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Summary 
 
In geological prospecting, searching for hydrocarbons has been currently a truly promising trend in geophysical 
activities. The application of pulse electric exploration coupled with seismic survey, while searching for 
hydrocarbon fields, essentially (up to 80% or more) reduces the expenses for exploration drilling. The induced 
polarization (IP) anomalies might originate due to the epigenetic pyrite formed above the deposit within the 
geochemical barrier hampering atmospheric oxygen penetration. However, the IP anomalies could also be caused 
by sulfide presence in trap intrusions widespread over the Siberian platform. The paper reports comparison of 
results on inversion of data on pulse electric exploration with survey of polarization characteristics of core 
collected within a hydrocarbon deposit in the zone of trap magmatism development. 
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Introduction 
 
Referring to the modern conceptions, significant physic-chemical alterations take place over the oil 
pool in the deposits of the uppermost part of cross-section influenced by hydrocarbon migration.  
Secondary alterations of mineralogical and physical properties of rocks are commonly contrasting 
against background values, and they occur at low depths (Kudryavtseva 2009). This work is largely 
targeted at substantiation as to how apply pulse electric exploration with the grounded source and 
receiver for exploring hydrocarbon fields using the anomalous values of induced polarization (IP) in 
the upper part of cross-section linked with the presence of epigenetic pyrite. For this purpose  an 
electromagnetic sounding and induced polarization (EMS-IP) technology (Davidenko et al. 2015) was 
used, which is letting to identify such anomalies by solving an inverse problem via horizontal-
stratified model with frequency-dependent resistivity. The pool itself, occurring at considerable 
depths, does not necessarily show noticeable contrast through conductivity. To identify an IP anomaly 
one has to consider geological setting of their origination.  Together with seismic survey and other 
non-seismic methods, such an approach increases probability for reliable prediction of the 
hydrocarbon pool presence up to 80%. 
 
EMS-IP survey in the south of Yakutia 
 
When performing prospecting and assessing ground waters within a hydrocarbon field in the south of 
Yakutia (Russia) it was acquired and summarized the data on hydrological wells many of them having 
the intervals of pyritization. A set of geological-geophysical and hydrogeological methods included 
the EMS-IP technology for detailed works of surveying three sites to locate drilling operations. In 
total, 544 sounding points were recorded at 14 profiles spaced 50 m with bulk volume 27.3 line 
kilometers. The survey site occurs within the zone of trap magmatism development defined from the 
intense local anomalies of magnetic field. With combined evidence it was feasible to distinguish 
tectonically weak, possibly flooded zone, where hydrogeological well № 20 was drilled. Based on the 
data of aero-magnetic survey, on-land electric exploration and hydrogeological research total of 20 
exploration wells have been drilled, where 11 wells were marked by visible intervals of pyritization. 
As indicated by the data on petroleum exploration drilling presence of hydrocarbons on this area is the 
case in the terrigenous collectors at depths about 1600 m that partially explains significant 
pyritization. However, the other sources of sulfides are the zones of trap magmatism, which occupy 
about 20% of the surveyed area, as pointed by the data of aero-magnetic survey. There are two 
reasons for the IP anomaly origination, preconditioned by presence of sulfides, and only one is due to 
the availability of hydrocarbons in the cross-section. 
 
To assess sensibility of EMS-IP technology to the presence of the polarizing layer caused by 
pyritization, inversions of electromagnetic sounding in terms of 1D and 3D polarizing models were 
sequentially accomplished. The computation was carried out with complex resistivity value depending 
on frequency. To describe the frequency dependence resistivity the Cole-Cole formula was used. Its 
application makes it possible to describe most of experimental dispersion behavior in rocks. For 
complex specific resistivity it looks as 
 

𝑝 𝜔 𝑝 1 𝜂 1 , 

 
where i – imaginary unit, ρ0 – specific electrical resistance, (Оm*m); η – polarizability, 0 ≤ η ≤ 1; τ – 
relaxation time (sec); c – exponent, 0 < c ≤ 1 (Cole et al. 1941, Krylov 2004). 
 
