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Introduction 
Electrical methods initially encountered some problems in 
the identification and delineation of hydrocarbon-bearing 
reservoirs. Sufficient contrast between the regional back-
ground resistivity and the hydrocarbon-bearing reservoir 
is a prerequisite for making a proper distinction possible. 
Unwanted ambiguities in the analysis occur when this is not 
the case. Geophysicists have long recognized the importance 
of the induced polarization (IP) effect and attempted to char-
acterize hydrocarbon accumulations by electrical investiga-
tion methods (e.g., Seigel, 1974; Dey and Morrison, 1973; 
Allaud and Martin, 1977; Oehler and Sternberg, 1984). 
The technique has also been applied in mining (e.g., Wynn, 
1988). Renewed interest in these methods has been shown 
by an increasing number of recent publications on the topic 
(e.g., Sternberg, 1991; Berdichevskiy, 1995; Legeydo et al., 
1996, 2009; Titov et al., 2002; Ulrich and Slater, 2004; He et 
al., 2007; MacGregor et al., 2007; Siegel et al., 2007; Strack 
and Pandey, 2007; Davidenko et al., 2008; Veeken et al., 
2009; Davydycheva and Rykhlinski, 2009). 

The IP effect occurs when the electric current is switched 
off and the system goes back to the initial state. It was 
discovered that this slow recovery is more pronounced when 
low frequency currents are utilized. Spectral IP is also applied 
in high resolution environmental surveying (e.g., Börner 
et al., 1996; Weller and Börner, 1996; Slater and Lesmes, 

2002). IP is also used in the mining industry where the Titan 
24 DAS (Distributed Acquisition Systems) is deployed, with 
its deep electrical imaging capability (Hollyer and Hearst, 
2009).

The empirical model for electric conductivity proposed 
by Cole and Cole (1941) was applied by Pelton et al. (1978) 
to the IP effect. The following equation is used:

 (1)

where σ∞ is conductivity (the reciprocal of resistivity) at 
infinite frequency, η  (or eta) is the polarization coefficient, 
also known as the intrinsic chargeability of sedimentary 
rocks, i=√–1, ω is the circular frequency, τ (or tau) is the 
time decay constant of the IP potential, and c is the relaxa-
tion constant. Usually, c ranges from zero to one, but the 
constant for sedimentary rocks does not exceed 0.1. The time 
decay constant varies from seconds to tens of seconds in the 
presence of electrically conductive rocks (e.g., ore deposits). 
However, for ionically conductive rocks, it usually does not 
exceed a few tenths of a second (Komarov, 1980). Equation 
(1) forms the basis of the electromagnetic (EM) modelling 
that constitutes an integral part of the differentially nor-
malized electromagnetic (DNME) workflow (Davydycheva 
et al., 2006; Davidenko et al., 2008; Veeken et al., 2009). 
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Abstract 
Geoelectric methods map resistivity and induced polarization in the subsurface. The differentially normalized electro-
magnetic method (DNME) detects geochemical alteration zones that give rise to anomalous responses. Such zones are 
commonly situated in sedimentary rocks some distance above hydrocarbon accumulations. Epigenetic mineral growth is 
stimulated by a change in pH of the pore fluid due to leakage of hydrocarbons from a non-perfect top seal. DNME uses 
particular geoelectric parameters derived from potential difference relaxation curves observed in the field. An electric depth 
model is established by 1D inversion with the Cole-Cole simulation procedure. Synthetic modelling shows that separation 
of the electromagnetic and induced polarization components of the total measured electric field is possible. Simulated field 
responses at the recording station are compared with those from two known 3D depth models. The discrepancy or misfit 
is less than 0.2%. The effectiveness of the workflow is demonstrated on the Severo-Guljajevskaya case study in the Barents 
Sea. The DNME evaluation technique reduces risks attached to drilling new hydrocarbon prospects and provides a better 
ranking at reasonable cost.
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In this article, a description of DNME surveying is given. 
The behaviour of the potential difference and its relation to 
the time delay is discussed for various DNME parameters. 
Subsequently, a hypothetical example is examined in closer 
detail, illustrating the response of two distinct earth models:
n Model 1, a resistive and polarizable body in a matrix of low  

conductivity at 3000 m depth.
n Model 2, a resistive and polarizable body at shallow depth 

of 300 metres.

