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Abstract 

 

Electrical resistivity tomography (ERT) is used to conduct experiments on resistivity 

changes associated with stress in laboratory. Apparent resistivity data are acquired 

through a specially designed DC resistivity meter along four common-midpoint 

measuring lines at each stress level during the fixed-rate uniaxial compression on two 

dry man-made samples. Their relative resistivity change images (RRCIs) are 

constructed. Our results indicate that all RRCIs show same trend change with stress: 

with the increase of stress, the resistivity-decreased region (RDR) in the RRCIs 

shrinks while the resistivity-increased region (RIR) expands gradually, which is 

similar to the trend changes of resistivity images observed in situ prior to Tangshan 

ML 4.4 and 5.0 earthquakes on April 14, 1998. Therefore, the trend changes in RRCI 

with stress could probably become a useful supplementary indicator in the judgement 

on earthquake-related resistivity anomaly. 
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1 Introduction 
Seismic activities are very good for the planet we live on but disastrous for human 

beings, especially catastrophic earthquakes such as 2008 Wenchuan Ms 8.0 (Dai et al., 

2011), 2004 Indonesia Mw 9.0-9.3 (Løvholt et al., 2012) and Japan Mw 9.0 (Ozawa et 

al., 2011) earthquakes. In order to reduce the loss and harm due to earthquakes as far 

as possible, one way is to find the anomalies associated with an earthquake and then 

to predict future earthquakes. Earth resistivity anomaly has been verified a sort of 

precursor of an earthquake (Lu et al., 1999), but that no striking abnormal changes of 

resistivity are observed associated with some strong earthquakes has influenced 

negatively its effectiveness in earthquake prediction. The most possible reason is that 

a fixed Schlumberger sounding array, consisting of a pair of current and of potential 

ones, is commonly used for detecting the earth resistivity anomaly associated with an 

earthquake. Due to the subsurface heterogeneous electrical structure, it is possible not 



11th Asian Seismological Commission General Assembly, Nov 25-27, Melbourne, Australia 

to observe striking abnormal earth resistivity changes along some directions at a 

station, even though it is very close to the epicenter, before a strong earthquake via 

this array. For example, the resistivity along NE direction decreased abnormally very 

greatly between June, 2006 and January, 2008, but there are not striking abnormal 

changes along NW direction according to the record at Chengdu station (about 36 km 

to the epicenter) before the 2008 Wenchuan MS8.0 earthquake (Fig. 1). In addition, 

the observed abnormal changes of eath resistivity include non-seismic ones such as 

seasonal variations and annual changes which are very difficult to be completely 

eliminated in data processing. Zhu (2013) pointed out that when these anomalies are 

eliminated, new abnormal changes are introduced artificially into the observed 

resistivity data, which lead to much difficulty and less accuracy, only depending on 

the resistivity observed by the fixed Schlumberger sounding array, in determining the 

earth resistivity anomalies related to seismic activity. Therefore, exploring a new 

earthquake-related resistivity observation method can provide a useful complement to 

the present observation system, which has practical significance to China’s earthquake 

prevention and disaster reduction. Some researchers have tested new observation 

techniques such as deep-well (Kang et al., 2013) and multi-separation array 

observation (Wang et al, 2011) to attempt to address this issue, but their effectiveness 

remains under evaluation. Using ERT, Feng at al. (2001) observed the significant 

abnormal changes of resistivity images (hereafter Feng’s pattern) before the 1998 

Tangshan ML 5.0 and 4.4 at Baodi and Changli station in Hebei province: the 

resistivities at about five months decreased regionally with respect to those at about 

nine months before the earthquakes. Then, approaching to the earthquakes, the RDR 

gradually expanded, and at about two months after the earthquakes, the resistivities 

almost got back to the state at about nine months before the earthquakes.  

 

   

Figure 1. Geoelectrical resistivity recorded at Chendu (Pixian) station, Sichuan 

provice, China.  

