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ABSTRACT

The dielectric properties of nine rock samples fstone (8) and sandstone (4)] collected from EwakorOgun
State, Nigeria were studied in the range 10 kHA6 MHz under ambient atmospheric conditions. foisnd that

dielectric constant (f;) values of the dry samples decreases with incraasdérequency in the range of

measurement. Dielectric dispersion is relativelsglain almost all the samples. Conductivity dispmrs followed
the opposite trend increasing in values with inseén frequency. Peaks are more pronounced inthrsgent (D)

curve than in dielectric Ioss&(’) curve. This is an indication that overall electl response of these samples is

better revealed by loss tangent variation than etific loss variation. All the studied samples g@verned by
Cole-Cole dispersion which indicates a distributioh relaxation times which is common for multicomgat
systems. This is confirmed by the value of theashbparameter which is below 0.5 for all the samples

Keywords: Dielectric dispersion, relaxation frequency, lintest, sandstone.

INTRODUCTION

High-frequency electromagnetic waves travel ingheund in analogous manner to seismic waves. ldsiéaeing
determined by the elastic parameters the propagafioadar signals is dependent on the dielectopgrties of the
subsurface rocks. Ground penetrating radar (GPRhigh resolution, near surface, geophysical ntethat can be
employed to image geological structures and maseiriathe subsurface (Rust al, 1999). Successful delineation
of subsurface targets using radar depends on ielatonductivity, dielectric constant and magnet@meability.
However, most geological materials are generalljuased to be non-magnetic and as a result their etiagn
permeability is negligible (Ngwenya and Sefara, 200 he generation of radar signal reflection ipetelent on the
significant differences in relative dielectric ctanst between rock formations. Knowledge of the telesd properties
of rocks in combination with the radar system ipamant for predicting the performance of radagéological
settings.

Several electrical/dielectric tools have been egaoin the investigation of rock properties. Thécent use of
these tools depends on the understanding of thénanéxns of dielectric behaviour of rocks (Knigh§84a, b;
Knight and Nur, 1987a, b; Garrouch and Sharma, 1828rouch, 1999). In this present study, dielegbrioperties
of limestone and sandstone samples from Ewekore baen reported in the frequency range 10 kHz GoMHiz.
The purpose of this study is to understand the d¢exndielectric dispersion and electrochemical paktion
behaviour of these rock types of different chemamahposition in support of radar investigation.

150
Pelagia Research Library



Olatinsu O. B. et al Adv. Appl. Sci. Res., 2013, 4(6):150-158

MATERIALSAND METHODS

2.1 Materials

Samples of limestone (LM1 — LM5) and sandstone (SA$A4) were obtained from Ewekoro in Ogun State,
Nigeria. The samples along with their physical eletgristics and chemical compositions are presentdable 1
and Table 2 respectively.

Table 1: Physical characteristics of limestone and sandstone of Ewekoro

Rock type Colour Texture
Limestone  Chalk white/light grey/grey/greenish. d-ooarse grains.
Sandstone  Brown/reddish brown. Medium coarse grains

Table 2: Chemical composition of limestone and sandstone of Ewekoro

Proportior of Elemental Oxidesppm)
Sample Si@ AlLO; FeO; TiO, CaO BOs KO MnO MgO NaO

LM1 3.76 1.07 0.12 - 5335 - 0.18 001 0.28 0.16
LM2 2.6¢  0.5¢ 0.24 - 54.6¢ - 0.1z 0.01 12C 0.14

LM3 2.66 0.46 0.16 - 5486 - 012 - 024 0.16
LM4 0.79 0.60 0.40 - 55.97 - 0.14 - 0.32 0.16
LM5 3.64 0.82 1.90 - 55.21 - 0.18 - 0.36 0.18

