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abStract

Crystallographic orientations of coccoliths produced by the extant species Emiliania huxleyi and 
Gephyrocapsa oceanica, and of a fossil cocccolith, Watzunaueria barnesiae, all of which are mainly 
composed of calcite crystals with horizontally oriented c axes (termed R-units), were investigated 
using two electron diffraction techniques. According to electron backscattered diffraction (EBSD) 
analyses, the c-axis inclinations of all R-units were oriented about 10–30° from the sample substrate, 
which is approximately parallel to the organic base plate of the coccolith. However, the directions 
are toward the coccolith exterior in living coccoliths but toward the interior in fossil coccoliths. The 
crystallographic orientations of calcite crystals characterized by sub-vertically oriented c axes (termed 
V-units) were determined only for W. barnesiae and were similar to those of V-units in another living 
cococlith, Pleurochrysis carterae. Highly regulated crystallographic orientation and consistent chiral-
ity were evidenced for all the coccoliths with only a few degrees of variations by Kikuchi patterns 
analyses from TEM. To determine the indices of the crystallographic plane and edge direction that 
constitute distal and proximal shield elements, SEM stereo-photogrammetry in combination with 
EBSD analyses was applied. In the living coccoliths both shields contain the c-axis and the surface 
is estimated to be {21 10} with [481] the longer peripheral edge. On the other hand, the two shield 
surfaces of W. barnesiae are evaluated {1014} and the distal shield surface is surrounded by clear 
[481] edges. This indicates that the crystallography and morphology of R-units were not fixed for the 
past 230 million years. Based on these results, the calcite nucleation mechanisms are discussed with 
respect to the atomic arrangements on the organic template through all the coccoliths.
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iNtroductioN

Coccoliths are calcified scales formed around unicellular al-
gae, coccolithophorids, which belong to the phylum Haptophyta 
(e.g., Young et al. 1999; De Vargas and Probert 2004). In terms 
of coccolith ultrastructure, they are divided into three types: 
heterococcoliths, holococcoliths, and nannoliths (e.g., Young 
et al. 1999), whose formations are related to the coccolith life 
cycle (Young and Henriksen 2003; Houdan et al. 2004; Noel et 
al. 2004). Heterococcoliths, which consist of radial arrays of 
complex crystal units, are the most common type of coccoliths 
and have a continuous fossil record from the Late Triassic (230 
Ma) (Young et al. 1992, 1999; Bown and Young 1998). The 
cytological, biochemical, and morphological properties of het-
erococcolith formation have been well characterized (Young and 
Henriksen 2003). The crystallography of living and fossil hetero-
coccoliths has been primarily investigated by light microscopy, 
and this revealed that they typically are formed of interlocking 

calcite crystal units termed V- and R-units with respective sub-
vertical and sub-radial orientations of the c-axis (e.g., Young 
et al. 1992, 2004; Bown and Young 1998). These observations 
lead Young et al. (1992) to propose that there was a conserved 
pattern to heterococcolith biomineralization through their 230 
million year evolutionary history, the V/R model. 

Accurate crystallographic properties are investigated for two 
living coccoliths, Emiliania huxleyi and Pleurocrysis carterae, 
using transmission electron microscopy (TEM) and electron 
back-scattered diffraction (EBSD) acquired by scanning electron 
microscopy (SEM). In the case of E. huxleyi that is composed 
essentially of R-units, previous TEM observations indicated that 
the spoke-like distal shield elements are parallel to the c axis and 
that the platy proximal shield elements are parallel to the {21 10} 
planes truncated by {1014} and {1018} planes (Mann and Sparks 
1988; Davis et al. 1995). Another coccolith, P. carterae, which 
consists of interlocked V- and R-units, was investigated by EBSD 
(Saruwatari et al. 2006). The c axis in V-units is declined about 
35° from the normal of the coccolith plane and one of the ai * E-mail: kazuko@eps.s.u-tokyo.ac.jp


