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INTRODUCTION

Mixed-layer illite-smectite (I-S) is one of the main compo-
nents of clays and occurs in many geological environments
(Burst 1969; Shutov et al. 1969; Hower et al. 1976; Nadeau
and Bain 1986; Inoue et al. 1988). The structural characteriza-
tion and mechanism of their formation and transformation have
been subject of many studies (e.g., Shutov et al. 1969; Hower
et al. 1976; Środoń  1980, 1984; Reynolds 1980; Altaner and
Ylagan 1997; Środoń  et al. 2000). Smectite illitization, that is,
an increase in illite layer content together with an increase of
order in the layer-type distribution, is typical for burial diagen-
esis and hydrothermal activity and, therefore, structural and
morphological characteristics of I-S are an indicator of the de-
gree of rock transformation. Although discrete minerals have
been correlated to the type of weathering and parent rocks (e.g.,
Milne and Earley 1958; Weaver 1959; Hallam et al. 1991), few
studies (e.g., Deconinck and Chamley 1995) have used the
structural features of I-S for this correlation. The problem is to

distinguish different origins of I-S when petrographic indica-
tions are absent. This problem may, however, be solved through
a detailed structural study of the I-S.

Until recently, structural study of I-S was limited to deter-
mination of the content and distribution of the interstratified
layers along the c axis. However, I-S may consist of 2:1 layers
having different cation distributions over the available cis- and
trans-sites (Drits 1985; McCarty and Reynolds 1995; Drits et
al. 1996). Tsipurski and Drits (1984) showed that smectites and
illites generally consist of cis-vacant (cv) and trans-vacant (tv)
2:1 layers, respectively. Accordingly, formation of illite 2:1
layers from smectite layers in I-S should lead to an increase in
the content of the tv 2:1 layers. The cv smectites are primarily
products of transformed volcanoclastic rocks and, generally,
the amount of tv illite layers increases with smectite illitization
in K-bentonites and hydrothermally altered pyroclastic mate-
rial. Therefore, I-S associated with volcanic materials consists
of interstratified cv and tv 2:1 layers (Drits 1985; McCarty and
Reynolds 1995; Drits et al. 1996, 1998; Ylagan et al. 1996;
Cuadros and Altaner 1998). However, McCarty and Reynolds
(1995, 2001) did not f ind a relationship between* E-mail: hl@geus.dk
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ABSTRACT

Illite-smectites (I-S) in one Upper Jurassic mudstone core from East Greenland were investi-
gated to determine their structural and crystal-chemical features and to find the relation between
these features and source rocks. The phase composition and layer sequences were determined by
X-ray diffraction (XRD), the distribution of octahedral cations over trans- and cis-octahedra by
thermal analysis, the structural formulae by XRD, Mössbauer spectroscopy, and total chemical
analysis, and the short-range order in isomorphous cation distribution by infrared (IR) and
Mössbauer spectroscopies. For all samples (except one having maximum degree of ordering for R =
1), simulation of the experimental XRD patterns led to two different I-S models having indistin-
guishable diffraction patterns. For the first, single-phase model, expandability (wS) is 0.45–0.60. For
the second, two-phase model, two randomly interstratified I-S having wS equal to 0.40 and 0.85,
respectively, are present in different proportions in different samples. The single-phase model was
selected. A new approach for simulating the two-dimensional distributions of the isomorphous octa-
hedral cations using IR and Mössbauer parameters revealed a tendency for Fe segregation into edge-
shared octahedra that may form zigzag chains. Almost identical IR and Mössbauer parameters found
for the I-S having different amounts of trans-vacant (tv) and cis-vacant (cv) layers (ranging from
0.08 to 0.80) demonstrate that these parameters are largely determined by local cation environments
around Fe3+ and OH groups. Different levels in the Upper Jurassic Kimmeridgian core contain I-S
having different structures. I-S of hemipelagic mudstones at the bottom (37 m depth) and in the
middle (13 m depth) of the core, with a high proportion of cv layers and of smectite layers (wS ~
0.60), probably formed from volcanic material. The other four samples have a high proportion of tv
layers and probably formed by weathering of micaceous material. One of these I-S, from a mudstone
turbidite (at 27 m depth), having maximum degree of ordering for R = 1, probably originated from
one type of parent rock, and three mudstones (at depths of 4, 12, and 13 m) with segregated I-S,
probably originated from a second rock type.


