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ELECTRICAL RESISTIVITY TECHNIQUES

Geophysical resistivityechniques arbased on the response of the earth to
the flow of electricalcurrent. In these methods, an electrical current is passed
through the ground and oapotential electrodeallow us to record the resultant
potential difference between them, giving us a way to measuresl#uotrical
impedance of the subsurface material. The apparent resistivity is then a function of
the measured impedance (ratio of pdtehto current) and the geometry of the
electrode array. Dependingpon the survey geometry, the apparent resistivity data
are plotted as-D soundings, D profiles, or in 2D crosssections in order to look
for anomalous regions.

In the shallow subsurte, the presence of water controls much of the
conductivity variationMeasurement of resistivity (inverse of conductivity) is, in
general, a measure of water saturation aodnectivity of pore space. This is
because water has a low resistivity and electrrent will follow thepath of least

resistancelncreasing saturation, increasing salinity of the underground water,

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

fractures (water-filled) all tend to decreasemeasured resifivity . 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 whdilling voids. Whereas the presence of water will reglu

resistivity,the presence of air in voids shoulihcrease subsurface resistivity.

Resistivity measurements are associated with varying depths depending on
the separation of the curreahd potential electrodes in the survey, and can be
interpreted in tans of a lithologic and/or geohydrologmodel of the subsurface.

Data are terme@pparentresistivity because the resistivity values measured are



actually averages over the total current path length but are plotted at one depth
point for each potentiatlectrode pair. Two dimensional images of the subsurface
apparent resistivity variation are callggeudsections.Data plotted in cross
section is a simplistic representation of actual, complex current flow paths.
Computer modeling can help interpret geotrle 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, MagnetateMT), 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, Misé\-LA-Masse, GPR.

x DC Resistivity- Thisis 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 niethatke the
presence and quality of pore fluids and clays. Our discussions will focus
solely on this method.

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

done in conjunction with DC Resistivity. It employs measurements of the
transent (shortterm) 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 asharge that is dissipated upon



removal of the current. In this process, bothac#p 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 grewader flov and certain
biologic processes. The only equipment needed for conducting an SP
survey is a highmpednce voltmeter and some means of making good
electrical contact to the ground.

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

measurementsf a timevarying magnetic field generated by induction
through current flow within the earth. In this technique, a tu@e/ing
magnetic field is generated at the surface of the earth that produces a
time-varying electrical current in the earth througlluction. A reeiver

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 basenetal deposits, for locating buried pipes and cables, for
the detection otinexploded ordinance, and for nearface 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 currémthe 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 baseasbn and at survey stations. Differences in the



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 techagin 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 studie§aturated Unsaturated, &twater/ freshwater

(3) Mineral Expbration
Electrical methods interptation difficult below 1000 to 1500 fElectrical

explaration methods arthe dominant geophysical tools in Mineral Expl.



Ohmdés Law

Ohmés Law describes the elQhentbrsi cLaalw,p

V_= 1 R, relates the voltage of a circuit to the product of the current and the
resistance. This relatiship holds for earth materials as well as simple circuits.
Resistanc¢ 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 } is defined as a unit change in resistance scaled by the ratio of a
unit crosssectional area and a unit length of the material through which the current
is passing (Figure 1)Resistivity is measured in ohvm or ohmft, and is the

reciprocal of the catuctivity of the material. Table 1 displays some typical
resistivities.

| oL |
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Figure 1. Resistivity is defined based on the change in resistance oR fora
given change in length 4L and cross-sectional area 44 of material.

Tahle 1

Commaon Resistivities (ohm-m)

Material Fesistivity range Typical
Value

Igneous & 102 -1p8 104
Metamporphic rocks 103
Sedimentary rocks 10-108 103
Unconsolidated 10-1-1p4 103
Groundwater 1-10 5

Fure water 103



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 he 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 bmwurface 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 ansulators 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 fillinglsurface 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 aircuit

-T

C

Resistance is NOT a fundamental characteristic of the metal in the wire.




MECHANISM OF ELECTRICAL CONDUCTION

Mechanism of electrical conduction in Matds the conduction of
electricity through materials can be accomplished by three means :

a) The flow of electrons Ex. In Metal

b) The flow ofions Ex. Salt water .

c) Polarization in whichons or electrons move only a short distance under
the influence of an ebtric field and then stop.

1 Metals :
Conduction by the flow of electrons depisnupon 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 intal mseroughly
equal to the number of atoms.
The number of conduain electrons is proportional to a factor

n &0 E D 1/ n

U : Dielectric constant
K: Boltzmands constant
T: Absolute Tempeture.

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 suldhw activation energy.

b) The flow ofions, is best exemplified by conduction through water,
especially water with appreciable salinity. So that there is an abundance of
freeions.

