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ABSTRACT 

A brief review is given on the basic principles of the geoelectrical 

sounding me t hod, the parameters that affect the resistivity of rocks 

and the various techniques of interpretation of res i stivity data. 

An attempt is also made to discuss some limitations of the geoelectrical 

sounding met hod such as topographic effects, coastal effects, and the 

limits of resistivity modelling. 

To get acquainted with the practi cal appl i cation of the method the author 

participated in the measurement of 7 D.e. Sclumberger soundings in the 

Theistareykir high temperature area, NE-Iceland. These soundings and 30 

older soundings from the same area were interpreted to delineate areas 

of possible geothermal exploitation. Five of the latest soundings were 

designed for two- dimensional modelling, but other soundings were inter­

preted with an automatic one-dimensional modelling program. The role of 

geological concepts proved very valuable in the entire process of resis­

tivity interpretation. 

The interpreted resistivity models define a 6-8 km 2 low resistivity anomaly 

«lS\an) and relatively highly resistive surrounding rocks (,o.OOOQm). These 

two resistivity features and the large contrast between them indicate the 

presence of a geothermal system in the Theistareykir area. 



- 5 -

TABLE OF CONTENTS 

Page 
ABSTRACT ••••••••••.•••••••••••••••••• • • •••• •• ••••••••••••••••••••••••••••• 3 

TABLE OF CONTENTS ........•...••...........• • ..............•. . . • ..• ..• ... .. 5 

LIST OF FIGURES ....•. • •.•• • .• • .....•.. • . . ••. • ..••. ....••.•.•• ..• • •. • .•.... 7 

INTRODUcrION ....•••••••..•..•••.....••....••..........•....•........• 9 

2 GEOELECTRICAL SOUNCING IN GEOTHERMAL EXPLORATION .... . ............... 11 

2.1 Introduction .... .. . ......... .. _ .....................•.......... 11 

2 . 2 Basic Principles of Electrical Resistivity ...................• . 11 

2 . 2 . 1 Ohm's law , resistivity and conductivity ..........•...... 11 

2 . 2.2 Resistivity measurements ; the Schlumberger 

electrode configuration .... . ...... .. .................... 12 

2 . 2 . 3 Fundamentals of geoelectrical sounding ..... .. ..... . ..... 14 

2 . 3 Factors affecting Resistivity of Rocks .... .... .... ............. 15 

2 . 3 .1 Temperature .................... .... ....•. . . . . .... . .. .... 16 

2.3 . 2 Porosity and texture of rocks ........................... 17 

2.3 . 3 Salinity of the interstitial fluid ..... . .... ........... . 18 

2 . 3.4 Desaturation effects .................................... 21 

2.3.5 Interaction of factors affecting the resistivity 

of rocks in a geothermal environment .................... 21 

2 . 4 Methods of Interpretation of Schlumberger Geoelectrical 

Sounding Curves ...... .. . ... . .. ......... ..... ............ .... . .. 23 

2 . 4 . 1 Complete curve matching .... . ....... .. ........... ..... .. . 23 

2 . 4.2 Partial curve matching: The auxiliary pOint method . ... · .25 

2 . 4.3 Forward mode 11iog .. ... . ....... .. ..... . .... .. ... ....... .. 27 

2 . 4.4 Inverse modelling ........ . .............................. 27 

2 . 4.5 Two- dimensional interpretation ....................•..... 29 

2 . 5 Limitations of the Resisti vi ty Sounding Method .. .. ... .... •.. .. . 31 

2 . 5.1 Topographic effects ......................... .. .... ..... . 31 

2 . 5 . 2 Coastal effects .. . ... .... ............. . ........ ... • ..... 34 

2.5.3 Limits of resistivity modeiling ..... . . . .. ... . . .. . . ...... 35 

3 D.C. SCHLUMBERGERRESISTIVI TY SURVEY OF THE THEISTAREYKIR 

GEOTHER..'1AL AREA , NE-ICELAND:; •............ . . . ...... ... . ....... . .. . .. 37 

3 . 1 Introduction ...... . ...... ...• . ... •....•.. ... .. ... . ............ 37 

3 . 2 Geology . . .. ......... •...• . ..• . . ......... .. .•... .... .. • .... . .. . 37 



- 6 -

3.2.1 Regional geologic setti.ng ....... • .... • ..... ... .......... 37 

3 . 2.2 Local geologic setting .............. . ...... .. .... ....... 40 

3 . 3 Measurement Techni ques and Methods of Instrumentation ....••.... 43 

3. 4 Mode lUng Programs .............................................. 46 

3.4. 1 Program Circle2 (one - dimensional case) . . . .. .. _ • ......... 46 

3.4.2 Program DIM- 2 (two-dimensional case) ... ... ... .•.... • ..... 46 

3 . 5 Interpretation of Resistivity Soundings .... . . . .•.. . ........ . ... 47 

3 . 5.1 One - d i mensiona l interpretation .. ... .• ... . • . ........... .. 47 

3 . 5 . 2 Two-dimensional interpretation ..................•.•..... 54 

3 . 6 The Resistivity Model and its Geothermal Implications ... . .....• 57 

3 . 7 Conclusions .. . ................................. ··.····· · · • · · ·· .61 

3 . B Recommendations ....• .. •................ . ........ ............ ... 62 

ACKNOWLEDGEMENTS ....... •........•.. .•...• •...•• . .. • . • .• •. .••• • ..•• . ...... 63 

REFERENCES ...................... . ...................... . .... ... .......... 64 

APPENDIX 1. Interpre ted r esistivity models and sample of 

field data ...... . ...... . ................ .. ........ •. . . ...... 67 

APPENDIX I!. Samples of computer printouts of interpreted 

sounding data for the programs "Vidnam ", "Circ le2 " 

and "Dim-2" ............. . ........ ... ............... ... . • ..... 81 



- 7 -

LIST OF FIGURES 
Page 

1 The Schh.nnberger e lect r ode configuration ............•.. • .•........... 13 

2 The funda mental principle of electr ical sounding .. ..... .....•......... 14 

3 The resistivity of a weak electrolyte as a function of 

temperature and pressure .. . . . _ ................................•.... _ .. 16 

4 Nornogram relating fract i onal porosity to formation factor .... .. . . ..... 19 

5 The depen de nce of resis tivi ty on salinity of NaCl ....... . ... .... . .. ... 19 

6 Noroogram mla ting r esistivity, fo.o:ation factor, s alini t y and temperature ~ 20 

7 Three - layer family of model curves · ... . ..... . . . ... . .... . .......... . ... 24 

8 Two- layer resistivi t y mode l curves ......... . ........ • .. . . • ....... . .. . 25 

9 The auxi l iary graphs .......................... .. .... . ................ 26 

10 Flow-charts showing sequence of operations in forward 

modelling and inverse modelling techniques . . . . ... ... ......... . ......... 28 

11 Model curves for Schlumberger soundings near a vertical contact • ...... 30 

12 Placement of electrodes relative to the vertical contact~ ........ . . . . 31 

13 Current flow and equipotential lines created by a dipolar 

electric field ... . . . ............ .. .. . . .. .. . . .. ...... .. ...... . .. . . . . .. 33 

14 Current flow and equi potential line distribution accross 

a hill and beneath a valley ................ . . .. .............. .... .... . 33 

15 Current focusing and dispersion produced on a ridge at 

a given current elect rode position . ... . ... .. ........ . .....• . ......... 33 

16 Behaviour of equipotential lines near a coast . ............ ... ...... .. 35 

17 Geoelectric soundi ng g r aph and equivalent i nterpretations ......... .. .. 36 

18 Station location map of the geoelectrical soundings i n 

Theistareykir ... . ... ... ...... ... . .. . . . . ..... . .. . ........ . ...... ... .... 38 

19 Tectonic map of I celand .. . . . . .... .... ..... . ... .• •... . ....• . ........... 39 

20 Geologic map of Theistareykir ....... . . . . .. . . . ...... . . . . .. .. ... . .. . .... 4 1 

21 The detection of the signal when the resisti vi ty instruments 

are working automatically . .. ... . . .. . .... .... . . ... .. ..... .. .. . ......... 45 

22 Cross-section A- A ' . . . ...... . ...... . .• •. .. .. .. •.. . . • ....• . ...•. .. . . .... 48 

23 Cross- section 8 - 8 ' . . .. . ..• . . . •• .... .. ... .............•... . ... . .•....... 49 

24 Cross-section C- C' .... . ...... . .. . . . .. ... . .... .. .• ···· ... ··· ····· ····· · . 50 

25 Isoresistivity map at sea level . ..... .. .... . .. . . .• . ..... . ...... . •..... 5 1 

26 Isoresisti vi ty map at 300 m below sea level ..... . ......... .... ..•.... . 52 

27 I soresisti vity map at 600 m below sea level .................. ·· ....... 53 

28 Two- dimensiona l i n terpretation of resisti vity soundings .... .... ....... 55 

29 Resistivity model based on one- and two - dimensional 

interpretations . . ......... . .. .. ... ... ........ . . . . . ..... . . . . .. . ... ... .. 57 

30 Aeromagnetic map of Theistareykir ..... .. .. • • . . . ......... . ...... ····· ·· 59 



- 9 -

1 INTRODUCTION 

The author was awarded a Un i ted Nations University Fellowship t o attend 

the UNU Geothermal Training Programme at the National Energy Authority 

in Iceland for six months in 1981. The first month was devoted to a 

series of intr oductory lectures on a wide range o f topics related to 

geothermal energy. After that the author received practical training 

in geophysical exploration with special emphasis on geoelectr i c methods . 

