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Bulk Volume Reduction of the Kimmeridge Clay Formation, North Sea (UK) 
Due to Compaction, Petroleum Generation and Expulsion
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Abstract: In this study, the effects of petroleum generation and expulsion on shale porosity is explored by
evaluating the compaction of the Kimmeridge Clay Formation (KCF) within the oil window using log data and
shale samples from the KCF within the depth and temperature range of ~1.5-5.0 km and 90-157ºC, respectively.
Petrophysical properties e.g porosity and pore-size distribution were measured, and permeability was calculated
using empirical models based on the measured porosities. Transit-time values from the sonic logs recorded at
depths in the wells were the cores were recovered were calibrated against the porosities determined from the
core samples. Bulk geochemical parameters e.g., Total Organic Carbon (TOC), Hydrogen Index (HI) were
determined. The volume reduction in the KCF within the oil window due to petroleum generation and
expulsion, and compaction due to loss of pore space was determined using the geochemical and log derived
porosity data emplaced into empirical relations. Porosities above the oil window range from ~15-20%, but
decreased to <5% at the end of the oil window. Pore-sizes decrease from ~11 nm to between 6-8 nm at the
depth range of 1.5-5.0 km. Permeability decreased from 4.8 nD to ~0.095 nD. The quantitative estimations of
volume reduction within the oil window indicate that for ~8.0wt% initial TOC sediment, a bulk volume
reduction of 13% of the initial volume is due to oil expulsion, and ~12% is due to loss of pore space. 
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INTRODUCTION

Decrease in matrix porosity or compaction occurs
due to the inelastic grain deformation in response to the
continually increasing effective stress with depth.
However, at depths >2-3 km and temperatures ~70-100ºC,
Skempton  (1970),  Bjorlykke  (1999), Bjorlykke and
Hoeg (1997) and Broichhausen et al. (2005) reported that
compaction also involves dissolution and precipitation of
minerals, and that these processes are strongly controlled
by temperature and to a lesser extent by variation in
effective stress. Dissolution of mineral phases causes
porosity reduction and a closer packing of the grain
structure (Nygard et al. 2004). This implies therefore that
non- mechanical processes may also be important during
compaction of sediments in sedimentary basins.

But the conventional approaches to shale compaction
have generally neglected to take into account volume
reduction of organic matter due to petroleum generation
and expulsion, which may, in organic rich shales, account
for much of the total volume reduction occurring during
burial (Larter, 1988).  In organic rich source rocks with
TOC > 2.5%, organic matter constitutes a significant
fraction of the source rock (Goff, 1983); as a result, the
organic matter may partially support the overburden stress
(Gutjahr, 1983; Palciaukas, 1991). During petroleum
generation, the solid phase kerogen is slowly converted to
oil and gas and subsequently expelled. Compared with

typical mudstones, the compaction of organic rich rocks
may therefore be different due to (a) different
compressibility and (b) generation and expulsion of
petroleum. The net decrease in source rock volume
observed during burial may be due to a composite of
porosity reduction driven by mechanical and non-
mechanical compaction and petroleum expulsion.
Therefore, if the mechanics of compaction are understood
or, by quantitatively analysing the effects of compaction
(e.g., porosity), the irreversible nature of shale
compaction (Hedberg, 1936; Magara, 1980) can be
exploited to assess the extent to which geochemical
processes (e.g., hydrocarbon generation and expulsion)
have altered the porosity of the sediments and thus
estimate the original volume of sediments required to
have been compressed to present thickness within the oil
window.     

In this study, we have used a geochemical mass
balance approach based on empirical relations to
determine the volume reduction in a unit volume of the
KCF using petrophysical and bulk geochemical
parameters due to (a) compaction and (b) petroleum
generation and expulsion.
 
