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How do pearls form?
Pearls are organic gems formed in the soft tissue of giant clams, 
pearl oysters and other molluscs. When a microscopic object, such 
as a parasite or shell fragment, gets trapped in the soft tissue of 
the mollusc, it irritates the tissue’s epithelial cells. In response, 
the mollusc envelopes the irritant in a sac and a crystalline 
substance called nacre is secreted, which coats the irritant. Over 
time, a pearl is formed (Figure 1).
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Figure 1 Pearl formation

Mechanical properties
Nacre and the pearls made from it are remarkably strong. The 
high mechanical strength of this material is due to its composite 
structure. The soft organic conchiolin layers allow for a high 
level of energy dissipation and inelastic deformation upon 
stress loading, creating a material highly resistant to fracture 
(unlike pure aragonite). Interlocking mineral bridges, connecting 
individual aragonite tablets of the columnar structures, also 
contribute to the strength of nacre.

Shape and colour
The colour of a pearl is largely determined by the genetics of 
the mollusc species that creates it. All molluscs are capable of 
producing ‘pearls’, but only species with a nacreous inner shell 
lining can produce the valuable, iridescent gemstones. Microscopic 
pigments in the conchiolin matrix can also influence the hue of 
the pearl’s surface. In the case of cultured pearls, the species of 
mollusc and the morphology of the implanted nucleus define the 
shape and size of the pearl.

What are pearls made of?
Nacre, also known as mother of pearl, is composed of the mineral 
aragonite, a form of calcium carbonate (CaCO3, see Figure 2 
and Chemistry review, Vol. 20, No. 3, pp. 8–11). The combination 
of inorganic aragonite in an organic protein matrix (namely 
conchiolin) means that nacre is a composite material.
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Figure 2 The structure of nacre: hexagonal platelets of 
aragonite stack together to form a columnar brickwork 
structure, with each parallel layer cemented together by strong, 
elastic proteins, such as conchiolin

Why are pearls iridescent?
Nacre is an iridescent material. It is what gives pearls their lustre 
(a gentle sheen or soft glow). Iridescence is the production of 
colours due to the diffraction of light from the pearl’s surface and 
multiple layers of nacre. Diffraction occurs because the wavelength 
of light is of a comparable size to the thickness of the aragonite 
layers. Light diffracted from each layer can interfere constructively 
or destructively, producing a multitude of luminous colours.

Cultured vs natural
Most of the pearls sold in jewellery have not been formed 
naturally, but have been cultured, i.e. formed by human 
intervention. To do this, a small bead or piece of donor tissue is 
implanted into the mollusc’s soft tissue to initiate pearl formation. 
Natural and cultured pearls have rather different structures. 
Growth rings are observed in natural pearls (like the layers of 
an onion), whereas cultured pearls have a much larger nucleus 
(Figure 3).
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Figure 3 Cross-section of pearl internal structures

An abalone shell is lined with mother of pearl 
(also called ‘nacre’)
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