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ELECTRICAL AND ELECTROMAGNETIC EXPLORAT ION 

 

PRINCIPLES OF ELECTRICAL & EM                                  (  2 weeks )                

  

× Electrical properties of rocks 

× Mechanism of electrical conduction in materials  

× Representative resistivity values  

× Conductivity mechanism  

 

FUNDAMENTALS OF CUR RENT FLOW                            (  2 weeks )  

× Fundamentals of the current flow in the earth.  

× Potential distribution in a Homogeneous Medium  

× Apparent and true resistivity  

× Potential and current distribution across boundary  

 

D.C. RESISTIVITY  METHOD                                      ( 4 weeks ) 

× Electrode configurations  

× Electric sounding & Electric profiling  

× field procedures  

× Applications & Ambiguities  

× Qualitative & Quantitative Interpretation 

×  Mise ï A- la- Masse Method 

 

ELECTROCHEMICAL METHODS                            ( 2 weeks ) 

× self-potential method  

× induced polarization method .  

 

MIDTERM EXAM  

 

ELECTROMAGNETIC METHODS                            ( 4 weeks ) 

 

× Classification of electromagnetic systems  

× Principles of electromagnetics  

× Magnetotelluric Methods 

× Vertical loop (VLEM)  

× Slingram & Turam Systems 

× Very Low Frequency (VLF)  

× Audio Frequency Magnetics (AFMAG)  

× Time-Domain systems  ( TDEM )  

× Airborne Method 

× Ground Penetrating Radar 

FINAL  EX AM  

HOMEWORK ASSIGNMENTS IN PAGE 97:       1-2-3-5-7-9-13-14-19-21-23-24 

  

http://www.geo.mtu.edu/~jdiehl/GPR.html
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GRADING  :  
 
                       Midterm exam.                                 25         % 
                        Lab.                                                  20          %    
                        Homework Assignments                15          % 
                        Final  exam.                                     40          % 
 
 
 
TEXT     :    
 
Robinson & Coruh (1988 ) .  Basic Exploration Geophysics. John Wiley & Sons 
 
Lowrie, W. ( 1997).   Fundamentals  of  Geophysics.  Cambridge University Press. 
 
 
 

INSTRUCTOR         :         ABDULLAH M. S. AL-AMRI 
 
 

OFFICE HOURS      :          Sun  &  Tues             1  -  2 

 

 

 

 

 

 

 

Useful Web Pages 
 

¶  Introduction to Geophysical Exploration: Colorado School of Mines 

¶  World Data Center A 

¶  The Environmental and Engineering Geophysical Society 

¶  Society of Exploration Geophysicists 

¶  American Geophysical Union 
urvey: Geophysics Products PageU. S. Geological S 

http://www.mines.edu/fs_home/tboyd/GP311/
http://www.ngdc.noaa.gov/seg/
http://www.eegs.org/
http://www.seg.org/
http://www.agu.org/
http://crustal.cr.usgs.gov/crustal/geophysics/index.html#seven
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ELECTRICAL RESISTIVITY TECHNIQUES   

 
Geophysical resistivity techniques are based on the response of the earth to 

the flow of electrical current. In these methods, an electrical current is passed 

through the ground and two potential electrodes allow us to record the resultant 

potential difference between them, giving us a way to measure the electrical 

impedance of the subsurface material. The apparent resistivity is then a function of 

the measured impedance (ratio of potential to current) and the geometry of the 

electrode array. Depending upon the survey geometry, the apparent resistivity data 

are plotted as 1-D soundings, 1-D profiles, or in 2-D cross-sections in order to look 

for anomalous regions. 

In the shallow subsurface, the presence of water controls much of the 

conductivity variation. Measurement of resistivity (inverse of conductivity) is, in 

general, a measure of water saturation and connectivity of pore space. This is 

because water has a low resistivity and electric current will follow the path of least 

resistance. Increasing saturation, increasing salinity of the underground water, 

increasing porosity of rock (water-filled voids) and increasing number of 

fractures (water-filled) all tend to decrease measured resistivity . Increasing 

compaction of soils or rock units will expel water and effectively increase 

resistivity. Air, with naturally high resistivity, results in the opposite response 

compared to water when filling voids. Whereas the presence of water will reduce 

resistivity, the presence of air in voids should increase subsurface resistivity. 