The computed electric earth response for the two models is 
very similar, which illustrates the non-uniqueness of the geo-
electrical inversion problem. An elegant way to separate the 
EM effect from the IP effect in the inverted model is presented. 
Their separation provides essential modelling information and 
allows a better discrimination of the most plausible scenario, 
retained as the solution, for the electrical inversion problem. 
Conventional EM studies often only consider the resistivity 
parameter in the modelling of the earth response. 

IP logging and well cores have demonstrated that shal-
low pyrite enrichment zones really do exist (e.g., Karus, 
1986; Schumacher and Abrams, 1996; Moiseev, 2002; 
Kudryavceva et al., 2009; Veeken et al., 2009). These 
alteration zones are easily polarized and this effect is also 
measured by other EM methods. Many EM workers do 
not take this into account in their modelling schemes. The 
DNME method avoids an over-simplistic approach by con-
sidering simultaneously the contributions made by the two 
components of the total electric field. Finally, a real case 
history is described and some conclusions on the proposed 
methodology are drawn. 

Geoelectric DNME investigation method
In the DNME method the electric response of the subsur-
face is measured with the transmitter-receiver set up shown 
in Figure 1. A powerful current (up to 400–500 A with a 
power of 140 kW) is introduced into the earth via two input 
electrodes, placed 100–2000 m apart. The electric current is 
transmitted for a time period of 4 s and then turned off for 4 
s (or up to 8 s). The decay of the potential difference at the 
receiver electrodes is registered during the period when the 
current is turned off. The receiver assembly is located 1–10 
km away from the transmitter electrodes along the survey 
line. Several parameters are monitored in time at the 
measurement station. These parameters are designed in 
such a way that they will bring out anomalies in IP. The 
workflow ensures that the right quality of data is retained 
and meaningful plots are produced in the field as well as 
in the laboratory (Davidenko et al., 2008). 

Various electrical potential differences (DU1 and DU2) are 
measured simultaneously with a 0.25 ms sampling interval 
(Davidenko et al., 2008). Davydycheva et al. (2006) gave a 
detailed description of the physical and EM processes that 
occur when a layered medium conducts an electric current. 
They also provided a concise overview of the patented 

This workflow is designed to facilitate the interpretation of 
the electric potential data and, in particular, to enhance the 
resolution power when the presence of hydrocarbons needs 
to be determined.

At low frequencies, an EM field spreads into the geologi-
cal formations and is accompanied by EM and IP effects in 
the rocks (e.g., Olhoeft, 1985). These phenomena occur not 
only because of diffusion currents, described by the real part 
of the conductivity model, but also via currents stemming 
from IP (Veeken et al., 2009). Due to the IP effect, polarized 
beds behave similarly to a giant capacitor; they store electric 
potential energy when the current is turned on and slowly 
release it again when the current is turned off. This is also 
why the electric field decay, after the current is switched off, 
is much slower in polarizable media than in non-polarizable 
media (Dey and Morrison, 1973; Mandelbaum et al., 2002). 
Displacement currents appear only at very high frequencies. 
Currents with frequencies in the range 0.1–1000 Hz are 
typically considered in geoelectric investigations. 