Most earth materials conduct electricity by the motionosis contaied in

the water within the pore spaces .

1C



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 Igneous 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) Polarzation ofions 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)

11



Conductivity mechanism in nonwater-bearing rocks
1) Extrinsic conductivity for low temperatures below 608C k.
2) Intrinsic conductivity for high temperatures.
Most electrical exploration will be concerned only with temperatures well below
600-750° . The extrinsic is due to weakly bondadpurities 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 vstemperature for semi conductoencbe written :

lj :'l' Ei/RT A'l' KJ%/RT 0
Ai and Ae : Numbers of ions available . Aiis’lilnes Ae

Ei and Ee are the activation energiesis times as large ag E
R: Boltzmands constant

log Al

log Ae

600-750 K r

12



ELECTRICAL PROPERTIES OF ROCKS :

W Resistvity (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 permittivityA measure of the capacity of a material to
store charge when afectric feld 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 freggenc

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 unform wire or cube, resistance is proportional to length and inversely
proportional to crossectional areaResistivity is related to resistance but it not
identical to it. The resistance R depends an length, Area and properties of the
material which wedrm resistivity (ohm.m) .

Constant of proportionality is calldglesistivity :

Resistivity is the fundamental physical property of the metal in the wire

13



Resistivity is measured in ohm

-
L \f__‘
N

Conductivity is defined as ]/and is measured in Siemens per meter (S/m),
equivalent to ohifm'™.

EX. 1 Copper ®hdom.m. What is thelresistande ofl20 m of
copper with a crossectional radius of 0.005m .

EX. Quart z I ahsn.myWhat is the pésisteiat a quartz wire at
the same dimension.

14



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 sequenic shale (macro
anisotropic) .

XY BEMWMKO nYUYxkeydHBDs A DYhtwMm nYxpuyF
O3 PF mnEthellO wy CfF 200 BFPRK  JaFFHTP KOFC FYvr W HKOF

Coefficient of anisotropy =X = J ot/
I Longietyudi nal Resistiwv
J ot Transverse Resistivity.

The effective Resistivity depends on whether the current is flowing parallel to
the layering or perpendicular to it .

Ri = ;1 h1

The total Resistance for the unit column ( T)

T 3 1 dramsverse umiresistance
The transverse resistivity } ot
Jt = T/ H

For current flowing horizontally, we have a parallel circuit. The reciprocal
resi stance i s dagitedindl unit d®ndectance hi /i

LongitudinaEHfSesistivity |

A geoelectric unit is characterized by two Parameters

1) Layer Resistivity ( 1} )
2) Lager Thickness(ti )

15



Four electrical parameters can be derived for each layer fromefipeative
resistivity and thickness. There are :

1) Longitudinal conductance ('S h/ j = h. 0

22 Transverse resistance T = h. |

3)Longi tudinal resistivity I = h/ S
AHTransverse resistivity Jt = T/ h

'
T

h, \\\Xfa
= R — R0
vvyvyvyvy [Ny P

halv v vvyv v uyN_~L*r k4

e S * *

h )(xx><><‘xx7(‘1,\7k

o BT O A
Ani sotropy = A = Trandveaberessssiviviy
The sums of all S ( x hi [ )i ) are call ed Da
The sums of all T ( X h.i ) )

16



Classification of Materials according to Resistivities Values

a) Materialswhich 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
- lce.

c) Materials whose carate 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 tipglsuof free ions.

17



Factors which control the Resistivity

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

Geologic Age

Salinity.

Freeion content of the connate water.
Interconnection of the pore spaces (Permeability).
Temperature.

Porosity.

Pressure

Depth

Archieds Law

Empirical relationship defimig 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:

Lo = APy M

} o = bulk rock resistivity

} w = pore-water resistivity

a = empirical constanf0.6 <a< 1)

m = cementation factofl.3 poor, unconsolidated)m< 2.2
(good, cemented or crystalline)

U = fractional porosity(vol lig. / vol rock)

Formation Factor

h I:I'I |

r=——=ajd
Fe

Effects of Partial Saturation:

—h . —1H
P2t = 51-.' a @

Swis the volumetric saturation.
nis thesaturation coefficient (1.5 <n < 2.5).

18



19 Archi eds Law ignores the effect of
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 whenevesgiale .
- Power lines
- Pipes
- Ground metaldnces
- Pumps

19
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Sources of Noise

There are a number of sources of nas can effect our measurements of voltage
and current.

1-

2-

Electrode polarization.

A metallic electrode like a copper or steel rod in comdtht 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 sofdi@commonly
used.

Telluric current s.

Naturally existing current flow within the earth. By periodically reversing
the current from the current eteodes or by employing a slowly varying AC
current, the affects of telluric can be cancelled.

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.