The author also participated in a two week f i eld excursion to all the 

main geothermal fields in Iceland . He further participated in installing 

a mi croear thquake monitoring system in a high-temperature field and was 

introduced to the principal aspects of seismic monitoring of geothermal 

fie l ds (2 weeks) . 

The author received specialized training in geophysical exploration with 

emphas i s on the D.C. Schlumberger geoelectr i c sounding method. This 

included lectures and practi cal exercises on: 1) the theoretical aspects 

of geoelectrical sounding (2 weeks) , 2) methods of interpretation of 

sounding data (2 weeks), and 3) case histor ies of geophysical exploration 

with electrical methods (1 week). The author participated in the measure­

ment of 7 D. C. Schlumberger soundings with an exploration team from Orku­

stofnun (NEA) in the Theistareykir high- temperature area, N.E. Iceland , 

(2 weeks). These soundings as well as 30 older soundings from the area 

form the data base for the authors research project report . The author 

spent about two moths on interpreting the data and writing this report . 

The report deals with the general aspects of the geoelectrical sounding 

method , and its application i n the Theistareykir geothermal area, NE­

Iceland. 
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2 GEOELECTRICAL SOUND~NG . IN GEQTHERMAL EXPLORATION 

2 . 1 Introduction 

The geoelectrical sounding method using the direct current resistivity 

techniques plays an important role in geothermal exploration and assess­

ment. Its wide applicability to geothermal exploration has been success­

ful because of the dependence of the electrical resistivity on the rock 

porasi ty and temperature and resistivity of the fluid in the rocks . 

In recent years , advances have been made in the interpretation of sound­

ing data to obtain quantitatively the resistivity distribution of the 

earth - from the graphical method employing curve matching techniques 

to the more r ecent numerical methods with the aid of computers . 

There are other factors that influence the sounding measurements which 

are not the direct effect of the resistivity of rocks. Such factors as 

topographic and coastal effects should be included, when necessary, in 

the interpretation process of sounding data. Even with the use of 

modern- day computer techniques , which allows a comprehensive physical 

interpretation of resistivity measurements, there are still handicaps 

in resistivity modelling due to the fundamental limits of the resistivity 

method . 

2 . 2 Basic principles of electrical resistivity 

2 . 2.1 Ohm's law, resistivity and conductivity 

Ohm's law defines the res,istance of a specimen ot: a material to a current 

flow when a potential difference is applied across it. I t i s given by 

the relation : 

v = I R tll 

where v potential difference or voltage drop 

I current 

R = resistance 
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Related to the resistance is the resistivity which is a characteristic 

of a material rather than that of a particular specimen. For a con ­

duc ting cylinder which has a length L and a cross-sectional area A 

the resistance R is depentent on the resistivity p in the following 

way: 

R = p L 

A 
(2) 

The unit of resistivity is usually given in ohm- meters (Om), while 

conductivity , the inverse of resistivity (lip ), is in siemens or in 

mho-meters. 

2. 2.2 Resistivity measurements; the Schlurnberger electrode 

configuration 

Consider that a direct current of strength I is i ntroduced into a 

homogeneous and isotropic earth by means of two point electrodes A 

and B. The potential difference between the two points M and N on 

the surface is given by: 

6v = !.e. 
2. 

(3) 

where p is the resistivity of the ground. Thus, the resistivity of 

the homogeneous earth can be determined from the measurements on the 

surface. 

Various electrode arrangements for A, B t M, and N have been suggested 

f or the purpose . The ones more commonly used for resistivity (or geo­

electric) sounding are: (1). symmetrical arrangement, and (2) dipole 

arrangement. 

In the symmetrical arrangement, the points A, M, N, B are taken on a 

straight line such that the points M and N are symmetrically placed 

about the centre 0 of the "spread" AB. An example of this is the 

Schlumberger electrode configuration shown in Fig . 1. The current 

electrodes (A and B) are expanded away from the center of the array 

to force the current to penetrate deeper into the earth. 
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J "Jft:%1 
Jo-b..J. 

~ _.- 0 --+__-- , ---; 

Fig. 1 The Schlumberger electrode configuration. 

As stated above the true r esistivity of a homogenous earth can be determined from 

(3) .. Howeve r., the earth is not homogenous and consists of different resistivi ty 

structures each having some arbitrary snape and resistivity . Then (3) gives the 50-

called apparent resistivi ty I Pa l which is dependent on the true resistivity dis­

tribution of the earth and also on the electrode separation . It is a 

resistivity which represents the medium probed with that particular 

electrode separation. It is not an average resistivity of the 

resistivity structures being probed but the concept of averaging is 

useful for the pictorial understanding of what happens . 

In the case of Schlumberger configuration, (3) can be written as 

whe r e 

D. v·rr 
= ---

I 

.2 
b 

~I 
4 

D.v - measured potential drop 

I z amount of current transmitted 

a = half the current electrode spacing (or AB/2) 

b - the potential electrode spacing (or MN) . 

(4 I 

When a » b/4 (in practice when 2a~ Sb) this can be simplified to: 

• = ( SI 

The apparent resistivity data is plotted graphi,cally (ul;>ually on a 

double logarithmic graphl as a function of half the current electrode 

spacing, AB/2 . These graphs can then be in t erpreted either analytical ­

ly or graphically to yield the true resistivity distribution of the 

earth . 
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2.2.3 Fundamentals of geoelectrical sounding 

The purpose of resistivity sounding is to investigate the distribution 

of earth resistivities as a function of electrode separation and 

therefore o f depth. 

To appr eciate the principles of geoelectrical sounding let us consider 

Fig. 2 . It illustrates a two-layered geologic body having resistivities 

Pl and P2' where P2 > > P
l

· The two media are separated by a horizontal 

i nterface to a depth h . 

• 

/" ..... __ //1\ <D 
.. J, ".21 I .46,= _,' 
1(f\' ''' I TIh , _ / 

. " . 

A 

~,$~·!.fh.;1 -, 
v v • v • • • 

(12. • • • v • 

I, 

Fig. 2 . The fundamental principle of electrical sounding 
(Flathe 1976). 
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On the left hand side of the figure (assum~ng P2 = (;1;), Le. insulator). 

as h becomes small , while electrode sep~ration AB remains constant, 

the current density j on the surface increases. A proportional re l a­

tionBhip t!xists between j and the quotient AB/ h. The potential dif­

ference fiv, measured from the two potential electrodes located at the 

center of the electrode configuration , is proportional to j and also 

proportional t o the apparent resis-tivity p. Apparent resistivity is 
a 

related to the current density as a function of the quotient AB/h. 

On the right hand side of the figure, depth , h, is fixed as the current 

arm, AB/2, is expanded. We obtain the same quotient AB/h on both sides 

of the figure which implies that from the change of current density, j, 

on the surface, expressed as the apparent res i stivity , P
a

, we can deter­

mine the depth , h , of the interface between layers of the given geologic 

body by the process of "pulling up the underground" when the current 

elec trode separation is progressively enlarged. The graph (in a log-log 

scale) showing the apparent resistivi ty as a function of ~/h (AB/2 , 
is a convention from Schlumberger) presents this phenomenon. The 

apparent 
AB / h . 2 l.S 

resistivity (given that P2 » PI) increases when the quotient 

large . Conversely, where PI > P
2 

the apparent resistivity of 

the second layer decreases gradually until at some great electrode 

separation , when most of the current will be flowing through the second 

layer, the apparent resistivity will asymptotically approach the re­

sistivity of the second medium . 

2.3 Factors affecting resistivity of rocks 

The electrical resistivity of rocks depends on a number of parameters 

such as temperature , porosity and texture of rocks , salinity of the 

interstitial fluid and the degree of desaturat~on of the pore space. 

The combination of these factors or set of factors enhances the 

resistivity contrast between the rocks in the geothermal system and 

the surrounding rocks . However, some of these parameters may not con­

tribute to the causes of anomalously low resistivities that often. 

but not always, characterize geother mal reservoirs. Thus, it is important 

to discriminate and separate , if possible, certain factors which are the 

direct causes o f the low resistivity generally associated with geothermal 

environment. 
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2.3.1 Temperature 

Electrical conductivity of electrolytes increases in an exponential 

fashion with temperature , at temperatures which are below about 2S0'C 

(Meidav 1980) . It is notable that the mobi lity of ions is dependent 

on the temperature and concentration of electrolytes . A rise in the 

temperature of an electrolytic solution decreases the viscosity and 

hence leads to an increase in the mobility o f ions. On the other hand , 

a high concentration of ions in a solution reduces the mobility due to 

the interaction between ions, i . e . , the motion of ions will be i nfluenced 

by the motion of ions close to it. 