The DNME methodology was developed to resolve some 
critical resolution issues in connection with the delineation 
of hydrocarbon accumulations. The presence of pyrite 
microcrystals in sedimentary deposits has previously been 
shown to influence the measured DNME response (e.g., 
Davidenko et al., 2008; Kudryavceva et al., 2009; Veeken 
et al., 2009). In the laboratory, pyrite-induced anomalies are 
an order of magnitude greater than those caused by other 
materials (Krueger-Reimer, pers. comm.). Although a direct 
link between an IP anomaly and the presence of commercial 
hydrocarbons in the subsurface has not been proven in 
all cases, it still represents a useful working hypothesis, 
to be verified on a case-to-case basis. Cultural effects may 
negatively influence the IP effect related to the hydrocarbon 
accumulation (e.g., Carlson and Zonge, 1996), but in many 
cases they can be taken care of. Also, magnetic anomalies 
associated with hydrocarbon occurrences have been reported 
(e.g., Ellwood and Burkart, 1996; Foote, 1996; Machel, 
1996). Vertical hydrocarbon leakage and reducing conditions 
at a shallower level in the overburden have been observed in 
a number of cases (e.g., Potter et al., 1996). Diffusive leak-
age gives rise to typical local geochemical reactions in the 
pore spaces along the migration path and the creation of a 
diagenetic alteration zone may be triggered, characterized by 
in situ mineral growth (Veeken et al., 2009). 

The DNME method can be applied onshore as well as off-
shore. The equipment can be man handled and the investigation 
costs are comparable to those of 2D seismic acquisition. The 
observations generally display good repeatability, and reliable 
modelling results are usually obtained with a correct prediction 
capability (Davidenko et al., 2008). Case studies show that the 
predictive power of the method is high (Legeydo et al., 2009). 
DNME surveying represents an attractive option to assist in 
the de-risking of hydrocarbon prospects (Veeken et al., 2009). 
It is a complementary geophysical methodology that does not 
replace conventional hydrocarbon exploration techniques. 
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The Greek letter D indicates a quantity measured in the field, 
while the letter D indicates a computed quantity. The suffix 
zero specifies the potential measurement that is made at the 
time instant when the current is switched off (i.e., at the start 
of the decay curve). The letter P indicates a DNME param-
eter and D–Dt denotes the time differential. 

Several parameters are determined from the decay func-
tion that may reveal anomalies in the subsurface behaviour. 
Inversion processing generates a preferred earth model, with 
chargeability and resistivity depth sections computed at the 
same time. Anomalous response of the decay function is 
often observed when hydrocarbon accumulations are present 
(e.g., Sternberg, 1991). This is generally caused by a diage-
netic alteration zone with pyrite microcrystals (e.g., Snyder 
et al., 1981; Davydycheva et al., 2006; Kudryavceva et al., 
2009). These crystals are easily polarized and retain their 
polarization for a short time when the current is turned off. 
Afterwards the crystals go slowly back to their neutral state. 
This phenomenon results in a change in differential potential 

DNME workflow. Several convenient and diagnostic param-
eters are registered and monitored in time (Legeydo et al., 
1996; see also Figure 1): 

 (2)

 (3)

 (4)

 (5)

 (6)

 (7)

 (8)

 (9)

Figure 1 The basic field acquisition set up for a geoelectric survey. Here a marine survey is depicted. The current is passed through electrodes A and B and the 
receiver assembly is towed behind them. The receiver registers the potential differences between the pairs of electrodes MO (DU1) and ON (DU2). Several receiver 
geometries that are registered simultaneously are shown in this diagram. 
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characteristics measured by the receiver assembly. A more 
detailed description of the process is given by Veeken et al. 

(2009). The field components registered in a typical field 
configuration are depicted in Figure 2. Note the logarithmic 
scale on the vertical axis.

Figure 3 shows the different behaviour of the poten-
tial differences recorded at receiver electrodes over non-
polarizable and polarizable earth models. Both earth models 
are uniform half-spaces of resistivity 50 Ω m. The effect on 
the behaviour of the P1 parameter is illustrated in Figure 4. 
The IP coefficient has a rather small influence on the PS 
parameter (Figure 5). Dφ is much more strongly affected by 
the presence of polarizable materials (Figure 6).

