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The investigation of the complex relative dielectric function ε* (ω) = ε′  – jε″ of dry and partially water-saturated twelve
samples of Jodhpur and two samples of Dholpur sandstones are reported in the frequency range 100 Hz to 100 kHz and
at microwave frequency i.e. 10.1 GHz, at room temperature. The Cole-Cole dielectric dispersion model was fitted to the
experimental values of ε*(ω) to compute the low-frequency-limit dielectric constant, high-frequency-limit dielectric constant
and principal value of the relaxation time for dry sandstone samples. As compared to dry sample it is considered that the
large enhancement in the value of ε*(ω) of partially water-saturated sandstone samples in low frequency region is due to
electrochemical polarization. The values of real part of relative dielectric function ε′ of dry sandstone samples at 10.1 GHz
were found in the range of 3.5 to 4.84, which are mainly governed by the sample bulk density. In most of the cases the
increase in ε′ values of partially water-saturated samples at microwave frequency is found proportional to the volume
fraction of water absorbed in the sample, which were also computed by using the mixing equations for solid and fluid
component of the system for their comparison with the experimentally determined values. The detectable change in the real
part of relative dielectric function with water saturation in the sandstones confirms the suitability of microwave remote-
sensing technique for the purpose of ground water prospection.
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Introduction

The Jodhpur (western region of Rajasthan state: latitude
26° 18′; longitude 73° 04′) sandstones are mostly of
medium grain size and of various porosity belong to the
Cambrian age. These sandstones are the source of
underground water in the Jodhpur region. Reddish
brown, brown and gray colour of the Jodhpur sandstones
depend on the presence of cementation material. Dholpur
(latitude 26° 42′; longitude 77° 53′) sandstone belongs
to the northeastern part of Vindhyan supergroup. It has
fine grains with brownish red colour.

Sandstones have complex relative dielectric function
ε*(ω) = ε′ – jε″. The real part of dielectric function, ε′
is indicative of the material’s capability for storing energy
in the electric field, whereas the imaginary part of
dielectric function (dielectric loss), ε″ is indicative of
that materials capability for expending energy from the
alternating electric field of angular frequency, ω in the
material.

The investigation of dielectric dispersion behaviour
and its modeling for dry and water saturated sandstones
and other geological materials over wide frequency range
i.e. 10-4 to 1010 Hz has been the subject of several
investigators [1-15]. The measurement of frequency
dependent dielectric function of sandstones and other

geologic materials helps in planning ground penetrating
radar (GPR) surveys [16-18], applications to microwave
remote sensing [19-20] and to understand the behaviour
of induced-polarization [14-15,21-23] and their use in
time domain reflectometry (TDR) measurements [24].
Further, at microwave frequency, dielectric function of
water-saturated geological materials are useful to
understand the interaction between water molecules and
solid matrix [15]. In rocks and sediments, real and
imaginary parts of dielectric function are primarily a
function of mineralogy, porosity, water saturation,
frequency, and depending on the rock lithology,
component geometries and electrochemical interactions
[2-6,15]. Dielectric studies confirms that most of the
dry rocks and minerals show the dielectric dispersion in
low frequency region [1,3,7,12-13,15,25-26].

The presence of water in the pores of geological
materials highly influences the dielectric function at low
frequencies and also shows change in the frequency
region of dielectric dispersion as compared to the dry
samples. At microwave frequencies, the dielectric
properties of dry geological samples remains almost
constant over wide frequency range and in general at
these frequencies the ε′ values of water saturated
samples increases according to the water volume hold
in the sample [15,26-30].
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In the present paper for the first time, a systematic
investigation of the ε*(ω) is reported for dry and partially
water saturated 12 samples of Jodhpur sandstones and
2 samples of Dholpur sandstone of different porosity, in
the frequency range 100 Hz to 100 kHz and also at X-
band microwave frequency i.e. 10.1 GHz, at room
temperature. The Jodhpur sandstone samples for the
present study were selected from the open mines of
Jodhpur city and its surrounding areas. These are
tabulated in Table 1 with their locations and petrological
parameters. The bulk density of these samples varies in
the range of 2.25 to 2.52 g/cm3 and the water-filled
porosity variation ranges from 3 to 10 %. The present
investigation of the dielectric properties of dry and water-
saturated sandstone samples at low-frequencies and also
at microwave frequency will be useful to deduce
information on permeability and mixed-phase fluid flow,
including hydrocarbons, contaminants, and water in
partially saturated sandstones.