Fig . 3 shows the resistivity of a weak electrolyte as a function of 

temperature and pressure . An abrupt drop of resistivity of the solution 

is manifested for temperatures up to approximately 250 ·C. Near and above 

the critical temperature at 374·C the resistivity of the electrolyte 

increases with temperature. This is caused by the large' decrease in the 

dielectric characteristics of water , causing reduction in polarization of 

the water molecules . High p r essure would tend to compensate this phenomenon 

(Meidav 1980) . 

" i !R~"1i~~ ~ .~ In : )JOCL _ 
" " . .1. . ,', ,: I. -I ,-' 1- . e J~'I"I ':" . ' I 

, I ~ r ' , '.', -:' ' . . ..;, , 
,r I'I. ,II· . .I:;,.' ! "':. I~I_ ! . · ,f.5IlO ~I!<li_ 
.;._ .1. ,.' :._ ' .. : .... . ~ •. _'.;' .:. 

Fig . 3 . The effect of temperature and pressure variations 
on the resistivity of a dilute electrolytic 
solution (Meidav 1980). 
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The relationship between the res~stivity, Pr of the rock saturated 

with an electrolyte, and temperature has been approximated by (Dakhnov 1962) . 

p 

resistivity in n m measured at. the reference 

tempera ture 

t the ambient temperature in ' c 

(6) 

at - the temperature coefficient of resistivity, usually 

2.5%/·C for most electrolytes. 

In geothermal systems the effect of temperature variations is greatest 

at low temperatures, less than lOO'C, and becomes small above 200·C . 

Hence, porosity and salinity are the prevailing factors affecting 

resistivity rather than temperature in the deeper parts of a reservoir 

(Palmason 1975). 

2.3 . 2 Porosity and texture of rocks 

Porosity occurs as intergranular, jointed, vesicular and vugular 

texture in hydrothermal environment. The pore space provided by 

these rock textures permits the storage of fluid saturating the rocks 

where electrical conduction is carried out. 

The effect of porosity on resistivity of fluid saturated rocks has 

been described by an empirical function known as Archie's law which 

states that the resistivity varies approximately as the inverse power 

of porosity. This relationship is given by the equation 

( 7) 
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where p = the bulk resistivity of rock 

Pw the resistivity of water (or fluid) filling the 

pore space 

$ = fractional porosity 

a - a number near unity 

m E a constant which is nearly 2 in many rocks, but 

varies from 1.2- 1 . 5 in noncemented, well - sorted 

sediments, to about 3. 5 for older , well - cemented 

or crystalline rocks . It is sometimes called 

"the cementation factor" (Meidav 1980). 

Equat i on (7) indicates that the ratio of bulk resistivity to water 

resistivity should be a constant for a given porosity and shoul d not 

depend on the resistivity of the water in the rocks assuming constant 

temper ature (Keller and Frischknech t 1966 ). This is referred to as the 

formation f actor (F) as shown in the equation 

F = p/pw = a ~-m (8) 

According to Duba et al. (1978) this empirical formula is valid when 

the fluid resistivity is >lOm but not for fluids with resistivity 

>IOOOm . 

The above empirical formula has been translated by Meidav (1970) into 

a nomogram (Fig . 4) relating fractional porosity to formation factor, 

for any given value of m. 

2.3.3 Salinity of the interstitial fluid 

A re l ationship e xists between the salinity of the electrolytic solution 

and its resistivity. Fig . 5 presents the effect of salinity of sodium 

chloride solution on reSistivity at various temperature s. As the tem­

perature is elevated from 0 to 140·C the conductivity of sodium chloride 

increases about sevenfold . (The higher temperatures in the range of 

100-140 ' C are accompanied by sufficiently high pressures to keep water 

in liquid state.) 
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Fig. 4 . Nomogram for determination of any of the three parameters 
which affect the electrical properties of the r ock, when 
any two of these are known (Meidav 1970) . 
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Fig . 5. The dependence of resistivity on salinity of sodium chloride 
at various temperatures (Keller and Frischknecht 1966). 
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Graphical relationship bet~een rock re~istivity, temperature. porosity 

and salinity of pore fluid is shown in F.ig . 6 (Meidav 1970). The 

nomogram (right-hand side) consists of the interaction between water 

resistivity, salinity and temperature. The three left-hand side 

scales relate rock resistivity, formation factor and resistivity of 

the saturating fluid. This figure is a nomographic solution of 

equations (6). and (7l. when combined. 

A typical example of the use of these equations/nomograms was ill ustrated 

by Georgsson (1979) in his resistivity measurements at the Svartsengi 

geothermal field located at the tip of southwestern Iceland (see Fig . 

19). He demonstrated that the temperature drop from 240 ' C within the 

field to 40·C surrounding the field reflected resistivity contrast 

of 3 . 5 n:n to 10 n m inside and outside the reservoir , 

respectively. From these calculations, he concluded that the true 

resistivity in the geothermal area is mainly dependent on salinity, 

temperature and porosity. 

2.3 . 4 Desaturation effects 

Vapor-dominated geothermal systems are characterized by higher 

resistivity than the surroundi.ng , somewhat colder rocks. The 

re l a t ively high res i stivity values are attributed to the desatura-

tion of pore space of rockgrains with dry steam. However, low resistivity 

anomalies a r e sometimes attributed to the caprock above the dry steam layer 

of the vapour dominated system, as in the case of the Kawah Kamojang 

geothermal field (Hochstein 1970) . 

2.3 .5 Interaction of factors affecting the resistivity of rocks 

i n a geothermal environment 

I n teraction of the above factors in a geothermal environment poses 

a difficult task on the part of the exploration geophysicist. How 

can he be able to isolate one factor or group of factors from the 

others with the help of his resistivity measurements in order to 

explain the amplified resistivity contrast between the reservoir 

and the rel atively colder and fresher surrounding rocks? 

In the proven economic geothermal fields in the Tongonan, Wairakei , 
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Svartsengl, the Geysers , Kawah Kamojang etc . , a remarkable correlation 

has been revealed between the resistivity anomaly and the occurrence of 

of exploitable heat . 

Meidav (1980) has summarized sets of conditions that characterize 

geothermal systems which are best detected by electrical resistivity 

surveys: 

a) For a resistivity ratio greater than 1 : 5 between a geothermal 

reservoir (typically.s. 5 n m) and the surrounding regions ; 

1. the reservoir is liquid-dominated 

2. reservoir temperatures are often greater than 220'C 

3 . the depth to the production zones is less than or equal 

to 2 km. 

b) For higher resistivity of reservoir rocks against lower values 

related to the surrounding area: 

1. the reservoir is vapor-do~inated 

2 . temperature of reservoir approache$ and/or surpasses the 

critical temperature, i . e. greater than 300·C. 

3 . reduction of or considerable loss of porosity due to 

self- seali ng . 

The striking difference in the resistivity of geothermal and non­

geothermal environment may be due to the following factors: 

a. Salinity of the saturating flui d in reservoirs increases 

with elevated temperatures due to the greater dissolving power 

of hotter water . This phenomena is supported by the presence 

of large amounts of total dissolved solids in geothermal 

reservoirs . 

b . Hot fluids dissolve some minerals and drive them away from 

the central portion of the reservoir resulting in a greater 

porosity in the heart of the convective geothermal system. 

c . The enhancement of the overall conductivity of the rock 

mass can be explained by the hydrothermal alteration of 

igneous rocks into clays and zeolites. 



2.4 Methods of interpretation of Schlumberger geoelectrical 

sounding curves 

The aim of the interpretation of the geoe!ectrical sounding 
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data is to determine the resistivity distribution of different layers 

from the study of the sounding field curves . The first phase of the 

interpretation is to convert the apparent resistivity versus the electrode 

spacing graph into a calculated resistivity and thickness of layers or 

the "true resistivity" distribution of the earth . This analytical andl 

or graphical interpretation of the field measurements into an electrical 

resistivity model of the subsurface which agrees with the observed 

apparent resistivity values at the earth's surface is then correlated 

with the geological structure of the area under investigation. 

The interpretation of the spundings i.s. based on the assumption that 

the subsurface consists of a sequence of distinct laye~s of finite 

thickness (the deepest layer extends to infinite depth). separ~ted by 

horizontal boundary planes. each of these layers is assumed to be 

electrically homogeneous and isotropic. For the a bove conditions , the 

method of interpretation is said to be one-dimensional and can be 

accomplished through whole curve matching, partial curve matching 

with the help of sets of auxiliary graphs , forward modelling and inverse 

modelling. For a two-dimensional interpretation technique, the modelling 

is based on the specification similar to that of a one - dimensional case 

except that the effects of lateral resistivity variations or vertical 

boundaries of different resistivities are considered, the third dimen­

sion.of the geological body is assumed to extend infinitel y. 