Conceptual model of source rock compaction: The
quantification of the bulk volume reduction in an organic
rich source rock due to conventional porosity reduction
and  petroleum  generation  and  expulsion  is  based on a
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Fig. 1: Source rock versus conventional shales. Volume reduction in organic rich shales during burial may be a composite of
conventional porosity reduction and petroleum expulsion (XOM), (after Larter, 1988). Mt = is total porosity; Me = effective
porosity; Aºt =total reducible volume; Aºe = effective reducible volume

conceptual model, shown schematically in Fig. 1. The
conceptual model is a highly simplified description of the
real system that lends itself to a mathematical treatment.
A source rock is an organic rich layer of prescribed
boundaries of given volume (Vsource), where the organic
matter occurs as a network, and has a volume (Vom). The
remaining volume (Vinorganic), is occupied by inorganic
solids such as sands, carbonates and clays, and VM, the
associated porosity (Fig. 1). In this case, the stress bearing
organic matter is not part of the intergranular pore space
(M) and thus not part of the Vinorganic, and

Vsource = Vinorganic + Vom + VM (1)

A realistic compaction model for an organic rich
shale is that a significant fraction of the total volume
reduction and density increase in sediments resulting from
burial, results from major catagenetic conversion of solid
phase kerogen to fluid oil and gas, which is partly
expelled (Fig. 1). Therefore, by quantitatively evaluating
the volume of organic matter in a unit volume of source
rock and the associated porosity change before and after
petroleum generation and expulsion, the net volume
reduction in the source rock can be determined.

MATERIALS AND METHODS

Twenty-two shale core samples from 15 wells taken
from the central and northern parts of the North Sea and
the Norwegian Margin were selected for porosity
measurement. The main sampling criterion was sample
quality, since high-quality core material is a prerequisite
for the accurate determination of very low porosities.  The
samples were taken from a depth range of ~1.5-5.0 km,
and bottomhole temperature data range from 44-157ºC.
Aiming to determine the petrophysical properties of the
organic rich KCF, we sampled uniquely from zones with

a gamma ray signal over 100API units. Only data from
intervals with gamma-ray values >100API units, transit-
time values >70 µsec/ft and a relative decrease in bulk
density values were chosen. Consequently, data from thin
sand intervals within the KCF was screened out. Samples
were ground, and organic carbon contents (TOC) were
determined using a LECO RLS-100 Carbon-Sulphur
Analyser. Bulk pyrolysis parameters were obtained by
Rock-Eval pyrolysis (Espitalie et al., 1977).

Pore-size distribution of the mudstone specimens was
determined by mercury intrusion porosimetry, following
the procedure described by Issler and Katsube, (1994).
Approximately 5-10 g fragments were cut from the 22
mudstone core samples. Samples were dried first at room
temperature and then for 24 h at 105ºC. There was no
visible alteration of sample integrity resulting from the
cutting or drying procedure. In principle, the mercury
porosimeter can generate pressures high enough to force
mercury into all accessible pores and measure the volume
of mercury taken up by them (Rootare, 1970). Assuming
cylindrical  pore  shapes,  the Washburn equation
(Rootare, 1970) relates the amount of pressure, p, required
to force mercury into pores with pore-size diameter, d,
greater than or equal to: 

(2)d
p

=
− 4γ θcos

where ( is the surface tension of mercury, and 2 is the
contact angle. Values of  2 = 141º and ( = 0.48 N/m were
used in this study. The measurements were made using a
Micrometrics Autopore II 9220 mercury porosimeter with
an available pressure range of 0.021-269 MPa. The
mercury injection pressure was incrementally increased
from 0.021 to 269 MPa in 56 pressure steps, and the
volume  of  mercury  intruded  for  each  step  measured.
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Fig. 2: Example of pore-size distribution. The blue plot marks the cumulative porosity against pore size distribution. The red plot
marks the pore density against the pore size distribution