Experimental

Sample Preparation

The samples were cut by a diamond wheel cutter and
polished to achieve the thin sections of uniform thickness
~ 1.4 mm with smooth surfaces. Silver plated brass
plates of area 180.6 mm2 (14.78 mm x 12.22 mm) were
used for the fabrication of parallel plate capacitors with
sample thin section as dielectric material to study the
dielectric behaviour in the frequency range 100 Hz to
100 kHz. For microwave dielectric measurements, two
sections of the each sandstone sample of X-band
waveguide dimensions were cut and polished for their
dielectric measurements at 10.1 GHz.

Dielectric Measurements

The dielectric properties of each dry and partially water
saturated sandstone sample were determined by
measuring the capacitance and dissipation factor of
prepared parallel plate capacitor with sandstone as
dielectric in the frequency range 100 Hz to 100 kHz
using automatic Keithley LCZ meter (model 3330). The
values of the complex relative dielectric function ε*(ω)
were evaluated using the relation

ε*(ω) = ε′ – jε″ = … (1)

with CP the parallel capacitance, RP the parallel resistance,
ω = 2πf the angular frequency and Co the air capacitance.
The measurement of ε′ and ε′′ at 10.1 GHz was made
using a short-circuited slotted rectangular wave-guide
operating in TE10 mode. The sample length variation
method described elsewhere in detail [31-32], was used
for the measurement of the shift in minimum in the

voltage standing wave ratio of the wave with and without
the sample, using the shorted sample holder. For the
dielectric study of dry sandstones, the prepared samples
were dried by using hot plate drying system at temperature
about 120 °C. For the dielectric measurements of partially
water-saturated samples, the same samples were
immersed in distilled water for 3 days to absorb water.
It is expected that the blocked pores cannot be filled
by simply immersion of the sample in water, and
therefore the samples are partially water saturated. These
water-absorbed samples were used for dielectric
measurements after removing the surface water with
the help of tissue paper. The weight of each sandstone
sample determined before and after water saturation
along with sample volume was used to determine the
water-filled porosity φ.

Results and Discussion

Low–frequency Dielectric Behaviour of dry
Sandstones

Frequency dependence of ε′ and ε″ values of dry
sandstone samples in the frequency range 100 Hz to
100 kHz is depicted in Figures 1 & 2 respectively. It is
found that the value of ε′ decreases with increase in
frequency. The decrease in ε′ with increasing frequency
in the range from 100 Hz to 100 kHz is a common
characteristic of the geologic materials [4,10,12-
13,15,25-26,30,33]. All the samples of Figure 1a have
quartz above 95%. Besides the similar composition of
quartz and the other oxides in these samples, they show
a significant and distinct dispersion variation in the ε′
values. In sandstones, the dielectric dispersion is believed
to be due to polarization associated with charge build up
at grain boundaries or at grain imperfections [1]. Further,
the contribution of grain sizes and their distribution is an
important parameter, which controls the frequency
dependence of ε′ values of dry sandstones [14,33-34].
Due to large difference in grains size and their distribution,
the variations were observed in the ε′ values of these
sandstone samples at the same frequency in the
frequency range 100 Hz to 100 kHz. Further the lower
quartz content samples (Figure 1b) also show the ε′
values of same order as the high quartz content samples.
Consequently, we can say that quartz itself has no visible
importance on the observed dielectric dispersion of the
studied sandstones.

In Table 1, the range of grain-size of these samples
is recorded but we have not made the grain-size
distribution and grain shapes measurements.
Nonetheless, one can verify that most of the weaker
dispersion effect comes associated to samples having
coarser grain size (samples 1, 2, 7) and the stronger
effect to samples having the minimum grain size
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in the rock, because they also influence the low
frequency ε′ values [35]. Figure 2 shows that the ε″
values of samples 1, 2, 4, 5, 7 and 11 decreases with
increase of frequency but other samples have anomalous
behaviour.