 

The result of Feng et al.(2001) shows that ERT could be a useful supplement to the 

present resistivity observational system in China. This motivates us to conduct this 

experiment to check whether the rock resistivity has Feng’s pattern with stress and 

then discuss whether it could be an indicator for an earthquake. Therefore, borrowing 

ERT from geophysical survey, we conduct the experiments on resistivity changes of 

man-made samples associated with stress in lab. It is found that resistivity image has 

similar trend changes to Feng’s pattern, so it is possible to be an intuitive and more 

easily identified resistivity precursor of an earthquake - the trend changes of 

resistivity image.  

 

2 Experiment 
Two man-made samples are used in the study. Four common midpoint measuring 

lines L1-L4 were arranged on one surface of the specimen at the electrode spacing of 

5 mm. The intersection angle of two adjacent measuring lines is 45 (Fig. 2). The 

specimens have the compression strength of about 44.4MPa. The parameters of 
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measuring lines are listed in Table 1. Apparent resistivity data are acquired through a 

DC resistivity meter MIR-2000, which is specially designed for measuring the 

resistivity of the rock sample in the laboratory, at each stress level during the fixed-

rate uniaxial compression on rock samples by a servo-control YAW-5000F loading 

machine manufactured by Jinan Shijin Group Co. Ltd.. The number of resistivity 

acquired by ERT allows us to construct a resistivity image, which gives us a chance to 

study the changes in resistivity image, but not as a single value (e.g., Fig. 1),  

associated with stress. Then their RRCIs are constructed.  
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Figure 2. Layout of measuring lines and test system. 

 

Table 1. Parameters of measuring lines 

ML NE SE NF Remarks 

L1 43 5 mm 14 
perpendicular to axis of 

load  

L2 43 5 mm 14 parallel to axis of load 

L3 57 5 mm 18 

intersecting 

northeastwardly  axis of 

load with 45 

L4 57 5 mm 18 

intersecting 

northwestwardly  axis of 

load with 45 

Note: ML, NE, SE, and NF indicate measuring line, number of electrode, spacing of 

electrode, and “n” factors (Diaferia et al., 2006), respectively. 

 

3 Results 
Two specimens are tested. Here the results of only one specimen are presented due to 

their similarity. The samples used in general have layered electrical isotropy and 

homogeneity. In the area shallower than 90 mm, apparent resistivities are about 4000- 

54000 m. Apparent resistivities increase with depth.  

 

Figure 3 indicates that the RRCIs could be divided simply into RDR (blue to white) 

and RIR (white to red). When the stress is less than 33.33 MPa for L1 and L2 (Figs. 
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3a and 3b), with the increase of stress, RDR shrinks while RIR expands gradually in 

the meantime. When the stress is less than 22.22 MPa for L3 and L4 (Figs. 3b and 3c), 

RDRs occupy the most parts of RRCIs. With the stress increases to 33.33MPa,  

RDRs in Figures 4b and 4c shrink while RIRs expand rapidly in the meantime. 

 

 

Figure 3. Images of the relative resistivity change corresponding to the measuring 

lines at different stress values.  

 

4 Discussions and conclusions 
The RRCIs at all of four directions have the same trend of change with stress (Fig. 3): 

the RDRsshrink and RIRs expand step by step with the increase of stress. These 

phenomena are very similar to Feng’s pattern, which indicates that Feng’s pattern may 

be observed in lab and it is possible to be a common phenominon before an 

earthquake. In addition, the similar trend changes of resistivity images of magnetite in 

lab (Zhu et al., 2012) were also observed: with the increase of stress, the RDR and 

RIR have complex behaviors, but when stress is higher than a certain value, the RDR 

(RIR) expands (shrinks) gradually in all time; and field experiment suggests that the 

climate may affect the magnitude of earth resistivity, but has little influence on the 

trend changes of resistivity images (Fig. 4). These results encourage us to conclude 

that the intuitive and trending changes of resistivity image would result in identifying 

the earth resistivity anomaly related to an earthquake easier and more reliable. This 

advantage will probably impel it to be a simple (easy to identify whether it is a 

precursor of an earthquake or not) and potential effective (expansion or shrinkage of 
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RDRs or RIRs always associated with an earthquake) indicator for an earthquake. 

