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In this paper we studied the temperature dependence of the electrical
resistivity of basalt and granite samples. The electrical resistivity of these
samples were measured in the temperature range from RT to 1000 K. It is
observed that, The electrical resistivity of all investigated samples was
decreased with the increase of temperature. The results showed that, the
behaviour of the electrical resistivity have two conduction regions for basalt
and granite samples. In the first region (RT to 400 K) for basalt and
(RT — 450 K) for granite samples, the electrical resistivity exhibits a slight
decrease. In the second region (400 to 1000 K) for basalt and (450 to 1000 K)
for granite samples, the electrical resistivity exhibit a rapid decrease with the
increase of temperature. The average activation energies of investigated basalt
and granite samples are calculated and discussed.

1. Introduction:

Considerably little is known about the electrical resistivity of crystalline
rocks like basalt and granite particularly under conditions likely to prevail at
deeper levels in the crust[1]. Few observations have been reported on the effects
of elevated temperatures and pressure on the resistivity of dry rocks. The major
problem, which faces the interpretation of the electrical resistivity models in the
earth, is the acknowledged discrepancy between field and laboratory
determinations. Resistivities determined in the field by magnetotellurics (MT)
or by other resistivity methods are, with volumetrically rare exceptions, much
higher than those obtained in ordinary dry laboratory specimens of crustal and
mantel rocks, [2]. The electrical resistivity of the mantel of the earth has been
estimated by several methods, as summarized by [3,4]. A comparison of these
resistivity results on possible mantel constituents might yield further
information about the temperature, composition, or conduction mechanisms in
the mantel. There is a direct association of electrical resistivity with
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temperature. This is observed in the field of correlation of resistivity with heat
flow, [5-8]. It is well documented in the laboratory that the equation:

p = poexp (E/kgT)

applies to nearly all minerals. Here p is electrical resistivity (usually
expressed in ohm. cm), p, is pre-exponential factor, kg is the Boltzmann
constant, T absolute temperature and E the activation energy in eV. Consistent
results were reported for basalt and granite samples by [9]. They cited that solid
samples of basalt and granite were better conductors than the same rock samples
in powdered form. In their study, DC conductivity was 4.5 to 5 orders of
magnitude higher for basalt and 2 to 4 orders of magnitudes higher for granite
in a temperature range from 373 to 772 K. In comparison between these
measurements which were done in vacuum there were that, the higher
conductivity of the solid samples than of the powdered ones was attributed to
better contacts between crystals in the solid samples than in the powdered
samples. The mineral composition, x-ray fluorescence analysis (XRF) and rock
structure are found in [10,11].

2. Experimental work:

The investigated bulk samples in our work were obtained from different
regions of the Eastern Desert of Egypt [10,11].

The bulk samples were cut into disks by means of an impregnated
diamond-slitting disk. The sample faces were polished and lapped parallel. The
samples prepared in the shape of disk 25-mm diameter and 6-8 mm thickness to
be most suitable for the electrical properties investigation. The electrical
resistivity measurements were carried out using the circuit, [11].

3. Results and Discussion:

A typical temperature dependence of the electrical resistivity of basalt
specimens in the temperature range from 300 to 1000 K is shown in Fig. (1- B;)
which shows two regions. The first region lies in the range from room
temperature up to 400 K and the second region lies in the range from 400 to
1000 K. This result indicated that there are two conduction mechanisms. From
the linear fitting of the Arrhenius relation between the electrical resistivity and
the reciprocal of temperature, the activation energy of these specimens can be
obtained.
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Fig.(1): A typical Temperature dependence of the measured electrical
resistivity of Basalt samples (B).

It is obvious that the two regions (RT-400 K and 400-1000 K) for basalt
samples exhibit straight lines. From the slopes, the activation energies of the
conduction mechanisms are calculated and tabulated in Table (1).

For the investigated granite samples all curves have also two regions,
asimilar behaviour as basalt samples is observed with the exception that granite
specimens show two conduction mechanisms laying in the range RT to 450 K
and 450 to 1000K, Fig. (2-G,). From the fitting of the Arrhenius relations for
granite (RT-450 K and 450-1000 K) the activation energies of the mechanisms

are also shown in Table (1).
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Fig.(2): A typical Temperature dependence of the measured electrical
resistivity of Granite samples (Gy).

Table (1): The activation energies of the investigated samples. (E; and E, are

the activation energies for the first and second regions, respectively).

Sample E; (eV) E; (eV) <E;> (eV) <Ey> (eV)
B, 0.273 0.834
B, 0.093 0.706 {0.152} {0.930}
B; 0.107 1.203
B, 0.137 0.979
G 0.152 0.837
G, 0.148 1.120
G; 0.126 0.473 {0.140} {0.761}
G, 0.134 0.616
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The average of the activation energies of basalt is slightly higher than that of
granite in the first and second regions. The average literature activation energies
of basalt and granite in the whole range of temperature are 0.437 and 0.372 eV,
respectively, [12-16]. Our results of activation energies are in agreement,
because the behaviour of resistivity versus temperature exhibits two different
conduction mechanisms. The small values of activation energy of these rocks
may be attributed to the contribution of ionic conduction. It is worthy to mention
that, these values are in the range of semiconducting materials and minerals,
[17]. It is obvious that, electrical resistivity is the sum of two several thermally
activated processes described by exponential curves

p = piexp (Ei/ksT) + paexp (Eo/ksT) (1)

where T is the absolute temperature; Ky is the Boltzmann constant, and E;, E;
are the activation energies in joule of the first and second regions respectively.
The strong temperature dependence means that one conduction process usually
dominates at a given temperature. However, because of the indications that two
conduction mechanisms operate in the temperature range 300 to 1000 K, the
Published data indicate that, at higher temperatures in many materials the type
of charge carrier changes, [18]. At high temperatures, charge carriers, which
require very high activation energies become important. The changes in slope of
these curves indicate that the type of charge carriers changes as the temperature
is increased. Usually, impurity ions provide the charge carriers. The binding
energy of impurity ions is somewhat less than the binding energy of regular
lattice ions and, as a result, they are available for conduction at lower
temperatures.