Figure 1: Real part of dielectric function ε′ versus frequency f plots of
dry sandstones

Figure 2: Imaginary part of dielectric function ε″ versus frequency
f plots of dry sandstones

Table 1: Petrophysical parameters and composition (in wt%) of different samples of Jodhpur sandstones

Sample Location Colour Bulk Porosity Grains size SiO2 Chert/ Al2O3/CaO/ Fe2O3

No. density φ range Volcanic/ MgO
d (%) (mm) Clastic Clay

(g/cm3) sand (illite)

1 Fidusar Pinkish 2.43 4.16 0.25 – 0.13 98 - 1 1

2 Machia Safari Park Light Pinkish 2.35 5.31 2.00 – 0.25 96 - 1 3

3 Machia Safari Park Pinkish 2.30 5.79 0.25 – 0.06 96 - 2 2

4 Fidusar Pinkish 2.45 3.48 0.25 – 0.13 98 - 1 1

5 Fidusar Pinkish Brown 2.44 3.72 0.50 – 0.03 96 - 1 3

6 Masooria Grayish Brown 2.34 6.05 0.50 – 0.06 95 - 3 2

7 Balesar Brown 2.25 6.25 0.25 – 0.13 95 - 1 4

8 Bhopalgarh Reddish Brown 2.28 10.10 0.13 – 0.06 95 - 1 4

9 Dholpur Brownish Red 2.32 5.89 0.25 – 0.06 98 - 1 1

10 Dholpur Brownish Red 2.31 6.41 0.25 – 0.06 98 - 1 1

11 Bola Ram Devri Dark Brown 2.31 3.07 0.60 – 0.03 92 1 2 5

12 Surpura Dark Brown 2.52 3.38 0.13 – 0.03 90 2 2 6

13 Ganesh Doongari Grayish Brown 2.46 3.33 0.13 – 0.03 83 3 7 7

14 Chopasani Reddish Brown 2.34 7.09 0.13 – 0.03 79 3 8 10

(samples 8 and 12) to medium size (sample 10) in the
set, this let us to say that grain size is a fundamental
parameter to explain such low frequency dielectric
dispersion for dry sandstones. Of course, attention
should be done to the metallic and clay mineral content
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The evaluated frequency dependence of the real part
of alternating current (ac) conductivity σ = ωεoε″ of
these samples is plotted in Figure 3. The log σ versus
log f plots of these samples are almost linear in the low
frequency range. The ac conductivity of these samples
in the frequency range 100 Hz to 100 kHz varies over
four-order scale.

To evaluate various dielectric parameters, the
frequency dependent complex dielectric constant values
of these dry sandstone samples were fitted to the Cole-
Cole expression [36]

ε*(ω) = ε′ – jε″ = ε∞ + … (2)

where εo is the static dielectric constant, ε∞ is the high
frequency limiting dielectric constant, εo – ε∞ = ∆ε is the
dielectric relaxation strength, ω is the angular frequency,
τ is the principal value of the relaxation time and α is the
distribution parameter. The values of εo, ε∞, ∆ε, α and τ
obtained from fitting into the Cole-Cole equations are
recorded in Table 2. Several investigators also reported
the Cole-Cole type behaviour of different geologic
materials [1,9,13-15,22,25-26,30,33].

Table 2 shows that the εo value of Jodhpur sandstone
samples varies over a range of ~ 13 − 68. The wide
variation in εo value indicates that the mechanism involved
in dielectric polarization of these samples vary
significantly from sample to sample. The ε∞ values of
these samples is found in the range of ~ 4.4 − 6.8.

Table 2 shows that the Jodhpur sandstone samples
have broader value of distribution parameter α. Its value
varies in the range 0.38 to 0.69. The finding of a nonzero
α indicates a distribution of relaxations, which is
consistent with the inhomogeneous structure of the
studied sandstone samples [9,15]. The τ values of
Jodhpur sandstones (dry) were observed in the range
1.46 µs to 10.35 ms (Table 2). For geological materials

the τ value is given by the relation τ = R2 / 2D, where R
is particle radius, and D is the diffusion coefficient of
the cations in the fixed layer. At absolute temperature T,
diffusion coefficient D is related by the expression
D = µkT, where k is Boltzmann’s constant, and µ is
surface ioning mobility of counterions in the fixed layer
[33]. Further the relaxation frequency is related to the

Figure 3: Alternating current conductivity σ versus frequency f plots
of dry sandstones

Table 2: Values of εεεεεo, εεεεε∞∞∞∞∞, ∆ε∆ε∆ε∆ε∆ε, ααααα, and τττττ of Jodhpur and Dholpur sandstone samples (dry) at room temperature

