
Fig. 1. SEM image of a L. terrestris-
produced calcite grant. Back-
scattered electron image taken using 
a FEI Quanta FEG 600 
Environmental SEM [10].

Fig. 2. ν2/ν4 ratio map of a slice 
through a granule with high 
intensity areas indicative of ACC. 
Image taken on the B22 beamline.
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Several species of earthworm secrete millimetre-
scale balls of calcium carbonate1 (Fig. 1). The 
function of the secretions is not clear but seems 
likely to involve pH regulation within the 
earthworm2. The granules are mainly calcite but 
vaterite, aragonite and amorphous calcium 
carbonate (ACC) have also been detected using 
electron back scattered diffraction, X-ray 
diffraction, X-ray spectroscopy and FTIR 
spectroscopy1,3-7. The ACC appears to be 
unusually stable. Inorganically synthesised ACC 
is stable for minutes to hours8; the ACC in the 
granules is present several years after granule 
formation. Studies of various biological ACCs 

and inorganic experiments suggest that ACC can be stabilised by inorganic components including Mg and P 
and a variety of organic macromolecules including polysaccharides and proteins rich in the amino acids 
glutamic acid, serine and glycine9. The mechanism by which the ACC in earthworm granules is stabilised is 
not known. We compared bulk ACC contents of granules with bulk elemental and amino-acid content but 
saw no significant relationships, most likely due to the heterogeneity of individual granules. We used 
Beamline B22 (Multimode InfraRed Imaging and Microspectroscopy, MIRIAM) at the Diamond Light 
Source to try to map the spatial distribution of ACC and organic molecules in the granules. Elemental 
distributions were determined using a Cameca SX100 electron microprobe. We were able to map the spatial 
distribution of ACC using wave number intensity, wave number ratios (Fig. 2), cluster analysis and 
component regression but were unsuccessful with the organic molecules, due to peak overlaps and, we think 
concentration levels. We saw no spatial correlation between ACC and elemental composition. 
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