
Mineralogy Boot Camp Session #12 
 

Carbonate Minerals 
 

 

Carbonates are those minerals composed of the anionic complex of (CO3)
-2

.  When in the 

presence of acids, characterized by having the ion H
+
 available, this anionic complex will break 

down into water (H2O) and carbon dioxide (CO2).  Adding a drop of dilute hydrochloric acid (as 

described in Boot Camp Session #5) will cause most carbonate minerals to “fizz”, which is the 

CO2 being released.   

 

Carbonate minerals (in particular, calcite and dolomite) are the most abundant non-silicate 

minerals in Earth’s crust.  While only 2% of the Earth’s total crust, they are particularly abundant 

at the surface mostly in the rocks limestone and dolomite (dolostone).  [Terminology note: the 

name dolomite is applied both to the mineral and the rock composed primarily of dolomite.  This 

is a potentially confusing situation, and decades ago a move was attempted to change the rock 

name to dolostone, but this term never really widely caught on.  Although dolostone is frequently 

used in modern textbooks, older literature usually call the rock dolomite.  Generally the reader 

can determine from context if the term dolomite is being used for the mineral or the rock.] 

 

 

Calcite 
 

Calcite is the most common carbonate mineral found at Earth’s surface.  It occurs most 

abundantly in sedimentary rocks as limestone, but also is present as the metamorphic rock 

marble, and even occurs in particular igneous rocks.  The large abundance can be attributed to its 

simple formula of CaCO3 where Ca (calcium) is a common element along with oxygen.  Calcite 

is abundant enough to be listed on Mohs’ scale of hardness as 3.  The quick reaction to dilute 

acid, hardness, specific gravity (2.7), and rhombohedral cleavage make it relatively easy to 

identify calcite.  Figure 1 shows the curious optical property of strong double refraction that is 

characteristic of this mineral. 

 

Portland cement is one of the most widely used mineral commodities in the U.S., and it is 

composed primarily of limestone.  The U.S. Geological Survey valued American cement 

production for 2020 at $12.7 billion, surpassing metals like gold ($11 billion), copper ($7.5 

billion), and iron ($4.1 billion).  Calcite is also used as crushed stone in construction projects and 

as lime in soil conditioner.  It is used extensively in the paper industry, chemical industry, and in 

metallurgical processes. 

 

 



 
Figure 1A.  This is a clear crystal of calcite showing rhombohedral cleavage.  Edge of specimen 

is 1.5 inches long.  These specimens of calcite are often called “Icelandic spar” because Iceland 

was one of the original sources for much of this material.  B. Thicker blocks of clear calcite will 

often exhibit a double refraction of light (as shown by the word “calcite”).  This optical property 

is caused by the way light passes through and interacts with the crystalline structure.  The 

amount of refraction is determined by the thickness of the crystal and the orientation upon 

viewing.  C. An idealized representation of a calcite crystal, where one of the principle 

crystallographic axes is shown by the vertical line labelled c.  This same axis is shown in A and 

also labelled c.  Lines on crystal faces of the model represent rhombohedral cleavage planes. 

 

 

Smithsonite 
 

The element zinc (Zn) can substitute for Ca in calcite, forming the mineral smithsonite.  

Although an uncommon mineral, it is typically found associated with zinc deposits where the 

mineral forms during weathering of other zinc minerals hosted in limestone.  It comes in a 

variety of colors, and is often valued as an ornamental stone (see Figure 2).  Smithsonite reacts 

with acid but has a higher specific gravity (about 4.3) than calcite. 

 



 
 

Figure 2.  Bluish-green smithsonite with a botryoidal habit fills the openings in this volcanic 

rock.  Specimen is 3.9 inches long and is from Bingham, New Mexico. 

 

 

Rhodochrosite 
 

Manganese (Mn) is another element that can bond with the (CO3)
-2

 anionic complex, in this case 

forming the mineral rhodochrosite.  The chemical composition causes this mineral to typically 

be some shade of pink to rose-red (see Figure 3).  Rhodochrosite will show rhombohedral 

cleavage, but typically has a poor reaction to acid, fizzing very slowly unlike the rapid 

effervescence of calcite. 

 



 
 

Figure 3.  This specimen consists of pink rhodochrosite crystals exhibiting rhombohedral form.  

Base of specimen is 1.8 inches long.  This rhodochrosite is from the Manuelita Mine, Peru. 