If a phase change takes place, there is an abrupt discontinuity in the, Ln
p=f (1/T) curve, as shown in figures (1,2), the discontinuity in the curves of all
basalt samples at a temperature of 400 K may be attributed to the release of
combined water from the sample. From thermogravemetric analysis (TGA)
[10,11] it is found that in the beginning of the temperature rise a very small
weight loss is recorded in the curves, which is ascribed to the evolution of the
few percentage of free water from the samples. As the temperature increases the
structurally bound water start to release from the samples at about 400 K which
leads to the weight loss of the samples. In the first region of all curves the
electrical resistivity decreases slightly with increasing temperature which may
be attributed to that the only conduction mechanism is the impurity ions in the
sample [16]. In the second region the electrical resistivity decreases rapidly with
increasing temperature, which may be attributed to, the structural change can be
taken place at high temperatures, [16], which enhances the -electrical
conductivity (decreases the electrical resistivity). The same results are shown for
the granite samples with the only difference that the start of discontinuity in the
curves occurred at a temperature of ~450 K. The electrical resistivity of basalt
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samples is lower than that of granite samples, this behaviour could be attributed
to that, the investigated basalt samples are fine-grained samples, which have a
lower electrical resistivity than the coarse-grained granite samples.

It is shown in figure (1) that in the temperature range from 300 to 400 K
there is a small difference between the electrical resistivity of our results of
basalt group and some published results, [18-20] which may be attributed to the
difference in chemical composition and type of texture. In the temperature range
from 400 to 1000 K there is an agreement between our results of basalt group
and other groups of basalt which may be attributed to that, as the temperature
increases, the major charge carriers in this temperature range are the lattice ions
which may have the same effect on the electrical resistivity in all igneous rocks.

The X-ray chart after the electrical resistivity measurement show some
peaks with small changes in their position and are more pronounced than those
obtained before electrical measurements, [10,11]. This may be attributed to the
oxidation and firing of some minerals during thermal treatment. Heat treatment
means the effect on chemical composition after and before measurements. This
means that, the heat treatment does not largely affect the electrical resistivity
[10]. In measuring the temperature dependence of the electrical resistivity in a
dielectric crystal, one should keep in mind the possibility of irreversible
reactions, either mechanical or chemical taking at high temperatures. As
discussed above, these ions or even at stable laboratory conditions are not
readily attained. However, there are sufficiently strong correlation to establish
the reality of differences between rocks of different compositions and texture
despite a variety of experimental problems. The distinction between fine-grained
and coarse-grained rocks is strong. The lower resistivity of basalt (fine-grained)
group than granite (coarse-grained) group would come from additional surface
conduction, the presence of glass phases, or both. The work of, [21] on
powdered samples did show a clear decrease of conductivity with silica content.
Our results of XRF for basalt and granite, [10,11] are in fair agreement with this
work. Thus the difference between basalt samples with each other in one hand in
the silica content and with granite samples in the other hand makes the electrical
resistivity differing in magnitudes from sample to the other in basalt group. Also
the decrease of the silica content in basalt samples than in granite samples,
[10,11] makes the electrical resistivity of basalt group samples lower than that of
granite group samples.

This result agrees with these of, [16] in their comprehensive report of
rocks at high temperatures and pressures in relation to geoelectric and
geothermal studies. Wanamaker [22] argued for the following trends:

(1) That a phanitic rock will have higher conductivities than their phaneritic
(compositional) equivalents by one or two orders of magnitude because of
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the smaller activation energies for glassy and fine-grained components than
for crystalline materials;

(2) That an increase in conductivity is observed with an increase in mafic
constituents in a granite group. The accompanying increase in total content
of Fe,0s, FeO, and CaO was thought to be partially responsible for this
effect. In our compilation for basaltic compositions, a phanitic rocks show a
statistically significant higher conductivity by almost an order of magnitude
than phaneritic rocks of the same composition at high temperature. They
also note a statistically significant difference of the same order between the
conductivities of less conductive silicic rocks and more conductive mafic
rocks, [23].

4. Conclusions:

From the above discussion it can be concluded that:

(1) The relationship between natural logarithm of the electrical resistivity and
the reciprocal of temperature of all investigated samples indicated that there
are two conduction mechanisms. The first mechanism took place in the
temperature range (300-400 K) for basalt samples and (300-450 K) for
granite samples. The conduction mechanism is performed by impurity ions.
The average activation energies associated with this mechanism are 0.152
eV for basalt and 0.140 eV for granite samples. The second mechanism lies
in the temperature range (400-1000 K) for basalt samples and (450-1000 K)
for granite samples. The average activation energies associated with this
conduction mechanism are higher, e. g. 0.930 eV for basalt samples and
0.761 eV for granite samples.

(2) The fine-grained structure of basalt samples has lower resistivity than
coarse-grained structure of granite samples.
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