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Quantitative texture analysis (QTA). 

Ø   Orientation Distribution Function (ODF,f(g)):              ΔV/V = f(g)dg 

Ø f(g) represents the statistic distribution of the cristallite orientations. 

Pole figures  represent the distribution of normals h=<hkl>* to the {hkl} planes of the  
sample, with Ih(y) diffracted intensity  

Ø  The fundamental equation of texture analysis: 
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For no preferential orientation: Ph(y)= 1m.r.d, whatever y and h 

Experimental  mesurement of poles figures   
 
  Measurements of poles figures Ph(y) necessitattes the use of a particular experiment, (figures 1), at least  equipped  with a 

classical   4-circles goniometer allowing the exploration of all space directions. Combined Analysis requires furthermore the rapid 
acquisition of full diagrams, i.e. at least a PSD. 

Ø Combined Analysis using Full Profile for structure and QTA  

Ø  Rietveld approach including pole figures:   

Including microstructural, phase amount, residual stress, crystallinity … informations 
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Ø E-WIMV QTA   

No specific interpolation of ODF cells needed. 

Works in direct space, in an iterative mode:       

For each refinement cycle n: 

 Pk(y) is extracted by the Le Bail method on the set of typically 1000 Rietveld-fitted diagrams for as many 
sample orientations, using: 
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1.   Basic concepts of the Combined Method and Quantitative Texture Analysis (QTA) 

1.  The Gastropod Charonia lampas lampas, a large Mediterranean Sea and Eastern Atlantic carnivorous mollusc from the Ranellidae 
(tritons and trumpet shells) family, Tonnoidea superfamily, Caenogastropoda. This species is protected by the Bern convention for the 
Mediterranean sea. We collected a 15 cm large shell from a deceased animal (Fig. 2a) from the coast of Bejaia, in the north east of 
Algeria (North Africa). The three crossed lamellar layers extending to the whole shell thickness were measured. 

2.  The Bivalve Pinctada Maxima (collaboration with Evelyne Lopez (Museum National d’Histoires Naturelles, Paris, France). A 
measurement grid of 2,5°x2,5° in χ and ϕ was used in this case, which results in 4x936 diagrams. Only the inner sheet nacre layer was 
measured (Fig. 2b).  

Ø The two types of mollusc shells chosen for our study are: 

The inorganic part of the measured shell layer is only composed of aragonite (CaCO3, Pmcn). 

 

Figure 2a:  Charonia lampas Lampas. (a) and Cross-section  SEM image 
of the fractured shell at the location indicated in (a). G, M, N are the 
Growth, Margin and Normal directions. 

Figure 2b: Pinctada Maxima inner nacre 

Combined Analysis refinements for all layers converge to reasonably good solutions with low goodness-of-fits not above 3. Figure 3 
represents randomly selected diagrams showing the good reproducibility of the experimental patterns from the refinement for the outer, 
intermediate and inner layers of Charonia lampas lampas, and for the nacre layer of Pinctada Maxima. The structural parameters obtained 
are summarized in the tables 1 and 2 respectively. 

Ø  The refined atomic positions for the three layers of Charonia lampas, the non-biogenic sample taken as reference, the 
Strombus results from Pokroy et al. (2007), and for Pinctada Maxima (Tables 2 and 3) are obtained with low standard 
deviations even for C and O atoms.  

Ø  One indicator of the structural modifications within the aragonite structure is the distance ΔZC–O1 = (zC - zO1)c between the 
carbon atoms and the oxygen planes, a distance that goes to 0 for calcite and reveals the aplanarity of the CO3 groups. 

We observe that this distance in the three Charonia layers increases from the outer to the inner layer, reaching 0.1 Å in the 
latter. Interestingly, the average value of ΔZC–O1 over the three layers is 0.05 Å, quite the value of the non-biogenic sample. 
Hence, powderising a sample like Charonia, if all the intercrystalline effects not removed, would have given a value close to a 
non-biogenic specimen, hereby masking any organic macromolecule effect. This aplanrity is also obvious in the case of 
Pinctada Maxima, infering less organic control towards aragonite stabilisation in nacre than in crossed lamellar layers. The 
high texture strengths achieved in Charonia are also responsible of the particularly efficient elastic behaviour of the mineral 
part of the whole shell (Ouhenia et al. 2008). 

Geological reference Pinctada maxima 

a (Å) ;  
 b (Å) ; 
 c (Å) 

4.9623(3) ;  
7.968(1) ;  
5.7439(3) 

4 . 9 7 0 7 1 ( 4 )  ; 
7.96629(6);   
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Ca 
y 
z 

0.41500 
0.75970 

0.41479    (3) 
0.75939    (2) 

C y 
z 

0.76220 
-0.08620 

0.7676      (1) 
-0.0831     (1) 

O1 y 
z 

0.92250 
-0.09620 

0.9134      (1) 
-0.09255   (7) 

O2 x 
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0.47360 
0.68100 
-0.08620 

0.4678      (1) 
0.68176    (7) 
-0.09060   (4) 

ΔZ C-O1 (Å) 0,05744 0,05432 

Figure 4: {110}, {020}, {002} and {200} recalculated normalised pole figures of 
the outer (a), intermediate (b) and inner (c) layers of Charonia lampas.  

In order to carry out X-ray diffraction analysis, we removed a piece of the shell (Fig. 2a) from the dorsum, as flat as possible. This piece 
was centred on a (G,N,M) frame defined by the main shell directions.  

G: growth direction, perpendicular to the margin of the shell, vertical axis of our pole figures.  

N: normal to the plane tangent to the shell at the beam location, defined by the sample holder plane, normal axis (centre) of the pole 
figures. 

M: direction of the growth lines of the outer layer (margin), horizontal axis in the pole figures. 

