracture. Cleavage describes the tendency
to break along specific planes of weakness. However, if a mineral is struck with enough force, or if the force is
applied in a direction that does not align with a cleavage plane, it will fracture. Many minerals will show
perfect or good cleavage in one or more directions, but if the sample is broken irregularly, fracture surfaces
will also be present.

Q: How does the Mohs hardness scale relate to mineral cleavage?
A: The Mohs hardness scale measures a mineral's resistance to scratching, which is related to the strength of
the bonds in all directions. Cleavage, on the other hand, refers to planes of weakness where bonds are weaker in
specific directions. Therefore, a mineral can be hard (high Mohs number) but still have perfect cleavage if its
atomic structure has well-defined planes of weaker bonds. For example, diamond is extremely hard but has
perfect octahedral cleavage. Conversely, a soft mineral might have indistinct cleavage or fracture.
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