With modeling it was feasible to construct cross-sections after resistivity and polarizability to depth 1 
km, as well as to identify the interval of pyritization through core used as the tie-up for setting 
position of the polarizing layer through depth around the well. Due to inversion the depth of the cover 
of this layer over the surveyed area was measured varying from 50 to 250 m (Fig. 1). In addition to 
the anomalously high values of polarizability and relaxation time, on the background of hosting 
sedimentary rocks this layer is marked by lowered values of resistivity. 
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The results of an inverse problem solution in terms of 1D model were utilized as an initial 
approximation for the inversion of non-stationary geo-electromagnetic fields in terms of 3D models 
considering the induced polarization processes. The inversion with using finite-elemental approach to 
solving direct problem has been executed with the ITEM-IP software (Persova, et al. 2013). The 3D 
modeling was used to locate position of the fault flooded zone (Fig. 1). It is marked by lowered values 
of specific electric resistivity and polarizability close to well № 20. This well verified presence of the 
break-up zone and showed very high groundwater discharge at the site of operations.  
 

 
Figure 1 Distribution of specific electric resistivity (a) and induced polarization (b) constructed from 
the results of 3D inversion of EMS-IP data. 
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A good convergence is evident between the data of aeromagnetic survey and inversion of EMS-IP 
data. The differences are probably related to different scales of survey (aeromagnetic survey at scale 
1:50000, while the aerial electric survey at scale 1: 10000). Coincidence is observed in the directivity 
of the anomalous zones generated through trap magmatism development. As drilling results pinpoint, 
the tectonically weak low-resistivity zone occurs at the cross-section bottom in dense low-resistivity 
rocks of the Litvintsevsky Formation hosting limestones and dolomites. It is to noteworthy, that the 
south-eastern block is displaced upwards approximately by 30 m relative to the north-western one. 
When evaluating origination of epigenetic pyritization the effect of regional fault needs to be the case. 
It appears that hydrocarbons actively migrate through this fault from the deposit thus expanding the 
zone of pyritization and related IP (Schumacher 1996). 
 
At the next step polarization properties of the samples collected in the wells hosting the zones of 
pyritization were defined. The measurements were made with the laboratory facility targeted to 
determine the polarization properties of rock samples, and with software input device of electric 
prospecting complex «Mars» (Davidenko et al. 2012). During a week these samples were soaked in 
water collected during pump-down from surveyed wells. After that, in the measurement cell filled 
with the same water and the IP was measured in the time domain after Komarov’s method (Komarov 
1980). 
 
To determine the polarization properties of samples, the Cole-Cole relationship was employed, where 
parameters were defined by inversion of transient processes with regard to the real geometry of the 
measuring system. Both coaxial and orthogonal components were determined. An example of 
averaged values of geoelectric parameters on four measurements for the two samples is presented in 
Table 1. Some characteristic objects distinctly showing polarization properties have been selected to 
exemplify some physical properties of rocks. Some coaxial and orthogonal components of samples 
were further plotted on the charts displaying the curves responsible for polarization properties (Fig. 
2). The percent of convergence shows how much the measurements correlate between each other. 
 
Table 1 Geoelectric parameters of core samples 014_C_20.66 and 013_C_20.63 in terms of the Cole-
Cole model. The samples were collected on well №20 from the depth 66 m and 63 m respectively.  

Research object Arrangement ρ0, Оm*m η, % τ,sec c Convergence 
Sample № 16.  
Dolerite porphyraceous_20.66  
(High polarization) 

In-line 175 88.96 0.0056 0.39 1.6 % 

Orthogonal 160 89.55 0.0071 0.44 7.6% 

Sample № 12.  
Chalky clay, siltstone, 
argillites_17.32.3 
(Middle polarization) 

In-line 6 38.91 0.0042 0.3 4.2 % 

Orthogonal 5 48.81 0.0033 0.37 5.8 % 

 

 
Figure 2 Convergence of model (red) and observed (blue) signal curves for the sample № 012. 
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Conclusions 
 
With the use of mass inversion made within the approach of the 1D polarization model, it is shown 
sensitivity to the layer with an abnormally high IP caused by high content of sulfides. Based on the 
results of 3D inversion, the watered fault zone with low values of resistivity and IP is identified. 
 
The material for wells containing intervals of pyritization was collected and analyzed. As a result, it 
was shown that interspersed pyrite is secondary, probably associated with the presence of a 
hydrocarbon deposit. Sulfidization can also be caused by the presence of iron-containing minerals in 
trap intrusions. According to the results of laboratory studies, IP values in traps are up to 70-80%. 
Values of IP in the host rocks are in the range of 30-40%, which is probably due to the presence of 
fine-grained epigenetic sulfidization. 
 
At the moment, mineralogical studies of core samples are being carried out in order to clarify the 
origin of sulfides and their connection with hydrocarbons or trap intrusions. 
 
The study was supported by the base part of the Government Assignment for Scientific Research from 
the Ministry of Education and Science of Russian Federation №13.7232.2017/8.9 
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