Knowing both the applied pressure and the incremental
volume of mercury intruded into the sample allows pore-
size distributions throughout the sample to be calculated
from Eq. (2). The mercury porosimetry data for this study
was taken from Jokanola (2003). The total porosity was
calculated from the dry bulk density and the measured
grain density. The dry bulk density was calculated from
dry weight and bulk volume given by the mercury
intrusion. Since sampling and unloading may induce some
microfracturing, the total porosity was corrected using
pore size distribution data. The approach, illustrated in
Fig. 2, is to determine the point at which the pore size
frequency curve, when plotted as a function of increasing
pore radius becomes a minimum. It is assumed that pores
above that “cutoff” radius are sampling artefacts and are
removed from the data set. 

The mean pore throat radius was calculated for all
pores smaller than the cut off radius. It was calculated
incrementally from the relative pore size distribution
using the equation (Yang and Aplin, 2007):

(3)( ) ( ) ( )
r

r r
j j

i i

i
= −

+⎛

⎝
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⎞
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where, ri  is the pore throat radius at data point
i(nm),N% is the fractional relative porosity at pore throat
radius  and is defined as:

(4)φ
φ
φ%,

,
j

cum j

c
=

where Ncum,j  is the fractional cumulative porosity at data
points and is the corrected porosity. In the calculation of
mean pore throat radius using above equations, pores
smaller than the smallest measured pore (3.0 nm in this
work) were neglected since their contribution to the mean

pore throat radius is insignificant. The shale porosities
were calibrated against transit time values from the sonic
log recorded at depths in the wells where the cores were
recovered. The porosity-transit time relationship obtained
from the calibration is:

M = 1 - (66.8/)t)1/3.31 (5)

where f and Dt are the shale porosity and transit-time
respectively. Permeability was modelled from the pore
throat size distribution and porosity data using the
approach of Yang and Aplin (1998).   
       As organic matter is slowly converted to oil, the oil
is squeezed out of the organic matter and into the pore
space (Palciaukas, 1991). During this process, the volume
of oil expelled from the source rock is approximately
equal to the net decrease in volume of the organic matter,
i.e., )Vom. The volume decrease due to organic matter
conversion is temperature induced and occurs only within
the oil window. Also, compaction of pore space, ()M),
due to increasing effective stress or non-mechanical
process results in an additional volume decrease.
However, the volume of inorganic solids is assumed to be
constant. The change in source rock volume in response
to passing through the oil window can thus be written as:

)V = Vinorganic + )Vom + )VM (6)

where,
Vmatrix = Volume of inorganic solids (assumed to be

constant)
)vom = Volume of oil expelled from the source rock and

change in kerogen volume
)VM = Volume change due to compaction of pore space

We have used a geochemical mass balance approach
based on empirical relations to determine the volume
reduction in the KCF due to petroleum generation and
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expulsion. In this approach, we determine the mass of
petroleum generated and expelled by determining the
decrease in kerogen volume (Cooles et al., 1986). The
volume percent of kerogen (initial and final) was
calculated using the approach of Tyson (1995). The
following empirical relations were used:

Initial OM (wt%)  =
(TOCinitial / wt % carbon of kerogen) * 100 (7)

Present OM (wt%)  =
(TOCpresent / wt % carbon of kerogen) * 100 (8)

Initial kerogen volume (%)  =
(Initial OM (wt%) / Kerogen density)
* mineral density (9)

Present kerogen volume (%)  =
(Present OM (wt%) / Kerogen density)
* mineral density (10)

Assuming a source rock volume of 1000 m3

Initial volume of kerogen (m3) =
(Initial volume of kerogen (%)/100) * 1000 (11)

Present volume of kerogen (m3) =
(Present volume of kerogen (%)/100) * 1000 (12)

where, 
TOC = Total Organic Carbon (wt%)
HI = Hydrogen index (mgHC/gTOC)
Vol. of pet generated (m3) 

= Initial volume of kerogen - Present volume of
kerogen

Vol. of petroleum expelled 
= Volume generated * expulsion efficiency

Vol. reduction in OM 
= Initial volume of kerogen - Volume of petroleum

expelled

Expulsion efficiency = 
[(S2(initial) - S2(obs) + S1(initial)) - (S1(obs)) /
(S2(initial) - S2(obs) + S1(initial))] × 100 (13)

where, 
Obs = observed
Expulsion efficiencies were determined from pyrolysis
data
       The volume decrease in the KCF due to compaction
of pore space is evaluated using the following relation.

