
Isomorphism 

Isomorphism is a phenomenon in mineralogy where two or more minerals have the same crystal 

structure but different chemical compositions. This means that the atoms in the minerals are arranged 

in the same way, but the types of atoms are different. Isomorphism is a common occurrence in minerals, 

and it can lead to a variety of interesting properties. 

 

Types of Isomorphism 

There are two main types of isomorphism: 

 Solid solution isomorphism: This occurs when two or more minerals can form a continuous solid 

solution. This means that the two minerals can mix together in any proportion, and the resulting 

crystal will have a composition that is intermediate between the two endmembers. For example, the 

minerals olivine and forsterite can form a solid solution, and the resulting crystal can have any 

composition between pure olivine and pure forsterite. 

 Limited isomorphism: This occurs when two or more minerals can only form a limited solid 

solution. This means that the two minerals can only mix together in certain proportions, and 

the resulting crystal will have a composition that is close to one of the endmembers. For 

example, the minerals albite and anorthite can only form a limited solid solution, and the 

resulting crystal will have a composition that is close to either pure albite or pure anorthite. 

 

Examples of Isomorphism 

There are many examples of isomorphism in minerals. Some of the most common examples include: 

 Olivine and forsterite: These two minerals are both members of the olivine group, and they 

have the same crystal structure. However, olivine has the chemical formula (Mg,Fe)2SiO4, 

while forsterite has the chemical formula Mg2SiO4. This means that olivine can contain both 

magnesium and iron, while forsterite can only contain magnesium. 

 Albite and anorthite: These two minerals are both members of the plagioclase feldspar group, 

and they have the same crystal structure. However, albite has the chemical formula 

NaAlSi3O8, while anorthite has the chemical formula CaAl2Si2O8. This means that albite 

contains sodium and aluminum, while anorthite contains calcium and aluminum. 

 Garnet: Garnet is a group of minerals that have the same crystal structure but different 

chemical compositions. The most common garnets are almandine, pyrope, spessartine, 

grossular, and andradite. These garnets can all form solid solutions with each other, and the 

resulting crystals can have a wide range of compositions. 

Properties of Isomorphous Minerals 



Isomorphous minerals often have similar physical properties. For example, they may have the same 

crystal shape, cleavage, fracture, hardness, luster, streak, and diaphaneity. However, they may have 

different colors, specific gravities, fluorescence, and magnetism. 

Importance of Isomorphism 

Isomorphism is an important concept in mineralogy because it can help to explain the properties of 

minerals. For example, it can explain why some minerals have a wide range of compositions, while 

others have a more limited range of compositions. It can also explain why some minerals have similar 

physical properties, while others have different physical properties. 

Polymorphism 

 

 

Polymorphism in geology is the phenomenon of a single chemical compound existing in multiple 

crystalline forms. Each crystalline form, also known as a polymorph, has a different arrangement of 

atoms in its crystal lattice. This different arrangement of atoms can give each polymorph different 

physical properties, such as hardness, density, and melting point. 

 

 

Polymorphism is a very common phenomenon in geology. Many common minerals, such as quartz, 

calcite, and feldspar, have multiple polymorphs. The occurrence of a particular polymorph of a 

mineral is determined by the conditions of temperature and pressure present at the time of 

crystallization. 

For example, quartz has six known polymorphs, each of which is stable at a different temperature and 

pressure range. The most common polymorph of quartz is α-quartz, which is stableat surface 

conditions. However, at high temperatures and pressures, quartz can transform into other polymorphs, 

such as coesite and stishovite. These high-pressure polymorphs of quartz are found in meteorite 

craters and in the Earth's upper mantle. 

 



 

Polymorphism can also be used to explain the formation of some pseudomorphs. A pseudomorph is a 

mineral that has replaced another mineral, but has retained the original mineral's external shape. For 

example, hematite pseudomorphs after pyrite are common in sedimentary rocks. In this case, the pyrite 

has been replaced by hematite, but the original cubic crystal shape of the pyrite has been preserved. 

 

 

 

Polymorphism is an important concept in geology because it can help us to understand the formation 

and transformation of minerals and rocks. It can also be used to identify minerals and to reconstruct 

the geological history of a particular area. 

