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INTRODUCTION

One topic of current interest is understanding the formation 
of biomorphs. These structures form upon co-precipitation of 
alkaline earth carbonates and silica (García-Ruiz 1985; Hyde et 
al. 2004) and their shape can appear so lifelike that they may be 
mistaken for microfossils (Carnerup et al. 2006; García-Ruiz et 
al. 2003). The distinctive morphology of these biomorphs raises 
the question of how their structural and growth mechanistic 
features resemble or differ from those of other biotic and abiotic 
silica/carbonate structures. The present study arose in the context 
of an ongoing comparison between biomorphs, biominerals, and 
their inorganically grown equivalents.

In this paper, we present data on calcite microstructures from 
the shells of sea urchins (echinoids) and from an abiotic mineral 
source. In electron diffraction patterns (EDP) of both materials, 
we report the presence of “c” type reflections at positions halfway 
between the Bragg reflections of calcite/dolomite. Such reflec-
tions have been noted from a range of rhombohedral carbonates, 
and have been assumed to be caused by superstructures (cf. 
Reeder and Wenk 1979). However, we show that this diffraction 
behavior can also be caused by small (104) twin domains within 
the host calcite crystal, and further show that if it is assumed 

that nanometer-sized domains have the structure of disordered 
calcite rather that conventional calcite or dolomite, then (104) 
twinning gives a simple and unifying explanation for both the 
heterogeneous microstructures and the elusive “c” reflections 
observed for both calcite and dolomite.

Calcite, CaCO3, is the next most abundant mineral in the 
Earth’s crust after feldspars and quartz. From early times it has 
been studied because of its ability to form large crystals (Iceland 
Spar) with spectacular properties such as double diffraction (Bar-
tholin 1669). It is also one of the most important biominerals and 
is found in a range of marine animals, including echinoderms, 
in which it often contains relatively large, thermodynamically 
metastable amounts of magnesium. 

The crystal structure of calcite (Bragg 1914) is well described 
as a cubic close-packed array of calcium ions in which all octa-
hedral interstices are filled with carbonate groups which lie flat, 
parallel to one of the close-packed layer sets (Fig. 1a). The anisot-
ropy of the anion groups and their orientation give rise to both the 
rhombohedral distortion of the metric and characteristic physical 
properties such as extreme birefringence. In alternate layers, the 
carbonate triangles are oriented in opposite directions in the plane 
normal to the triad axis. This induces a c-glide (space group R3c) 
and doubles the c axis to include six layers of cations.

The calcite crystal structure has also been described based 
on an underlying hexagonal close-packed (hcp) packing of the 
O atoms (Megaw 1970; Reeder 1983). However, in the present 
context this description is less useful, as we consider re-ordering 
of the rotational orientation of the carbonate groups, which 
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ABSTRACT

Apparent superlattice reflections obtained in electron diffraction patterns of modulated calcite and 
dolomite have been ascribed to local domains of various different metastable Ca-Mg ordering schemes 
that are not known as macroscopic phases. We show that the type “c” reflections in diffraction patterns 
of supposed superstructures can in fact be produced by superposition of diffraction from the host crystal 
and that from domains that are in an orientation related to the host by twinning on (104). From details 
of the additional reflections present, we deduce that the carbonate anions are orientationally disordered 
in the twin nanodomains, which have the R3m space group of high-temperature disordered calcite. 
This twinning can explain the diffraction ascribed to type “ ” ” ” ” ” superstructures, and resolves 
controversies over the occurrence of these purportedly different superstructures. The relationships 
between composition, orientational order of the carbonates, molar volume and known macroscopic 
structures, and the possibility of interfacial strain reduction by static disorder in the twin domain, 
are discussed. We stress the importance of checking for presence of twinned nanodomains using 
microdiffraction before attributing an apparent superstructure modulation to local cation ordering. 
High-resolution imaging may not be diagnostic, since overlap of small domains and host matrix can 
give Moiré patterns that resemble superlattice fringes.
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