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INTRODUCTION

Fluid pressures greater than hydrostatic are referred to as
overpressure. They occur in sedimentary basins, often as a
“ramp” of increasing pressure over short sequences of sedi-
ments. Although overpressure in hydrocarbon-producing sedi-
mentary basins has been inferred to be caused by several
different factors, changes in textures concomitant with miner-
alogical transitions, especially those involving clay minerals,
have been inferred to be a key factor. For example, Freed and
Peacor (1989) concluded that textural changes associated with
the smectite-to-illite transition in Gulf Coast shales, to which
maturation of petroleum is associated, were a cause of the de-
crease in both porosity and permeability. That relation was ap-
parently confirmed by study of changes in preferred orientation
of the clay mineral component of shale fabric as a function of
depth (Ho et al. 1999). However, the relationship between clay
diagenesis and overpressure remains problematic. Despite the
predominance of computer models based on mechanical com-
paction disequilibrium and effective stress-related processes
(Osborne and Swarbrick 1997), no clear consensus has emerged.
In these models, porosity loss is attributed to sediment load-
ing, and permeability is related to lithologic correlations be-
tween porosity and permeability. Although such models are
capable of simulating overpressure development in rapidly sub-
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ABSTRACT

The role of clay diagenesis in pressure-ramp (overpressure) development is evaluated from Me-
sozoic mudstone well cuttings in the Egersund Basin, Norwegian Continental Shelf. Major changes
in the mineral assemblage over the range of increasing geopressure include ~50% decrease in detri-
tal kaolinite in bulk material, and increases in the proportions of illite, I-S, and percent of
nonexpandable illite-like layers in I-S. SEM and TEM observations confirm that pore space is de-
fined primarily by intersecting clay-mineral packets at the scale of tens or hundreds of nanometers
(0.01–0.1 mm). TEM data document the reactions of kaolinite and detrital mica to form I-S. The
principal reaction that occurred over the geopressure ramp was dissolution of kaolinite and precipi-
tation of neoformed I-S in pore space of these mudstones. These changes also correspond to changes
in <0.1 mm particle populations, as determined by Pt/C shadowed TEM measurements, as well as
high-resolution TEM lattice-fringe observations. The neoformed I-S has dimensions similar to those
of the pore space in the mudstones. The results support a mineralogical model of precipitation of
diagenetic clay, resulting in severe permeability reduction, which can be related to the observed
pressure ramp. These observations and results provide an integrated petrologic framework for mod-
eling pressure-ramp development, which had been difficult to achieve using conventional basin models
of porosity and permeability evolution based on mechanical compaction.

siding basins with high rates of sedimentation (~km/Ma, i.e.,
portions of the Gulf of Mexico), they encounter difficulties in
basins with more typical rates of sedimentation (<100 m/Ma).
Based on thermochemical models of silicate diagenesis,
Bjørkum and Nadeau (1998) proposed that clay diagenetic per-
meability reduction in shales and mudstones plays a key role
in overpressure development, along with porosity reduction in
sandstones from silica cementation. In contrast to smectite de-
hydration and smectite-to-illite interlayer water expulsion mod-
els of clay diagenesis and overpressure, Bjørkum and Nadeau
(1998) applied neoformation models of clay precipitation. These
models increase the susceptibility to overpressure by decreas-
ing permeability several orders of magnitude, while having
relatively minor effects on porosity.

To determine the relation between overpressure and miner-
alogical transitions, and to evaluate the clay-diagenetic perme-
ability reduction model proposed by Bjørkum and Nadeau
(1998), we have studied a sequence of samples from a core
from the Egersund Basin, Norwegian Continental Shelf (NCS).
This sequence is one over which a ramp of increasing
geopressure is detected, and where that overpressure is known
not to be due to fluid bleed-off from underlying highly over-
pressured reservoirs. The bulk mineralogical changes are de-
fined by X-ray diffraction (XRD). However, because likely
transitions involve nanometer scale clay minerals, we have used
scanning and transmission electron microscopy (SEM and
TEM) to determine the mechanisms of transformation and their