Modelling of electric field response
Two simple EM earth models are shown in Figure 7, each 
representing a body of high resistivity in a background of 
low resistivity, R0, but at different depths. A hypothetical 
DNME transect is constructed for evaluation purposes. The 
shallow resistive layer in Model 2 is also polarizable and 
therefore has a certain chargeability assigned. Simulation 
of the electric response is done with the 3D electric model-
ling program, Geoprep. The program was developed by 
V. Soloveichik, M. Persova and their co-workers at the 

Figure 5 Behaviour of the PS parameter with time. It is not very sensitive to 
chargeability changes.

Figure 6 Behaviour of the Dφ parameter with time. It is sensitive to changes in 
chargeability.

Figure 3 Relaxation curves for two models. Model 1 is a non-polarizable earth 
model, and Model 2 is a polarizable model. For longer time delays they are 
substantially different. The blue and red curves are for the OM electrode pair 
at source-receiver offsets of 1000 m and for the ON electrode pair at offsets 
of 2400 m, respectively.

Figure 4 Behaviour of the P1 parameter with time. Model 1 is non-polarizable, 
while Model 2 has a polarization coefficient of 1%. Note the significant 
change in the tail of the response.

Figure 2 Electric field components at a recording station with a single pair of 
receiver electrodes. The potential difference after the current is switched off 
is plotted against time delay, with both axes in arbitrary units. The two com-
ponents of the total field are shown, measured by the receiver assembly as the 
system returns to the initial state after excitation by the electric current.
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Novosibirsk Science Centre. The 3D electric response is 
calculated by applying the integral equation method. The 
response is modelled with the aid of the Cole-Cole formula 
(Cole and Cole, 1941; Pelton et al., 1978). The potential 
difference at the receiver electrodes is also computed for 
these two models. This is done at a given time delay after 
power shut down, which has been set at 0.8 s for the curves 
in Figure 8. After this amount of time delay, the IP effect 
shows up clearly in the simulation example. It now appears 
that the potential curves are very similar for all time delays 
(Figures 8 and 9). This simple experiment demonstrates that 
the same electric potential response can be generated by two 
distinct earth models which are fundamentally different. 
It shows the non-uniqueness of the inversion solution and 
the problems facing the geophysicist when interpreting the 
earth’s EM response.

Further complications in inversion may arise when dealing, 
for instance, with carbonate reservoirs when little contrast 
between the oil-bearing reservoir and its water-saturated sur-
roundings is present, or when many layers of high resistivity 
(e.g., salt, anhydrite or dolomite), are encountered in a suc-
cession of thin beds. Chargeability is an additional factor 

to be taken into account for the inversion modelling, but 
unfortunately that increases the complexity of the exercise. 
Comprehensive subsurface scenario building is useful to 
optimize the results in the EM modelling (Ivanov, 2009).

Separation of EM and IP components
The total EM field response consists of two contributions: 
an EM and an IP component. The DNME parameters have 
different functional dependencies on the IP and EM compo-
nents. They are chosen in such a way that the most optimal 
relation is obtained, i.e., a better discrimination of IP effects 
caused by the presence of hydrocarbons. A new method has 
been established to restore the two components of the total 
field, notwithstanding the fact that these two processes are 
not additive. For this purpose different space-time represen-
tations of IP and EM fields are examined. The distribution 
of EM eddy-current fields in a medium tends to behave in a 
uniform way with increasing decay time and to propagate 
in time, whereas IP fields are inhomogeneous in space, but 
more or less stationary during the time interval of the obser-
vations (Figure 10). Not only the polarizing minerals, but 
also the medium as a whole is a polarizable substance. 

Figure 7 Two models of a resistive and polarizable body in the subsurface. The models are identical in map view. Model 1 has a deeper buried body while Model 
2 has a similar but shallower body with the same physical properties.
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In reality, a non-polarizable medium does not exist because 
most real media consist of two phases: solid particles and 
liquid. On the boundary of these two phases there is a double 
electric layer and so the medium must give rise to IP effects. In 
any case, the IP response will be spatially inhomogeneous at 
all time delays for every medium, even for a homogeneous half 
space. The EM field response tends to be spatially uniform 
at long time delays for every type model, including in a 3D 
situation. Of course, the shape of the EM curves depends on 
the characteristics of the medium. These basic observations 
have been proven by numerous 3D modelling and inversion 
exercises (Legeydo et al., 2009). 