Resistivity measurements are associated with varying depths depending on 

the separation of the current and potential electrodes in the survey, and can be 

interpreted in terms of a lithologic and/or geohydrologic model of the subsurface. 

Data are termed apparent resistivity because the resistivity values measured are 
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actually averages over the total current path length but are plotted at one depth 

point for each potential electrode pair. Two dimensional images of the subsurface 

apparent resistivity variation are called pseudosections. Data plotted in cross-

section is a simplistic representation of actual, complex current flow paths. 

Computer modeling can help interpret geoelectric data in terms of more accurate 

earth models. 

Geophysical methods are divided into two types : Active and Passive 

Passive methods (Natural Sources): Incorporate measurements of natural 

occurring fields or properties of the earth. Ex. SP, Magnetotelluric (MT), Telluric, 

Gravity, Magnetic. 

Active Methods (Induced Sources) : A signal is injected into the earth and then 

measure how the earth respond to the signal. Ex. DC. Resistivity, Seismic 

Refraction, IP, EM, Mise-A-LA-Masse, GPR.  

× DC Resistivity - This is an active method that employs measurements of 

electrical potential associated with subsurface electrical current flow 

generated by a DC, or slowly varying AC, source. Factors that affect the 

measured potential, and thus can be mapped using this method include the 

presence and quality of pore fluids and clays. Our discussions will focus 

solely on this method. 

× Induced Polarization (IP) - This is an active method that is commonly 

done in conjunction with DC Resistivity. It employs measurements of the 

transient (short-term) variations in potential as the current is initially 

applied or removed from the ground. It has been observed that when a 

current is applied to the ground, the ground behaves much like a capicitor, 

storing some of the applied current as a charge that is dissipated upon 
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removal of the current. In this process, both capacity and electrochemical 

effects are responsible. IP is commonly used to detect concentrations of 

clay and electrically conductive metallic mineral grains.  

× Self Potential (SP) - This is a passive method that employs measurements 

of naturally occurring electrical potentials commonly associated with the 

weathering of sulfide ore bodies. Measurable electrical potentials have 

also been observed in association with ground-water flow and certain 

biologic processes. The only equipment needed for conducting an SP 

survey is a high-impedance voltmeter and some means of making good 

electrical contact to the ground.  

× Electromagnetic (EM) - This is an active method that employs 

measurements of a time-varying magnetic field generated by induction 

through current flow within the earth. In this technique, a time-varying 

magnetic field is generated at the surface of the earth that produces a 

time-varying electrical current in the earth through induction. A receiver 

is deployed that compares the magnetic field produced by the current-

flow in the earth to that generated at the source. EM is used for locating 

conductive base-metal deposits, for locating buried pipes and cables, for 

the detection of unexploded ordinance, and for near-surface geophysical 

mapping.  

× Magnetotelluric (MT) - This is a passive method that employs 

measurements of naturally occurring electrical currents, telluric currents, 

generated by magnetic induction of electrical currents in the ionosphere. 

This method can be used to determine electrical properties of materials at 

relatively great depths (down to and including the mantle) inside the 

Earth. In this technique, a time variation in electrical potential is 

measured at a base station and at survey stations. Differences in the 
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recorded signal are used to estimate subsurface distribution of electrical 

resistivity.  

 

Position of Electrical Methods in: 

 
(1) Petroleum Exploration. 

The most prominent applications of electrical techniques in petroleum expl. 

Are in well logging. Resistivity and SP are standard Logging techniques. 

The magnetotelluric method has found important application for pet. 

Exploration. In structurally complex region (EX. Rocky Mountains). 

 

(2) Engineering & Groundwater. 

D C. Resistivity and EM have found broad use in civil Engineering and 

groundwater studies. Saturated / Unsaturated, Saltwater / freshwater 

 

(3) Mineral Exploration. 

Electrical methods interpretation difficult below 1000 to 1500 ft. Electrical   

exploration methods are the dominant geophysical tools in Mineral Expl. 
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Ohmôs Law 
 

Ohmôs Law describes the electrical properties of any medium. Ohmôs Law, 

V = I  R, relates the voltage of a circuit to the product of the current and the 

resistance. This relationship holds for earth materials as well as simple circuits. 