Here are some other examples of polymorphism in geology: 

 Calcite has two polymorphs: calcite and aragonite. Calcite is stable at surface conditions, while 

aragonite is stable at high pressures. 

 Feldspar has six polymorphs: albite, anorthite, orthoclase, microcline, plagioclase , and sanidine. Each 

polymorph has a different composition and crystal structure. 

 Carbon has two polymorphs: diamond and graphite. Diamond is the hardest known natural 

substance, while graphite is a soft, flaky material. 

 Ice has nine known polymorphs, each of which has a different crystal structure. 

Polymorphism is a fascinating phenomenon that can be found all around us, from the rocks and 

minerals beneath our feet to the ice crystals that form in snowflakes. 

 



 

Solid solution 

A solid solution is a homogeneous mixture of two or more solid substances. In geology, solid 

solutions are commonly found in minerals. For example, the mineral olivine can form a solid solution 

between its two end members, forsterite (Mg2SiO4) and fayalite (Fe2SiO4). This means that olivine 

crystals can have any composition between these two end members. 

Another example of a solid solution is the feldspar group of minerals. The feldspar group includes 

three end members: albite (NaAlSi3O8), orthoclase (KAlSi3O8), and anorthite (CaAl2Si2O8). 

Feldspar crystals can have any composition between these three end members. 

Solid solutions form when the atoms of the two or more substances are similar in size and charge. 

This allows them to substitute for each other in the crystal structure. The composition of a solid 

solution is controlled by the temperature and pressure at which it forms. 

 

Solid solutions can be continuous or discontinuous. 

In a continuous solid solution, the end members can mix in any proportion. An example of a 

continuous solid solution is the olivine series, which ranges from forsterite (Mg2SiO4) to fayalite 

(Fe2SiO4). 

 

In a discontinuous solid solution, there are two or more distinct end members that have limited 

miscibility. An example of a discontinuous solid solution is the feldspar group, which includes albite 

(NaAlSi3O8) and orthoclase (KAlSi3O8). These two minerals can form a solid solution at high 

temperatures, but as the temperature decreases, they exsolve (unmix) to form two separate minerals. 

 

 



 

Exsolution 

Exsolution is the process by which a solid solution unmixes into two or more separate phases. This 

process occurs when the solid solution is cooled below the temperature at which it was formed. As the 

solid solution cools, the atoms of the different substances become less miscible and begin to separate 

into different phases. 

Exsolution is a common process in many minerals, including pyroxene, amphibole, and feldspar. For 

example, the pyroxene mineral augite can exsolve into two separate phases, clinopyroxene and 

orthopyroxene. This process occurs when the augite is cooled below the temperature at which it was 

formed. 

 

 

Exsolution textures can be seen in thin section under a microscope. They appear as fine lamellae or 

rods of one mineral within another mineral. Exsolution textures can be used to identify minerals and 

to learn more about the conditions under which they formed. 

Importance of solid solution and exsolution in geology 

Solid solution and exsolution are important geological processes that affect the formation and 

composition of minerals. They also play a role in the formation of rocks and the metamorphism of 

rocks. 

Solid solutions can affect the physical properties of minerals. For example, the hardness of olivine 

increases as the amount of iron in the solid solution increases. 

Exsolution textures can be used to determine the cooling history of rocks. For example, the width of 

exsolution lamellae in pyroxene can be used to determine the rate at which a rock cooled. 

Solid solution and exsolution are also important processes in the formation of ore deposits. For 

example, the exsolution of chalcopyrite (CuFeS2) from pyrrhotite (FeS) is a common process in the 

formation of copper ore deposits. 

By understanding the processes of solid solution and exsolution, geologists can learn more about the 

formation and composition of minerals, rocks, and ore deposits. 

 

Minerals are classified into eight groups based on their chemical composition: 

1. Native elements: These minerals are made up of a single element, such as gold, silver, and 

copper. 



 

 

1. Sulfides: These minerals contain sulfur and one or more other elements, such as iron, lead, and 

zinc. 

 

 

2. Sulfosalts: These minerals are similar to sulfides, but they also contain other elements, such as 

arsenic and antimony. 