 

 

Aragonite 
 

Large diameter cations are not able to fit into the calcite structure, and thus form a separate group 

of carbonate minerals with a different structure.  Calcium is on the border between these two 

structures, in one case forming calcite, and in the other case forming the mineral aragonite.  Both 

calcite and aragonite have the same formula (CaCO3) but different atomic structures, and thus 

are considered polymorphs minerals of each other.  Other elements forming this different 

carbonate structure like aragonite are barium (forming witherite), strontium (forming 

strontianite) and lead (forming cerussite).  None of these minerals have rhombohedral cleavage, 

although aragonite, witherite, and strontianite will react with dilute acid. 

 

The most common mineral in this group is aragonite itself (see Figure 4).  The carbonate present 

in seashells (giving them a pearly appearance) is precipitated out of seawater by the animals as 

aragonite because it takes less energy to extract than calcite.  Over geologic time, however, 

aragonite is unstable and will recrystallize into the more stable form calcite.  The large 

abundance of limestone found at Earth’s surface was formed by these critters, and was probably 

originally deposited as aragonite before converting to calcite. 

 



 
 

Figure 4.  This aragonite from Morocco will effervesce in dilute acid, but does not show 

rhombohedral cleavage.  Aragonite also has a slightly higher specific gravity (2.9) than calcite 

(2.7).  Pure aragonite is clear; the pale orange color of this specimen is due to impurities.  

Specimen is 2.5 inches long. 

 

 

Dolomite 
 

When magnesium (Mg) is abundant in a carbonate depositional environment, the mineral 

dolomite often forms.  Its composition [CaMg(CO3)2] contains equal parts of Ca and Mg, but 

because of the ionic size difference between these two cations, a completely different atomic 

structure is required and hence a different mineral is formed.  Rhombohedral crystals are present, 

but the crystal faces are usually curved rather than flat.  Dolomite is commonly pink (see Figure 

5), although there is a range in colors in some specimens.  It effervesces only slowly in dilute 

acid, and will effervesce like calcite only when powdered.  Iron (Fe) can substitute for the Mg, 

causing the color to turn more yellow-brown.  When nearly all Mg has been replaced by Fe, the 

mineral is called ankerite.  As shown in Figure 6, calcite and dolomite often occur together.  

 

Thick intervals of dolomite rock (dolostone) occur throughout the United States, particularly in 

the Midwest.  This rock was probably originally limestone, and was converted into dolostone by 

the circulation of Mg-rich fluids over eons of time.  This replacement process may be only 

partial, and so limestone and dolostone frequently occur together.  The crystals shown in Figures 

5 and 6 have grown in cracks and openings in dolostone, where the elements were dissolved by 

groundwaters in the bedrock and deposited as well-formed crystals in these openings. 

 



 
 

Figure 5.  Pink dolomite crystals like these from Black Rock, Arkansas are typical for this 

mineral.  Careful examination of the crystal faces shows that these features are actually curved, 

not flat like is typically found with calcite.  Base of specimen is 3.4 inches wide. 

 

 



 
 

Figure 6.  The minerals dolomite and calcite are frequently found together, as in this specimen 

from Black Rock, Arkansas.  The calcite shows a shape known as a scalenohedron, which is 

frequently referred to as “dogtooth spar” because they resemble the teeth of a dog.  The dark 

specks on the dolomite are tiny grains of pyrite.  Specimen is 2.3 inches wide. 

 

 

Copper carbonates 
 

Two copper carbonate minerals are worthy of note because of their striking color and frequency 

of occurrence.  These are malachite and azurite, two minerals with nearly identical chemical 

formulae but rather different appearances.  Both contain copper, the carbonate anionic complex, 

and a minor amount of (OH)
-
 for charge balancing.  Malachite, the more common of the two, is a 

striking green (see Figure 7) used frequently in jewelry.  Azurite is a deep blue (see Figure 8) 

and is commonly found with malachite.  Neither of these minerals have rhombohedral cleavage, 

but both will effervesce in dilute acid. 

 

Both malachite and azurite are formed by weathering of copper deposits, and are frequently 

found with other copper minerals.  Prospectors have long used them as indicators for potential 

underlying copper sulfide deposits. 

 



 
 

Figure 7.  Malachite like this specimen often form as botryoidal masses, although malachite used 

for jewelry is usually massive and will show banding when polished.  Specimen is 4 inches wide 

and from the Democratic Republic of Congo. 

 

 

 
 

Figure 8.  Botryoidal masses of azurite coat the open spaces on this igneous rock.  A small 

amount of malachite is present on the left side.  Specimen is 4.5 inches by 2.8 inches.  This 

specimen was collected in the Chino Mine, Grant County, New Mexico. 


