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abstract

Mesocrystals attract increasing interest in the fields of physics, chemistry, materials, and Earth sci-
ences. Yet, structural properties of this new class of solid materials are not fully described. Biominerals 
often display complex hierarchical mesocrystalline organizations. We report on the crystallography 
of sclerites, which are small (∼80 µm), beautifully shaped calcitic biomineral structures found in the 
living tissues of octocorals. Despite a layered concentric structure, the submicrometer crystalline units 
constituting the sclerites display a remarkably simple crystallographic organization of similarly oriented 
units with only a low degree of misorientation between them. Some sclerites display crystallographic 
sectors, leading to the concept of “mesotwin.” A mesotwin is to a twin what a “mesocrystal” is to a 
crystal: an analog with defects. On the basis of EBSD data, we propose a simple conceptual crystallo-
graphic model that accounts for the observed features. This model involves different rhombohedral unit 
blocks, with identical shapes and volumes, but different crystallographic faces. EBSD data show that 
quite unexpectedly slight misorientations of crystallites in the sclerites are not at random but organized 
around the three equivalent a axes of the hexagonal unit cell of calcite. In a subtle way, the overall 
organization and morphologies of the red coral sclerites are connected to the calcite crystallography.
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iNtroductioN

Mesocrystals defined as 3D assemblies of similarly oriented 
nano- or micrometer-sized crystalline units are expected to play 
an increasing role in the synthesis of advanced materials (Cölfen 
and Antonietti 2008; Cölfen and Mann 2003; Song and Cölfen 
2009; Zhou et al. 2009; Zhou and O’Brien 2008). Despite the 
broad interest and the publication of numerous articles on me-
socrystals (Cölfen and Antonietti 2005, 2008; Imai et al. 2006; 
Meldrum and Cölfen 2008; Niederberger and Cölfen 2006; Oaki 
et al. 2006; Wang et al. 2005; Zhou and O’Brien 2008), the 
structural properties of this new class of materials are not fully 
described and the processes leading to their formation remain 
unclear (Song and Cölfen 2009). An indirect route is to look at 
biominerals that quite commonly display mesocrystalline orga-
nizations. Indeed, organizations possibly related to mesocrystals 
have been described in calcitic sponge spicules (Sethmann et al. 
2006; Sethmann and Worheide 2008), mollusk nacre (Dauphin 
2001; Oaki et al. 2006; Rousseau et al. 2005), skeletal elements 
of the sea urchin (Oaki and Imai 2006; Sethmann et al. 2005), 
octocoral skeleton (Vielzeuf et al. 2008), octocoral sclerites 
(Sethmann et al. 2007), and eggshell (Oaki et al. 2006). Until 
2007, experimental studies led to the observation of mesocrystals 
with a single level of organization i.e., nanograins assembling 
into a mesocrystalline superstructure. Recently, a study dealing 

with the growth of calcite in inorganic gel matrix showed the 
formation of synthetic hierarchical crystalline structures made 
of nanocrystals/submicrometric units/micrometric units, each 
exhibiting rhombohedral habits (Oaki et al. 2007). Concomi-
tantly, Vielzeuf et al. (2008) showed that in the Corallium rubrum 
skeleton crystalline blocks were arranged into different levels 
of similarly oriented modules; in this structure, each level is 
composed of modules made of smaller modules with similarity 
of crystallographic orientations. In other words, the red coral 
exhibits a hierarchical mesocrystalline structure, which is a me-
socrystal with mesocrystalline building units (Song and Cölfen 
2009; Vielzeuf et al. 2010). We can refer to this type of crystalline 
structures as “hierarchical mesocrystals” or “Multilevel Modular 
Mesocrystal” (M&Ms). Though very important for understand-
ing the structural organization of the red coral skeleton, modular-
ity does not explain entirely the skeletal structure. In particular, 
characteristic angles and systematic changes of crystallographic 
orientation are observed in the structure. For instance lozenge 
units display characteristic angles of 50 and 130° (Fig. 1e in 
Vielzeuf et al. 2010), and also spindle units joined at an angle 
of about 45° form chevrons composing herringbone units (Fig. 
1c in Vielzeuf et al. 2010). Thus, new questions arise: are these 
characteristic angles related to the crystallographic properties of 
calcite? Indeed, little is known about crystallographic arrange-
ments of crystalline units at a scale larger than a few nanometers 
in mesocrystals.
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