 

 

3. Oxides and hydroxides: These minerals contain oxygen and one or more other elements, such 

as iron, aluminum, and silicon. 



 

 

1. 5. Halides: These minerals contain a halide ion, such as chloride, fluoride, or bromide, and 

one or more other elements. 

 

 

2. Carbonates: These minerals contain the carbonate ion (CO32-) and one or more other 

elements, such as calcium, magnesium, and iron. 

 

 

3. Nitrates: These minerals contain the nitrate ion (NO3-) and one or more other elements, 

such as potassium and sodium. 



 

 

4. Silicates: These minerals contain the silicate tetrahedron (SiO4) and one or more other 

elements. Silicates are the most common group of minerals, making up about 95% of the 

Earth's crust. They are also the most diverse group of minerals, with over 800 different 

silicate species known. Silicates are all based on the silica tetrahedron, which is a structural 

unit consisting of a central silicon atom bonded to four oxygen atoms at the corners of a 

tetrahedron.  

 

 

Silicates are further subdivided into six subclasses based on the way the silicate tetrahedra are linked 

together: 

 Nesosilicates: The silicate tetrahedra are isolated from eachother. Examples include garnet 

and olivine.  



  

 

Sorosilicates: The silicate tetrahedra are linked together in pairs. Examples include epidote and 

hemimorphite. 

  

 

Cyclosilicates: The silicate tetrahedra are linked together in rings. Examples include beryl and 

tourmaline. 

Inosilicates: The silicate tetrahedra are linked together in single chains. Examples include pyroxene 

and amphibole. 

Phyllosilicates: The silicate tetrahedra are linked together in sheets. Examples include mica and clay 

minerals. 

  



 

Tectosilicates: The silicate tetrahedra are linked together in a three-dimensional framework. Examples 

include quartz and feldspar. 

 

 

  

 

Phyllosilicates: The silicate tetrahedra are linked together in sheets. Examples include mica and clay 

minerals. 

  

 

Tectosilicates: The silicate tetrahedra are linked together in a three-dimensional framework. Examples 

include quartz and feldspar. 



 

 

Minerals can also be classified based on their physical properties, such as hardness, crystal shape, and 

cleavage. However, chemical classification is the most fundamental way to classify minerals, as it is 

based on the building blocks of minerals - atoms. 

Minerals are important economic resources, as they are used to produce a wide range of products, 

including metals, ceramics, and building materials. Minerals are also important for understanding the 

Earth's history and evolution. 

 

Mineralogy of common rock-forming minerals 

 

The following are the most common rock-forming minerals in geology, along with their mineralogy 

and images: 

 Feldspars 

Feldspars are a group of tectosilicate minerals that make up about 60% of the Earth's crust by weight. 

They are found in igneous, metamorphic, and sedimentary rocks. Feldspars are white, pink, or gray in 

color and have a glassy or pearly luster. They have a hardness of 6 on the Mohs scale. 

 

 Quartz 

Quartz is a tectosilicate mineral that is found in all three major rock types. It is clear, white, or various 

colors depending on impurities. Quartz has a hardness of 7 on the Mohs scale and a glassy luster. 



 

 Amphiboles 

Amphiboles are a group of inosilicate minerals that are found in igneous and metamorphic rocks. 

They are green, black, or brown in color and have a vitreous or silky luster. Amphiboles have a 

hardness of 5-6 on the Mohs scale. 

 

 Micas 

Micas are a group of phyllosilicate minerals that are found in igneous, metamorphic, and sedimentary 

rocks. They are white, silver, green, or black in color and have a pearly or vitreous luster. Micas have 

a hardness of 2-3 on the Mohs scale and are very flexible. 

 

 

 Olivine 



Olivine is a nesosilicate mineral that is found in igneous rocks. It is green in color and has a glassy 

luster. Olivine has a hardness of 6-7 on the Mohs scale. 

 

 Calcite 

Calcite is a carbonate mineral that is found in all three major rock types. It is white, gray, or various 

colors depending on impurities. Calcite has a hardness of 3 on the Mohs scale and has a vitreous or 

pearly luster. 