Let us now consider the parameters in the transient electri-
cal fields, which were recorded in one particular set up, and 
their changes in time. The most natural solution is to involve, 
in addition to the transient fields, their normalized space 
derivatives (to be more precise – the finite differences) since the 
space-time structure of those is different. The rate of temporal 
decay of the EM field is not the same at different points in 
space. The decay is slower at greater distance from the electric 
input source. As a consequence, the spatial inhomogeneity of 
the EM induction field decreases and, within the boundaries 
of the measuring equipment, eddy currents are distributed 
evenly when a sufficiently great decay time is considered. 

The transient response in a non-polarizable medium 
is governed by the diffusion equation. As time goes by, 
the IP field decays steadily from the initial value to zero.  
The decay depends only on the media properties (in terms 
of the Cole-Cole model it is the relaxation time), without 
regard to the location of source and receiver. The use of 
differentially normalized parameters reduces the number of 
degrees of freedom in the inversion problem and at the same 
time allows separation of the EM and IP fields (Legeydo et 
al., 2009). Chargeability and resistivity distribution depth 
sections are useful to consider in this respect. An earth 
model is assumed and the forward 3D modelling response is 
computed for this particular case (Figure 11). 

DNME parameters are computed for the centre point 
in the set up using the Cole-Cole formula of Equation (1). 
The chargeability at each point of this depth model can be 
set to zero and then the EM component is computed. When 
the wavenumber is set to zero, then the IP contribution is 
calculated. This modelling step quantifies their individual 
contributions to the total field (Figure 12). The potential 
decay curves (thick line) are computed for the centre point 
in the set-up (red arrow in Figure 11). Subsequently, a 1D 
inversion has been run on the data from the same spot 
and the modelled decay curves (thin lines) are compared 
(Figure 13). The misfit for the 1D modelled response and the 
observed potential difference with increasing time delay is 
conveniently visualized. Where the curves overlap, only the 
thick line is visible. The discrepancy between the 3D and 1D 
approaches has been determined as better than 0.2%. The 
1D inversion parameter and solution matrix is shown in the 
inset at bottom left in Figure 13. 

Figure 8 The Cole-Cole simulation of the modelled earth response at a time 
delay of 0.8 s. 

Figure 9 The Cole-Cole simulation of the modelled earth response at the cen-
tral point of the object in the synthetic earth models 1 and 2. 

Figure 10 Behaviour of the EM and the IP components of an electric field 
introduced in the ground.



59

technical articlefirst break volume 27, December 2009

© 2009 EAGE www.firstbreak.org 

Origin of IP anomalies
The origin of modelled IP anomalies has been verified in 
many wells in various case studies (e.g., Davydycheva et 
al., 2006; Davidenko et al., 2008; Kudryavceva et al., 2009; 
Veeken et al., 2009). The majority of these studies have not 
been published yet for confidentiality reasons. Empirically, 
the measured anomalies in the sedimentary rocks coincide 
with geochemical alteration zones characterized by epige-
netic mineral growth. These zones may also correspond to 
hydrocarbon accumulations present at deeper levels, and 
this characteristic adds significant value to the geoelec-
tric prediction tool. The method allows better ranking of 
mapped hydrocarbon prospects with substantial decrease 
in the drilling risk. The migration route of hydrocarbons 
in the overburden can be quite complex (e.g., Matthews, 
1996; Thrasher et al., 1996) and oblique migration should 
not be ruled out beforehand. Subtle stratigraphic and/or 
diagenetic traps are easier to delineate by the IP methodol-
ogy, but drilling is always needed to prove the validity and 
existence of economic hydrocarbon accumulations. There 
are cases where new plays are a spin-off from the geoelec-
tric analysis. 

