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The investigation of the complex relative dielectric functdiiw) =€’ —je" 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 ef(w) 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 ®fc) of partially water-saturated sandstone samples in low frequency region is due to
electrochemical polarization. The values of real part of relative dielectric fursttddry 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 ire’ 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.

Key Words: Sandstones; Dielectric Dispersion; Dielectric Constant; Alternating Current Conductivity; Dielectric
Relaxation Time

Introduction geologic materials helps in planning ground penetrating

The Jodhpur (western region of Rajasthan state: latitud&?dar (GPR) surveys [16-18], applications to microwave
26° 18; longitude 73 04) sandstones are mostly of remote sensing [19-20] and to understand the behaviour
medium grain size and of various porosity belong to the®! induced-polarization [14-15,21-23] and their use in
Cambrian age. These sandstones are the source ggne domain reflectometry (TDR) measurements [24].
underground water in the Jodhpur region ReddiShFurther, at microwave frequency, dielectric function of

brown, brown and gray colour of the Jodhpur Sandstonegva(’;er-tsatgr;te_d tgeoltt_)glcbaltvr\ll1ater|alts are | use;ful tod
depend on the presence of cementation material. DhO|pLJTm|_§rS and iISn elrac 'OT( € g-en \éva er mo ecules a(?
(latitude 26°42; longitude 77 53) sandstone belongs solid matrix [15]. In rocks and sediments, real an

to the northeastern part of Vindhyan supergroup. It ha magtl_nary ::oart_s of fllelectrlc fuptctlon ?re prltm arl[l-y a
fine grains with brownish red colour. unction ot mineralogy, porosity, water saturafion,

frequency, and depending on the rock lithology,
Sandstones have complex relative dielectric functioncomponent geometries and electrochemical interactions
e*(w) = €' —e". The real part of dielectric functioe,  [2-6,15]. Dielectric studies confirms that most of the
is indicative of the material's capability for storing energy gry rocks and minerals show the dielectric dispersion in

in the electric field, whereas the imaginary part of |ow frequency region [1,3,7,12-13,15,25-26].
dielectric function (dielectric lossy' is indicative of

that materials capability for expending energy from the
alternating electric field of angular frequenayin the
material.

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

The investigation of dielectric diSperSion behaviour samp|es_ At microwave frequenciesy the dielectric
and its modeling for dry and water saturated sandstonegroperties of dry geological samples remains almost
and other geological materials over wide frequency rangeonstant over wide frequency range and in general at
i.e. 10* to 10° Hz has been the subject of several these frequencies the values of water saturated

investigators [1-15]. The measurement of frequencysamples increases according to the water volume hold
dependent dielectric function of sandstones and othejn the sample [15,26-30].

*Address for correspondence: E-mail: rjisengwa@rediffmail.com
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In the present paper for the first time, a systematicvoltage standing wave ratio of the wave with and without
investigation of the*(w) is reported for dry and partially the sample, using the shorted sample holder. For the
water saturated 12 samples of Jodhpur sandstones amtielectric study of dry sandstones, the prepared samples
2 samples of Dholpur sandstone of different porosity, inwere dried by using hot plate drying system at temperature
the frequency range 100 Hz to 100 kHz and also at X-about 120 °C. For the dielectric measurements of partially
band microwave frequency i.e. 10.1 GHz, at roomwater-saturated samples, the same samples were
temperature. The Jodhpur sandstone samples for thienmersed in distilled water for 3 days to absorb water.
present study were selected from the open mines okt is expected that the blocked pores cannot be filled
Jodhpur city and its surrounding areas. These ardy simply immersion of the sample in water, and
tabulated in Table 1 with their locations and petrologicaltherefore the samples are partially water saturated. These
parameters. The bulk density of these samples varies iwater-absorbed samples were used for dielectric
the range of 2.25 to 2.52 g/érand the water-filled measurements after removing the surface water with
porosity variation ranges from 3 to 10 %. The presentthe help of tissue paper. The weight of each sandstone
investigation of the dielectric properties of dry and water-sample determined before and after water saturation
saturated sandstone samples at low-frequencies and alsdong with sample volume was used to determine the
at microwave frequency will be useful to deduce water-filled porosityg.
information on permeability and mixed-phase fluid flow,
including hydrocarbons, contaminants, and water inResults and Discussion

partially saturated sandstones. Low—frequency Dielectric Behaviour of dry

Experimental Sandstones

Frequency dependence gf ande” values of dry
sandstone samples in the frequency range 100 Hz to
The samples were cut by a diamond wheel cutter and.00 kHz is depicted in Figures 1 & 2 respectively. It is
polished to achieve the thin sections of uniform thicknessfound that the value of decreases with increase in