 

 

 Pyroxenes 

Pyroxenes are a group of inosilicate minerals that are found in igneous and metamorphic rocks. They 

are green, black, or brown in color and have a vitreous or silky luster. Pyroxenes have a hardness of 5-

6 on the Mohs scale. 

 

 



These minerals are essential components of many rocks, and their presence and abundance can be 

used to identify and classify rocks. For example, granite is a rock that is composed primarily of 

feldspar and quartz. Basalt is a rock that is composed primarily of plagioclase feldspar and pyroxene. 

The mineralogy of common rock-forming minerals is important to geologists because it helps them to 

understand the formation and history of rocks. It also helps them to locate mineral resources and to 

develop new technologies. 

 

 

 

 

 

Homework 

 

Question 1:* Which of the following is the correct formula for quartz? 

 

(a) SiO2 

(b) Al2SiO5 

(c) CaCO3 

(d) FeS2 

 

 

*Question 2:* Which of the following is the most common mineral in the Earth's crust? 

 

(a) Quartz 

(b) Feldspar 

(c) Mica 

(d) Clay minerals 

 

*Question 3:* Which of the following is the mineral responsible for the blue color of lapis lazuli? 

 

(a) Lazurite 

(b) Pyrite 

(c) Hematite 



(d) Malachite 

 

 

*Question 4:* Which of the following is the mineral responsible for the green color of malachite? 

 

(a) Azurite 

(b) Pyrite 

(c) Hematite 

(d) Malachite 

 

 

*Question 5:* Which of the following is the mineral responsible for the red color of hematite? 

 

(a) Azurite 

(b) Pyrite 

(c) Hematite 

(d) Malachite 

 

 

*Question 6:* Which of the following is the hardest mineral known to man? 

 

(a) Diamond 

(b) Corundum 

(c) Topaz 

(d) Quartz 

 

 

*Question 7:* Which of the following is the most common mineral in the human body? 

 

(a) Calcium carbonate 

(b) Hydroxyapatite 



(c) Collagen 

(d) Water 

 

 

*Question 8:* Which of the following is the mineral responsible for the blue color of the human eye? 

 

(a) Melanin 

(b) Carotene 

(c) Hemoglobin 

(d) Rhodopsin 

 

 

*Question 9:* Which of the following is the mineral responsible for the green color of plants? 

 

(a) Chlorophyll 

(b) Carotene 

(c) Xanthophyll 

(d) Anthocyanin 

 

 

 

*Question 1:* Which of the following minerals is not a silicate? 

 

(a) Quartz 

(b) Feldspar 

(c) Mica 

(d) Halite 

 

 

*Question 2:* Which of the following minerals is the most abundant mineral in the Earth's crust? 

 



(a) Quartz 

(b) Feldspar 

(c) Mica 

(d) Clay minerals 

 

 

*Question 3:* Which of the following minerals is used in the production of aluminum? 

 

(a) Bauxite 

(b) Corundum 

(c) Topaz 

(d) Kaolinite 

 

*Question 4:* Which of the following minerals is used in the production of glass? 

 

(a) Quartz 

(b) Soda feldspar 

(c) Lime feldspar 

(d) All of the above 

 

 

*Question 5:* Which of the following minerals is used in the production of cement? 

 

(a) Limestone 

(b) Clay minerals 

(c) Gypsum 

(d) All of the above 

 

 

*Question 6:* Which of the following is the crystal system of diamond? 

 



(a) Cubic 

(b) Tetragonal 

(c) Hexagonal 

(d) Orthorhombic 

 

 

*Question 7:* Which of the following is the cleavage of mica? 

 

(a) Perfect basal cleavage 

(b) Imperfect basal cleavage 

(c) No cleavage 

(d) Uneven fracture 

 

 

*Question 8:* Which of the following is the luster of pyrite? 

 

(a) Metallic 

(b) Vitreous 

(c) Earthy 

(d) Greasy 

 

 

*Question 9:* Which of the following is the streak of hematite? 

 

(a) Red 

(b) Black 

(c) White 

(d) None of the above 

 

 

*Question 10:* Which of the following is the specific gravity of quartz? 



 

(a) 2.65 

(b) 3.5 

(c) 5.2 

(d) 9.3 