Vo = V * (1-N/1-No) (14)
)V = Vo - V (15)

Note that the solid volume is assumed to be constant.

where,

Vo = Original volume of source rock
V = is the assumed present volume of source rock

(1000 m3)
)V = amount of compaction
No = the initial porosity (%)
N = final porosity (%)

The volume of oil generated from a unit volume of source
rock is related to the amount, type and maturity of its
kerogen. The subsequent expulsion of the generated oil is
related to the expulsion efficiency of oil from the source
rock. To quantitatively determine the net volume
reduction in the KCF occasioned by petroleum generation
and expulsion and compaction (pore space loss), we have
assumed a unit volume of the KCF (1000 m3 source rock
volume). We have also carefully chosen two wells
(204/27A-1 and 3/29a-4) and reference depths 2800 and
4742 m in these wells corresponding to ~90-151ºC to
represent the beginning and end of the oil window. This
maturity range was further subdivided into four maturity
slices. In each maturity slice, the initial and final volume
of kerogen was determined using bulk geochemical
parameters (e.g., TOC, HI, kerogen density etc.) and
emplacing them in mass balance equations 7-10 so as to
determine the volume loss due to petroleum generation
and expulsion. The difference between the initial and final
volume of kerogen is a measure of the amount of
petroleum generated and expelled. Pore space loss and
thus volume reduction due to mechanical compaction is
determined using the porosities at the respective depths in
the wells chosen using Eq. (14) and (15). 

Since the KCF does not extend up to a depth of 2800
m in well 204/17A-1, we have used a porosity of 15% at
the onset of petroleum generation taken from well 25/2-6
at a depth of about 3100m. Also, the TOC in the immature
KCF varies between 6-9 wt%, we thus used an average
value of 8.0 wt %.  In well 3/29a-4, a TOC value of 4.5 wt
% is used, porosity at depth 4742 m varies from ~4-6%.
We have decided to use an average value of 5%. Basic
petrophysical and geochemical data and results of the
volume reduction calculation are shown in Table 1. Below
is an illustration of the volume reduction calculation
within the maturity range 90-151ºC.

Beginning of the oil window
Maturity 90ºC (Depth: ~2800 m)
Initial TOC = 8.0 wt %
Initial wt% of kerogen = 10.7 wt %
Initial volume of kerogen  (%) = 23.5%
Initial volume of kerogen (m3) = 235 m3

Porosity = 15%
Volume of pore space = 150 m3

Volume of minerals = 615 m3
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Table 1: Petrophysical and geochemical data
HI (mgHC/ Kerogen Grain Mean Permeability