2 . 4.1 Complete curve matching 

The technique in the interpretation of the data is done by a visual 

comparison of the apparent resistivity data versus the e l ectrode separation with 

the apparent resistivity curves computed for assumed models of 

stratification . When a good fit is found, the ratio of the thickness 

of layers with different resistivity and the ratio of the resistivity 

of layers can be read from the master curves . The resistivity of 

the first layer (which is the actual value read from the graph a nd con­

sidered as the true resistivity of the topmost layer at short electrode 

spacings) is multiplied to the ratio of the first-ta-second layer to 

obtain the resistivity of the second layer . This process can be re­

peated between the second and t he third layer. The same procedure is 

applied to determine the thickness of the layers . 
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Several albums of the three and four layer families of curves publ ished 

by Orellana and Mooney (1966) , the Netherlands Rijkswaterstaat 1968) and 

other earlier master curves have been avai l able over t he years . Example 

of a three-layer family of curves is shown in Fig . 7 . 

P, - P2- P3 
1 _ 0.0666 _ 10.0 

~---I-------1------~+ 
AB /2 0 ,0 .0 

Fig. 7 Exampl e of a three-layer family of curves used for complete 
curve matching . The parameter at each curve inuicates the 
ratio between thickness · of the second layer and the first 
layer. (The Netherland Rijkswaterstaat 1968) . 
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2.4.2 Partial curve matching: the auxiliary point method 

The method is based on t he use of auxiliary curve s (Fig . 9). in con-

junction with two-layer resistivity model curves (Pig . 8). 

of three-layer model curves is also found to be useful). 
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Fig. 8 . Two-layer resistivity model curves (Orellana 
and Moaney 1966). 

(The use 

Since complete curve matching seldom works for more than three layer 

situations (due to the number of infinite permutations of different 

resistivities and thickness combinations), the auxiliary point method 

has been developed to decompose a graph of any number of layers into 

a set of sequential two-layers. 
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The set of auxiliary graphs. (Fig. 9) are designed for each of the four 

possible combinations of resistivity layering in a three- layer case. 

The auxiliary curves are: 
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The mechanics of using this. method is. dis,cussed in the books by 

Orellana and Mooney (1966)" Bhattacharya and Patra (1969), Koefoed 

(1979) and in other publications. 

2 . 4.3 Forward modelling 

The method is a trial-and-error approach where a geologically relevant 

starting model specifying the number of layers and the resistivi ty and 

thickness of these layers is fed into the computer. The resultant 

potential field is calculated from the starting model giving the 

theoretical apparent resistivity values which are compared with the 

field data. If the agreement between the two sets of data is unsatis­

factory , then the parameters of the layer model are adjusted by the 

human interpreter . The process may require several iterations until 

a sufficient fit between the model data and the field data is attained. 

A graphic-display terminal can be used for visual comparison between 

the field curves and the calculated apparent resistivity values. A 

sample computer output of one- dimensional forward modelling is given 

in Appendix 11. It shows an adjustment on the originally proposes model 

(based on curve matching techniques) to yield a satisfactory fit . 

The curve matching techniques may be used to provide approximation of 

the thickness and resistivity parameters for the starting model . This 

helps to reduce the number of necessary iterations in the interpretation 

process. This starting procedure could also be applied to inverse 

modelling technique. 

2 . 4.4 Inverse modelling 

Unlike in the forward modelling technique, where the iterative process 

is done by the human interpreter, inverse modelling makes use of the 

computer to decide the adjustment of the layer parameters of the model. 

Based on the starting model from which theoretical apparent resistivity 

values are calculated , the computer does the comparison between the 

field data and the apparent resistivities derived from the model . 

The iterative process is continous until the overall difference between 

the sums of squares of deviations of the theoretical curve and the 
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field curve in the last two iterations is reduced by less than 0 . 1%. 

This stop criterion (difference < 0 .1 %) i-5 determined b y the human 

interpreter because electronic computers are unaware of reasonable 

limits on char acterizi ng the physical parameters of the der i ved models . 

Input: 
Adequa te starting 

model in accordance 

with geological concept 
specifying thickness 

and resistivity of loyers 

~ 
Calculate theoretical 

apparent resistivity 

values from the 
model 

1 
Output: 

/ Theoretical 

apparent 
resist ivity curve 

~ 
Graphic display 

terminal for compar-

ison of field curve 

and theoretical 
apparent resistivity 
curve 

A 

Input: 
I. Field dota 

2 . Starting model 
with layer parameters 

Calculate apparent 

reSistivity values 
from model 

Compare 
theoretical curve 

with field curve 

Difference 
tween sums of 

'Squores of deviotions of 
theoretical curve ond f ield 

urve in lost two 
iterotions 

0.1 % ? 

No 

New model 

Adjust model to 

reduce overoll differ_ 
ence between theoretico l 
curve ond field curve 

B 

Output: 
I. Theoreticol curve 

2 . Model for the true 
resistivity distribution 

of the subsurfoce 

Fig. 10. A flow- chart showing A: the sequence of operati ons in f orwar d 
modelling inter pr e t ation f or one - and t wo- dimens i onal cases, 
B: t he i nverse mode l ling technique (Ci rcle2 program) for one­
one-dimensional case . 



- 29 -

Fig. 10 shows the compari.son betw,een the sequence of; operations 

employed in both forward modelling{one- and two-dimens.ional cas.es) 

and the inverse or automatic iterative interpretation for a ooe­

dimensional situation. 

2 . 4.5 Two- dimensional interpretation 

In a two-dimensional case, the physical properties of the earth change 

in two dimensions but stay constant in the third dimension . The inter­

pretation of the sounding field data makes it possible to determine 

lateral heterogeneities or vertical boundaries of different resistivities 

of the earth . Fig. 11 shows the values of resistivity ratios ~ as a 

function of the azimuth angles at 0 · , 45 - and 90 · . These apparent 

resistivity curves have been derived for Schlumberger sounding measure­

ments near a vertical contact separating two media of distinct re­

sistivities. The azimuth angle y is the angle made by the sounding line 

and the surface trace of the vertical contact (Fig. 12) . The theoreti­

cal sounding curves indicate that for a given azimuth angle, y, the form 

of a sounding curve varies considerably more as a function of resistivity 

ratio when ~ is less than unity than when ~ is larger than unity. The 

sounding curves for a given value of y are almost identical for values 

of ~20. For values of U«l , the theoretical sounding curves are 

significantly distinct from one another when U is changed, especially 

at small values of y. 

Forward modelling techniques can be employed in the interpretation of 

two- dimensional earth structure. The technique is the same as described 

in chapter 2 . 4.3. 
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ratios as a function of the azimuth angle (Zohdy 1970) 
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A B 

Fig . 12 . Placement of electrodes (A , M, N, and B) in relation to a 
vertical contact separating two media (PI and P2) of dif­
ferent resistivities ; d, perpendicular distance from the 
center of the array to the vertical contact. A, All 
electrodes on same medium of resistivity (p!) ; B, three 
electrodes on one medium of resistivity (Pt) , and one 
electrode on second medium of resistivity (P2l (Zohdy 1970) . 

2 . 5 Limitations of the resistivity sounding method 

2 . 5 . 1 Topographic effects 

Si nce most of the electrical resistivity surveys are conducted in 

mountainous terrains where most high- temperature geothermal areas 

occur (Philippine geothermal fields , Kawah Kamojang, the Geysers etc . ) , 

knowledge of the nature of these effects and their inclusion in the interpre­

tation models are important . Treatment of the r aw resistivitv data 

obtained from t hese rugged areas could produce topographic- related 

anomalies that may lead to ambiguities in the interpretative models 

if one does not take into account the significance of topographic 

effects. 

Topographic effects are geometric effects which are inherent to the 

relative locations of the current and potential electrodes and the 

nature of the terrain itself where resistivity survey lines are carried 

out. Because of these conditions; current flow lines are distorted 
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with corresponding effect on equipotential lines. This results in 

the alteration of the actual current and voltage readings which can 

be critical to field measurements and data interpretation. 

Fig . 13. Current flow and equipotential line configuration through 
a homogeneous fiat earth created by a dipolar electric 
field . 

Fig . 13 shows the undisturbed current flow and equipotential lines 

of a dipolar electric field for a homogeneous flat earth. The effect 

of a hill and a valley on the distribution of current flow and 

equipotential lines due to a distant current source in a homogeneous 

earth is shown in Fig . 14. Across a hill, a zone of current dispersion 

and a corresponding divergence of equipotential surfaces normal to the 

current flow are created, therefore producing a low apparent resistivity. 

On the other hand, current flow lines tend to concentrate beneath a 

valley, allowing equipotential surfaces to converge , thus the apparent 

resi s tivity will seem to be higher than the true resistivity. 