Sample no. εo ε∞ ∆ε α τ

1 12.9 5.5 7.4 0.45 10.35 ms

2 14.5 5.2 9.3 0.58 0.93 ms

3 27.6 4.4 23.2 0.55 1.46 µs

4 28.8 6.2 22.6 0.42 2.71 ms
5 29.8 6.6 23.2 0.39 3.90 ms

6 34.2 6.6 27.6 0.62 7.83 µs

7 15.7 5.5 10.2 0.38 3.98 ms

8 68.0 4.5 63.5 0.48 98.10 µs
9 36.4 4.4 32.0 0.69 2.18 µs

10 58.8 5.2 53.6 0.66 14.52 µs

11 24.8 6.5 18.3 0.58 2.26 ms

12 40.6 5.6 35.0 0.64 7.43 µs
13 31.6 6.8 24.8 0.51 20.30 µs
14 24.6 5.9 18.7 0.63 40.04 µs
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grain radius by the relation f = D/πR2 [37]. For different
size grains, the relaxation time distribution is expressed
in terms of equivalent grain radius R. The observed wide
variation in the τ value of Jodhpur sandstone samples
are seems to be due to the variation in the equivalent
grain radius of different grains size particles of these
samples.

Low–frequency Dielectric Behaviour of Water-
Saturated Sandstones

Due to the ability of the sufficient absorption of water in
the pores of different porosity samples of Jodhpur and
Dholpur sandstones, the dielectric dispersion of these
open pore water-saturated sandstones were also explored
in the frequency range 100 Hz to 100 kHz.

Figure 4 shows the frequency dependence values
of real part of dielectric function ε′s, of water-saturated
sandstones. These plots confirm that there is large
enhancement in ε′s value of water-saturated samples in
comparison to their dry sample ε′ values. In water-
saturated rocks, the electrical polarization is caused by
the movement of free and bound ions in the
neighbourhood of the interface between the ionic solution
and the solid conductive (metallic) or ion-exchange
competent (clay, zeolite, and some organic) particles [3].

The comparative ε′s versus frequency plots of these
samples suggest that the enhancement in ε′s values in the
frequency range of 100 Hz to 100 kHz has no linear
relation with the volume percent of absorbed water in
the samples. Out of fourteen, nine samples exhibit a
strong effect on polarization. They correspond to the
samples having: (a) porosity > 5%, except in one case
(sample 12, having φ = 3.38%); (b) metallic content ≥
2%, except in two cases (samples 9 and 10, each one
with 1%), and (c) a poor clay content. Few exceptions
do not correlate well with this picture: (i) samples 9 and
10, as previously said, exhibiting a strong polarization
with poor metallic content, however having good
porosity (respectively 5.89% and 6.41%); (ii) samples
5, 11 and 13 exhibiting a weaker effect but having an
expressive metallic content, given respectively by 3%,
5% and 7%, all them however having a comparative
porosity (respectively 3.72%, 3.07% and 3.33%).

The modeling of dielectric function at low
frequencies, using electrochemical polarization models
predict the large dielectric enhancement. The ε*( ω)
modeling of Berea sandstone [33] in the frequency range
of 10-3 to 106 Hz, using physicochemical model for
complex dielectric response by considering the grain
sizes distributions, faithfully matched with the
experimental [4] values of the ε′s and σ. Using
physicochemical model, Lesmes and Morgan [33]
confirmed that the dielectric response at very low

frequencies (f < 0.1 Hz) appears to be controlled by the
electrochemical polarization of counterions over multiple
grain lengths. The low frequency dielectric response
(f < 2 kHz) is primarily controlled by the macroscopic
grain fraction (mainly quartz grains), while the frequency
response above 2 kHz is primarily control by the clay
size grains and surface roughness. In this regard there
has been an increasing debate regarding the mechanism
controlling the low frequency polarization and the
mechanism (grain size or pore–throat length) controlling
the relaxation time of water-saturated sandstone samples
[21-23].

The frequency dependent ε′s values of water-
saturated samples of Jodhpur sandstones were found
nearly equal to the wetted Berea sandstone [4] in the
frequency region 100 Hz to 100 kHz. Figure 5 shows
that the imaginary part of the dielectric function ε″s of
the water-saturated Jodhpur sandstones decreases
with the increase of frequency. Figure 6 depicted the
variation of loss tangent (tanδ = ε″/ε′) versus
frequency of these water-saturated sandstones
samples. All these samples show a dielectric loss peak

Figure 4: Real part of dielectric function ε′s  versus frequency f plots
of water-saturated sandstones
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below 1 kHz frequency but the sample number 7 has
loss peak above 1 kHz. The tanδ loss peak frequency
may be considered corresponding to the frequency,
which separates the bulk effect and the electrode
surface polarization effect [38,39]. Tanδ (f) plots
confirm that as the field frequency decreases below
1 kHz, the surface electrode polarization also comes
into account due to accumulation of ions at the
electrode interface and the formation of electric double
layers, which significantly increases the low-
frequency dielectric function values of the water-
saturated sandstone samples.

