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When delving below the Earth’s surface, caves resemble something 
far more alien than our world up above. In the darkness, rocks 
seem to twist, bubble and flow, creating unique formations named 

speleothems. But despite their strange appearance, chemistry can explain their 
formation.

Decaying organic matter in the soil above the caves releases carbon dioxide 
into the soil. When rainwater percolates through the soil above the caves, this 
carbon dioxide dissolves into the water, producing an acidic solution. This 
acid dissolves the limestone it flows past, carrying the calcium carbonate in 
the form of calcium hydrogen carbonate (calcium bicarbonate) towards the 
cave:

CaCO3(s) + CO2(aq) + H2O(l) → Ca(HCO3)2(aq)

Once inside the cave, the water has entered an environment with lower 
concentrations of carbon dioxide. Carbon dioxide evaporates from the 
solution and diffuses into the cave, which causes the calcium carbonate to 
precipitate out of the water in the form of a pure white crystalline solid, calcite. 
Essentially, the reverse reaction has happened:

Ca(HCO3)2(aq) → CaCO3(s) + CO2(g) + H2O(l)

Other minerals in the water draining from the surface combine with 
the calcium carbonate, resulting in a range of compositions and colours in 
the speleothems. For example, addition of iron oxide produces orange rock 
formations. The shapes of the various types of speleothems are governed by 
the flow of water.

Types of speleothems
Straws are formed as water drips slowly from the cave roof, causing rings of 
calcite crystals to build up, resembling a drinking straw. If the bottom of the 
straw becomes blocked, for example by calcite or impurities, stalactites begin to 
form. Stalactites are formed from calcite precipitating out of water on the cave 
ceiling. The stalactites thicken and grow as water runs down the outer surface 
of the early formation. Stalagmites are layers of rock that build from the floor 
upwards. They are caused by water dripping down from the cave roof.

Thin sheets of folded calcite form as water moves from side to side down the 
rock face: these formations are referred to as drapery. Clumps of calcite form 
when water uniformly seeps out of the cave walls or drips down from them, 
giving rise to cave popcorn. When cave pools overflow, calcite can be deposited 
when carbon dioxide evaporates at the point of overflow, producing a dam-
like vertical wall known as rimstone. Flowstones are sheet-like layers of calcite 
that build up when water flows over areas of the cave.

Large uniform crystal structures can form under completely still conditions 
where the supersaturated water is not disturbed, giving rise to dogtooth spar. 
Air movement in humid cave passages causes calcite formations called helictite 
to develop at varied angles, seemingly against gravity. Resistant, extremely 
thin veins of calcite protruding from cave walls can form when water flows 
into fractures in the wall and precipitates calcium carbonate to create boxwork 
formations.
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