Topographic effects are uniquely related to the particular electrode 

arrangement used. 
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Current source 
at Infinity 

+--

0\ Earth 
\<>",e \ :..-.::>.;~- Equipotentia l Lines 

",..,( . \ Current Flow Lines 
\ -1--+-+ ....... 

\ 

I I I I 

I. Zone of r--Current Dispersion 
Zone of _I 

Current Focuslng----' 

Fig. 14. Current flow and equipotential line distribut ion accross 
a hill and beneath a valley (Fox et al. 1978). 

Fig. 15 shows an example of a high- angle r i dge s l opi ng downwards on 

both sides. Measurements for both dipole-dipole and Schlumberger 

arrays will result in diffe r ent vo l tage readings at t he given current 

electrode position . ( I n the case o f a dipole - dipole survey , at re­

ceiving dipole where current focusing occurs , an increased potent ial 

differenc e VI a r ises . Conversely , potential di f f e r e nce V2 decreases 

due to current dispersion . While in the Schlumberger electrode configu­

r a t ion , where the potential drop is measured at the center of the 

arr ay, a rela t ively small e f fect on t he voltage drop V is produced in 

this particular situation . ) 

The nature and signifi cance of topographic eff ect - resistivity anomalies 

have been studied by Fox et al. (1978) . In their e xperiments they used 

a two- dimensional , f i nite element comput er t echnique for ana lysing the 

nature of these anomalies, correcting apparent resistivity data for 

topographic e f fects and incorporating topography in the interpretative 

models . They have published computer- generated models for various 

terrain situati ons on a valley , a ridge and a slope empl oying an in line 

dipole- di pole elect rode arr ay . 
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CurrenT 
Dispersion 

Currt'nl Focusing 

Current Flow Lines 

v, • Incrt'Oied Pot~nliOI Di/terl:'nce 
Relative IQ Flat Earth 

V •• Decreo~ed Poten tial Oifftrtnce 
Relative to Flot Ear th 

Fig. 15. Current focusing and dispersion produced on a ridge at a 
given c urrent electrode pOSition; VI and V2 are voltage 
readings for dipole-dipole array, V for Schlumberger array 
(Modified after Fox et al. 1978) . 

2 . 5.2 Coastal effects 

Geoelectrical resistivity soundings have been performed on land close 

to coastlines in Southern Africa along the Indian Ocean (Blohm et al . 

1977), Mau! Island, Hawaii (Mattice and Lienert 1980)., Biliran Island , 

Philippines (Layugan 1981) and al~ng fjords in I celand (Georgsson , pers. 

comm . ). Most of these vertical electrical soundings, either conducted 

parallel or perpendicular to the coastline, showed the in~luence of 

the highly conductive s.eawater (res . approx. 0 . 2 nm) on the resistivity 

field data. Therefore , it is worhwhile to correct thes.e apparent 

resistivities before translati.ng them into true resistivities of the 

rocks. 
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Mundey and Worzyk (1979) proposed a model consisting of a perfectly 

conducting , thin semi-infinite sheet, lying on the surface of a homo­

geneous earth (Fig. 16) to estimate the effect of the low resistivity 

ocean on a geoelectrical sounding measured near a coas-t!ine (the 

influence of seawater intrusion into the rocks is not considered in 

the model) . They give model curveS of the apparent resistivity 

for soundings located parallel or perpendicular to the edge of the 

coast. From these model curves it is possible to determine resistivity 

curves for other current and potential electrode arrangements. In a 

Schlumberger sounding configuration the corrected apparent resistivities, 

Pc, are given by (Mundrey and Worzyk 19 79) . 

~ -I 
(2b) 

2b (9) Pc - tan + ---
TI 

1+4b
2 

for soundings parallel to the coast and; 

~ -I /b + I +~) h - lib 11 + lib 
pc tan + 

TI 
I 4b ,It,2 I 2b - 1 2 b + 1 

for soundings perpendicular to the coast, 

where pa = the apparent resistivity 

b = ratio of the distance , D, to the coast from the 

center of the array to AB/2 (Fig. 16). 

Fig. 16 . Behavior of equipotential lines on the surface of the earth 
(z = 0) for two current electrodes near an i n finitely thin 
and infinitely conducting sheet (x > 0) over a homogeneous 
half- space . The potential lines are disturbed considerably 
only immediately near the coast (Mundrey and Worzyk 1979). 

( 10) 
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2 .5. 3 Limits of resistivity modelling 

Interpretation of a sounding field curve may yield several resistivity 

models of the earth. Fig ... 17 shows a field curve which when seen at first 

glance seems to represent a four-layer case consisting of a dominating 

maximum and a double descending branch . However, this could also give 

an interpretation of three other models such as 5-, 6- and 12-1ayer 

cases. The deviation of the four theoretically calculated values of 

apparent resistivity from the measured data is ± 5% . This deviati on 

is within the limits of the accuracy of the measured data. 

• • • • :roo )00 _ $00'" 

Fig . 17 . Geoelectri cal sounding graph Pa (AB/2) . 
The vertical profiles plotted in logari t hmic scale (using 
the AB/2-scale as depth scale simultaneously) and provided 
with the layer resistivities in n m represent equivalent 
interpretations as 4-, 5-, 6- and 12-layer cases. The 
deviation of t he theoretical ly calculated values of Da 
from t he measured data (in %) is given at the bottom of 
the diagram (Flathe 1976) . 

The above example illustrates the mathematical - phYSical aspect of 

the interpretation , i . e . from the fi eld data to layer model parameters . 

The question arises: What would be the correct solution from among 

the four possible models? To solve this problem the role of a geo-

logic al concept is indispensible in translating the phYSical 

results into geological facts. The int erpretation of sounding c urves 

should not depend largely on the modern computer techniques. Rather 

the dialogue of the geophysicist and his computer should be replaced 

by the collaboration between the geophysicist and the geologist t o 

overcome the difficulties arising from the fundamental limits of the 

resistivity interpretation . 



3 D.e. SCHLUMBERGER RESISTIVITY SURVEY OF THE THEISTAREYKIR 

GEOTHERMAL AREA, NE-ICELAND 

3 . 1 Introduction 
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Direct current Schlumberger resistivity data from the TheistareyJUr geother­

mal area in NE-Iceland, were collected in three separate field seasons. 

From the summers of 1972, 1973 and 1981 there are 17, 13 and 7 

vertical electrical sOW1dings, respectively . Areal coverage of the 

resisti vi ty survey is approximately 100 km2 , mainly focused on the 

center of the active thermal area of Theistareykir and its vicinity. 

The location of the soundings and resistivity cross-sections are shown 

in Fig. 18. 

The sounding measurerrents were performed to delineate areas of geo­

thermal significance for more detailed exploration and for possible 

development and exploitation. Several other exploration methods have 

been applied in the area to date. such as detailed geological mapping 

(1973 and 19811, an aerornagnetic survey (1974), gravity measurements 

(1981) and chemical analyses of gas samples collected from the surface 

thermal manifestations present in Theistareykir (1972, 1973 and 1981). 

This chapter deals with the interpretation of electrical sounding data 

from the Theistareykir area A resistivity model is presented and its 

geothermal implications discussed. 

3.2 Geology 

3.2.1 Regional geologic setting 

Iceland is the exposed part of the northernmost extension of the Mid­

Atlantic Ridge which is the boundary between the Eurasian and the 

American plates. It is composed of a thick pile of almost entirely 

Cenozoic basalts with some 10% of acid and intermediate rocks (Saemunds-

son 1979) that have been accumulated by the continuous volcanisrn from 

Miocene to the present . The most recent volcanic acti vi ty in the country 
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is exhibited in the Krafla geothermal area , NE - Iceland, where the current 

rifting episode has been active since 1975. 

The active zone of rifting and volcanism, the so called Neovolcanic zone, 

crosses Iceland from the Reykjanes Ridge in the south-west to the Kol­

beinsey Ridge in the north. The Neovolcanic zone is flanked by strips 

of Quarternary volcanics and below them are Tertiary flood basalts, which 

increase in age symmetrically away from the active zone (Saemundsson 

1979) . The Neovolcanic zone is predominantly characterized by fault- and 

fissure-swarms, and active volcanis'ffi . Central volcanoes are formed on 

the fault- a nd fissure - swarms where t he lava production is highest . 

These sites are also comnxmly characterized by the presence of acid 

rocks and high-temperature geothermal fields (Saemundsson 1978). 

Fig. 19 presents a tectonic map of Iceland . 

3 . 2 . 2 Local geologic setting 

The Theistareykir geothermal area is situated in the northernmost part 

of the Neovolcanic zone (Fig. 19l. The area under investigation is 

dominated by NNE-SSW striking tectonic and eruptive fissures which have 

been active in Upper Pleistocene «0 . 7 m. y.) and Postglacial (last 9.000 

to 13 . 000 years) time (Gronvold and Karlsdottir 1975). The upper Pleisto­

cene volcanic activity yielded earl y and late hyaloclastites of subglacial 

origin and interglacial lavas. A rhyolite dome (Maelifelll has been 

extruded during that time and is exposed about 6 km northwest of the 

Theistareykir thermal area . Unconsol i dated deposits in the form of sand 

and gravel , found in the western part of the Theistareykir area, are o f 

Late Pleistocene age. During Postglacial time lava shields produced 

basaltic lava flows . The youngest l ava flow is younger than 2000 years, 

erupted from Storihver volcano with extremely fresh lava surface and 

little soil cover, mostly moss . A map showing the geology of Theista­

reykir is presented in Fig. 7.0 (Gronvold and Karlsdottir 1975). 

