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Introduction  

Field seismics and electrical resistivity are powerful tools to investigate the surface geological 
reservoir rocks at depth. The two methods are complementary and have been largely used for 
prospection purposes of oil/gas reservoirs. To the first order, seismics allow assessing the reservoir 
rock porosity (Wyllie et al., 1958) and electrical resistivity is used to infer the nature and temperature 
of the fluid present at depths. To the second order, provided that the fluid nature is known, insights on 
the porosity and pore structure, hence on hydraulic conductivity, could be inferred from measured 
electrical properties (Archie, 1952; Glover et al., 1994; Violay et al., 2010). Indeed, both hydraulic 
and bulk electrical conductivity are expected to correlate as the two intrinsically depend on the 
amount and tortuosity of the pore network (Bernabé et al., 2003; David, 1993; Milsch et al., 2008). 
 
To investigate precisely the effect of the porosity and pore network on the elastic and electrical 
transport properties, the classical method is to investigate their evolution as a function of effective 
confining pressure (Han et al., 2011; Pimienta et al., 2017). However, very few apparatuses exist for 
such method, and another way may be to artificially induce a given amount of microcracking in the 
rock sample by thermal treatment. For an initially isotropic rock, the procedure is expected to lead to 
an isotropic microfracturing of the rock sample from the sole mismatch of thermal expansion between 
the minerals inside the rock (Fredrich & Wong, 1986; Nasseri et al., 2007): (i) For temperatures below 
575 °C, the randomly oriented anisotropic grains will expand thermally in preferred orientations thus 
leading to opening of inter- or intra-granular cracks; and (ii) At about 575 °C and for temperatures 
beyond, the quartz α-β transition occurs and may lead to intense microfracturing of the quartz-bearing 
rock samples. 
 
Samples preparation 

Three rock types are used for the study in order to span a range in quartz content: a sandstone, a 
granite and a diorite. Fontainebleau sandstone is made of randomly oriented quartz grains cemented 
by quartz. The rock is a homogeneous, isotropic and clean (i.e. 99.9% quartz) sandstone that has been 
overly used in the rock physics community (Bourbie & Zinszner, 1985; Pimienta et al., 2014, 2015). 
Westerly granite is also well-known to the rock physics and rock mechanics community (Wang et al., 
2013), as it is a homogeneous and isotropic crustal rock, mainly constituted of feldspars and quartz 
(about 30 % content) grains. The diorite originates from the US and is found to be extremely stiff (i.e. 
loosely microcracked), and with an average content in quartz of 30%, thus being a good candidate for 
the study of inducing microcracks in rocks. 
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Figure 1 Schematics of thermal treatments, from slow temperature ramps of 5 °C/min increase and 1 
°C/min decrease, on samples of three rock types. The rock types chosen are of Westerly granite, 
diorite and Fontainebleau sandstone of 6% porosity. 

For each of the three rock types, eleven rock samples are prepared as cylinders of about 40 mm 
diameter and 20mm length. Each sample is submitted to a given temperature of treatment, from 100°C 
up to 900°C. Ten temperatures of treatment are tested in total (Fig. 1). For all sought temperatures, the 
same value of ramp of temperature increase is used of 5 °C/min. This ramp is slow enough to allow 
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for temperature homogenisation inside the rock sample, which allows avoiding sudden large 
temperature gradients and thus thermal chocking (Wang et al., 2013). 

Once the set temperature is reached, it is maintained during one hour, then the heating stops and the 
sample cool slowly inside the hoven. The temperature decrease was found to be about 1 °C/min, and 
is expected to be slow enough to avoid any unwanted thermal chocking. As observed from the 
evolution of colours of the rock samples, temperature also leads to the rock samples to gain reddish 
colorations. This indicates the occurrence of oxidation of minerals (probably iron-rich) in the rock 
samples. The reddish colour is very clear in Westerly granite samples, but much less in the diorite and 
not seen in the Fontainebleau sandstone. Consistently, the sandstone is almost pure quartz, i.e. not a 
Fe-bearing mineral that could be oxidized. 

Measuring methods 

Before thermal treatments, dimensions (i.e. length and diameter) and mass are measured on all rock 
samples. For most samples, P- and S-wave velocities along the dry sample, and porosity of the 
sample, are also measured. After treatment, the properties measured are: (i) dimensions, (ii) mass 
under dry and water-saturated conditions, (iii) P- and S-wave velocity of the dry and water-saturated 
sample, and (iv) electrical impedance of the brine-saturated sample. 