Encouraging results have been achieved in Russia with 
the DNME method over the last 10−15 years (e.g., Legeydo 
et al., 2009). Some companies have adopted this fairly new 

Let us briefly recapitulate the proposed separation pro-
cedure. A geoelectric 3D depth model is given and the fields 
for this model are calculated in time for the total, the IP and 
EM contributions. Combinations of these fields are used to 
determine the P1, PS, and Dφ parameters. Those responses 
are the inputs for a 1D inversion exercise done in a station-
by-station computation mode. After inversion, whereby the 
misfits for DU, P1, PS, and Dφ are simultaneously minimized, 
a preferred 1D depth model of the section is obtained. This 
1D inversion-derived model is compared to the initial depth 
model that was used as the starting point of the exercise. 

Several basic questions can now be raised. Are the geo-
electrical parameters of this inverted model (resistivity, eta, 
tau, c, thickness) correct, i.e., coinciding with the boundaries 
defined in the 3D reference model? No, they are not.  
The retained 1D model is not the only solution to the inver-
sion problem because there are an infinite number of models 
with identical DU, P1, PS, and Dφ response. Are the IP and 
EM fields correct (coinciding with the true values as defined 
in reference 3D depth model)? Yes, they are. The reason is 
because the inversion is carried out for DU, P1, PS, and Dφ 

simultaneously, each having a specific relation with the IP 
and EM field components. Are the IP and EM fields for those 
different input models the same? Yes they are, and hence 
separation of the EM and IP components is feasible.

Figure 11 Schematic earth model for which Cole-Cole simulation has been done.
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Severo-Guljajevskaya oil and gas field  
(Barents Sea, Northern RF)
Calibration of the dataset is provided by resistivity logs in 
the 1-SG well (Figure 14). Reservoir contour maps, based on 
conventional seismic interpretation, were used to construct 
the electric input model for evaluation of the geoelectric 
dataset. The polarization coefficient section, obtained after 
inversion of the geoelectric data, depicts anomalous high 
values constrained to a limited geographic zone (Figure 15).

The noise level in the field data is less than about 0.5 % 
(Legeydo et al., 2009; Veeken et al., 2009, 2010). There are 
a number of ways to decrease the influence of noise. During 
acquisition the signal-to-noise ratio is improved by increas-
ing the input current (up to 1000 A); application of a special 
buffer to reduce jerking of the cable by the movement of the 
ship; more effective insulation of the transmission cables; 
long (up to 20 m) receiver electrodes; deployment of a com-
bined streamer (one coaxial cable with power and receiver 
purposes); and monitoring the position of each electrode 
by GPS. Recording the background diurnal variations and 
compensating for them is a routine practice. 

In terms of methodology, noise suppression is achieved 
by measuring immediately the potential second differences 
to reduce the in-phase noise, and averaging is done in time 
as well as in the space domain. Further noise suppression 
can be done mathematically using a set of special algorithms 
described by Veeken et al. (2009). Summation, averaging, 

geophysical technology as part of their standard evaluation 
toolbox. More experience with the DNME technique will 
reveal the full potential of this unconventional geophysical 
investigation method in the near future. Results for a public 
domain case study are presented in the following section.

Figure 13 The field response for the inverted model is simulated with the Cole-Cole formula and completely overlaps that of the 3D model. The discrepancy errors 
are indicated in the coloured boxes. The inversion matrix at the lower left shows the inversion model parameters and results in black, the maximum value of the 
input range in orange, and the minimum parameter value in the computation in blue. 

Figure 12 Plot of potential differences versus time delay for a particular pair 
of receiver electrodes. The total field response is decomposed into IP and EM 
components. Both axes are in arbitrary units. 
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and normalization will reinforce the signal, while the ran-
dom noise is cancelled out. 

The accuracy of the geoelectric data is controlled by com-
parison between ordinary and control measurements. Parts 
of profiles are registered twice and results are compared. The 
noise is different but the signal should be the same; hence 
stacking can be done to improve the signal-to-noise ratio. 
The divergence usually does not exceed 0.5%, and this is the 
real accuracy of the measurement. Statistics on the dataset 
are computed to verify the accuracy requirements are met for 
the inversion modelling step.