The sur face manifes tations of the active thermal area of Theistareykir 

(Fig . 18) are characterized by steaming vents , bOiling mudpools and 

highly altered ground (Gronvold and Karlsdottir 1975) . The thermally 

altered ground covers an area slightly less than 4 km2 . Spots of cold 

altered ground a re also present in the vicinity of the area , especially 

in its western part. 
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3 . 3 Measurement Techniques and Methods of Instrumentation 

The direct current geoelectrical sounding method using the Schlumberger 

electrode configuration was used in the resistivity surveys carried out 

in the Theisti'lreykir area . Most of the 17 soundings performed in 1971 

utilized a maximum current electrode arm (AB/2) of 900 rn, and the 

measurement data pOints of each sounding were relatively dense . In the 

following year, the current electrode spacing was revised reaching to 

about AB/2 = 1500 m to achieve a greater depth penetration of the current 

into the ground; likewise the number of sampling points of resistivity 

data i n a sounding was reduced. During the fieldwork in the summer of 

1981 , a maximum current arm of AB/2 = 1580 to 2000 ID were applied with 

10 measuring points spaced evenly on a logarithmic scale per each decade. 

This has been the standard procedure practiced in geoelectrical soundings 

conducted in Iceland during the last couple of years. Of the 7 soundings 

performed this year 5 were designed for two-dimensional interpretation. 

For t h is purpose sounding lines were posi t ioned perpendicular to the 

general trend of the geologic structures present in Theistareykir area . 

All the field work has been conducted by exploration teams from the Geo­

thermal Division of Orkustofnun (NEA) . The author participated i n the 

field work in 1981 . 

Any unreliable resistivity data recorded during the field measurerrents 

could impair the entire process of resistivity interpretation. Thus, 

obtaining good quality field data (at least within a reasonable range of 

error) is the most critical factor in the geoelectrical sounding process. 

The following are SOIre practical points observed in the field that are 

worth considering while performing sounding rreasurements: 

a . Care should be taken in the selection of location for the potential 

electrodes on the ground to avoid where near-surface in homogenei ties 

may occur . The equipotential surfaces could be distorted by these, 

which would alter the voltage readings recorded during the entire 

measurements of the sounding . 

These inhomogeneities can be effectively detected if the sounding 

measurements are started at AB/2 = 100 m with different potential 

electrode spacings, say at 0.2 , 2 . 0 and 20 m (see Appendix I for 

sample of field data) . If variations in the apparent resistivity 
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obtained at these different potential electrode spacings are small, 

t hen the sounding can proceed by restarting measurements at AB/2 = 

1.00 m up to the desired maximum current electrode separation. Other­

wise , another site should be selected for the center of the entire 

electrode system (near the intended location of the sounding station) . 

Flat grounds are preferable for positioning the potential electrode 

spread to avoid distortion of equipotential surfaces. 

b . Once in a while during measurements a check of any appreciabl e curren t 

leakage in current wires should be made, especially when these wires 

are laid on wet ground . This is accomplished by disconnecting one of 

the current wires from its electrode . Current is then sent out and 

i f a considerable amount of current is recorded, current leakage may 

be suspected (this procedure should be done for both electrodes A and 

B). In that case , current wires must be verified and repaired for any 

damage . 

c. The contact between the cable reels containing the current wires and 

the ground (especially when wet) can also be a source of current 

leakage. The detection of this effect could be accorrplished by the 

techniques mentioned i n item b. Elimination of this problem could be 

done by insulating the cable reels with plastic bags (or any other 

insulating mat erial) or by hanging these reels over wooden sticks . 

d . I nhomogeneities may be formed by wire fences or objects that are not 

visible from the surface such as buried pipelines . Wire fences, owing 

to their high conductance distort current flow in the ground particu­

larly when they are in good contact to t:he ground (for example wire 

fences with metal posts) . These effects are reflected in the field 

c urves . 

e . While conducting the field measurements , the apparent resistivity 

recorded at every measuring point should be plotted at once on a 

double-logarithmic graphing paper . This aids in noting the trend 

of the sounding curves and at the same t i me assessing the quality of 

the data. When necessary during the measurements , these field curves 

c an be intezpreted in a preliminary manner by curve matching 

t echniques for translation into layer parameters of the subsurface . 
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This helps in exercising some geological insights in the initial 

interpretation, especially when geological features are obse rve d 

in the neighbourhood of the sounding station . 
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___ ~~====~Jl ____ ~ .. ~2'~V~ ______ ~ __ .t==t-__ ~~====~ __ __ SIGNAL ' 
NOISE 

",e'lU 

Fig . 2 1. The detection of the potential difference , 6.v , in no noise 

and noise cases , when the resistivity instruments are work ­

ing automatically. 

The instruments used in the 19 8 1 survey were greatly improved from those 

utilized in the previ ous surveys. The instruments were designed and 

built at the Orkusto fnun (NEA) electrical laboratory in Reykjavik . The 

set of instruments consists of a power transmitter, a vo ltage receiver 

and a data processor . The transmitter , with a maximum power output of 

500 W and a maximum voltage of 1000 v , sends o ut regulate d steady current 

square wave with 2 , 4 or 8 seconds (TT) between polarity changes . The 

voltage receiver , which can be operated manually or automatically, has a 

maximum sensitivity of approximately 1 lJV and balances out self- potential 

variations. When operating in the automatic mode the transrni tter sends 
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an optic signal to the receiver just (0.1 seconds) before changing 

polarity . The receiver ' s reading period can be varied but is usually 

kept slightly shorter than that of the transmitter's. Fig . 7.1 shows 

the reading period TR and transmitting time TT of an ideal no noise signal 

and a signal plus noise cases . The various voltage readings are auto­

matically s t acked in the data processor. The average and standard de ­

viations of the voltage readings can be determined. This makes it 

possible to get mean i ngful results beyond t he stage when the telluric 

noise exceeds the signal. 

3.4 Modelling Pr ograms 

3 . 4 .1 Program CIRCLE2 (One-dimensional case) 

An iterative least squares program using singu lar value decomposition 

(Johansen 1977) was utilized to interpret t he 37 Schlumberger sounding 

measurements obtained from the Theistare ykir h igh-temperature area . The 

computer program can calculate the apparen t resistivity values from a 

starting layer-model based on the assumption that the earth is hori zon­

tally stratified (see also Ch apter 2 . 4 . 4). The sequence of operations 

in the execution of the program is shown in Fig . 10. A sample printout 

of one of the interpreted The i star eykir soundings (THK041 is given in 

Appendix II . The sample output includes the field data, the several 

ite r ations made to come out with the bes t solution of the layer roodel 

and the theoretical curve . It also shows the extreme parameter sets and 

the relevant information about the extent of the accuracy of interpreted 

fi nal model. 

One feature of the program is that a layer paramete r, i.e. resis t ivity 

and/or thickness of any layer in a model can be fixed. The fixed para­

meter values determined by the human i nterpreter may be relevant with 

some geological concepts or simply the values a re already known from 

other studies . 

3 . 4 . 2 Program DIM- 2 (Two-dimensional case) 

A finite - difference program (Dey and Morrison 1976 ; Dey 1976) was used 

in the interpretation of 5 Theistareykir Schlumberger soundings designed 

f o r two-dimensional modelling. The program is capable o f modelling resis­

tivi ty variations in two dimensions with the third dimension assumed to 
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be infinite . It computes poten tials a t all nodal points wi thin and on 

the surface of an arbitrary two-dimensional earth model. The grid net­

work consists of 113 nodes in the x- direction and 16 nodes in the 

z-direction . A sample printout of a calculated apparent resistivity 

curve derived from the model of one sounding from Theistareykir (THK 33) 

is given in Appendix 11. The output of the program includes the gridfile 

which gives information on the grid network , filterpoints , position of 

the current and potential electrodes, and the given model. 

3.5 Interpretation of Resisti vi ty Soundings 

3 . 5 . 1 One - dimensional interpretation 

The location of the resistivity cross-sections is shown in Fig. 18. 

Cross - section A- A': The model (Fig. 22) is cut along a 10 km ~mw-ESE 

trending section passing through the active thermal area of Theistareykir . 

This section includes 12 soundings with the current arm (AB/2) generally 

e xtending to 1500-1600 m. 

The Jl):.)del defines an almost vertical resistivity "low" of <150m from the 

top of the thermally al t ered ground down to a depth of more than 1000 m. 