~ 1.4 mm with smooth surfaces. Silver plated brassfrequency. The decreasednwith increasing frequency
plates of area 180.6 mirtl4.78 mm x 12.22 mm) were in the range from 100 Hz to 100 kHz is a common
used for the fabrication of parallel plate capacitors withcharacteristic of the geologic materials [4,10,12-
sample thin section as dielectric material to study thel3,15,25-26,30,33]. All the samples of Figure la have
dielectric behaviour in the frequency range 100 Hz toquartz above 95%. Besides the similar composition of
100 kHz. For microwave dielectric measurements, twoquartz and the other oxides in these samples, they show
sections of the each sandstone sample of X-band significant and distinct dispersion variation in the
waveguide dimensions were cut and polished for theivalues. In sandstones, the dielectric dispersion is believed

Sample Preparation

dielectric measurements at 10.1 GHz. to be due to polarization associated with charge build up
) ) at grain boundaries or at grain imperfections [1]. Further,
Dielectric Measurements the contribution of grain sizes and their distribution is an

The dielectric properties of each dry and partially waterimportant parameter, which controls the frequency
saturated sandstone sample were determined bgependence of' values of dry sandstones [14,33-34].
measuring the capacitance and dissipation factor oPue to large difference in grains size and their distribution,
prepared parallel plate capacitor with sandstone aghe variations were observed in thevelues of these
dielectric in the frequency range 100 Hz to 100 kHz sandstone samples at the same frequency in the
using automatic Keithley LCZ meter (model 3330). The frequency range 100 Hz to 100 kHz. Further the lower
values of the complex relative dielectric functigiiew) ~ quartz content samples (Figure 1b) also show the ¢’

were evaluated using the relation values of same order as the high quartz content samples.
C | Consequently, we can say that quartz itself has no visible
e(w) =€ —j&" = L - e importance on the observed dielectric dispersion of the
C, "oC.R, studied sandstones.
with C, the parallel capacitandg, the parallel resistance, In Table 1, the range of grain-size of these samples

w = 2rtf the angular frequency a@ the air capacitance. is recorded but we have not made the grain-size
The measurement af ande” at 10.1 GHz was made distribution and grain shapes measurements.
using a short-circuited slotted rectangular wave-guideNonetheless, one can verify that most of the weaker
operating in TE mode. The sample length variation dispersion effect comes associated to samples having
method described elsewhere in detail [31-32], was usedoarser grain size (samples 1, 2, 7) and the stronger
for the measurement of the shift in minimum in the effect to samples having the minimum grain size
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Figure 1: Real part of dielectric functiog’ versus frequency f plots of ~ Figure 2: Imaginary part of dielectric functiog’ versus frequency
dry sandstones 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 SiQ Chert/ ALO,/CaOl FeO,

No. density (0} range \olcanic/ MgO

d (%) (mm) Clastic Clay

(g/cmr?) 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 0.25-10.13 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 0.13-10.03 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 thén the rock, because they also influence the low
set, this let us to say that grain size is a fundamentafrequencye’ values [35]. Figure 2 shows that tbe
parameter to explain such low frequency dielectric values of samples 1, 2, 4, 5, 7 and 11 decreases with
dispersion for dry sandstones. Of course, attentiorincrease of frequency but other samples have anomalous
should be done to the metallic and clay mineral contenbehaviour.
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The evaluated frequency dependence of the real part F —o—1;—0—2
of alternating currenta) conductivityo = weg" of 104F —a-3-—v—4
these samples is plotted in Figure 3. Thedogersus i
log f plots of these samples are almost linear in the low
frequency range. The amnductivity of these samples
in the frequency range 100 Hz to 100 kHz varies over__
four-order scale. % 106 F

