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INTRODUCTION

During diagenesis of sedimentary rocks both the concen-
tration of illite layers and the tendency to develop an ordered 
distribution of illite and smectite interlayers in mixed-layer il-
lite-smectites (I-S) increase (Shutov et al. 1969a, 1969b; Hower 
et al. 1976; Lindgreen and Hansen 1991). In oil-source shales in 
sedimentary basins smectite illitization takes place simultane-
ously with oil generation because these two different reactions 
occur in the same temperature interval (Hunt 1979; Dypvik 
1983; Durand 1985; Hansen and Lindgreen 1989). Moreover, 
oil generation is accompanied by formation of NH3 molecules 
which transform into NH4

+ cations in pore water and may be Þ xed 
in I-S during the illitization reaction (Williams et al. 1989, 1992; 
Lindgreen et al. 1991). Lindgreen (1994) showed that NH4 Þ xa-
tion is preferential to K Þ xation and may be a general process 
during burial diagenesis of oil-source rocks.

The main problem in the determination of Þ xed NH4 in I-S by 
diffraction methods is that different proportions and distributions 
of the layer types modify the positions, intensities, and proÞ les of 
basal reß ections much more strongly than does interlayer NH4. 

Drits et al. (1997a) described a diffraction technique to deter-
mine the average content of Þ xed NH4 as well as the distribution 

of NH4 and K in illites and I-S. The sensitivity of diffraction 
methods to the presence of NH4 cations in I-S can be signiÞ cantly 
increased if the I-S are saturated by K and dehydrated. After this 
treatment, the K-bearing smectite layers collapse to 9.98 Å and 
the treated I-S will have the same periodicity of these layers and 
K-bearing illite layers. It was previously found that the positions 
of the basal reß ections of the treated I-S can be used to determine 
the average content of Þ xed NH4 whereas comparison of widths 
of the basal reß ections with different l provides quantitative in-
formation about the distribution of K and NH4 over different 
interlayers (Drits et al. 1997a). Application of this technique in 
combination with simulation of the experimental XRD patterns 
using the multispecimen technique (Drits et al.1997b; Sakharov 
et al. 1999; Lindgreen et al. 2000) showed that NH4-bearing I-S 
from the oil-source rocks of the Upper Jurassic North Sea shales 
and of the Cambrian Alum shales from the Baltic area consist 
of irregularly interstratiÞ ed K-bearing 9.98 Å illite, NH4-bear-
ing 10.33 Å tobelite, and expandable layers (Drits et al. 1997b, 
2002; Lindgreen et al. 2000). For the North Sea shales the forma-
tion of the four-component illite-tobelite-smectite-vermiculite 
(I-T-S-V) phase takes place in a diagenetic interval called the 
�tobelitization window�. It is remarkable that for the North Sea 
mixed-layer minerals the proportion of K-bearing illite layers 
as well as the content of Þ xed K per O10(OH)2 are constant and 
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ABSTRACT

The X-ray diffraction method previously developed for the determination of the amount and 
distribution of Þ xed NH4

+ in illite-smectite has been modiÞ ed to include the effects of layer thickness 
ß uctuations of K-saturated and heated smectite and the effects of mean thickness of coherent scatter-
ing domains (CSDs). X-ray diffraction patterns and 002 and 005 reß ection proÞ les are calculated for 
K-saturated and dehydrated NH4

+-bearing I-S representing models having different distributions of K 
and NH4

+ over mica-like interlayers, different proportions of  interlayer types, different mean thick-
nesses of CSDs, and different degrees of thickness ß uctuations for K-saturated and heated smectite 
layers. The diffraction criteria for identiÞ cation of these models are discussed. The amount of Þ xed 
NH4

+ can be determined accurately from the position of the 005 reß ection. Diffraction methods have 
low sensitivity to different distributions of Þ xed K and NH4 over mica-like interlayers in NH4-bearing 
I-S containing a high amount of expandable interlayers and a low amount of Þ xed NH4. However, the 
interstratiÞ ed nature of NH4-bearing illites or I-S can be determined unambiguously in two limited 
cases: Þ rst, when the structures have a low (<20%) content of expandable layers (WS) and, secondly, 
when NH4/(NH4 + K) ≥ 0.20 in the mica-like interlayers, even for WS > 0.20. The method is applied 
to I-S from western Greenland Cretaceous oil source rocks heated by intrusions. The samples contain 
I-T-S consisting of 13�33% tobelite layers. Two groups of samples are identiÞ ed. One includes I-T-S 
structures in which dehydrated K-smectite layers have no signiÞ cant thickness ß uctuations. For these 
samples different broadening of 002 and 005 reß ections is due only to interstratiÞ cation of the 9.98 and 
10.33 Å layers. In the other group a satisfactory agreement between the experimental and calculated 
positions and proÞ les of the 002 and 005 reß ections is achieved only when thickness ß uctuations for 
the K-smectite layers are taken into account.