Each layer is characterized separately  

 

Référence 
Géologique 

Charonia 
lampas 
OCL 

Charonia 
lampas 
IRCL 

Charonia 
lampas 
ICCL 

Strombus 
decorus 

a (Å) 
b (Å) 
c (Å) 

4.9623(3) 
7.968(1) 
5.7439(3) 

4.98563(7) 
8.0103(1) 

5.74626(3) 

4.97538(4) 
7.98848(8) 
5.74961(2) 

4.9813(1) 
7.9679(1) 

5.76261(5) 

4.9694(3) 
7.9591(4) 
5.7528(1) 

Ca 
y 
z 

0.41500 
0.75970 

0.41418(5) 
0.75939(3) 

0.414071(4) 
0.76057(2) 

0.41276(9) 
0.75818(8) 

0.4135(7) 
0.7601(8) 

C y 
z 

0.76220 
-0.08620 

0.7628(2) 
-0.0920(1) 

0.76341(2) 
-0.08702(9) 

0.7356(4) 
-0.0833(2) 

0.7607(4) 
-0.0851(7) 

O1 y 
z 

0.92250 
-0.09620 

0.9115(2) 
-0.09205(8) 

0.9238(1) 
-0.09456(6) 

0.8957(3) 
-0.1018(2) 

0.9228(4) 
-0.0905(9) 

O2 x 
y 
z 

0.47360 
0.68100 
-0.08620 

0.4768(1) 
0.6826(1) 

-0.08368(6) 

0.4754(1) 
0.68332(9) 
-0.08473(5) 

0.4864(3) 
0.6834(2) 
-0.0926(1) 

0.4763(6) 
0.6833(3) 
-0.0863(7) 

ΔZC-O1 (Å) 0.05744 0.00029 0.04335 0.1066 0.031 

Ø The key point of this study is that Combined Analysis is able to carry out structural refinement on real samples, 
without needs of powderising the specimen, even if they exhibit strong and complex textures (Figures 4 and 5). 
Although we used a laboratory equipment, its resolution is enough to provide reasonably precise cell parameters and 
potentially allow the observation of unit-cell distortions due to organic molecules.  

Ø Atomic positions were released one by one for the Ca, C and then O atoms successively. Unexpectedly, we 
discovered that the combined methodology gave access with reasonable standard deviations to all the positions. We 
attribute this to the fact of working on strongly textured samples (closer to single crystals than to powders), for which 
angular information between atomic bonds is stressed by their coherence in orientations via the OD.  

Ø Conclusion  

Ø  Refined cell parameters are (Tables 1 and 2) are deviated from the usual non-biogenic aragonite for all cell 
parameters a, b and c.  

Ø  The cell distortions are anisotropic and the relative unit-cell volume increase differs in the three layers of C. Lampas 
Lampas, being less pronounced in the intermediate layer.  

Ø   Similar cell distortions were already observed in biogenic aragonite layers using high resolution synchrotron 
instruments (Pokroy et al., 2006), on powderised shells. The authors observed much lower cell distortions, about 
three times less, which were also anisotropic. Using specific sample preparation, the authors could remove the 
intercrystalline organics hereby attributing the cell distortions to the intracrystalline interactions between organic 
macromolecules and mineral aragonite. In our case we did not and can attribute the cell distortions to intercrystalline 
molecules. 

Ø  Pokroy et al. (2007) associated these distortions to a variation of the aplanarity of the CO3 groups in the studied 
species, using neutron powder diffraction. In our case, we worked on real layers, neither powderised nor bleached to 
remove intercrystalline macromolecules, and using x-rays. 

Figure 5: {110}, {111}, {002} and {121} recalculated normalised pole figures of 
the inner nacre layer of Pinctada Maxima. 

Ø References 

In this work, we apply the Combined Analysis based on the Rietveld method to study samples 
of biogenic calcium carbonate from two living species of the Mollusca. In natural species, we 
clearly put into evidence the existence of distortions of crystalline cells due to the presence of 
the intra- and inter-crystalline macromolecules in opposition with similar studies operated on 
powderised samples. 

The main output of this study lies in the demonstration of the better accuracy of the structural 
determination when taking account quantitatively of the texture.  

- Ouhenia S., Chateigner D., Belkhir M., Guilmeau E. (2008). Microstructure and crystallographic texture 
of Charonia lampas lampas shell. Journal of Structural Biology 163 175-184 

- Pokroy B., Fitch A.N., Lee P.L., Quintana J. P., Caspi E.N., Zolotoyabko E. (2006). Anisotropic lattice 
distortions in mollusc-made aragonite: A widespread phenomenon. Journal of Structural Biology 153 
145-150 

- Pokroy B., Fieramosca J.S., Von Dreele R.B., Fitch A.N., Caspi E.N., Zolotoyabko E. (2007). Atomic 
structure of biogenic aragonite. Chemistry of Materials 19 3244-3251 

Ø   Results  and discussion 

Ø Experimental and procedure  

Figure 1a: The CRISMAT diffractometer dedicated to Combined Analysis, 
equiped with a curved PSD covering 120 ° (INEL).  

Figure 1b: Scheme of the Eulerian craddle used to cover all 
the orientation space. 

Figure 3: Randomly selected diagrams for the outer, intermediate 
and inner crossed lamellar layers of Charonia lampas and for the 
inner nacre layer of Pinctada Maxima, from top to bottom, with the 
corresponding fits 

Table 1: Cell parameters, refined atomic positions and ΔZ 
values for Charonia layers, our non-biogenic reference and the 
Strombus species of Pokroy et al. (2007) 

Table 2: Cell parameters, refined atomic positions 
and ΔZ values for Pinctada Maxima. 