< E

To evaluate various dielectric parameters, the
frequency dependent complex dielectric constant values 07 _
of these dry sandstone samples were fitted to the Cole- F
Cole expression [36] [

€y~ €y 108 3

—0 e
* 1+ (o)™ @
whereeg_ is the static dielectric constast, is the high
frequency limiting dielectric constargf,—e_=Ae is the
dielectric relaxation strengttyis the angular frequency, 105k
T is the principal value of the relaxation time anid the i
distribution parameter. The valuesepfe_, Ag, a andt £ !
obtained from fitting into the Cole-Cole equations are @ 106
recorded in Table 2. Several investigators also reported®
the Cole-Cole type behaviour of different geologic

() =¢ —je" =¢
104}

materials [1,9,13-15,22,25-26,30,33]. 107

Table 2 shows that tleg value of Jodhpur sandstone
samples varies over a range of ~ 188: The wide 106 kv A I B B
variation in g value indicates that the mechanism involved 102 108 104 105
in dielectric polarization of these samples vary Frequency (Hz)

significantly from sample to sample. The values of

these samples is found in the range of ~-4648. Figure 3: Alternating current conductivity versus frequency f plots

of dry sandstones

Table 2 shows that the Jodhpur sandstone samples
have broader value of distribution parametelts value  thet value is given by the relatian= R2/ 2D, where R
varies in the range 0.38 to 0.69. The finding of a nonzerds particle radius, and D is the diffusion coefficient of
a indicates a distribution of relaxations, which is the cations in the fixed layer. At absolute temperature T,
consistent with the inhomogeneous structure of thediffusion coefficient D is related by the expression
studied sandstone samples [9,15]. Tthealues of D = pkT, where k is Boltzmann’s constant, gmds
Jodhpur sandstones (dry) were observed in the rangsurface ioning mobility of counterions in the fixed layer
1.46ps to 10.35 ms (Table 2). For geological materials[33]. Further the relaxation frequency is related to the

Table 2: Values ofg,, €, Ag, a, and T of Jodhpur and Dholpur sandstone samples (dry) at room temperature

Sample no. £, €, Ag a T
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 1.46us
4 28.8 6.2 22.6 0.42 271 ms
5 29.8 6.6 23.2 0.39 3.90 ms
6 34.2 6.6 27.6 0.62 7.83us
7 15.7 5.5 10.2 0.38 3.98 ms
8 68.0 4.5 63.5 0.48 98.10us
9 36.4 4.4 32.0 0.69 2.18us
10 58.8 5.2 53.6 0.66 14.52ps
11 24.8 6.5 18.3 0.58 2.26 ms
12 40.6 5.6 35.0 0.64 7.43ps
13 31.6 6.8 24.8 0.51 20.30pus
14 24.6 5.9 18.7 0.63 40.04 s
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grain radius by the relation f = filR? [37]. For different  frequencies (f < 0.1 Hz) appears to be controlled by the
size grains, the relaxation time distribution is expresseckelectrochemical polarization of counterions over multiple

in terms of equivalent grain radius R. The observed widegrain lengths. The low frequency dielectric response
variation in the tvalue of Jodhpur sandstone samples(f < 2 kHz) is primarily controlled by the macroscopic
are seems to be due to the variation in the equivalengrain fraction (mainly quartz grains), while the frequency
grain radius of different grains size particles of theseresponse above 2 kHz is primarily control by the clay
samples. 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
Due to the ability of the sufficient absorption of water in the relaxation time of water-saturated sandstone samples
the pores of different porosity samples of Jodhpur and21-23].

Dholpur sandstones, the dielectric dispersion of these
open pore water-saturated sandstones were also explor%%t
in the frequency range 100 Hz to 100 kHz.