Resistance( R), however, is not a material constant. Instead, resistivity is an 

intrinsic property of the medium describing the resistance of the medium to the 

flow of electric current.  

Resistivity ɟ is defined as a unit change in resistance scaled by the ratio of a 

unit cross-sectional area and a unit length of the material through which the current 

is passing (Figure 1). Resistivity is measured in ohm-m or ohm-ft, and is the 

reciprocal of the conductivity of the material. Table 1 displays some typical 

resistivities.    
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Note that, in Table 1, the resistivity ranges of different earth materials 

overlap. Thus, resistivity measurements cannot be directly related to the type of soil 

or rock in the subsurface without direct sampling or some other geophysical or 

geotechnical information. Porosity is the major controlling factor for changing 

resistivity because electricity flows in the near surface by the passage of ions 

through pore space in the subsurface materials. The porosity (amount of pore 

space), the permeability (connectivity of pores), the water (or other fluid) content 

of the pores, and the presence of salts all become contributing factors to changing 

resistivity. Because most minerals are insulators and rock composition tends to 

increase resistivity, it is easier to measure conductive anomalies than resistive ones 

in the subsurface. However, air, with a theoretical infinite resistivity, will produce 

large resistive anomalies when filling subsurface voids. 

 

Electric circuit has three main properties: 

o Resistance (R): resistance to movement of charge 

o Capacitance (C): ability to store charge 

o Inductance (L): ability to generate current from changing magnetic 

field arising from moving charges in circuit 

 

Resistance is NOT a fundamental characteristic of the metal in the wire. 
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MECHANISM OF ELECTRICAL CONDUCTION  
 

 

Mechanism of electrical conduction in Materials the conduction of 

electricity through materials can be accomplished by three means :  

a) The flow of electrons Ex. In Metal  

b) The flow of ions Ex. Salt water . 

c) Polarization in which ions or electrons move only a short distance under 

the influence of an electric field and then stop. 

 

 

1  Metals :  

Conduction by the flow of electrons depends upon the availability of free 

electrons. If there is a large number of free electrons available, then the 

material is called a metal, the number of free electrons in a metal is roughly 

equal to the number of atoms.  

The number of conduction electrons is proportional to a factor  

 

      n å Ů 
E/KT

            E  Ð 1/n                    T Ð n                 

 

Ů : Dielectric constant  

K: Boltzmanôs constant  

T: Absolute Temperature.  

E  Activation Energy.  

 

Metals may be considered a special class of electron semi conductor for 

which E approaches zero. 

Among earth materials native gold and copper are true metals. Most sulfide 

ore minerals are electron semi conductors with such a low activation energy.  

 

b) The flow of ions, is best exemplified by conduction through water, 

especially water with appreciable salinity. So that there is an abundance of 

free ions. 

Most earth materials conduct electricity by the motion of ions contained in 

the water within the pore spaces .  
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There are three exceptions :  

 

1) The sulfide ores which are electron semi conductors.  

2) Completely frozen rock or completely dry rock.  

3) Rock with negligible pore spaces ( Massive lgneous rooks like gabbro . It 

also include all  rocks at depths greater than a few kilometers, where pore 

spaces have been closed by high pressure, thus studies involving 

conductivity of the deep crust and mantle require other mechanisms than 

ion flow through connate water. 

 

  

c) Polarization of ions or sometimes electrons under the influence of an 

electrical field, they move a short distance then stop. Ex. Polarization of the 

dielectric in a condenser polarization ( electrical moment / unit volume)  
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Conductivity mechanism in non-water-bearing rocks 

 

 

1) Extrinsic conductivity for low temperatures below 600-750
o
 k.  

2) Intrinsic conductivity for high temperatures.  

 

Most electrical exploration will be concerned only with temperatures well below 

600-750
o
 . The extrinsic is due to weakly bonded impurities or defects in the 

crystal . This is therefore sensitive to the structure of the sample and to its 

thermal history . 

