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Abstract 

The main aim of this study was to determine the variation of the P- wave velocity of carbonate rocks over time. Samples of 
carbonate rocks like dolomite and limestone were carried out from three quarries. The study was done in May and November 
2015. To test equipment Pundit Lab+ was used, which measure the transmission time of ultrasonic wave. On the base on 
the transmission time P- wave seismic velocities were calculated. It allows to compare the results obtained for one time interval 
and to calculate, using the Student’s t test, if differences of P- wave seismic velocity values are significant. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of EUROCK 2017. 
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1. Introduction 

Determination of the physical and mechanical properties of rocks is the most interesting problem which is still not 
definitely solved despite of a lot of scientists who try to do it. It seems to be very important to make an assessment of 
the elastic properties of rocks which can be studied in laboratory using cylinder samples [3–5, 7–9, 13] and also 
directly in quarries using geophysical methods [10, 14]. The rock under the influence of external forces undergoes 
compression and decompression. The deformation of the body is the result of moves of its particles relative to each 
other. Rocks within the rock mass there are under the pressure of the surrounding rocks. Depending on the pressure 
size, rocks there are in a specified state of compression and a specified state of deformation [1, 2, 6]. At the moment 
of output from the deposit and remove the existing pressure, annealing process begins and elastic strain decays. 
The decompression of rock causes the change of properties such as hardness, grindability, porosity and strength. In 
addition to decompression phenomena, another process takes place like moisture loss. 
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In the process of deposit documentation the tests are done immediately after extraction of the rock from the rock 
mass but in many cases, these tests are carried out after a certain time when the analysed samples were stored by 
some time under certain conditions. 

The study of the P- wave seismic velocity shows the importance of the time factor to determination of 
the physical parameters of a sample. 

The measurements of the seismic wave velocity were performed in three Triassic carbonate quarries: one 
limestone deposit (deposit 1) and two dolomite deposits (deposit 2 and deposit 3). From each quarry blocks of rocks 
were collected to laboratory measurements. 

2. Laboratory measurements 

From blocks of rocks were cut cuboids with a length of 0.1 m and section 0.05 m x 0.05 m. The Ultrasonic 
Instrument Pundit Lab+ Swiss company Proceq was applied. The ultrasonic impulses are repeatedly transmitted to 
the sample and then recorded as the time (t) of the ultrasonic wave passing through the sample. The rock specimens 
were mounted between the transmitter and receiver transducer holders. The length of sample is a way (s). It is 
possible to calculate the velocity (v) using the formula v = s / t. In order to ensure close contact between the surface 
of sample and transducers it was used special paste. The frequency of elastic signals used for transmission 
measurement is 250 kHz. The pulse length is 2μs. The accuracy of time of arrival of P- wave is 1 μs. The research 
included approximately 3000 measurements in May [11] and approximately 2500 in November. The samples were 
stored in room temperature. The study was performed using three samples from each quarry. The anisotropy 
coefficient k was calculated for each sample from equation: 
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average of the velocities corresponding to all measured directions. The values of the maximum and minimum 
velocities and coefficients of anisotropy are summarised in Table 1. 

3. Result and discussion 

The obtain P- wave velocity values, measured at an interval of half a year, have not shown significant differences 
(Table 1, Fig. 1). In the case of deposit 1 the seismic wave velocity value was higher in May than in November. In 
the case of deposits 2 and 3, the situation is reversed, the seismic wave velocity is higher after six months. 

The samples of beige limestone from the deposit 1 characterise by cracks filled with calcite. In the sample 1 
cracks are not visible on the surface but there are numerous small cracks in length in the range of from 1–2 mm to 
20 mm. The velocity values and anisotropy coefficient k = 11 % indicate on the anisotropy. In the sample 2 it is 
observed two cracks perpendicular respectively to axis 1 and 2. These cracks cause that velocities in this sample 
have similar values for all axes and the coefficient k = 3.6 % does not indicate the presence of the anisotropy. In the 
sample 3 we can also see cracks with a diameter of 2 mm and filled with calcite, air or clay material. Values of the 
velocity and the coefficient k show a distinct anisotropy. The highest value of velocity 6800 m s-1 occurs in a plane 
parallel to the cracks. 

The grey limestone sample coming from the deposit 2 contains the inclusions of calcite with spherical or 
hemispherical shape. The packing of inclusions parallel to axis 1 and 3 causes the occurrence of the anisotropy. 

Obtained values of velocities for deposit 1 are larger than of the deposit 2 what may be due to the effect of 
unstressing or the difference between the physical properties of the rocks. 

