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Carbon sequestration

CLAY MINERALS

Soil aggregation Nutrients reservoir

Essential constituents of soils

plants

fauna
microorganisms

Clay minerals

Storage and exchange of nutrient cations (K +,Ca2+,Mg2+,Na+,NH4
+...)
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Carbon sequestration

CLAY MINERALS

Soil aggregation Nutrients reservoir

plants

fauna
microorganisms

Clay minerals

Storage and exchange of nutrient cations (K +,Ca2+,Mg2+,Na+,NH4
+...)
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Essential constituents of soils
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Time

10 y200 y 80 y

(Pernes-Debuyser et al., 2003)

(Velde & Peck., 2002)

Forest monocuture (Ticé et al., 1996)

(Barré et al., 2008)

40 y

Seasonal rhisospheric changes (Turpault et al., 2008)

Cornu et al. 2012
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< 2 µm size fraction - Luvisol Versailles France - Ca saturation

L1

L2

BT

B/C

E

3 7 14 21 28 35

AD

EG

°2 q(CuKa)x 3

Q QG FdhklK KIII/Sm I/Sm

Moni 2008, Hubert et al 2009
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Experimental XRD patterns
< 2µm , oriented slides

Usual treatments Additional treatments
Ca2+ & Ca2+/EG saturations Other saturations (K+,Mg2+), Heating

Decomposition

Qualitative 
description

Diffractogram 
treatment Curve fitting of XRD patterns

FWHM, maximum intensity, 
location of Gaussian curves

Kaolinite, illite, MLM illite/smectite

°2 q(CuKa)
0 5 10 15 20 25 30 35
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L1

L2

BT

B/C

E

3 5 7 9 11 13

3 5 7 9 11 13

3 5 7 9 11 13

3 5 7 9 11 13

3 5 7 9 11 13

AD

3 5 7 9 11 13

3 5 7 9 11 13

3 5 7 9 11 13

3 5 7 9 11 13

3 5 7 9 11 13

EG

10.2 Å

10 Å

10.1 Å

10 Å
14.9 Å 17.5 Å

7.3 Å

7.2 Å

7.3 Å

7.2 Å
14.5 Å 15.6 Å
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Experimental XRD patterns
< 2µm , oriented slide

Usual treatments Additional treatments
Ca2+ & Ca2+/EG saturations Other saturations (K+,Mg2+), Heating

Decomposition

Qualitative 
description

Diffractogram 
treatment

Kaolinite, illite, 
MLM illite/smectite, (chlorite)

MLMs
identification

One-Dimensional XRD 
pattern calculation

Newmod (2 layer types) 
visual comparison

M. Pernes et al. 2003

Illite/smectite R0 50/50  1 < CSDS < 4

Illite/smectite R0 50/50  3 < CSDS < 6

Curve fitting of XRD patterns
FWHM, maximum intensity, 
position of Gaussian curves 2 MLMs (illite/smectite?) 

2 kaolinites (well & poor crystallised) 

2 illites (WCI & PCI) 
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No limitation of types, proportions and stacking se quence of layersTest different MLM by trial & error procedure

���$% �%�#9&��+�(��6�$,9$��#$( &��&(:�%&�%*�& $:���� �9&  $�(+

Modeling 00 � experimental reflection series

All phases position width relative intensities

Mixed layer clay mineral

layer

crystal

Discrete clay mineral

layer

crystal

EGAD

Instrumental factors

parameters

Sybilla© Chevron (algorithm of Drits & Sakarhov, 1976)

nature, quantity and coordinates of atomsParameters from literature  (Moore & Reynolds, 1989 )

coherent scattering domain size (CSDS)
hydration and solvation states for expandable layers

coherent scattering domain size (CSDS)
hydration and solvation

relative proportions
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3 5 10 15 20 25 30 35

3 5 10 15 20 25 30 353 5 10 15 20 25 30 353 5 10 15 20 25 30 353 5 10 15 20 25 30 35

I I IS S S

3 5 10 15 20 25 30 35

C C CS S S

3 5 10 15 20 25 30 35

3 5 10 15 20 25 30 353 5 10 15 20 25 30 353 5 10 15 20 25 30 35

BT

Illite (I)
(CSDS = 17)

Smectite (Sm)
(CSDS = 3)

Chlorite/smectite (MLM C/S)
(R0, 52/48, CSDS = 8)

Illite/smectite (MLM I/S)
(R0, 63/37, CSDS = 6)

Kaolinite (KW) 
(CSDS = 19)

Kaolinite (KB)
(CSDS = 5)

I I IS S S

3 5 10 15 20 25 30 35

C C CS S S

3 5 10 15 20 25 30 353 5 10 15 20 25 30 35

3 5 10 15 20 25 30 35X 3

°2 q (CuKa)
X 3

AD (Ca)

EG

Proposed new clay species
@�+9$%�$+�7� "�A����+

Rp = 9.4%

Rp = 8.6%
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AD (Ca)

3 7 14 21 28 35

�2q (Cuka)

Rp = 11.8%

Rp = 10.8%

Rp = 12.8%

Rp = 10.8%

Rp = 8.6%

L1

L2

BT

B/C

E

x3
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METHODS RECENTLY DEVELOPED
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