 

Both of these types of conductivity present the same functional form, hence 

conductivity vs. temperature  for semi conductors can be written :  

 

ů   =  Ai  Ů 
ï Ei/RT

     +  Ae  Ů 
ï Ee/RT

  

     

Ai and Ae :  Numbers of  ions available .  Ai is 10
5
 times  Ae 

 

 Ei and Ee  are the activation energies . Ei is 2 times as large as Ee .  

R: Boltzmanôs constant  
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ELECTRICAL PROPERTIES OF ROCKS :  

 

W Resistivity (or conductivity), which governs the amount of current that passes 

when a potential difference is created. 

 

W Electrochemical activity or polarizability, the response of certain minerals to 

electrolytes in the ground, the bases for SP and IP. 

 

W Dielectric constant or permittivity. A measure of the capacity of a material to 

store charge when an electric field is applied . It measure the polarizability of a 

material in an electric field   =   1 + 4 ́  X 

   X : electrical  susceptibility . 

 

Electrical methods utilize direct current or Low frequency alternating current to 

investigate electrical properties of the subsurface.  

Electromagnetic methods use alternating electromagnetic field of high frequencies. 

Two properties are of primary concern in the Application of electrical methods. 

(1) The ability of Rocks to conduct an electrical current. 

(2) The polarization which occurs when an electrical current is passed through 

them (IP). 

 

Resistivity 

For a uniform wire or cube, resistance is proportional to length and inversely 

proportional to cross-sectional area.  Resistivity is related to resistance but it not 

identical to it. The resistance R depends an length, Area and properties of the 

material which we term resistivity (ohm.m) . 

Constant of proportionality is called Resistivity : 

 

Resistivity  is the fundamental physical property of the metal in the wire 
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Resistivity is measured in ohm-m  

 

 

Conductivity  is defined as 1/ɟ er (S/m), 

equivalent to ohm
-1
m

-1
. 

 

EX. 1  Copper has  ɟ  =1.7 X 10
-8
  ohm.m. What is the resistance of 20 m of 

copper with a cross-sectional radius of 0.005m .  

 

EX. Quartz has ɟ = 1 X 10
16

 ohm.m. What is the resistance at a quartz wire at 

the same dimension.  
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Anisotropy : is a characteristic of stratified rocks which is generally more 

conducive in the bedding plane. The anisotropy might be find in a schist (micro 

anisotropic) or in a large scale as in layered sequence of shale (macro 

anisotropic) .  

 

        еуҶϠ ϝҶв ЭҶЋтм пҶжϸцϜ ϹҶϳЮϜ пҶЮϖ ϣҶувмϝЧгЯЮ пЋЦцϜ ϹϳЮϜ еуϠ ϣϡЃзЮϜ нк1-1м1   ϜϻҶк     ХҶϡВ нҶЮ йҶжϜ сҶзЛт

 Ϝϻк дϝТ ϹϲϜм иϝϯϦϜ сТ ϼϝуϧЮϜ Ͻ϶фϜ иϝϯϦыЮ ϣуϚϝϠϽлЫЮϜ ЈϜнϷЮϜ ϤϝУЋЮϜ ϽуПϧϠ анЧт ЭвϝЛгЮϜ .  

 

 

Coefficient of anisotropy  ɚ  =  ɟt / ɟl 

     ɟl  : Longitudinal Resistivety .  

     ɟt  : Transverse Resistivity. 

 

 

The effective Resistivity depends on whether the current is flowing parallel to 

the layering or perpendicular to it .  

 

R1 = ɟ1 h1 

 

The total Resistance for the unit column ( T )  

 

T  =   × ɟ1 h1   Transverse unit  resistance 

 

The transverse resistivity       ɟt    is defined by .  

 

   ɟt  = T/H                             H is the total thickness 

 

For current flowing horizontally, we have a parallel circuit. The reciprocal 

resistance is  S = 1/ R = × hi / ɟi    Longitudinal unit conductance  

 

Longitudinal resistivity   ɟl = H / S 

 

 

 

A geoelectric unit is characterized by two Parameters :  

 

1) Layer Resistivity ( ɟi  )  

2) Lager Thickness( ti   )  
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Four electrical parameters can be derived for each layer from the respective 

resistivity and thickness. There are :  

 

1) Longitudinal conductance   SL= h/ɟ = h.ů 

2) Transverse resistance T = h.ɟ 

3) Longitudinal resistivity  ɟl  =  h/S  

4) Transverse resistivity  ɟt   = T/h 

 

 
 

 

Anisotropy = A =  Transverse resistivity  ɟt   / Longitudinal resistivity  ɟl   

 

The sums of all SL  (  × hi / ɟi   )  are called Dar Zarrouk functions.   