Low—frequency Dielectric Behaviour of Water-
Saturated Sandstones

The frequency dependes} values of water-
urated samples of Jodhpur sandstones were found
nearly equal to the wetted Berea sandstone [4] in the
Figure 4 shows the frequency dependence valuesrequency region 100 Hz to 100 kHz. Figure 5 shows
of real part of dielectric function,ebf water-saturated that the imaginary part of the dielectric functigrof
sandstones. These plots confirm that there is largehe water-saturated Jodhpur sandstones decreases
enhancement i, value of water-saturated samples in with the increase of frequency. Figure 6 depicted the
comparison to their dry samp# values. In water-  variation of loss tangent (t&n= £"/¢') versus
saturated rocks, the electrical polarization is caused byrequency of these water-saturated sandstones
the movement of free and bound ions in thesamples. All these samples show a dielectric loss peak
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, versus frequency plots of these 104
samples suggest that the enhancemegjnalues in the i
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 «w”
samples having: (a) porosity > 5%, except in one case
(sample 12, having = 3.38%); (b) metallic content 102 |
2%, except in two cases (samples 9 and 10, each one ;
with 19%), 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 103k
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%). "o?

The modeling of dielectric function at low
frequencies, using electrochemical polarization models
predict the large dielectric enhancement. Eh@w)
modeling of Berea sandstone [33] in the frequency range
of 10°% to 1¢ Hz, using physicochemical model for

703-

102 F

complex dielectric response by considering the grain 2
sizes distributions, faithfully matched with the
experimental [4] values of the, and 0. Using

physicochemical model, Lesmes and Morgan [33]Figure 4: Real part of dielectric functiog versus frequency f plots
confirmed that the dielectric response at very low of water-saturated sandstones
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Figure 5: Imaginary part of dielectric functiog’ versus frequency f  Figure 6: Loss tangent tanversus frequency f plots of water-saturated
plots of water-saturated sandstones sandstones

below 1 kHz frequency but the sample number 7 hadMicrowave Dielectric Behaviour of Sandstones
loss peak above 1 kHz. The &loss peak frequency Dry Sandstones

may be considered corresponding to the frequency

which separates the bulk effect and the electrodd” microwave frequency region, earlier [8,11,15], it was
surface polarization effect [38,39]. Tau{f) plots confirmed that the' values of dry geologic materials is

confirm that as the field frequency decreases belowndependentof the frequency. Télevalues at 10.1 GHz

1 kHz, the surface electrode polarization also comed dry samples of Jodhpur and Dholpur sandstones were
into account due to accumulation of ions at thefound in the range of about 3.5 to 4.84 (Table.3). The
electrode interface and the formation of electric double€valuatede’ values of these sandstones are in good
layers, which significantly increases the low- agreement with earlier reporteq microwave dielectric
frequency dielectric function values of the water- constant of Berea sandstone, e~ 3.45 at 1 GHz
saturated sandstone samples. [40]. Furthe_r the observed complex dielectric function
. e*(w) = ¢ —je" values of these sandstones at 10.1 GHz
The value of real part of the ac conductivity of the 5.0 close to an average value of bulk crystalline quartz
water-saturated sandstones is found very high as; 19 gHz & = 4.43 —j 0.04) [41]. Thee" values of
compared to the dry sampde conductivity. Figure 7 554h0r sandstones have a wide variation in the range

shows that the conductivity values of water saturated,s obout 0.002 to 0.5. but in case of Dholpur sandstone
sandstone samples has almost frequency independept \ o1e js found very small 0.001. It is also observed

in the frequency range 100 Hz to 10 kHz. Further, thethat thee' value at microwave frequency for these
observed Jodhpur sandstone conductivity values ar%amples are lower than the correspondingalues

in good agreement with the c_onductivity values of yotermined from the Cole-Cole expression [36]
wetted Berea sandstone [33] in the same frequencytapie 2). To confirm the influence of sample bulk