The value of real part of the ac conductivity of the
water-saturated sandstones is found very high as
compared to the dry sample ac conductivity. Figure 7
shows that the conductivity values of water saturated
sandstone samples has almost frequency independent
in the frequency range 100 Hz to 10 kHz. Further, the
observed Jodhpur sandstone conductivity values are
in good agreement with the conductivity values of
wetted Berea sandstone [33] in the same frequency
range.

Figure 5: Imaginary part of dielectric function ε″s  versus frequency f
plots of water-saturated sandstones

Figure 6: Loss tangent tanδ  versus frequency f plots of water-saturated
sandstones

Microwave Dielectric Behaviour of Sandstones

Dry Sandstones

In microwave frequency region, earlier [8,11,15], it was
confirmed that the ε′ values of dry geologic materials is
independent of the frequency. The ε′ values at 10.1 GHz
of dry samples of Jodhpur and Dholpur sandstones were
found in the range of about 3.5 to 4.84 (Table 3). The
evaluated ε′ values of these sandstones are in good
agreement with earlier reported microwave dielectric
constant of Berea sandstone, i.e. ε′ = 3.45 at 1 GHz
[40]. Further the observed complex dielectric function
ε*(ω) = ε′ – jε″ values of these sandstones at 10.1 GHz
are close to an average value of bulk crystalline quartz
at 10 GHz (ε* = 4.43 – j 0.04) [41]. The ε″ values of
Jodhpur sandstones have a wide variation in the range
of about 0.002 to 0.5, but in case of Dholpur sandstone
ε″ value is found very small 0.001. It is also observed
that the ε′ value at microwave frequency for these
samples are lower than the corresponding ε′∞ values
determined from the Cole-Cole expression [36]
(Table 2). To confirm the influence of sample bulk
density, we determined the value of density reduced real



Dielectric  Characterization  of  Dry  and  Water-Saturated  Sandstones 153

Table 3: Values of real part of dielectric function and dielectric loss of dry and water-saturated samples of Jodhpur and Dholpur
sandstones at 10.1 GHz and 100 kHz, at room temperature

Sample 10.1 GHz 100 kHz
No. Experimental values Theoretical computed ε′s values Water-

Dry saturated
Dry sample Water-saturated samples Mixing CRIM SSC sample sample

ε′ ε″ ε′dr ε′s ε″s ε′s – ε′ equation model model ε′ ε′s ε′s – ε′

11 4.09 0.007 1.79 5.57 0.56 1.48 6.54 5.15 5.16   5.54 18.40 13.86

12 3.77 0.021 1.76 5.34 0.59 1.57 6.92 5.11 5.13   5.58 27.50 21.92

13 4.01 0.007 1.83 7.52 3.05 3.51 7.43 5.50 5.53 15.50 33.00 17.50

14 4.20 0.002 1.80 5.20 0.34 1.00 6.24 5.08 5.09   6.30 27.70 21.40

15 4.06 0.002 1.78 5.25 0.27 1.19 6.25 5.00 5.00   6.63 22.80 16.17

16 4.16 0.027 1.84 7.03 2.23 2.87 7.71 5.74 5.76 16.60 37.10 20.50

17 3.48 0.514 1.74 5.38 0.55 1.90 7.20 5.04 5.09   5.50 46.50 41.00

18 4.03 0.068 1.84  10.01 2.63 5.98 9.98 6.79 6.88   9.59 70.40 60.81

19 3.91 0.001 1.80 5.49 1.44 1.58 7.39 5.42 5.45 13.19 50.80 37.61

10 3.97 0.001 1.82 5.51 0.28 1.54 7.75 5.63 5.67 20.92 75.57 54.65

11 4.00 0.007 1.82 4.98 0.42 0.98 5.81 4.76 4.77   6.87 18.20 11.33

12 4.84 0.102 1.87 6.80 1.77 1.96 6.81 5.73 5.72 17.68 56.00 38.32

13 4.62 0.447 1.86 6.45 1.47 1.83 6.57 5.49 5.48 11.64 54.00 42.36

14 3.89 0.444 1.79 6.13 1.16 2.24 8.08 5.74 5.78 13.17 30.40 17.23

part of dielectric function ε′dr of each sample using the
relation ε′dr = (ε′)1/d [15]. Here ε′ is the measured value of
dry sample and d is the sample bulk density. The
computed ε′dr values are recorded in Table 3 and found
nearly equal, which confirms that the ε′ values of dry
sandstone samples at microwave frequency is mainly
governed by the sample bulk density.

