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Nano to macroscale biomineral architecture of red coral (Corallium rubrum) 
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abstraCt

Different techniques have been used to characterize the physical and chemical structure of the red 
coral calcitic skeleton. A section normal to the axis of the skeleton shows a medullar zone surrounded 
by a circular domain composed of concentric rings. Growth rings are revealed by the cyclic variation 
of organic matter (OM) and Mg/Ca ratio. These growth rings are annual; thus, both OM and Mg/Ca 
ratio can be used to date red coral colonies. Growth rings display wavelets. The internal structure 
of each wavelet results from the stacking of layers with tortuous interfaces. Tortuosity is due to the 
presence of microprotuberances. Interfaces between layers may display sharp discontinuities indica-
tive of interruption of the mineralizing process. SEM and TEM studies show that each layer is made 
of (1) fibers, organized or not in fan-shaped structures; and (2) submicrometer (apparently mono-)
crystalline units. Fibers are superstructures made of submicrometer units possibly assembled by an 
oriented aggregation mechanism. HRTEM studies show that in spite of displaying single-crystal 
scattering behavior, the submicrometer crystalline units are made of 2–5 nm nanograins again pos-
sibly aggregated by a mechanism of oriented attachment. Thus, submicrometer crystalline units and 
polycrystalline fibers can be both defined as mesocrystals. The red coral skeleton is a hierarchically 
organized organic-inorganic composite that exhibits porosity and structural and compositional order 
on length scales from the nanoscale to the macroscale. 
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introDuCtion

Marine biological organisms produce skeletons or shells that 
are composite materials made of minerals and organic compo-
nents (Meldrum 2003). A major interest of biomineral structures 
is that their chemical composition and physical structure can 
vary under the influence of external conditions. Thus, “biorocks” 
have the ability to record environmental forcings and represent 
potential archives of past environmental conditions. However, 
deciphering the three-dimensional architecture of biomaterials 
and the mechanisms of their construction is difficult because 
of the complexity of their structure, the requirement of a wide 
spectrum of analytical techniques, and the integration of spatial 
observations covering several orders of magnitude. As a conse-
quence, few biomineral structures are fully understood. 

Red coral, Corallium rubrum (Linnaeus 1758) (Cnidaria; 
Anthozoa; Octocorallia), is an emblematic species of the Medi-
terranean Sea. It is mainly distributed in the western Mediter-
ranean basin at depths ranging from 10 to 200 m. Red coral is 
a long-lived colonial and sessile organism (Barletta et al. 1968; 

Liverino 1989). The main morphological features of the red 
coral have been described in the pioneering work of Lacaze-
Duthiers (1864). Red coral is composed of a solid red, mostly 
inorganic, axial skeleton (Fig. 1a) coated with living tissues 
(coenenchyme). A cellular layer (ectoderm) forms the external 
surface of the coenenchyme. Under the ectoderm, the mesoglea 
is composed of a thick acellular gelatinous layer of collagen 
(Grillo et al. 1993). Inside the mesoglea, small canals form a 
complex network communicating with (1) large gastrodermal 
canals running parallel to the axial skeleton, and (2) polyps. 
The mesoglea contains small (~30–50 µm) calcareous granules 
(sclerites is synonymous to spicules) that give a granular ap-
pearance to the living tissues (Grillo et al. 1993). Both kinds 
of skeletal structures (axial skeleton and sclerites) are made of 
Mg-rich calcite. Allemand et al. (1994) demonstrated the pres-
ence of an organic component representing 1.2 and 1.7 wt% in 
the axial skeleton and the sclerites, respectively.

In spite of detailed studies (Mateu et al. 1986; Allemand and 
Grillo 1992; Allemand 1993; Grillo et al. 1993; Allemand et al. 
1994; Weinbauer et al. 2000; Marschal et al. 2004), the internal 
structure of the axial skeleton of the red coral is not understood. 
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