The dimensions are obtained with an electronic calliper, accurate to about 1 µm, and mass is obtained 
with an electronic balance accurate to 1 mg. Porosity is obtained with a pycnometer, accurate to about 
10-3 cm3, but also relying on the accuracy of the calliper-inferred rock volume and on the assumption 
of a perfect cylindrical rock. As a consequence, direct measurements by the calliper are additionally 
used for the variation in volume of the rock sample such that : ΔV = ΔL + 2 ΔR. Ultrasonic P- and S-
waveforms (i.e. f = 1 MHz) are acquired from applying two couples of P- or S-piezoelectric 
transducers on the opposite faces of the sample. From the recorded waveforms, P- and S-wave 
velocities are obtained from the travel time of the first arrival (Fig. 2a) across the sample length. 
Figure (2b) reports an example of P-waveforms obtained on samples of about the same length but 
brought to different temperatures of thermal treatments.  
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Figure 2 Principle of measurement for P- and S- ultrasonic wave velocities measured on dry samples 
(a) recorded P- and S-waveforms of the intact sample; and (b) P-waveforms of the samples submitted 
to temperatures between 100°C and 700°C. 

Electrical impedance is measured in the frequency band of 1 MHz-100mHz on the rock samples either 
dry or saturated by brines of varying electrical conductivities. To investigate the electrical formation 
factor unbiased of the surface effects, measurements are made for brine conductivities spanning 450 
µS/cm, for the tap water, up to 300 mS/cm for a tap water saturated by dissolved NaCl ions. Figure 
(3) shows an example of electrical impedance measured in an intact Fontainebleau sandstone sample 
for different fluid salinities. Electrical impedance is measured in terms of norm (Fig. 3a) and phase 
(Fig. 3b), or of real and imaginary parts. As observed from the signals phase, strong dissipative effects 
may occur for frequencies below 1 kHz. Interestingly, these dissipative effects increase with an 
increase in the fluid salinity. We are here interested solely in non-dissipative effects, more 
representative of the samples bulk electrical resistivity. Consistently with earlier works, the property 
is obtained at a measuring frequency of about 1 kHz. 
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Figure 3 Principle of measurement of electrical impedance for different brines in terms of (a) norm of 
the signal, here pre-processed to account for the sample dimensions and fluid electrical conductivity, 
i.e. in terms of apparent formation factor Fapp; and (b) phase of the electrical signal for the different 
fluid conductivities. The variability observed on Fapp beyond 1 kHz is expected to relate to the 
measurement error on F. 

Preliminary results 

As highlighted in Figure (2b), waveforms amplitude decrease and traveltime increase with increasing 
the temperature of treatment. The effects are very strong on both P- and S-waveforms, leading in 
particular to important decrease in P- and S-wave velocities of the dry samples. This is consistent with 
existing results in granites (Nasseri et al., 2007), interpreted as a large increase in the microcrack 
density, i.e. a population of compliant thin and elongated pores. Moreover, large differences in 
ultrasonic elastic properties are observed between dry and water-saturated conditions, as expected 
from the stiffening effect of water in microcracked media (Pimienta et al., 2016). Similarly, the 
formation factor inferred shows also a decrease, and the porosity increases, which could be interpreted 
again as the increase in microfracturing of the rock sample. 

However, the evolution in porosity and, most of all, in formation factor with temperature remains 
relatively small in the sandstone that had an initial porosity of 6%. It will be shown that this aspect 
can be investigated in terms of interplay between two networks of pores (Bernabé, 1991; Guéguen & 
Dienes, 1989; Pimienta et al., 2017): interconnected tubes and cracks. Moreover, precisely comparing 
the evolution of the properties with temperature shows a deviation in the temperature dependence 
between elastic and transport properties. This aspect is interpreted in terms of the temperature-
dependent opening, or aspect ratio, of the family of microcracks. 

Conclusions 
 
A standard thermal treatments procedure is used to investigate the effect of microcracking on the 
elastic and transport properties of rocks. The samples are measured prior and after treatment, under 
dry and brine-saturated conditions, in terms of elastic and transport properties. From using three 
different rocks, of variable initial quartz content and porosity, it is shown that microcrack density 
affects differently the elastic and transport properties. Interestingly, the rock samples show very 
similar decrease in both P- and S-wave velocities yet very different variations in transport properties. 
Those differences are interpreted in terms of intrinsic contribution of the pore networks to the 
different properties. 
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