The width of the low resistivity zone is about 3 km . A sharp contrast 

to the east delineates the eastern boundary of the anomaly. To the west, 

the prominent low to inte r mediate resistivity units are underlain by a 

relatively high resistivity formation. This high resistivity is likely 

to be caused by intr usive rocks which are suspected to be present in the 

western part of the area. Field curves of soundings 21, 32, 35 and 36 

(Appendix I) reflect these resistive bodies as indicated by the increase 

of apparent resis t ivity values at depth . The "dry" lavas in the upper ­

most 100 m (above the groundwater table) are notable by their extremely 

high (~ 5000 nm) resistivi ty results . 

Cross-section 8-8' ; The section (Fig. 23) runs across the thermal area 

with a SS~'l-NNE direction along a 12 km-line . Most of the 10 soundings 

which are concentrated in the central part of the section have a maximum 

current arm of about 900 m except for soundings 30 and 31 which reach out 

to about 1500 m. 
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Fig _ 22 _ Interpreted resistivity model a l ong cross - section A-A' _ 

The low resistivity anomaly of <lSflm defined in the model is slightly 

broader than in cross section A-A' _ A transitional zone is noted to the 

north of the anomal y _ Thi s may be i ndicative of a gradual cooling of 

rocks towards this direction . This is supported by the fact that the 

general flow of ground-water in the area is towards north _ The elongate 

resistivity pattern t o the north also reflects the NNE striking fissures 

found in the northern part of t he resistivity anomaly _ This pattern is 

similarly manifested in the resistivity contour maps at 0 , 300 and 600 m 

below sea level (Fig _ 25 , 26 and 27) _ To the south of the anomaly , the 

resis ti vity changes to "intermediat e values although this boundary is con­

siderably depende n t on one sounding (28) _ However, sounding 6 measured 

at the same location as sounding 28 also reveals an intermediate to high 



B 2. , 

E 

~ I 30 I 1:3 

.:: :12 
:: : ::: .1.2: ;cl5::" . .. .. ~ 

- ·f) -

4 18 S' 

" 

.~ .4'00 '1 
o . , 
w "": : :::.;.::-+ " 

LEGEND 
0,-, _--'~_..rfkm 

See Cross sect ion A-A' 

Fig. 23. Interpreted resistivity model along cross - section 8 - B' 

resistivity laye r of about 200 Om. The basaltic lavas in the upperrrost 

100 m are corrpatible with the highly resistive layer of >1000 Om. 

Cross section C- C': This secti on (Fig . 24) extends almost parallel to 

the prevailing trend of faults and fissures in the western part of the 

area . Spots of cold altered ground are found along this line . 

A localized resistivity " low " of about 25 nm coincides with the cold 

altered g round located near sounding 21 . A trend of low to intermediate 

resistivity layers (25- 50 Om) dip toward south . Diffuse boundaries are 

noted between t hese layers a nd the relatively high values at depth in 

soundings 21, 35 and 36 . The behaviour o f these soundings at depth and 

the likAly cause of the relatively high resistivity was pointed out in 

the discussion of cross- section A- A' . Similarly , lavas of >1000 RID 

resistivity are prevalent on the surface . 
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Fig. 24. Interpreted resis tivity lOCldel along cross- section C-C: 

"The isoresistivity maps: Three isoresistivity maps (Fig. 25 , 26 and 27) , 

were contoured at elevations of 0 , 300 and 600 m below sea level . All of 

these display similar resistivity shapes and t rends. The 15 Om closure 

defi nes a low resistivity anomaly which covers an area of approximately 

6 - 8 km2 . At sea level, the 50 Qm l i ne encloses a broader area re l a tive 

to the maps of greater depths . The enlargement of this resistivity 

contour line is mainly due to t he localized low resistivity values in 

t he western part of the geothermal area . 

The fi eld data of the group of soundings southwest of the thermal area 

are not in a good agreement . This is especially true for soundings 16 , 

25 and 37 (Appendix I). Data of these soundings at depth (with maximum 

AB/ 2 of 900 m except sounding 37 at 1580 rn) appear to be disturbed by 

late ral inhomogeneities and/or vertical boundaries . This is suggestive 

of a complex geological structure of the a r ea where these soundings are 

located . The young lava s h i eld (Storihver) which is to the west and north 
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Stations with no resisti vi ty values assigned 

indicate that the interpreted soundings do 

not reach down to 600 m b . s.!. 
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of this group of soundings , may play a role in these effects . Field data 

obtained in areas like this can be exceptionally difficult to interpret 

quantitatively . The southwestern portion of the 25 nm isoresistivity 

line is therefore not well- defined as shown in the countour maps. How­

ever, inspection of the field curves discloses a downward trend that might 

justify the doubtful resistivity values of 20 Om assigned to these sound­

ings . 

3.5.2 'IWo-dirrensional interpretation 

Five D.G . Schlumberger soundings wi th a maximum current electrode spacing 

(AB/2) of 1580-2000 m were used for the two-dimensional IDOdelling of the 

resistivity structure of the Theistareykir area. These soundings , 

generally trending in one direction, cut approximately a 13 km section 

extending from Ntm-ESE; its mid-section crosses the Theistareykir thermal 

area (cross- section D-O' in Fig. 18) . These soundings, spaced approxi ­

mately 2000 m apart, generally overlap each other for about 1700 - 2000 m, 

except for soundings 32 and 35 which overlap for about 300 m. There were 

no problems of terrain effects on field resistivities since the topography 

in the area is essentially flat . 

Fig. 28 shows from top to bottom the two pseudosections for both the field 

data sets and the model-generated data sets , and the two-dimensional 

resisti vity model. The apparent resistivities of the field data sets are 

plotted, by convention , below the centers of the sounding arrays . The 11 

plotted measuring points of the field data sets, were selected at various 

AB/2 at the first few hundred meters (where data is dense) to faciliate 

contouring and convenient presentation . For example , the first measuring 

point is plotted at AB/2 = 10 m while the last point is at AB/2 1580 or 

2000 m depending on the maximum current electrode separation . On the 

other hand , the calculated apparent resistivities derived from the model, 

consist of ten sampling points starting from AB/2 = 300 m down to 2100 m 

with an interval of 200 m. The number of sampling points and their 

location in terms of units, is determined in the gridfile of the modelling 

program used (see Appendix II) . Therefore the near-surface resistivities 

in the calculated apparent resistivity pseudosection are averaged in con­

trast to the apparent resistivities plotted in the field resistivity 

pseudosection. 
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The approximate location of the lateral and vertical boundaries in the 

model was based on the behaviour of the field curves and on the surface 

geology and structures in the area . These two factors seem to agree 

quite well. The abrupt rise of the field curves at greater electrode 

separations can be both attributed to vertical boundaries and to high 

resistivity fo rmations at depth. This characteristic of the curves is 

evident particularly in soundings 32 , 34 and 35 (see Appendix I). On the 

other hand the behaviour of the curves of soundings 31 and 33 is inter­

preted to be the sole effect of vertical boundaries . 

The assignment of resistivity units for the initial two-dimensional models 

was based on the field resistivity pseudosection , some complimentary 

information from the one - dimensional models and the knowledge of the geo­

logical structures of the area . For example , the resistivity units of 

30 and 40 rim below sounding 32 were based on its one dimensional inter­

pretat ion and the other interpreted soundings close to it. 

Several adjustments of the model were necessary to fit the field data and 

the calculated apparent resistivities . Generally the comparison between 

these indicates a good to excellent agreement . This is especially true 

for soundings 31 , 33 and 34 . The encouraging result is appreciated since 

the l ow resis t ivity anomaly (<15 rim) depends considerably on the inter­

pretation of t hese soundings . 

Since soundings 32 and 35 overlap for only 300 m, the resolution of 

vertical boundaries in the nodel affected by these soundings is relatively 

weak.. Furthe r more , the field curve of sounding 35 rises steeply starting 

at AB/2 .. 400 m up to its maximum c urrent electrode spacing . Hence it 

would be impossible to match this part of the field curve to a theoreti­

cally acceptable calculated curve . It is also doubtful whether this 

sounding can be interpreted two - dimensionally with any accuracy , because 

of complex geo logical structures in its vicinity . The data of sounding 

32 are on the other hand scattered at depth . However, it can be noted 

that the resistivity pattern at the left side of both pseudosections 

appears to agree fairly well. 

The resisti vi ty values contained in each block and the lateral and 

vertical boundaries in the IOCldel should not be considered exact . For 

instance, in cases of monotonically increasing or decreasing resisti vi ty 
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units, the range of acceptable models may be quite large because of the 

equivalence of the lI'lCldels. The contrast between 8 and 1500 nm units 

is considered as extrerrely high and stretches the program of interpre t ­

ation to its limits . 

3.6 The Resis t ivity Model and its Geothermal Implications 

At first glance the section shown in Fig. 29 could be regarded as a new 

version of the two-dimensional model. However this resistivity model, 

cut from east to west , is the result of the complerrentary interpretations 

of both the one- and two-dimensional models. 

