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Figure 4:  Randomly selected diagrams showing the good 
reproducibility of the experimental (dots) patterns from the combined 
analysis refinement (lines) after the last refinement cycle for the (a) 
outer (b) intermediate and (c) inner layers. 

Figure 2:  SEM images of: (a) the inner comarginal lamellae b) the intermediate comarginal lamellae (c) outer Radial crossed lamellar layer 
(d) the second-order lamellae composing the first-order ones. 
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Table 1: Resulting parameters of  combined analysis of the 
external, intermediate and inner layers of Ranella Olerium.  
GoF: Goodness of Fit.  

Figure1: The Ranella olearea shell( a) and Cross-section SEM image of the fractured shell at the location indicated in  G, M   and N indicate 
the Growth, Margin and Normal directions, respectively ( b). 

 
 

Table	  2	   
Cell	  parameters,	  refined	  atomic	  posi5ons	  and	  DZ	  values	  for	  Ranella	  olerea	  layers,	  our	  non-‐biogenic	  reference	  
and	  the	  Strombus	  species	  of	  Pokroy	  et	  al.	  (2007)	   

                          
Geological reference  

           Ranella  
Outer 

Ranella 
Intermediate  Ranella Inner Strombus 

decorus  
a (Å)  4.9623(3)  4.98563(7)  4.94021(4)  4.94844 (1)  4.9694(3)  
b (Å)  7.968(1)  8.0103(1)  7.94906(6)  7.96077 (3)  7.9591(4)  
c (Å)  5.7439(3)  5.74626(3)  5.74222(1)  5.74963 (2)  5.7528(1)  
Δa/a	  	   0	   0.0047	   -‐0.0044	  	   -‐0.0028	   0.0014 
Δb/b	  	   0	   0.0053	   0.0023	  	   -‐	  0.0024	   -0.0011 
Δc/c	  	   0	   0.0004	   -‐0.00029	  	   0.001	   0.00154 
ΔV/V	  	   0	   1.06%	   -‐0.69%	  	   -‐0.38%	   0.18%	  

Ca	   
y	   0.415  0.41529 (4)  0.41372(4)  0.41560 (4)  0.4135(7)  
z	   0.7597  0.75930 (3)  0.75612(3)  0.75967 (3)  0.7601(8)  
C	   
y	   0.7622  0.7631(2)  0.7625(2)  0.7639 (2)  0.7607(4)  
z	   _0.086  -0.0768 (1)  -0.0889(9)  -0.08437 (8)  -0.0851(7)  
O1	   
y	   0.9225  0.9382 (1)  0.9454(1)  0.9157 (1)  0.9228(4)  
z	   -0.096  -0.10112(6)  -0.10861(7)  -0.09254 (6)  -0.0905(9)  
O2	   
x	   0.4736  0.4679(1)  0.4652(1)  0.4687 (1)  0.4763(6)  
y	   0.681  0.6839 (1)  0.69015(9)  0.6803 (1)  0.6833(3)  
z	   -0.086  -0.08760(5)  -0.08516(5)  -0.08718 (4)  -0.0863(7)  
DZC–O1	  
(Å)	   

0.05744  0.139  0.113 0.047 0.031  

Preparation and characterisation method 

Ranella olearium is a mollusc of the Cymatiidae family .  It is protected in the Mediterranean Sea as 
Charonia lampas and Charonia tritonis . We collected a shell of 21 cm (Figure 1a) on the coast of 
Bejaia situated in the north- east of Algeria.  

We examined the shell microstructures of a fractured cross-sections using a Zeiss scanning electron 
microscope (SEM) and X-ray diffraction combined analysis was done on specimens that were as flat as 
possible from the shell dorsum.  

The sample reference frame was chosen using the main shell directions (G,N,M): 

Ø the growth direction, G is the vertical axis of our pole figures; 

Ø the plane tangent to the shell at the beam location has its normal, N, in the centre of the pole figures; 

Ø M, is the margin direction, is horizontal on the pole figures. 

INTRODUCTION 
Molluscs are soft-bodied animals, that why many of them invented fascinating strategies for maintaining their soft tissues and protecting themselves against predation. One of most efficient 
of these strategies consists in creating a rigid framework of biomineral called mollusc shell. Mollusc shells are complex biocomposites of mineral and organic material with high mechanical 
performances. In the present work we made use of the so-called ‘‘Combined Analysis” to determine simultaneously the structure and texture of constituting aragonite crystallites of the shell 
layers of the gastropod Ranella olearea. 
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Structural distortion in biogenetic aragonite shell  

The results of the cell refinement  are summarized in Table 2 for each layers. An anisotropic 
unit-cell distortion is quantified for the three layers without necessity of grinding them. There are 
sensitive deviations from the usual geological aragonite for all lattice parameters a, b and c of 
the three layers. The obtained lattice distortions are highly anisotropic, being of positive sign 
(cell expansion) for the a- , b- and c-axes for the outer layer . While for the intermediate layer 
the distortion parameters a- and c-axes are of negative sign (cell contraction) . For the inner 
layer, the distortion of lattice parameters are negative for a- and b-axes but positive for the c-
axes ( cell contraction). the effect of inter-crystalline portion is visible as a distortion of the cell 
combined with the influence of intra-crystalline organic molecules. Inter-crystalline 
macromolecules have been associated with the selection of the polymorph of calcium 
carbonate, but also with the particular organization of crystals in the shells of molluscs  

Texture of layers  

Using the X-ray diffraction and the powerful combined analysis approach [1], we refined with 
Maud Program [2] quantitatively the textures of the three layers (table 1, show the resulting 
parameter of refinement and figure 3 some selected diagrams at  last cycle of refinement), 
their respective aragonite unit-cell distortions. The textures of the three layers are of high 
level especially for the inner layer; close to the animal. While the intermediate and outer 
layers show regular texture patterns for crossed lamellae, with a split of the c-axis 
component around the normal to the shell showing a double twinning patterns for their a-
axis (figure 4).   

layer	   ORCL	   ICCL	   ICL	  

Texture	  index	  (m.r.d.2)	   155.54	   146.05	   661.72	  

OD	  minimum	  

OD	  maximum	  

0	  

	  	  	  	  	  	  	  	  	  	  22.92	  

0	  

24.2	  

0	  

	  	  	  	  	  	  	  	  	  124.96	  

Reliability	  
factor	  of	  the	  

OD	  

Rw	  (%)	   25	   24	   25,2	  

RB	  (%)	   24.8	   23	   24,3	  

Rietveld	  
Reliability	  
factors	  	  

GoF	  (%)	   1,7	   1,06	   1,07	  

Rwp	  (%)	   28.08	   27.05	   28.06	  

RB	  (%)	   32.80	   28.03	   28.14	  

Scanning electron microscopy analysis 

Two techniques of  characterisation  have been  used to investigate a Ranella olerea  shell.  the 
scanning electron observation investigations reveal that this species is composed of three distinct  
layers (figure 1b); the  inner layer composed of Radial Lamellar (second order lamellae, figure 2d, 
perpendicular to the margin(IRL),  the intermediate layer which is comarginal crossed lamellar  
(ICCL) and  outer layer composed of crossed lamellar (OCCL). 
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Figure 3:  {020}, {111}, {002} and {200} recalculated normalised pole 
figures of the (a) outer (b) intermediate and (c) inner layers.  