Water-Saturated Sandstones

The real part of dielectric function of water saturated
sandstones samples ε′s at 10.1 GHz was found higher
than the corresponding ε′ values of these dry samples.
The values of ε′s ranges from about 5 to 10 (Table 3).
The comparative values of ε′ and ε′s show that the
increase is proportional to the volume percentage of the
absorbed water, but it is not the case for all the studied
samples. This may be due to the variation in the pores
size and their geometry, and the interaction between the
water and the solid matrix in presence of microwave
electric field. Further, the effect of blocked empty pores
on the observed ε′s values cannot be ruled out. The value
of the increase in real part of dielectric function i.e.
ε′s – ε′ of water-saturated samples at 100 kHz ranges
from about 11 to 61 (Table 3). But at 10.1 GHz the
increase in real part of dielectric function (ε′s – ε′) due to
water saturation in the sandstones ranges from 0.98 to
5.98 (Table 3). These comparative results suggest that
different petrophysical parameters influences the ε′s  values
in different frequency region. Wide variation were also
observed in the imaginary part values, ε″s at microwave
frequency, which may be also due to the variation in
pore size and the water distribution in the pores and the
interaction of the water with the grains of the sample
matrix.

Figure 7: Alternating current conductivity σ versus frequency f plots
of water-saturated sandstones

We computed the real part of the dielectric function
ε′s of water-saturated sandstone samples by using the
mixing equation [27],

ε′s = φε′w + (1 – φ) ε′ ; ...(3)
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′″

the complex refractive index method (CRIM) [10,17],

 ; … (4)

and using the self-similar model (SSC) [42],

 ; … (5)

where ε′w and ε′ are values of the real part of dielectric
function of water and dry sample at 10.1 GHz,
respectively, and φ is the water-filled porosity of the
sample. We used ε′w = 63 at 10.1 GHz [43] in equations
(3)–(5) and the computed ε′s values of sandstones are
recorded in Table 3. Sandstone samples 3, 7, 8, 12 and
13 have excellent agreement with the experimentally
observed ε′s values of water-saturated samples determined
from mixing equation (3). In case of the sandstone
samples 1, 2, 4, 5, 7, 9, 10, 11 and 14 the experimental
ε′s values are very close to the values evaluated by CRIM
equation (4). These results confirm that the real part of
dielectric function of water-saturated geological material
at microwave frequencies can be correctly estimated
by using the equations (3)−(5) with the help of their ε′
values. Further, the laboratory measured values of real
part of dielectric function of dry and water saturated
samples of these sandstones are useful in the
determination of microwave emissivity for its use in
remote sensing survey [19-20].

Conclusions

The dielectric dispersion study of the Jodhpur and
Dholpur sandstone samples (dry) in the frequency range
100 Hz to 100 kHz confirms wide variation in the values
of their dielectric relaxation strength and the principal
dipolar relaxation time. The large enhancement in the
values of dielectric function for water-saturated
sandstone samples are mainly due to interfacial and
electrochemical polarization and these results can be
applied to understand the low-frequency effective model
of electrochemical polarization of the rocks. Further,
the empirical dielectric models are widely used to interpret
induced-polarization, the ground-penetrating radar data,
and time-domain reflectometry data, and therefore the
improved understanding of empirical model parameters
using the reported dielectric behaviour will facilitate the
geophysical prediction of subsurface geochemical and
hydraulic properties of these sandstones bearing areas.

The comparative values of real part of dielectric
function of dry sandstone samples at microwave
frequency depend mainly on their sample bulk density.
The enhancement in these values for the water-saturated
sandstone samples is governed by the amount of water
absorbed in the sample pores. The porosity-dependent
CRIM and SSC mixing equations for the solids and fluid-
component systems provides nearly correct values of

the real part of dielectric function of water-saturated
sandstone samples at microwave frequency. The
detectable change in microwave dielectric function by
water saturation of the sandstone samples indicates the
suitability of the microwave remote-sensing and the
ground penetrating radar survey in quantification of water
in the studied sandstone rocks.
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