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INTRODUCTION

Coccoliths are an environmentally, biologically, and geologi-
cally important biomineral produced as calciÞ ed scales of marine 
unicellular algae (Coccolithophores). In general, a coccolith 
consists of several tens of calcite crystals that are interlocked 
together to form a ring or disk with a small size of 1�10 μm 
across and with elaborate species-speciÞ c morphology (e.g., 
Young and Henriksen 2003). A key approach to understand the 
biomineralization mechanism of coccoliths is the integrated 
comprehension of the crystallography and morphology of whole 
coccolith units. To determine the crystallographic orientations 
in coccoliths, polarizing light microscopy has primarily been 
used (e.g., Young et al. 1992) and electron diffraction (ED) in a 
transmission electron microscopy (TEM) has been convention-
ally applied for more precise studies (e.g., Mann and Sparks 
1988; Didymus et al. 1994; Marsh 1999). However, rigorous 
determination of the crystallographic orientation by ED gener-
ally requires a pair of diffraction patterns for one crystal and 
the comprehension of the morphology by TEM is often difÞ cult 
because a TEM image is just a projection of the crystal formed 
by transmitted electrons. Recently, computer-tomography (CT) 
in TEM is under development to overcome this disadvantage 
(Kübel et al. 2005), but still not common. Atomic force micros-
copy (AFM) has also been applied to investigate the relationship 
between the morphology and the crystallographic orientation in 
coccoliths (Young and Henriksen 2003; Henriksen et al. 2003, 
2004). However, the acquisition of high-resolution periodic im-
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ABSTRACT

Crystal orientations of the sub-micrometer-sized calcite units in oval-shaped coccoliths of a coc-
colithophore, Pleurochrysis carterae, have been investigated using electron back-scattered diffraction 
(EBSD). Although the contrast of the acquired EBSD patterns was weak due to the small crystal unit 
size, the orientations could be uniquely determined from the patterns. The crystal orientations for V- and 
R-units are close to those reported in a previous work using electron diffraction in a TEM. However, 
more accurate crystal orientations corresponding to the coccolith morphology were obtained by using 
EBSD in a SEM. In V-units, the c-axis is declined about 35° from the normal of the coccolith plane and 
one of the ai-axes is roughly parallel to the coccolith plane. The c-axis in R-units is slightly oblique 
to the radial direction along the coccolith plane and one of the ai-axes is near vertical to the coccolith 
plane. The projections of the c-axis of V- and R-units on the coccolith plane deviate considerably 
from the normal of the coccolith circumference, giving a crystallographic chiral property. The atomic 
arrangements of calcite contacted with the organic base plate are discussed for both units based on 
the crystallographic orientations derived from EBSD measurements. 
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ages is generally limited to atomically ß at surfaces. In contrast, 
scanning electron microscopy (SEM) has been effective for 
understanding the morphology of the specimens. Development 
of the Þ eld-emission (FE) gun has improved the resolution of 
SEM considerably. Furthermore, crystallographic orientations 
can be determined in a SEM by the recent development of the 
electron back-scattered diffraction (EBSD) technique (Venables 
and Harland 1973). Consequently, it has become possible to 
determine the relationship between the crystallographic orienta-
tions and morphologies by combining FE-SEM and EBSD (e.g., 
Kameda et al. 2005).

In the present study, crystallographic orientations of V- 
and R-units in coccoliths of a coccolithophore, Pleurochrysis 
carterae, were successfully determined by using FE-SEM and 
EBSD. This is the Þ rst report to use EBSD to determine the 
crystal orientations in sub-micrometer-sized biominerals with 
elaborate morphologies [a part of this study was reported in the 
conference abstract (Ozaki and Kogure 2003)]. Based on the 
results obtained, the atomic geometry of calcite at the organic-
inorganic interfaces in coccoliths is discussed. 

SAMPLE AND METHODS

The coccolith scales were isolated from mono-species algal cultures and 
cleaned by the removal of organic matter according to the method of Marsh et 
al. (1992). The processed coccoliths were suspended in deionized water and the 
suspension was dispersed on silicon wafers. Before the dispersion, the silicon 
wafers were covered with a thin Pt-Pd Þ lm to acquire the averaged intensity of 
the back-scattered electrons, which was subtracted from the EBSD patterns of the 
specimen to enhance the Kikuchi bands. The dispersed coccoliths on the wafer were 
coated with a carbon Þ lm to prevent electrical charging in the SEM.

The SEM and EBSD studies were carried out using a Hitachi S-4500 SEM * E-mail: kazuko@eps.s.u-tokyo.ac.jp


