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SUMMARY
During the search of kimberlite pipes at the Anabar Shield (Yakutia, Russia) a three-dimensional (3D)
inversion of nonstationary electromagnetic fields was used. Registration and processing of data were
performed by an electromagnetic sounding and induced polarization (EMS-IP) technology, which is based
on the calculation of normalized transient processes from 10 mсs to 125 ms. It is shown that 3D modeling
together with EMS-IP technology may be used to separate such objects as diatreme (characterized by
increased polarizability and deep lower boundary) from magnetic anomalies coincident with conduction
abnormalities, but not related with non-indigenous objects such karst cavities, sulfides in sediments, etc.
The methodological works were carried out in the search of kimberlite pipes in the kimberlite fields of
Kuonapskaya group and Kelimyar area (Olenek area) in Bulun district of Anabar Shield (Yakutia, Russia).
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Introduction 
 
During the search of kimberlite pipes at Anabar Shield (Yakutia, Russia) a three-dimensional (3D) 
inversion of nonstationary electromagnetic fields was used. Electromagnetic fields were generated by 
a grounded horizontal electric dipole and recorded in time-domain by potential circuit. Registration 
and processing of data were performed by an electromagnetic sounding and induced polarization 
(EMS-IP) technology (Davidenko et al. 2015), which is based on the calculation of normalized 
transient processes from 10 mcs to 125 ms. 
 
The EMS-IP technology uses the complete information about the transient processes recorded by 
potential electrodes by passing current pulses through a grounded electrical dipole. High-resistivity 
screens are transparent for induction currents that arise during the turning off the current pulse. In 
addition, the ground is polarized by the transmitted electric current and when it is switched off, there 
an effect of induced polarization (IP) related to the chemical composition and physical properties of 
rocks is appeared. Simultaneous use of information about induction currents and the IP process allows 
to allocate low contrast polarizing objects (rocks with disseminated sulfide mineralization) in high 
resistivity rocks (granite, basalt, etc.). 
 
In this paper the results obtained with help of EMS-IP technology are presented. The methodological 
works were carried out in the search of diatremes in the kimberlite fields of Kuonapskaya group and 
Kelimyar area (Olenek area) in Bulun district of Anabar Shield (Yakutia, Russia). 
 
Search of diatremes in the kimberlite fields of Kuonapskaya group  
 
During the work on one of the kimberlite fields of Kuonapskaya group, the results were obtained by 
reprocessing of INFAZ-IP technology data carried out by method of the mean gradient method. The 
usage of software modules of hardware and software electro prospecting complex (HSEPC) "Mars" 
(Davidenko et al. 2012) significantly increased the quality of information content of field data and 
identifying of transient formation of electromagnetic field at switching on the current pulse. In 
particular, the analysis of the field data curves of known object indicated that they significantly differ 
from the curves in the background region. It allowed to allocate a diatreme near the reference object, 
which previously didn't stand out on the map of apparent resistivity (AR). According to drilling, it 
was found that the tube was blocked by high-resistance permafrost lacustrine deposits preventing the 
penetration of direct current. 
 
Such problems as verification of magnetic field anomalies, determination of the main channel 
position, location of geometry of tube crater (the funnel area) and spatial arrangement of diatreme are 
needed to be addressed in three-dimensional approximation. The drilling verification in fluidized 
breccias at different depths revealed the presence of xenolith blocks of kimberlites in the absence of 
kimberlites in the near-surface conditions. So in this case it is needed to use the approach of three-
dimensional modeling of non-stationary electromagnetic fields to solve the problems of search of low 
resistance kimberlite tubes overlapped by high-resistance permafrost breeds. 
 
Since the dimensions of the allocated objects are small compared to the size of setup, 3D-modeling 
was used for the selection of their quantitative characteristics. To calculate the three-dimensional non-
stationary geo electromagnetic fields together with induced polarization phenomena a software 
package ITEM-IP based on the finite element modeling was used. The mathematical principles of 
ITEM-IP operation are described in details in (Persova et al. 2011, 2013). 
 
As a result of 3D modeling a geoelectric model consisted of seven horizontal layers with two 
subvertical objects was obtained. The objects were placed under the system of potential circuit and 
have relatively high conductivity and high values of induced polarization. The presence of conductive 
subvertical object located aside of the potential circuit was also determined (Fig. 1). 
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Figure 1 3D model of a horizontally layered subsurface and three sub-vertical objects obtained 
from the inversion procedure. 
 
Horizontally layered subsurface has the following characteristics – h1=5 m, ρ1=100 m, h2=75 m, 
ρ2=40 m, h3=330 m, ρ3=1600 m, h4=200 m, ρ4=5 m, h5=300 m, ρ5=500 m, h6=300 m, 
ρ6=5 m, h7=∞, ρ7=1000 m. Features of subvertical conductive object located aside of the receiving 
system and near one of electrodes of horizontal electric line cannot be determined uniquely, because 
there were no points of observation in its surroundings. However, it was difficult to provide a good 
agreement of practical and model curves without placing such object in the 3D-model. 
 