Low resistivity at the near surface.

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

Near- electrode Geology and Topography

Rugged topography will act to concentrate current flow in valleys and
disperse current flow on hills.

Electrical Anisotropy.

Different resistivity if measured parallel to the bedding plane eregpto
perpendicular to it .

Instrumental Noise .

Cultural Feature .

20



Current Flow in Uniform Earth with Two Electrodes

Current injected by electrode at&hd exits by electrode a$:S

S S,

Parfact insulstor Surface

0.%

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.

1 Where ground is uniform, measured resistigitypuld not change with
electrode configuration and surface location

1 Where inhomogeneity present, resistivity varies with electrode position.
Computed value is callegpparent resistivitya.

21



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 = Il ( R ) = 12y y L I A ) =1

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

V=l } | 2° D

C. current density per unit of cross sectional area :

————— OO

Cq D——y P
\(‘/ / /
e S

fe i F
dr -

=
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2. Two current electrodes
To determine the current flow in a homogeneous, isotropic @drém we
have two current electrodes. The current must flow from the positive (source
) to the restive ( sink ).

The effect of the source at C1 (+) and the sink at-IL2 (

Vpi= 1y H(-12° ) 27 r

I
W d I _ LY, |/ - .

C]\ /? ! d/2 C 2

I

14—-' X >
/; ~ ~_ %V
\“\\\\ \$/ , ] 2
%

Vpi= iy | 27 Z+ZAF - LI[(dRIxP+F]°Xk) )
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3. Two potential Electrodes
Vpi= i 11 -h y 27, 27 r
Vp2: [ ]3 - J 21, £° r

p V #AVMpE i } AT 12057 1(/rs +1 /1)

T, , SE 11| —< -

y ] J’

C1 P; 122

- [ it
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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 electr&ileportion of current
flowing beneat depth z as a function of current electrode separation AB:

1.0 -
08 |-
0.6 -
0.4 |

02 -

Proportion of current flowing below depth 2
|
I
!
I

V.
-
-
—
sl

T S

ABy,

Example

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

1 To energze a taget, electrode separation typically needs to3ditnes its
depth.

1 High electrode separations limited by practicality of working with long cable
lengths. Separations usually less than 1 km.

The fraction of the total currenifl penetrating to depth Zf an electrode
separation of d is given by :

122z7/d) t an

—
1
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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 eduapaced along a straight line. The

di stance between adjacent electrode is
M AB = a.

N=2 ~ a Vv [

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 madeebert® and
M and between O and N .

N=4 7 a \% [

This array has been used extensively in the past .

3) Schlumberger Arrangement.
This array is the most widely used in the electrical prospecting . Foureiestr
are placed along a straight line in the same order AMNB , lutwi AB O 5

€3ABy A&MN§ 9
ée_0-2&_0U

/’a:p3 !3 é@ 2 = g % l:]
| é MN 0

é u

é v
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This array is less sensitive to lateral variations and faster to use as only
the current electrodes are moved.

4. Dipolei Dipole Array .
The use of the dipold i pol e arrays has become <co
Particularly in Russia. I@a dipoledipole, 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.

oo

[l

b
M?\

= I )l
|

1o =2dapif ] vi

Or . if the separations a and b are equal and thandsstetween the centers
is (n+1) a then

Ja = n (n+1) (n+2) . a. v/
AP, ),
<—Qa — | na 4}4b >
g -
(n+1 )Cl
This array is used for deep penetrat
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Four basic dipole dipole arrays .
1) Azimuthal

2) Radial

3) Parallel

4) Perpendicular

When the azimuth angle » formed by the line r and the current dipdld8 =
, The Azimuthal array and parallel array reduce to the equatorial Array.

Whenp =, the parallel and radial arrays redwcehe polar or axial array .
If MN only is small is small with respect to R in the equatorial array, the system is
called BipoleDipole (AB is the bipole andMN is the dipole ), wherdB is large
and MN is small.
If AB and MN are both small with respt to R , the system is dipeldipole
5) Pole-Dipole Array .

The second current electrode is assumed to be a great distance from the
measurement location ( infie electrode)

}a = 2 ' a n (n+1) v /i

] T

28
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6) Polei Pole.
If one of the potential electrodes , N is also at a great distance.

29
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AXIAL OR POLAR

Dipole-dipole arrays. The equatorial is a bipole-dipole array because AB is large.



REFRACTION OF ELECTRICAL RESISTIVITY

A. Distortion of Curent flow
At the boundanpetween two media of different resistivities the potential remains
continuousandthe current lines are refracted according to the law of tangents.

tan & _ .4
tan & .4
Py P2
_77(_{:
Medium 1 Medium 2
Mt an=pt/Aan b
| f } ,2The<curperit lines will be refracted away from the Normal. The line of

flow are moved downward because the lower resistivity beh@niriterface results
in an easier path for the current within the deeper zone.