range. density, we determined the value of density reduced real
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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 computgdalues Water-
Dry  saturated
Dry sample Water-saturated samples Mixing CRIM SSC sample  sample
4 g & &, 3 g,—¢  equation model model 4 & g —¢
1 4.09 0.007 1.79 5.57 0.56 1.48 6.54 5.15 5.16 5.54 18.40 13.86
2 3.77 0.021 1.76 5.34 0.59 1.57 6.92 5.11 5.13 5.58 27.50 21.92
3 4.01 0.007 1.83 7.52 3.05 3.51 7.43 5.50 5.53 15.50 33.00 17.50
4 4.20 0.002 1.80 5.20 0.34 1.00 6.24 5.08 5.09 6.30 27.70 21.40
5 4.06 0.002 1.78 5.25 0.27 1.19 6.25 5.00 5.00 6.63 22.80 16.17
6 4.16 0.027 1.84 7.03 2.23 2.87 7.71 5.74 5.76 16.60 37.10 20.50
7 3.48 0.514 1.74 5.38 0.55 1.90 7.20 5.04 5.09 5.50 46.50 41.00
8 4.03 0.068 1.84 10.01 2.63 5.98 9.98 6.79 6.88 9.59 70.40 60.81
9 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 functiorg,, of each sample using the We computed the real part of the dielectric function

relationg;, = (¢))*[15]. Hereg' is the measured value of ¢ of water-saturated sandstone samples by using the
dry sample andl is the sample bulk density. The mixing equation [27],

computede), values are recorded in Table 3 and found e=0g, +(1l-9¢; ...(3)
nearly equal, which confirms that tilsevalues of dry )
sandstone samples at microwave frequency is mainly O L—B-2—A—3v—d

: ——5—0—06,—v—7,—4A—8
governed by the sample bulk density. 103 & 9010

Water-Saturated Sandstones i M

The real part of dielectric function of water saturated
sandstones sampleSat 10.1 GHz was found higher B
than the correspondirg) values of these dry samples. @ 10-
The values ot ranges from about 5 to 10 (Table 3).
The comparative values @f ande, 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 observeg values cannot be ruled out. The value I
of the increase in real part of dielectric function i.e. r m
. — € of water-saturated samples at 100 kHz ranges I

from about 11 to 61 (Table 3). But at 10.1 GHz the
increase in real part of dielectric functi@{¢’) due to
water saturation in the sandstones ranges from 0.98 to

4

105k

104 r

G (S/m)

5.98 (Table 3). These comparative results suggest that I i};
different petrophysical parameters influencesthalues —4—13
in different frequency region. Wide variation were also ol
observed in the imaginary part valuelsat microwave 10-5 1(')2 1('33 — ""1'(')4 e 1(')5
frequency, which may be also due to the variation in

pore size and the water distribution in the pores and the Frequency (Hz)

'nter_aCt'()n of the water with the grains of the sample Figure 7: Alternating current conductivity versus frequency f plots
matrix. of water-saturated sandstones
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the complex refractive index method (CRIM) [10,17], the real part of dielectric function of water-saturated

Jei =0y, +(1-)e’; @
and using the self-similar model (SSC) [42],
1/3
e'—¢gl |( ¢l .
=) -

whereg,, ande' are values of the real part of dielectric

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.

function of water and dry sample at 10.1 GHz, References

respectively, andp is the water-filled porosity of the 1.
sample. We useg], = 63 at 10.1 GHz [43] in equations
(3)—(5) and the computeg] values of sandstones are 2.
recorded in Table 3. Sandstone samples 3, 7, 8, 12 argi
13 have excellent agreement with the experimentally4.
observea,values of water-saturated samples determinedb.
from mixing equation (3). In case of the sandstoneé.
samples 1, 2, 4,5, 7,9, 10, 11 and 14 the experimental
€. 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 (&p) with the help of theie'
values. Further, the laboratory measured values of reasi'
part of dielectric function of dry and water saturated ,

samples of these sandstones are useful in thql'

determination of microwave emissivity for its use in
remote sensing survey [19-20].

12.

Conclusions

The dielectric dispersion study of the Jodhpur and13:

Dholpur sandstone samples (dry) in the frequency range
100 Hz to 100 kHz confirms wide variation in the values 14

of their dielectric relaxation strength and the principal -
dipolar relaxation time. The large enhancement in thel6:

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 datayq

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 and1.

hydraulic properties of these sandstones bearing areas.

The comparative values of real part of dielectric 22
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 watet

absorbed in the sample pores. The porosity-dependent

CRIM and SSC mixing equations for the solids and fluid- 25.

component systems provides nearly correct values of
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