Well name Depth (m) Temp (ºC) TOC (%) gTOC) density (g) density (g) Porosity (%) radius (nm) (nm)
31/2 - 2 1515 52 4.16 277 1.23 2.69 24.2 13.5 4.800
35/11 - 4 1979 56 4.03 n.d 1.23 2.69 9.5 14.3 1.400
31/4 - 10 2007 76 5.91 358 1.20 2.67 11.0 7.8 0.870
31/4 - 9 2117 77 9.53 n.d 1.22 2.61 20.5 6.1 1.600
31/4 - 6 2132 79 7.05 357 1.23 2.64 19.2 6.3 1.500
34/10 - 18 2352 60 5.61 406 1.22 2.67 16.4 34.5 7.300
30/9 - 10 2755 75 3.69 n.d 1.23 2.70 16.5 35.6 8.600
30/9 - 14 2978 78 3.06 n.d 1.23 2.86 10.3 6.3 0.640
211/12A - M1 3125 97 8.21 287 1.21 2.64 14.3 13 2.100
211/12A - M1 3282 102 5.81 138 1.24 2.30 15.2 12.7 2.300
211/12A - M16 3376 102 9.77 138 1.24 2.65 24.3 10.9 3.800
211/12A - M16 3401 103 8.18 121 1.22 2.69 23.8 15.7 5.500
34/8 - 6 3578 98 9.43 315 1.21 2.61 12.8 2.3 0.290
16/7b - 20 3932 96 7.53 393 1.22 2.63 9.3 1.2 0.095
16/7b - 20 4030 104 7.42 n.d 1.24 2.65 10.5 2.2 0.081
16/7b - 28 4120 106 8.34 250 1.25 2.64 7.2 2.9 0.180
16/7b - 20 4134 106 11.10 250 1.25 2.62 8.0 3.8 0.270
16/7b - 20 4158 102 5.85 259 1.27 2.62 5.2 2.5 0.100
3/29 --2 4608 130 6.91 38 1.38 2.67 6.4 3.2 0.170
3/29a - 4 4707 141 4.46 48 1.36 2.68 4.3 2 0.067
3/29a - 4 4742 142 6.37 38 1.35 2.67 4.8 2.5 0.095
3/29a - 4 4781 144 6.16 65 1.35 2.66 3.3 4.3 0.100

End of oil window
Maturity 142ºC (Depth: ~ 4742m)
Present TOC (wt %) = 4.5 wt %
Present wt % kerogen = 5.0 wt %
Present volume of kerogen = 10.2%
Present volume of kerogen (m3) = 101.9 m3

Porosity = 5%
Volume of pore space = 50 m3

Volume of solids = 615 m3

Calculations
Volume of oil generated = 133 m3

Expulsion efficiency = 98% 
Volume of oil expelled = 130 m3

Volume of sorbed oil within the kerogen = 2.7 m3

Volume reduction due to petroleum =13.04%
generation and expulsion 

(of the initial bulk volume)
Volume reduction due to porosity loss = 11.8% 

(of the initial bulk volume)
Total volume reduction due to oil
expulsion and compaction of pore space = 23.04%

(of the initial volume)

Note: Kerogen densities used in determining the initial
and present volume of kerogen in a maturity slice was
obtained from Okiongbo et al. (2005), while weight
percent carbon used for the volume of organic matter
estimations  in  a  maturity slice was taken from
Rullkotter et al. (1988), and a mineral density of
2.75g/cm3 (Hermanrud et al., 1994) was used.

RESULTS AND DISCUSSION

Total organic carbon ranges from 3.4 to 9.8%, mainly
between 4 and 9.8% (Table 1). Hydrogen Index (HI)

values of the immature samples vary from 260 to 530
mgHC/gTOC, with most samples showing values between
300 and 400 mgHC/gTOC. At temperatures between 100
and 150ºC, petroleum generation and expulsion is
reflected in a reduction in HI from 250 to 450
mgHC/gTOC to less than 50 mgHC/gTOC. The reduction
in HI occurs mainly over a depth range between 3500 and
4500 m.