B. Distortion of Potential
Consider a source of current | at the point S in the first layers P1 of Semi infinite

extent. The potential at any point P would be that frontuS ghe amount reflected
by the layer P2 as if the reflected amount were coming from the image S

7

~f

2
Vi(P)=ijal 27 J+(KMA2)]

K = Refl ectionijcloeyffli ci ent =
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Il n the case where P |lies in the second
from S. Since only 1 K is transmitted through the boundary.
The Potential in the secomaedium is

Vol P) o= 27 pi (KU ]/ 1
Continuity of the potential requires that the boundary where r1 = r2 |, V1(p)

must be equal to V2 ( P).
At the interface rl = r2 , V1=V2

Method of Images

Potential at pointlose to a boundary can be found using "Method of Images" from
optics.

Medium 1 Madium 2

In optics:

Two media separated by serransparent mirror of reflection and
transmission coefficients knd 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 saled by transmission coefficientklas light passed through
boundary.

32



Electrical Reflection Coefficient

Consider point current source and find expression for current potentials in medium
1 and medium 2Jse potential from point source, bt ds shell ispherical:

Potential at point P in medium 1.:

£ 1 &
= i Y DL
dx|lrn n
Potential at point Q in medium2:
7, - Lay [1-k]
4 n

At point on boudary midway between source and its image:

r=r,=rs=r say. Setting Y=V, and canceling we get:

.-"-ﬁ=1_.'i: lﬂ:=’%_’q
J'% 1+.£: s‘%_l_ﬁ-'ﬁ

k is electrical reflection coefficient and used in interpretation

33



34



SURVEY DESIGN

Two categories of field techniques exist for conventional resistivity aisaly
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 tk ground surface anto 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

steps, keeping the midpointfix¢da = 2 , 6, 18, 54¢é¢é.

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 objectof HEP is to detect lateral variations in the resistivity of the

ground, such as lithological changes, nsaur f ace f aul t s éé

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

spacing fAaod I s moved s say B0 whifodre i

electrodes are moving after eachamgement.
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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 constaseparation (MN) are moved

between A and B .

Multiple Horizontal Interfaces

For Three layers resistivities in two interface case , fossible curve types
exist.

1- QT type }12 12243
2- Hi Type J12}2<}3
3- Ki Type J1<}2>})3
4- AT Type J1<}o<}3
(A) Type H (B) Type A
P1? P2 <3 Pr<Pr<Ps
Log o,
Pt 45& £
g
Log (AR/2)
(C) Type K (D) Type Q
Py — Pr<9:>Ps Pre P> P2>Pa
\ \
Small h, \ Large A, Small hz\\ Large h,
\ \
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In four - Layer geoelectric sections, There are 8 possible relations :

121 2<}3<}a
}J12)2<}3>}a
J1<}2<}3<}g4
J1<}2<}3>}4
J1<}2>}3<}a4
}1<}2>}3>}4
}12 32> 13<}a4
}12 32213244

{E) Type HK

Py > P2 < Pa > Pa

HA
HK
AA
AK
KH
KQ
QH
QQ
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Quantitative VES Interpretation: Master Curves

Layer resistivity values can be estimated by matching to a setsibr curves

calculated assuming a layered Earth, in which layer thickness increases with depth.
(seems to work wellfortwo layers, master curves can be represented on a single

plot.

Schlumberger L/ h =————

k=10 /7o 0.9 08
1A
=
P~ Py '3 //,_,__—-cn

k=500
/ﬁ,,,____—- 06
05
04
0.3
0.2
01
00
0.1
02
03
-0.4

05

'Cross' for Wenner

or Schiumberger

field curve piofted using
total array length (2L}
as ordinate

e

- SED1 SSchhmberen

Pa/Py=1

7

a/h=1 (Wonner)

Schiumberger
‘cross’

Wenner 'cross’

-0.6

07

a/h=10

-0.8

k=-10 0.9
Wenner a/h{2L/ 3h) ————>b

Master curves: lodpg plot withj 5/}, on vertical axis and a/ h on
horizontal (h is depth to interface)

1 Plot smoothed field data on ldgg graph transparency.

1 Overlay transparency on master curves keeping axes parallel.

1 Note electrode spacing on transparency at which (a / h=%} tatgrface
depth.

1 Note electrode spacing on transparency at whighj(; =1) to get resistivity
of layer 1.

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 tardayer models, but book of many more curves.
Recently, computebased methods have become common:

1 forward modeling with layer thicknesses and resistivities provided by user
1 inversion methods where model parameters iteratively estimated from data
subjectto user supplied constraints

Example (Barker, 1992)

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

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