SA1 57.95 28.06 4.74 1.12 151 0.03 0.80 0.06 4.18.79

SA2 5.54 26.06 4.72 117 154 0.02 091 0.07 4.40910

SA3 59.38 27.06 4.11 1.15 158 0.02 093 0.06 4.88.85

SA4 58.53 27.93 4.27 1.10 154 0.03 0.93 0.06 4.68.90
LM= limestone; SA=sandstone

2.2 Sample preparation for dielectric measurements

Preliminary sample preparation involved cutting tamples into approximately disc shape with the dich
diamond saw electrically operated through a Sienaergge cutter. A range of sizes in diameter ancktigéss were
obtained, depending on the size of the originaldwhsample. The disk-shaped sample surfaces w&edround
and polished using grinding machine to obtain aslp&s possible smooth, parallel faces. Sandsgamples due to
porosity/pore spaces generally retained some vesllglegree of roughness. They were then kept iyetioylene
bags and later glass containers to avoid absorbigture.

2.3 Didlectric measurements

In this study, dielectric permittivity and condwity measurements were carried out on dry sampidisnestone
and sandstone in the frequency range of the apfistlwas from 10 kHz to 110 MHz. The dielectrieasuring
system consisted of a Precision Impedance Analyxgitent 4294) and a test/measurement probe (sfeetrode)
specially fabricated for parallel plate measurensrthe Petrophysics Laboratory of the CSIRO E&xdience and
Resource Engineering (CESRE) Unit of the Austrakasources Research Center, Kensington, Westermnalas

The output parameters from the analyzer are tknﬂlphcapacitanc@p and the parallel resistandap, from which

both the real part of the relative dielectric pdtivity (dielectric constant)g and the conductivityo from

, C(a)d d . . . o
&, (a)) =——— and 0(w) = ———— respectively. The imaginary relative permittiv{tlielectric loss)e!
EA R(w)A
. . n — U(a') " o_ R_l(w)d .
was obtained using, (w) =—— or & =——— . Also, the loss tangermy was computed from the ratio of
QE,

o] o
n

&
g’ and g ie. D =—:. Where d is the distance between the electrodesheir area; Angular frequency
gl’
= 27f and &€ is the permittivity of free space. The diameted #rickness of the samples were measured using

an electronic digital callipeGood electromagnetic shielding was implementedhéovthole sample holder in order
to reduce noise problems that are common, espgaialbw frequencies. The material was mountedsaraple cell
between the parallel circular electrodes thus fogya sample capacitor. The material placed in #pacitor can be
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considered as an equivalent electrical circuit Whionsists of a capacitan€&(c) , in parallel with a resistance,
R(). These values are the output of the dielectrityaea

RESULTSAND DISCUSSION

3.1 Cole-ColePlots

The Cole-Cole plot (Cole-Cole, 1941) was utilizedeaquick way of obtaining insights into the patation and
conduction mechanisms in the rocks. The Debye resp@Debye, 1929) has frequently been used to idescr
dielectric dispersion in a system with a singlexation time. For a Debye-type relaxation procasshich a single
relaxation time7 is assumed, this should produce a semi-circle wéttiter on the horizontal axis. However, many
materials, including rocks, deviate from Debye hédar, suggesting the presence of a distributiorreddixation
times. The plots for the rocks in this study areve in Figures 1a and 1b. It is found that theeatigic dispersion
of all the samples is governed by Cole-Cole relarabehaviour due to orientation polarization psseThis type
of behaviour has been reported for geologic mdsetiy several workers (Saint-Amant and Strangwéay 01
Knight, 1984a; Knight and Nur 1987a; Sengwa andi,SB@05, 2008). The Cole-Cole equation for dieliectr
dispersion is

£, —E.,
1+ (iwr)™

where &, is the low frequency limiting value of permittivityr static dielectric constant, the high frequency

limiting value of permittivity, dWthe angular frequencyf the characteristic relaxation time of the dipolexation
in the system and¥the spread parameter which governs the broadnesiseoflistribution (0 <a <1). The

E(w=¢-ig"=¢+

evaluated values of,, &,, dielectric strengthA& =&, —&,, and @ are presented in Table 3. There is
significant variation in £, and &, for the two sample typest, varies between 78.51 and 177.71 for sandstone

samples while for limestone it varies between 5afd 143.30.£,, for sandstone is in the range 6.41-7.07 while

for limestone the range is 5.49-8.33. Table 3 alsmw that the observef values of all the samples are lower than
0.5, which depicts a distribution of relaxationgisigtent with the multicomponent nature of theseas.
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Figure 1. Cole-Coleplotsfor therock samples