Practical and model curves for one of the profiles passing directly over the objects for different time 
slices (in the transition process) are shown in Fig. 2a and 2b respectively. The curves show a good 
qualitative and quantitative coincidence (with the exception of areas of low signal) of practical and 
simulated signals. 
 

             
(а)                                                 (b) 

Figure 2 Practical (a) and model (b) signal curves of the profile passing over the objects (N – number 
of receive line) for different slices of time: 10 ms, 12.5 ms, 16 ms, 20 ms, 26 ms, 34 ms, 44 ms, 56 ms, 
71 ms. 
 
3D modeling of non-stationary fields showed a high sensitivity of formation curves of the measuring 
setup to the geoelectric parameters of the subsurface. As the result there is a possibility to localize 
three-dimensional objects. In order to obtain close distribution of practical and theoretical data on the 
survey area, it was necessary to place in the 3D model a polarizing and relatively conductive object 
located in the upper part of the section. Other variants of the object positioning had unacceptable 
convergence of theoretical and observed curves. 
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3D-simulations have shown that three-dimensional subvertical objects with resistivity about 30 m or 
less significantly affect not only on the signals measured on these objects directly, but also on signals 
measured at the receive lines, arranged between such entities. It takes a place when the lower 
boundary of these objects reaches the conductive layer located under the non-conductor. Thus, such 
objects are actually distort the response from the host medium. Therefore, the selection of the host 
medium and three-dimensional objects with anomalous values of resistivity and polarizability was 
performed simultaneously. 
 
Search of kimberlite pipes in Kelimyar area 
 
On Kelimyar site of the Yakut diamondiferous province (Olenek area) of Bulun district (Russia) 
methodological works with help of EMS-IP technology were conducted in order to identify and 
delineate diatremes. 
 
Transient processes at the receive lines normalized on passing field (DU) were used as input 
parameters for 3D-inversion of EMS-IP data. Fig. 3 shows localized anomalies of apparent resistivity 
calculated by the field of passing current. The position of this anomaly is the same as for magnetic 
anomaly. 
 

 
Figure 3 Comparison of the apparent resistivity with the local component of magnetic field at 
Kelimyar site (Olenek area) of Bulun district (Yakutia, Russia). 

 
In this case inversion process was consisted of following steps. Taking into account the results of 1D-
inversion, horizontally-layered model of the host medium was selected. Then calculated signals of 
field formation have been subtracted from the original practical transient signals of DU and obtained 
signals were used for selection of IP parameters. After that calculated IP signals were subtracted from 
the initial practical signals and this data were used for 3D-inversion of conductivity. Then for the 
selected three-dimensional model of conductivity signal curves were calculated and subtracted from 
the initial practical curves. And finally for remaining curves and three-dimensional distribution of 
conductivity the IP parameters were selected. The iterative process was repeated until the calculated 
IP signals and field formation signals did not stop to change. 
 
Besides of an apparent resistivity, on a site of survey as a result of the inversion procedure three cubes 
of data were obtained to a depth of 700 m: electrical resistivity, polarizability and relaxation time. 
 
3D-inversion results along the profile x = 500 m from point 1 to point 2 (Fig. 3) are shown in Fig. 4 
where the values of resistivity are shown by numbers. In the central part of the section an object has 
been allocated with an average resistance equal to 115 m. The spatial location of the object is in 
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good agreement with the data obtained during methodological works. For a more detailed delineation 
of the anomaly during 3D-inversion small macro-objects were included in the third layer of host 
medium. At this condition the values of the electrical resistance and boundaries between macro-
objects in adjacent layers were calculated. 

 
Figure 4 The resistivity cross section of along the profile x = 500 m from point 1 to point 2 (Fig. 3) 
obtained as the result of 3D-inversion. 

 
The simulation results for Kelimyar site showed the presence of a conductive object in the center of 
the area. In contrast to the object localized on kimberlite field of the Kuonapskaya group this object 
does not have increased polarizability. Difference between polarizabilities of the object and the host 
medium did not exceed 2-4%. But the lower edge of the object was determined uncertainly. 
According to the results of drilling in the center of the intended object an increased concentration of 
sulfides was found in sediments what can explain the appearance of the magnetic and conductivity 
anomalies. 
 
Conclusions 
 
Thus, by using 3D modeling, the results obtained by EMS-IP technology may be used to separate 
such objects as kimberlite pipes (characterized by increased polarizability and deep lower boundary) 
from magnetic anomalies coincident with conduction abnormalities, but not related with non-
indigenous objects such karst cavities, sulfides in sediments, etc. 
 
The study was performed with financial support from the President grant no. MD-7244.2015.5. 
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