The sums of all T    (  × hi . ɟi  )   are called Dar Zarrouk variables.   
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Classification of Materials according to Resistivities Values 
 

 

a) Materials which lack pore spaces will show high resistivity such as  

- massive limestone  

- most igneous and metamorphic (granite, basalt)  

 

b) Materials whose pore space lacks water will show high resistivity such 

as :   -   dry sand and gravel 

- Ice . 

 

c) Materials whose connate water is clean (free from salinity ) will show 

high resistivity such as :  

- clean sand or gravel , even if water saturated. 

  

d) most other materials will show medium or low resistivity, especially if 

clay is present such as :  

- clay soil 

- weathered rock. 

 

 

The presence of clay minerals tends to decrease the Resistivity because :  

2) The clay minerals can combine with water .  

3) The clay minerals can absorb cations in an exchangeable state on the surface.  

4) The clay minerals tend to ionize and contribute to the supply of free ions.  
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Factors which control the Resistivity 

(1) Geologic Age 

(2) Salinity. 

(3) Free-ion content of the connate water. 

(4) Interconnection of the pore spaces (Permeability). 

(5) Temperature. 

(6) Porosity. 

(7) Pressure 

(8) Depth 

 

 

Archieôs Law 

Empirical relationship defining bulk resistivity of a saturated porous rock. In 

sedimentary rocks, resistivity of pore fluid is probably single most important factor 

controlling resistivity of whole rock. 

Archie (1942) developed empirical formula for effective resistivity of rock: 

 

 

 

ɟ0 = bulk rock resistivity 

ɟw = pore-water resistivity 

a = empirical constant (0.6 < a < 1) 

m = cementation factor (1.3 poor, unconsolidated) < m < 2.2 

(good, cemented or crystalline) 

ű = fractional porosity (vol liq. / vol rock) 

 

Formation Factor: 

 

 

 

Effects of Partial Saturation: 

 

 

 

Sw is the volumetric saturation. 

n is the saturation coefficient (1.5 < n < 2.5). 
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¶ Archieôs Law ignores the effect of pore geometry, but is a reasonable 

approximation in many sedimentary rocks 

 
 

Resistivity survey instruments: 

 

a-      High tension battery pack (source of current). 

b- Four metal stakes. 

c- Milliammeter. 

d- Voltmeter. 

e- Four reels of insulated cable. 

 

AC is preferred over DC as source of current. The advantage of using AC is that 

unwanted potential can be avoided. 

 

 

 

Field considerations for DC Resistivity 
 

 

1- Good electrode contact with the earth  

- Wet electrode location. 

- Add Nacl solution or bentonite 

 

2- Surveys should be conducted along a straight line whenever possible .  

 

3- Try to stay away from cultural features whenever possible . 

- Power lines 

- Pipes  

- Ground metal fences  

- Pumps 
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Sources of Noise 
 

There are a number of sources of noise that can effect our measurements of voltage 

and current.  

 

1- Electrode polarization. 

A metallic electrode like a copper or steel rod in contact with an electrolyte 

groundwater other than a saturated solution of one of its own salt will 

generate a measurable contact potential. For DC Resistivity, use 

nonpolarizing electrodes. Copper and copper sulfate solutions are commonly 

used.  

 

2- Telluric current s.  

Naturally existing current flow within the earth. By periodically reversing 

the current from the current electrodes or by employing a slowly varying AC 

current, the affects of  telluric can be cancelled. 

 

3- Presence of nearby conductors. (Pipes, fences) 

Act as electrical shorts in the system and current will flow along these 

structures rather than flowing through the earth. 

 

4- Low resistivity at the near surface.  

If the near surface has a low resistivity, it is difficult to get current to flow 

more deeply within the earth. 