 

 
(a) 

 
(b) 

Figure 4. (a) Images of resistivity change relative to those on March 20, 2014 at the 

site on Xiaojiang fault near Xiaoxinjie, Yunnan province, China and (b) the curve of 

average monthly rainfall recorded at Songming station very close to our test site. Seen 

from Figure 4b, the rainy season near our site began in May and ended in October in 

2014, and the rainfall is more than 100 mm (marked by dotted line) in June, July, 

August, September and October. Our resistivity images (Fig. 4a) reveal out the change 

of rainfall. For example, the low resistivity areas (enclosed by dash line) shallower 

than about 100 m in the images on July 23, September 22 and November 22 are 

obviously due to rainfall. However, the changes of resistivity images (Fig. 4a) 

distribute randomly, i.e., rainfall does not take on a change trend (RDR or RIR 

expands or shrinks step by step), which indicate that rainfall may affect the magnitude 

of resistivity, but it has little influences on the change trend of resistivity image. 

 

Aknowledgement 

Earth resistivity recorded at Chendu (Pixian) station, Sichuan provice, China are 

downloaded from National Earthquake Precursory Network Center 

(http://qzweb.seis.ac.cn/twzx/index.jsp). The data of rainfall is from Yating Pan at the 



11th Asian Seismological Commission General Assembly, Nov 25-27, Melbourne, Australia 

Yunnan Kunming Meteorological Bureau. This work is supported by National Natural 

Science Foundation of China (NSFC, Grant 41574083). 
 

References: 

Dai, F.C., Xu, C., Yao, X., Xu, L., Tu, X.B. and Gong Q.M. (2011) Spatial 

distribution of landslides triggered by the 2008 Ms 8.0 Wenchuan earthquake, China,  

J. Asian Earth Sci. Vol 40, No 4, pp 883-895. 

Diaferia, I., Barchi, M., Loddo, M., Schiavone, D. and Siniscalchi, A. (2006) Detailed 

imaging of tectonic structures by multiscale Earth resistivity tomographies: the 

Colf iori to normal faul ts  (central  Italy) ,  Geophys.  Res.  Let t .  Vol  33,  

doi:10.1029/2006GL025828. 

Feng, R., Hao, J. and Zhou, J. (2001) Resistivity tomography for earthquake 

monitoring, Chinese J. Geophys. Vol 44, pp 819-830. 

Kang ,Y., An, H., Ma, K. and Tan, D. (2013) Test analysis on geolectrical resistivity 

observation combining the surface and deep-well methods at Tianshui seismic station 

in Gansu province, China Earthquake Eng. J. Vol 35, pp 190-195 (In Chinese). 

Løvholt, F., Kühn, D., Bungum, H., Harbitz, C. B. and Glimsdal, S. (2012) Historical 

tsunamis and present tsunami hazard in eastern Indonesia and the southern Philippines, 

J. Geophys. Res. Vol 117, doi:10.1029/2012JB009425. 

Lu, J., Qian, F. and Zhao, Y (1999) Sensitivity analysis of the Schlumberger 

monitoring array: application to changes of resistivity prior to the 1976 earthquake in 

Tangshan, China, Tectonophysics Vol 307, pp 397-405. 

Ozawa, S., Nishimura, T., Suito, H., Kobayashi, T., Tobita, M. and Imakiire, T. (2011) 

Coseismic and postseismic slip of the 2011 magnitude-9 Tohoku-Oki earthquake,  

Nature Vol 475, pp 373-376.  

Wang, L., Zhu, X., Zhu, T., Zhang, S., Liu, D., Hu, Z. and Zhang, Y. (2011) Multi-

separation array geo-electrical resistivity observation system and its experimental 

observation, Earthquake Vol 31, pp 20-31 (In Chinese). 

Zhu, T. (2013) Preliminary study on regional geo-resistivity anomaly before the 

Wenchuan Ms8.0 earthquake, Acta Seismologica Sinica Vol 35, pp 18-25 (in  

Chinese). 

Zhu, T., Zhou, J. and Hao, J. (2012) Experimental studies on the changes in resistivity 

and its Anisotropy using electrical  resistivity tomography. International J. Geophys.  

Vol 2012, doi:10.1155/2012/142069. 

 

 

 