Table 3: Values of dielectric parameter s of limestone and sandstone of Ewekoro

Sample 50 gm A& a

LM1 85.85 5.49 80.36 -

LM2 53.11 7.96 45.15 0.4923
LM3 143.3( 8.3t 134.97 0.307(
LM4 108.47 8.33 100.14 0.4039
LM5 136.42 8.33 128.09 0.3779
SA1 78.51 6.41 72.10 0.3808
SA2 63.37 5.69 57.68 0.3809
SA3 177.71 7.07 170.64 0.2694
SA4 14477 641 138.36 0.2220

3.2 Didectric dispersion

The calculated permittivity &;) values of dry limestone and sandstone samples ratida of frequency are

presented in Figures 2a and 2b. These plots ralispkrsion, which is comparatively large in almafit the
samples. Table 2 shows the multicomponent natiuieese rock samples in which the overall dieledb@haviour

of each is governed by contributions from each comept having differing&‘;. In earth materials, dielectric

dispersion is due to polarization in the sampleikk lvolume as a result of charge build-up at gkmnndaries of the
components of the sample (Saint-Amant and Strang®&g0).
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Figure 2: Plots of dielectric constant ver sus frequency for the rock samples
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Figure 3: Plots of dielectric loss versus frequency for the rock samples
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3.3 Didlectric Loss

The imaginary relative permittivityé(;') values of the samples are plotted againsf limgFigures 3a and 3b. SAL,

SA2 and SA4 for the sandstone samples show maxiahsaorption peaks with corresponding relaxationdesgy
23.5 kHz, 42.5 kHz and 42.1 kHz respectively. Télaxation frequency for SA3 is probably below 15zkidnly
two limestone samples, LM2 and LM3 show peaks étediric loss and the corresponding relaxationdesgy are
57.2 kHz and 11.2 kHz respectively. It is mostlijkdat this frequency for LM1, LM4 and LM5 is b&ld KHz.
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Figure4: Plotsof conductivity against frequency for therock samples
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3.4 Conductivity

Figures 4a and 4b show the variation of A.C. cotiditg of the studied samples. These all show iaseein
conductivity with frequency. This is in contrast tielectric dispersion which is more strongly degem on
frequency, starting with high values at low freqecies and decreasing to asymptotic values at highugncies.
These characteristics have been interpreted ag lmsinsed by geometric or textural heterogeneitieghé rock
system (Sen, 1981; Sen and Chew, 1983). The sipritgrortion of elemental oxide composition (Tab)jea2count
for the closeness in conductivity values for thadstone samples. This trend is also observed idithestone
samples except for LM1 with comparatively lower doativity values.
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Figure5: Plots of losstangent against frequency for the rock samples
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3.5 Loss Tangent

The variation of loss tangent values with frequefocythe samples is shown in Figure 5a and 5b. taisgent peaks
are more pronounced than maximum absorption pddis.is found for all the samples except for LMthich is
low probably less than 1 kHz. The critical frequenaries 21.8 kHz to 569 kHz for the other limegt@amples
while for sandstone the range is between 61.6 kidz2282 kHz.

CONCLUSION

The results of this study suggest that sample &mkheterogeneity contribute to the dielectric b@ha of rocks.
Chemical composition and nature of the two rockesystudied clearly distinguish their frequency delest
electrical responses. Similar to other geologicemals all the samples are governed by Cole-Cdixation type
which means a distribution of relaxation times. Tetailed study of the different rocks will assgynificantly in
radio frequency dielectric technique since radaagimg of the subsurface depends on the averagecttielconstant
of the rock types available in the area of invedtan. Furthermore, the reported values of diele@arameters and
their interpretation can be applied to investigdte various existing frequency dependent empiriialectric
dispersion models of earth materials. These engbincodels are often used to model and interpretidad
polarization and ground-penetrating radar data.
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