  

5- Near- electrode Geology and Topography  

Rugged topography will act to concentrate current flow in valleys and 

disperse current flow on hills. 

  

6- Electrical Anisotropy.  

Different resistivity if measured parallel to the bedding plane compared to 

perpendicular to it .  

 

7- Instrumental Noise . 

 

8- Cultural Feature . 
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Current Flow in Uniform Earth with Two Electrodes  

Current injected by electrode at S1 and exits by electrode at S2: 

 

Lines of constant potential (equipotential) are no longer spherical shells, but can be 

calculated from expression derived previously. 

Current flow is always perpendicular to equipotential lines. 

¶ Where ground is uniform, measured resistivity should not change with 

electrode configuration and surface location. 

¶ Where inhomogeneity present, resistivity varies with electrode position. 

Computed value is called apparent resistivity ɟA. 



 

 

 

22 

Current Flow in A Homogeneous Earth 
 

 

1. Point current Source :  

If we define a very thin shell of thickness dr we can define the potential 

different dv 

 

dv  =  I ( R ) = I ( ɟ L / A ) = I ( ɟ  dr / 2ˊ r
2 
 ) 

 

To determine V a t a point . We integrate the above eq.  over its distance D to 

to infinity :  

 

V = I ɟ / 2ˊ D 

 

C: current density per unit of cross  sectional area :  
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2. Two current electrodes  

 

To determine the current flow in a homogeneous, isotropic earth when we 

have two current electrodes. The current must flow from the positive (source 

) to the resistive ( sink ). 

  

The effect of the source at C1 (+) and the sink at C2 (-)  

 

Vp1 = i ɟ / 2ˊ r1    + ( - iɟ / 2ˊ r2 ) 

 

 
 

 

 

Vp1 = iɟ / 2ˊ { 1/ [ (d/2 + x )
2
 + Z

2 
]
0.5

   -  1 / [ (d/2 - x )
2
 + Z

2 
]
0.5

  }    
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3. Two potential Electrodes  

 

Vp1 = i ɟ / 2ˊ r1     - iɟ / 2ˊ r2  

 

Vp2= i ɟ / 2ˊ r3    - iɟ / 2ˊ r4 

 

ȹ V = Vp1 ïVp2  = i ɟ / 2ˊ (  1/r1 ï 1 / r2 ï 1 / r3  + 1 / r4 ) 
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Depth of Current Penetration  

Current flow tends to occur close to the surface. Current penetration can be 

increased by increasing separation of current electrodes. Proportion of current 

flowing beneath depth z as a function of current electrode separation AB: 

 

Example 

If target depth equals electrode separation, only 30% of current flows beneath that 

level. 

¶ To energize a target, electrode separation typically needs to be 2-3 times its 

depth. 

¶ High electrode separations limited by practicality of working with long cable 

lengths. Separations usually less than 1 km. 

The fraction of the total current (if) penetrating to depth Z for an electrode 

separation of d is given by : 

 

 

if  =  2 / ˊ   tan 
-1
  ( 2 Z / d  ) 
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ELECTRODE CONFIGURATIONS  

The value of the apparent resistivity depends on the geometry of the electrode 

array used (K  factor)  

 

1- Wenner Arrangement 

Named after wenner (1916) . 

The four electrodes A , M , N , B are equally spaced along a straight line. The 

distance between adjacent electrode is called ñaò spacing . So AM=MN=NB= 

  ӎ AB = a. 

 

 

Ʌa=  2 ˊ  a      V  / I 

 

The wenner array is widely used in the western Hemisphere. This array is 

sensitive to horizontal variations. 

  

 

2- Lee- Partitioning Array  . 

This array is the same as the wenner array, except that an additional potential 

electrode O is placed at the center of the array between the Potential electrodes 

M and N. Measurements of the potential difference are made between O and 

M and between O and N  .  

Ʌa=  4 ˊ  a      V  / I 

 

This array has been used extensively in the past .  

 

3) Schlumberger Arrangement . 

This array is the most widely used in the electrical prospecting . Four electrodes 

are placed along a straight line in the same order AMNB , but with AB Ó   5 MN  
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This array is less sensitive to lateral variations and faster to use as only 

the current electrodes are moved. 