The map view of the geoelectric inversion results shows 
a sharp increase in the polarization coefficient in the fourth 
layer. In the area above the hydrocarbon accumulation it 
ranges from 2–6% to 11–13%. Also, the resistivity map for 
the fifth layer depicts a closed contour area with rather high 
values. The other parameters do not change so rapidly when 
crossing the same area and are, therefore, of less diagnostic 
value. The zone of increased resistivity in the fifth layer is 
confined to where hydrocarbon deposits are present in the 
underlying sixth layer. Diagenetic processes, such as local 
precipitation of carbonate cement, could possibly explain the 
presence of this high resistivity layer. 

The mapped anomalies correspond to the zone of structural 
closure and a direct relation is evident. An even better match 
might be obtained when the depth conversion parameters are 
adjusted with feedback from the geoelectric data. The velocity 

model can easily be fine-tuned on the basis of the additional 
geophysical data. The Severo-Guljajevskaya study illustrates 
the existence of IP anomalies that are clearly of benefit for 
hydrocarbon prospect ranking. The de-risking functionality 
is an important reason for conducting geoelectric surveys 
in hydrocarbon exploration (e.g., MacGregor et al., 2007; 
Davidenko et al., 2008; Veeken et al., 2009). 

Discussion
The electric potential differences help to identify and rank 
hydrocarbon prospects in sedimentary rocks. Local IP anoma-
lies are caused by the presence of diagenetically altered rocks 
overlying a hydrocarbon accumulation. Minor leakage of 
hydrocarbons from a deeper level has been postulated to 
be the cause of such alteration (e.g., Snyder et al., 1981; 
Davydycheva et al., 2006; Kudryavceva et al., 2009; Veeken et 
al., 2009). An IP anomaly points to the presence of polarizable 
material, but does not necessarily prove that hydrocarbons 
are responsible for the epigenetic growth of the polarizing 
minerals. Other mechanisms, such as biological activity, may 
also cause diagenetic alteration in the subsurface (Schumacher 
and Abrams, 1996). The presence of an IP anomaly and pyrite 
microcrystals proves that several elements of a postulated 
hydrocarbon play do work: there is a source rock, matu-
rity, migration, and temporary retention of the hydrocarbons. 
Later seal breach cannot be ruled out by this method and 
remains a risk for the drilling of a prospect.

Figure 14 Epigenetic model of the Severo-Guljajevskaya area in the Barents Sea (Veeken et al., 2009). The well has penetrated two zones with increased levels 
of polarization due to the presence of pyrite microcrystals. The lateral extent of these diagenetic alteration zones (or halos) is outlined using geoelectric data 
as shown in Figure 15. 
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more daring step-out wells in existing fields (e.g., where a 
stratigraphic trap has not been recognized properly from 
seismic data).

Conclusions
The geoelectric response consists of an EM as well as an IP 
component. Inversion of the DNME dataset is done taking 
these two components into account. A special procedure 
makes it possible to separate the IP and EM components 
despite their non-additive character. Simultaneous inversion 
of the geoelectric dataset reduces the number of degree of 
freedom. IP anomalies, quantified by the DNME technique, 
are often related to the presence of a shallow geochemical 
alteration zone with enrichment in epigenetic microcrystals 
of polarizable pyrite. These zones are frequently proven to 
overlie hydrocarbon accumulations, although the presence 
of an accumulation still requires verification case by case. 
The top seal of an accumulation is never perfect and some 
minor leakage of hydrocarbons over a long geological time 
period will always occur. These traces of hydrocarbons 
change the pH of the pore fluid in the overlying bed, where 
a shallow impermeable migration barrier is encountered. 

Several DNME geoelectric attributes are monitored 
simultaneously in time and have different functional depend-
encies on the IP and EM responses. The components of the 
measured field can be restored notwithstanding the fact that 
these processes are not additive. For that purpose, the differ-
ence in space-time structure between IP and EM fields has 
been examined. The distribution of eddy-current fields in a 
medium tends to become more uniform with increasing time 
delay, whereas IP fields are always inhomogeneous in space. 