The data set is presented in Table 1 and shows that
pore throat sizes and porosity range from ~3.0-1000 nm
and ~3.0-24%, respectively. The pore size distributions
show that the mudstones are characterised by unimodal
pore sizes with modes decreasing from ~15 nm at 1515 m
to ~6-8 nm as depth increases to 4781 m. Generally, the
sample suite is characterised by larger porosities and pore
sizes at shallow depth but decreases from ~15 nm at about
24% (1515 m) to ~1.2-5.0 nm at porosities <10%
suggesting that with increasing effective stress, porosity
is lost by the collapse of relatively larger pores, resulting
in a decrease in the mean pore throat size (Yang and
Aplin, 1998). Table 1 shows that mean pore radius is
almost constant at values <5.0nm suggesting a state of
maximum compaction as the porosity approach a critical
value of <10%. This reaffirms the fact that most of the
porosity loss occurs through the collapse of pores larger
than 10 nm (Yang and Aplin, 1998). A lower limit of ~3.0
nm pore radius was determined at a pressure of 269 MPa
in all samples. Since mudstones contain pores with radii
smaller than 3.0 nm and/or have pores which are not
connected to the flow system, the pore size distributions
do not start at zero porosity but a porosity which
represents difference between the total porosity and that
measured by mercury intrusion. Porosity values
determined using the correlation function obtained by
regressing core porosity values against transit time values
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Table 2: Volume reduction through petroleum expulsion and compaction in a unit volume of the Kimmeridge Clay Formation
HI (mgHC Porosity Init. TOC Present Net vol

Well name Depth (m)  Temp. (ºC) /gTOC) (%)  (wt %) TOC  (wt %) Vp (%) Vo (%) loss (%)
204/27A-1 2043 90 424 11 - 20 8.0         0.0
25/2-6 3150 100 236 12 - 14 8.0 6.85 5.30 2.4 7.7
3/29a-4 4707 141 36 5.0 - 7.0 8.0 4.80 12.10 10.6 22.7
3/29a-1 4742 142 36 4.7 - 7.0 8.0 4.50 13.04 11.8 24.8
Vp = volume loss due to petroleum generation and expulsion expressed as a percent of the initial volume
VM = volume reduction due to pore space loss as a percent of the initial KCF volume

are consistent with published mudstone/shale porosity
versus sonic transit-time data from the North Sea Malm
(Kimmeridge) shales thus affirming the validity of the
equation.

The equation is able to account for the curvilinear
relation between porosity and sonic transit time over a
wider porosity range. The equation offers a significant
improvement over the widely used time average equation
in that porosities derived from sonic transit time values
using the transform show a satisfactory fit with those
determined experimentally.

Modelled permeabilities range between 9.5×10G23 -
8.6×10G21 m2 (8.6-0.095 nD). This range is within that
reported by Neuzil (1994) for permeabilities determined
both experimentally and inferred for field settings by
inverse analysis of pressure or flow data. Table 1 shows
an overall decrease in permeability from 8.6×10G21 m2

(8.6 nD) to 9.5×10G23 m2 (0.095 nD) at a depth and
porosity range of 1515-4781 m and 3.0-24%, respectively,
a decrease of about three orders of magnitude.

We have explored the volume reduction in the KCF
through both petroleum generation and expulsion, and
loss of pore space due to compaction (assuming only
vertical compaction). Petrophysical and geochemical data
derived from the KCF only was used (Table 1). The
results of the bulk volume reduction estimation are shown
in Table 2 and Fig. 3. The results show that for ~8 wt %
initial TOC sediment, a bulk volume reduction of ~25%
is evident through the oil window of which 13% of the
initial volume of the KCF is due to petroleum generation
and expulsion. The results also show that a bulk volume
reduction of ~12% of the initial volume within the oil
window (~2800-4742 m) is through porosity loss.
Comparison between percentage pore space loss and
volume reduction due to petroleum generation and
expulsion indicates that volume reduction occasioned by
petroleum generation and expulsion is ~1.2% greater in
magnitude than that due to pore space loss.       