 

4. Dipole ï Dipole Array .  

The use of the dipole-dipole arrays has become common since the 1950ôs , 

Particularly in Russia. In a dipole-dipole, the distance between the current 

electrode A and B (current dipole) and the distance between the potential 

electrodes M and N (measuring dipole) are significantly smaller than the 

distance r , between the centers of the two dipoles.  

 

 
 

 

ɟa  = ˊ [ ( r
2  

/ a ) ï r  ]  v/i  
 

Or . if the separations a and b are equal and the distance between the centers 

is (n+1) a  then 

 

ɟa  =  n (n+1) (n+2) . ˊ  a. v/i 

 
 

 
 

 

 

This array is used for deep penetration  å  1 km. 
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Four basic dipole- dipole arrays .  

1) Azimuthal  

2) Radial  

3) Parallel  

4) Perpendicular 

 

When the azimuth angle (ᴆ ) formed by the line r and the current dipole AB =  ˊ /2 

, The Azimuthal array and parallel array reduce to the equatorial Array.  

  

When  ᴆ = O , the parallel and radial arrays reduce to the polar or axial array .   

 

If MN only is small is small with respect to R in the equatorial array, the system is 

called Bipole-Dipole (AB is the bipole and MN  is the dipole ), where AB is large 

and MN is small. 

 

If AB and MN are both small with respect to R , the system is dipole- dipole  

 

 

5) Pole-Dipole Array .  

The second current electrode is assumed to be a great distance from the 

measurement location ( infinite electrode)  

 

ɟa  =  2 ˊ a n (n+1)  v/i 
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6) Pole ï Pole.  

If one of the potential electrodes , N is also at a great distance.  

 

 

 
 

 

Ʌa=  2 ˊ  a      V  / I 
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REFRACTION OF ELECTRICAL RESISTIVITY  

 

 

A. Distortion of Current flow  

At the boundary between two media of different resistivities the potential remains 

continuous and the current lines are refracted according to the law of tangents. 

 

 

Ʌ1 tan ᴆ2  =  Ʌ2 tan ᴆ1                              

 

 

If  ɟ2 < p1 ,  The current lines will be refracted away from the Normal. The line of 

flow are moved downward because the lower resistivity below the interface results 

in an easier path for the current within the deeper zone. 

 

 

B. Distortion of Potential  

 

Consider a source of current I at the point S in the first layers P1 of Semi infinite 

extent.  The potential at any point P would be that from S plus the amount reflected 

by the layer P2  as if the reflected amount were coming from the image S
/
 

 

 
 

 

V1 (P) = i ɟ1 / 2ˊ [ (1 / r1) + ( K / r2 ) ] 

 

K = Reflection coefficient  =  ɟ2 ï ɟ1  / ɟ2 + ɟ1 
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In the case where P lies in the second medium ɟ2, Then transmitting light coming 

from S. Since only 1 ï K is transmitted through the boundary. 

The Potential in the second medium is  

 

V2(P) = I ɟ2/ 2ˊ [ (1 / r1) ï (K / r 1) ] 

 

Continuity of the potential requires that the boundary where    r1  =  r2   ,  V1(p) 

must be equal to V2 ( P).  

At the interface   r1  =  r2          ,    V1= V2 

 

 

Method of Images 

Potential at point close to a boundary can be found using "Method of Images" from 

optics. 

 

In optics: 

Two media separated by semi transparent mirror of reflection and 

transmission coefficients k and 1-k, with light source in medium 1. 

Intensity at a point in medium 1 is due to source and its reflection, 

considered as image source in second medium, i.e source scaled by 

reflection coefficient k. Intensity at point in medium 2 is due only to 

source scaled by transmission coefficient 1-k as light passed through 

boundary. 
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Electrical Reflection Coefficient 

Consider point current source and find expression for current potentials in medium 

1 and medium 2: Use potential from point source, but 4́ as shell is spherical: 

Potential at point P in medium 1: 

 

Potential at point Q in medium2: 

 

At point on boundary mid-way between source and its image: 

r1=r2=r3=r say. Setting Vp = Vq, and canceling we get: 

                                

k is electrical reflection coefficient and used in interpretation  
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The value of the dimming factor , K always lies between    ± 1 

 

If the second layer is a pure insulator  

(   ɟ2     =   ɤ    )      then       K = + 1 

 

If the second layer is a perfect conductor  

 

( ɟ2 =   O    )       then      K = - 1  

 

When   ɟ1 = ɟ2     then    No electrical boundary Exists and    K   =   O    . 
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SURVEY DESIGN 
 

Two categories of field techniques exist for conventional resistivity analysis 

of the subsurface. These techniques are vertical electric sounding (VES), and 

Horizontal Electrical Profiling (HEP). 