Inversion of the geoelectric dataset is required to assess the 
electric structure of the subsurface. The use of DNME param-
eters puts additional constraints on the retained solution. 
Comprehensive inversion modelling takes into account both 
EM and IP effects. Modelling of the geoelectric DNME dataset 
also allows separation of the IP component from the EM com-
ponent. It gives access to a better depth model that includes the 
polarization coefficient and resistivity distributions. 

Geoelectric surveying provides an additional means 
for outlining prospects, helping to refine depth conversion 
with a better grip on the volumetrics. It is a very useful tool 
in finding new hydrocarbon accumulations, but also may 
assist in the delineation of bypassed areas and in justifying 

Figure 15 The Severo-Guljajevskaya geoelectric survey in the Barents Sea (Veeken et al., 2009) after inversion of the dataset. Top: the chargeability (or polariza-
tion coefficient) section computed from the relaxation curves measured at the receiver electrodes. The anomaly in orange to green colours is quite prominent. 
The limits coincide approximately with the deeper seated hydrocarbon accumulation. Bottom left: distribution of the polarization coefficient in the fourth layer. 
The contours of the carbonate reservoir complex C2-3-P1 are also plotted with tectonic disturbances in red and the hydrocarbon-water contact in blue. The IP 
anomaly is outlined in orange colours and closely follows the hydrocarbon-water contact. The origin of the IP anomaly is related to leakage of hydrocarbons and 
subsequent epigenetic growth of pyrite microcrystals in distinct halo-like zones at shallower levels. This mechanism is supported by the 1-SG well results (core and 
well logs). Bottom right: resistivity anomaly map in the fifth layer. Not all details of the maps are readable, but the general trend can be appreciated.
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centration above hydrocarbon accumulations due to persistent 
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Conference, Extended Abstracts, in press. 
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Differentially-Normalized method of Geoelectrical Prospecting: 

Manual. SGP, Irkutsk.
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and Ivanov, S. [2009] Geoelectric analysis based on quantitative 

separation between electro-magnetic and induced polarization 

field response. 71st EAGE Conference & Exhibition, Extended 

Abstracts, P078. 

MacGregor, L., Overton, A., Moody, S. and Rockhopper, D. [2007] 

Derisking exploration prospects using integrated seismic and 

electromagnetic data – a Falkland Islands case study. The Leading 

Edge, 26, 356-359.

Machel, H.G. [1996] Magnetic contrasts as a result of hydrocarbon 

seepage and migration. In: Schumacher, D. and Abrams, M. (Eds.) 

Hydrocarbon Migration and Its Near Surface Expression. AAPG, 

Tulsa, Memoir 66, 99-109.

Mandelbaum, M.M., Ageenkov, E.B., Legeydo., P.Y., Pesterev, P.Y. 

and Rykhlinski, N.I. [2002] Normalized-differential electrical 

measurements in hydrocarbon exploration: the state of the art and 

prospects for future. Russian Geology and Geophysics (translated 

from Russian), 43, 1085-1143.

Matthews, M.D. [1996] Migration – a view from the top. In: 

Schumacher, D. and Abrams, M. (Eds.) Hydrocarbon Migration 

and Its Near Surface Expression. AAPG, Tulsa, Memoir 66, 

139-155.

Moiseev, V.S. [2002] Ground-Well Electro Prospecting while Contouring 

Hydrocarbon Deposits using Cased Well. Nedra, Novosibirsk. (In 

Russian).

The slow diffusion mechanism gives rise to the growth of 
epigenetic polarizable minerals in the pore spaces of specific 
zones in the overlying sediments. This particular geochemical 
condition makes DNME a very attractive and cost-effective 
method to de-risk mapped hydrocarbon prospects. It results 
in a more reliable and cost-effective ranking, with a bet-
ter delineation of potential hydrocarbon accumulations. It 
is especially helpful when non-structural closures, such as 
stratigraphic traps, are pursued.
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