These results are at odds with theoretical
considerations of Palciaukas (1991) who suggested that
the bulk volume reduction in oil prone source rocks due
to petroleum generation and expulsion is ~4-8 times larger
than volume loss due to porosity loss. This discrepancy is
from the fact that Palciaukas (1991) has assumed a matrix
porosity (M) of about 0.05-0.10 around the oil window,
and has assumed that the porosity change ()M) is not
more   than   0.02   through   the  oil  window.  We  have

Fig. 3: Net volume reduction in the KCF through petroleum
expulsion and loss of pore space

observed in our study that the matrix porosity (M) ranges
from ~0.03-0.05% to 0.15-0.20% in the oil window in the
KCF. We estimated a porosity change ()M) of around
~0.75-0.80 in the oil window. Thus the estimated porosity
loss in this study is larger than that theoretically
considered by Palciaukas (1991). However, the
percentage volume reduction (~13%) due to petroleum
generation and expulsion is consistent with that (~10%)
suggested by Larter (1988) and Palciaukas (1991). The
volume reduction estimations in this study are based
purely on normal compaction when fluid expulsion is
efficient. On the contrary, if expulsion is poor, pore fluids
will have considerable difficulty in migrating through the
connecting/storage pores. This would result in fluid
entrapment, and overpressure within the shale would
occur, inhibiting compaction. Also, if the shale grain
framework protects the pore spacing from collapsing,
porosity will be considerably enhanced and preserved due
to transformation of the solid organic matter to fluid, and
subsequent expulsion. 

CONCLUSION

Mercury porosimetry measurements for 22 mudstone
core samples from 15 North Sea wells show a broad range
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of pore-size distribution and variation of porosity values.
Generally, pore-size distributions of the samples exhibit
unimodal distributions with modes decreasing from ~15
nm at 1515 m to ~6-8 nm as depth decreases to 4781 m.
The small pore sizes of these mudstones provide a
qualitative explanation for the low mudstone
permeabilities and why they tend to form reservoir seals.
The sonic transit time-to-porosity transform offers an
empirical approach to regional porosity determination in
the organic rich Kimmeridge Clay Formation in the North
Sea basin in that porosity values determined using the
correlation function are consistent with published
mudstone/shale porosity versus sonic transit-time data
from the North Sea Malm (Kimmeridge) shales thus
affirming the validity of the equation. Quantitative
estimations of volume reduction in the KCF within the oil
window indicate that for ~8 wt % initial TOC sediment,
a bulk volume reduction of 13% is evident through the oil
window simply due to oil expulsion, while a bulk volume
reduction of ~12% was estimated as that due to
mechanical compaction. In comparison, the bulk volume
reduction due to petroleum generation and expulsion in
organic rich shales is ~1.2% greater in magnitude than
that due to mechanical compaction of the pore space.

ACKNOWLEDGEMENT

We thank Niger Delta University for the financial
support of K.S.O’s Postgraduate research. BP and Norsk
Hydro, via Steve Cawley and Balazs Badics kindly
supplied the samples and ancillary data.

REFERENCES

Bjorlykke, K., 1999. Principal Aspects of Compaction
and  Fluid  Flow  in  Mudstones.  In:  Aplin, A.C.,
A.J. Fleet and J.H.S. Macquaker (Eds.), Muds and
Mudstones: Physical and Fluid-Flow Properties.
Geological Society of London, 153: 73-78.

Bjorlykke, K. and K. Hoeg, 1997. Effects of burial
diagenesis on stresses, compaction and fluid flow in
sedimentary basins. Mar. Petrol. Geol., 14: 267-276.

Broichhausen, H., R. Littke and T. Hantschel, 2005.
Mudstone compaction and its influence on
overpressure generation, elucidated by 3D case study
in the North Sea. Int. J. Earth Sci., 94: 956-978.

Cooles, G.P., A.S. Mackenzie and T.M. Quiley, 1986.
Calculation of petroleum masses generated and
expelled  from  source rocks. Org. Geochem., 10:
235-246.

Espitalie, J., M. Madec and B. Tissot, 1977. Source rock
characterisation method for petroleum exploration.
Offshore Technology Conference, 2-5 May, Houston,
Texas, pp: 439-443.