 

 

1- Vertical Electrical Sounding (VES) . 

The object of VES is to deduce the variation of resistivity with depth below a 

given point on the ground surface and to correlate it with the available 

geological information in order to infer the depths and resistivities of the 

layers present. 

 

In VES, with wenner configuration, the array spacing ñaò is increased by 

steps, keeping the midpoint fixed (a = 2 , 6, 18, 54éé.) .  

 

 

In VES, with schlumberger, The potential electrodes are moved only 

occasionally, and current electrode are systematically moved outwards in 

steps  

              AB  > 5 MN. 

 

 

2- Horizontal Electrical profiling (HEP) .  

The object of HEP is to detect lateral variations in the resistivity of the 

ground, such as lithological changes,   near- surface faultséé .  

 

In the wenner procedurec of HEP , the four electrodes with a definite array 

spacing ñaò is moved as a whole in suitable steps, say 10-20 m. four 

electrodes are moving after each measurement.  
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In the schlumberger method of HEP, the current electrodes remain fixed at 

a relatively large distance, for instance, a few hundred meters , and the 

potential electrode with a small constant separation (MN) are moved 

between A and B . 

 

Multiple Horizontal Interfaces  

 

For Three layers resistivities in two interface case , four possible curve types 

exist. 

  

1- Q ï type           ɟ1> ɟ2> ɟ3  

2- H ï Type  ɟ1> ɟ2< ɟ3  

3- K ï Type  ɟ1< ɟ2> ɟ3  

4- A ï Type  ɟ1< ɟ2< ɟ3 
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In four - Layer geoelectric sections, There are 8 possible relations :  

 

 

ɟ1> ɟ2< ɟ3< ɟ4   HA  Type 

ɟ1> ɟ2< ɟ3> ɟ4   HK   Type 

ɟ1< ɟ2< ɟ3< ɟ4   AA  Type 

ɟ1< ɟ2< ɟ3> ɟ4   AK   Type 

ɟ1< ɟ2> ɟ3< ɟ4   KH   Type 

ɟ1< ɟ2> ɟ3> ɟ4   KQ  Type 

ɟ1> ɟ2> ɟ3< ɟ4   QH  Type 

ɟ1> ɟ2> ɟ3> ɟ4   QQ  Type 
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Quantitative VES Interpretation: Master Curves 

Layer resistivity values can be estimated by matching to a set of master curves 

calculated assuming a layered Earth, in which layer thickness increases with depth. 

(seems to work well). For two layers, master curves can be represented on a single 

plot. 

 

Master curves: log-log plot with ɟa / ɟ1 on vertical axis and a / h on 

horizontal (h is depth to interface) 

¶ Plot smoothed field data on log-log graph transparency.  

¶ Overlay transparency on master curves keeping axes parallel.  

¶ Note electrode spacing on transparency at which (a / h=1) to get interface 

depth.  

¶ Note electrode spacing on transparency at which (ɟa / ɟ1 =1) to get resistivity 

of layer 1.  

¶ Read off value of k to calculate resistivity of layer 2 from: 
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Quantitative VES Interpretation: Inversion  

Curve matching is also used for three layer models, but book of many more curves. 

Recently, computer-based methods have become common: 

¶ forward modeling with layer thicknesses and resistivities provided by user  

¶ inversion methods where model parameters iteratively estimated from data 

subject to user supplied constraints 

Example (Barker, 1992) 

Start with model of as many layers as data points and resistivity equal to measured 

apparent resistivity value. 

 

Calculated curve does not match data, but can be perturbed to improve fit. 

  