The structure of dolomite samples from the deposit 3 has a more homogeneous character hence the coefficient k 
has a smaller value. The samples are dark yellow to gray color. In the samples 1, 2 and 3 there are open cracks of 
0.1 mm filled with clay material. These cracks are perpendicular to the axis 1. 
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The samples from the deposit 4 have a light yellow color. In the sample 1 there are not visible cracks which is 
reflected in the measured values of velocity which have very similar value about 5200 m s-1 and the anisotropy 
coefficient k is equal 3.5 %. In the sample 2 there is a calcite filled crack with an opening 0.2 mm. This crack is 
parallel to axis 2 and it is visible in the velocity value equal 5550 m s-1. The anisotropy coefficient is equal 15 %. In 
the sample 3 the situation is similar and the crack is parallel to axis 1. In this sample there are very small cavities 
with diameters in the range from 0.8 mm to 6 mm filled with calcite or air. 

Table 1. Results from laboratory measurements. 

Deposit Sample May November 

Axis 1 2 3 1 2 3 

1 1 vP [m·s-1] 6840 6380 6120 6620 5890 6120 

k [%] 11.0 11.7 

2 vP [m·s-1] 6060 6280 6280 6030 5890 5960 

k [%] 3.6 2.0 

3 vP [m·s-1] 6010 6810 6290 5560 6430 5700 

k [%] 12.6 14.7 

2 1 vP [m·s-1] 4370 4740 4780 4690 5160 4860 

k [%] 9.0 10.0 

2 vP [m·s-1] 4790 4990 4850 4810 4930 5010 

k [%] 4.0 4.0 

3 vP [m·s-1] 4920 4710 4970 49670 5120 4980 

k [%] 5.5 3.0 

3 1 vP [m·s-1] 5160 5260 5340 5290 5250 5230 

k [%] 3.5 1.0 

2 vP [m·s-1] 4770 5550 5120 5370 5450 5220 

k [%] 15.0 4.0 

3 vP [m·s-1] 5400 4930 5480 5350 4990 5490 

k [%] 10.0 9.4 

 
The Student's t test was used in order to verification of differences between P- wave seismic velocities. This test 

allows to check the hypothesis whether the average values of P-wave velocity of the two periods are equal [12]. 
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Fig. 1. The average value of P - wave velocity calculated for time interval. 

It was assumed that the distribution of the mean value of velocity in both periods is a normal distribution. 
The test was done for each quarry. On the base of results of two small samples (three specimens) it was verified 
the null hypothesis that the mean value of P - wave velocities were equal to the alternative hypothesis that they were 
different. The level of significance was  = 0.5. The results show that there is no evidence to reject the null 
hypothesis, i.e. the mean values of P-wave velocity obtained for two time intervals are equal and differences in 
the values of mean velocity they are not statistically significant. The obtained results have not proved the importance 
of the half year interval and it does not mean that more data could provide the expected difference. For each sample 
the relative error of P- wave seismic velocity was calculated (Table 2). 

Table 2. The relative error of P-wave velocity V/V [%]. M – May, N – November. 

Deposit Sample 1 2 3 

Axis 1 2 3 1 2 3 1 2 3 

1 M 0.68 1.27 1.19 0.62 1.28 1.46 0.32 1.28 0.74 

N 0.65 1.19 0.71 0.80 1.20 0.71 1.73 1.19 1.89 

2 M 3.51 2.41 1.36 0.96 1.65 1.74 1.26 4.48 0.60 

N 0.23 0.49 0.64 0.72 0.49 0.49 0.26 5.06 0.60 

3 M 1.24 0.62 0.63 28.21 1.52 11.71 1.32 1.52 2.48 

  N 2.91 1.01 0.63 0.66 1.63 5.47 0.32 1.13 2.86 
 
The calculated relative error of P - wave seismic velocity is in the range from 0.3 to 3 %. However, there are two 

results significantly deviating from the rest (11.7 % and 28 %). These values are designated for samples from 
the deposit 3. The high values are associated with the heterogeneity of the samples. 

4. Conclusion 

The results indicate that measurements of P- wave velocity made at an interval half a year did not show major 
differences. On the basis of the obtain P- wave velocity and measured S-wave velocity it will be possible to 
determine the physical properties of rocks [11]. The obtain results gave no a clear difference. One of the reason 
could be too short time interval used in the case of carbonate rocks. The second reason is the insufficient number of 
samples. The Student's t test also confirm presented considerations and not proved the importance of the half year 
interval. 
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