Goff, J.C., 1983. Hydrocarbon generation and migration
from Jurassic source rocksin the East Shetland Basin
and Viking Graben of the Northern North Sea. J.
Geol. Soc., London, 140: 445-474.

Gutjahr, C.C., 1983. Introduction to light microscopy of
oil and gas source rocks. Geologie en Mijnbouw, 62:
417-425.

Hedberg, H.D., 1936. Graviational compaction of clays
and shales. Am. J. Sci., 31: 241-287.

Hermanrud,    C.L.,   G.M.G.   Wensaas,   H.M.   Teige,
B. Nordgard, S. Hansen, and E. Vik, 1994.  Shale
Porosities from Well Logs on Haltenbanken
(Offshore Mid-Norway) Show no Influence of
Overpressuring. In: Law, B.E., G.F. Ulmishek and
V.I. Slavin, (Eds.), Abnormal Pressures in
Hydrocarbon  Environments.  AAPG  Memoir, 70:
65-85.

Issler, D.R. and T.J. Katsube, 1994. Effective porosity of
shale samples from the Beaufort-Mackenzie Basin,
Northern Canada. Current Research, Geological
Survey of Canada, B: 19-26.

Jokanola, O.A., 2003. Permeability and capillary pressure
properties of Kimmeridge Clay Formation.
Unpublished M.Sc. Thesis, University of Newcastle
Upon Tyne, UK.

Larter, S.R., 1988. Some pragmatic perspectives in source
rock geochemistry. Mar. Petrol. Geol., 5: 194-204.

Magara, K., 1980. Comparison of porosity-depth
relationships of shales and sandstones. J. Petrol.
Geol., 3: 175-185.

Neuzil, K.E., 1994. How permeable are clays and shales?
Water Resour. Res., 30(2): 145-150.

Nygard, R., M. Gutierrez, R. Gautam and K. Hoeg, 2004.
Compaction behaviour of argillaceous sediments as
a  function  of  diagenesis. Mar. Petrol. Geol., 21:
349-362.

Okiongbo, K.S., A.C. Aplin and S.R. Larter, 2005.
Changes in type II kerogen density as a function of
maturity: Evidence from the kimmeridge clay
formation. Energy Fuels, 19: 2495-2499.

Palciaukas, V.V., 1991. Primary Migration of Petroleum.
In: Merril, R.E. (Ed.), Source and Migration
Processes and Evaluation Techniques, AAPG
Treatise of Petroleum Geology, Handbook of
Petroleum Geology, pp: 13-22.

Rootare, H.M., 1970. A review of mercury porosimetry.
Perspect. Powder Metall., 5: 225-252.

Rullkotter,   J.,   D.  Leythaeuser,  B.  Horsfield,  Littke,
U.  Mann,  P.J.  Muller,  M.   Radke,  G. Schaefer,
H.J.   Schenk,  K.  Schwochau,  E.G.  Witte  and
D.H. Welte, 1988. Organic matter maturation under
the influence of a deep intrusive heat source: A
natural experiment for quantitation of hydrocarbon
generation and expulsion from the petroleum source
rock (Toarcian shale, Northern Germany). Org.
Geochem., 13: 847-856.



Res. J. Appl. Sci. Eng. Technol., 3(2): 132-139, 2011

139

Skempton, A.W., 1970. The consolidation of clays by
gravitational compaction. Q. J. Geol. Soc. London,
125: 373-411.

Tyson, R.V., 1995. Sedimentary Organic Matter: Organic
Facies and Palynofacies. Chapman and Hall, London,
pp: 433.

Yang, Y. and A.C. Aplin, 1998. Influence of lithology
and compaction on the pore size distribution and
modelled permeability of some mudstones from the
Norwegian margin. Mar. Petrol. Geol., 15: 163-175.

Yang, Y. and A.C. Aplin, 2007. Permeability and
petrophysical properties of 30 natural mudstones. J.
Geophys. Res., 112: 1-14.