Ec" Y PC .I~lcciol Left Poll;lociO I ~IO I I 
h)'Qloclo.lile bc.c ll 

Irom 

~EGEN[) 
D <I!I Om EmIl25-SO Om .,OO- IOOOllm 

EJ 1:I-2~ ' g SO-lOO _ >1000 

Fig. 29 . Resistivity model based on one - and two-dimensional 

interpre tations _ 

0,-_--'-__ .;". 

The highly resistive surface layers of >5000 nm correspond t o about 100 m 
of "dry" (above the groundwater table) Postglacial (youngerthan'W10.000 years) 

basal tic l ava flows extruded from the lava shields present in t he Theista­

reykir area (Fig. 20) _ This thickness of the top layer was confirmed by 

surface geological mapping in the area (Torfason 1981, pers. comm.) _ 

Exception to this top layer is the low resistivity unit of 6 nm which is 

confi ned within the active thermal area. This is to be expected since 

thermally altered ground is characterized by the presence of clay and 

other alteration minerals which are generally very conductive_ 
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A conductive body 1s represented by the anomalously low resisti vi ty of 

<15 )lm . This low resistivity body, with a width of about 5 km along 

this section , is indicat! ve of the upwelling zone of the Theis t areykir 

geothermal system . A sharp boundary is evident to the east of the con­

ductive zone . This boundary may reflect a buried fault or faults which 

would serve as a hydrological barrier for the hot fluids in the geo­

thermal system. This inferred fault is not found on the surface . The 

NNE-trend of the hyaloclastite ridge (Fig . 20) north of the anomaly may 

suggest the presence of fau lts which may be the northward extension of 

the faults p r esent south of the 8aejarfjall volcano . H . Torfason has 

recognized surface traces of faults on top of the volcano. The high 

resistivity unit of ,(;1000 nm in the eastern part of the area could be 

interpreted as colder and fresher rock formation unaffected by the hot 

fluids of the geothermal system. However , as indicated in cross-section 

A-A' , a transitional zone of about 1 . 5 km of intermediate resisti vi ty 

exists between the conductive and the resis tive formations . It could 

therefore be noted that the boundary between these two units is more 

diffuse than the trodel in Fig . 29 indicates . 

To the west o f the conductive zone , units of low to intermediate resis-

tivities (30-40 Om) may be attributed to a horizontal flow of hot water 

f rom the central part of the geothermal system. Steam coming out in the 

western flank s of the young Storihver lava shield could attest to this . 

The high resistivity layer at depth may be attributed to intrusive bodies 

such as dykes , sheets and other intrusions with a very low porosity . 

The presence of such intrusive rocks is conuron in central volcanic 

systems located within the Neovolcanic zone in Iceland. 

The aeromagnetic map in Fig . 30 (flown by P rof. T . Sigurgeirsson , uni­

versity of Iceland in 1974) shows a prominent negative magnetic anomaly 

«51 , 000- 51., 500y) that coincides with the upwelling zone as defined by 

the low resistivity anomaly. An interesting feature of the magnetic 

map is the E-W trend of the magnetic anomaly . This feature may resemble 

the pattern of low to intermediate resistivity units at shallow depth 

as described above , and is a further indication of outflow of hot water 

to the west from the central part of the geothermal system. 
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Preliminary interpretation of geochemical analyses of gas samples 

collected from t h e acti ve thermal a rea of Theistareykir suggests a 

similar location of the upflow zone as indicated by the resistivity 

and magnetic anomalies (G. Gislason 1981 , per . comm.). 

The Theistareykir geothermal area is characterized by a low resistivity 

body and a large contrast between the resistivity within the body and 

that of the surrounding rocks . Applying the rules of thumb described 

by Meidav (1980 ; see also Chapter 2. 3. 5) these resistivity signatures 

are indicative of a liquid-dominated system with a reservoir tempera­

ture '?220·C and a depth to the reservoir of $2 km. The low resistivity 

anomaly of <15 S1m manifested in Theistareykir against the relatively 

high resistivity of the surroundi ng rocks may be the effect of the 

combination of factors such as temperature . porosi ty and salinity of 

the saturating fluids in the rese rvoir rocks . 

The heat source of the possible geothermal system i n Theistareykir 

probably corres from some :recent i n trusive rocks (or even a magma chamber) 

assoc i ated with the Theistareykir volcanic system. Pore space that 

permits the storage of hydrothermal fluids may be provided by the 

relatively h igh porous hyaloclastites and the contact between these 

rocks and th~ layers of subaerial lavas as is considered common in Ice­

landic geothermal systems (Fridlei f sson 1979). The presence of faults 

and f i ssures in the are a may render these rock units permeable for the 

formation of acquifers. 

3 . 7 Conclusions 

1 . The D. C . Schlumberger sounding measurerrents delineate a low 

resistivity anomaly « 15 nm) of about 6 - 8 km2 . This anomaly is correlated 

with the upwelling zone of the Theistareykir geothermal system. 

2 . The low resistivity formation and the large contrast in resistivi ty 

between it and the highly resistive surr ounding rocks are characteristic 

of a typical high- temperature geothermal system. 

3 . The sharp boundary of the conductive body to the east may be ex­

plained by the presence of a buried NNE - SSW striking fault (s). This 
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fault may act as a hydrologic barri er for the h o t fluids i n the geo­

thermal system to\ .. ards the east . 

4 . The relatively h i gh resisti vity at depth in the western part of the 

area is attributable to intrusive rocks . 

5 . Two - dimensional modelling allowed the possibility of detecting lateral 

inhomogeneite s and vertical boundaries of the resistivity structure in 

t he Theistareykir geothermal a rea. One-dimensional modelling worked well 

in most cases , hut some of the soundings are distorted by surficial 

heterogenei ties and vertical boundaries. 

6 . The role of geological concepts is valuable i n the entire process of 

resis t i vi ty interpre t ation . 

3.8 ReCOIllIOOndations 

1 . Fur ther D.e. Schlumberger soundings should be conducted northwest of the 

thermal area to fill a §ap which is as yet devoid of resistivi t y 

measurements . 

2 . Good sOW1ding data that can b e obtained west of the thermal area 

(where field curves do not agree quite well with each other) may prove 

to be very helpfu l in resolving the comple x geological structure 

suspected t o occur local ly in this area . 

3 . Fill-in soundings are proposed in between the measurements along 

cross-section 0 - 0' . A high data densi ty obtained along this line may 

make it possible to detect the vertical boundaries in detail. 

4 . SOW1ding lines are recommended in the northern and southern part of 

the low resistivity anomaly for two - dimensional interpretation . This is 

intended to model a more realistic two-dimensional structure of the 

The i stareykir geothermal area. 
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Samples of computer printouts of interpreted 

sounding data for the programs "Vidnam", 

ICircle2" and "Diro- 2" . 
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,lRKUSTOF/lUN UNU 
81-10·0S CBl 

4 LAY[~S 

H 1 = 0.6S RO 1 = 7B:,C~OG 

DY 1:: O.~B -.~----- . . _-_ .... _-- R 1 = 1!.5179 
H 1 ~ 71.00 Rn ~ =1213S.0QCO 

DY 2:: 71.~3 ...... --- .. --------- R': = C.1756 
H 3 :: 125 .00 RO'3 = :131.000~ 

DY 3. = 19"6,08 . --... . - ...... .. .. -............ ..... R 3 ~ 0,0267 

RO 4 ~ 5).0000 

DIST , C{;l CUl, RNOAf"r lOGIO 

LOO 0.1143033[+04 ).Cb 
1.26 O.1351iS4Et04 3.13-
1.:8 c .1~30081E +04 3.21 
2. CC O.1~7S7:9E 104 3.3:j 
2.51 0.239'.0'[104 :: .38 SAMPLE 
~.:6 0.280'3342£-1 04 3.46 COMPU TER 
3. ~8 0.3452726£1-04 3.~ "VIDNAM" PROGRAM 

- 83 -

OUTWT OF 
FOR FORWARD 

S.e1 O.40900:2bE-I04 3.61 ONE-DIMENSI ONAL HODELING. 6.31 0.47949n£t04 3,,8 
1.94 0.55'56'501£+04 3.74 

H) .I)O 0 • .)357171£+04 J.80 
1~"59 O. 7173311E 104 3.86 
15.25 0.7970128[-104 3.90 
19 ,'1S 0.8733537£t04 3.90; 
2-:' .l~ 0.9412074£+04 3.97 
31.61 O. ~977703E +04 4.00 
J~ .g; O.1039399£tO:; ';.02 
'50.1 2 O.1061bCSEt05 4.C3 
63. 10 0.105$733[105 4,02 
79,43 O.102291GEtOS 4.01 

100,00 0, 946S08~E I-C4 MS 
12S.89 :r,SZ625~4Et!')4 .1 .9: 
1~,(\.49 (J.66955'!'2[iC4 3.S3 
199.53 O • .;96M£3E+04 3.70 
2~ 1 . 19 O. J33B72S[ H)4 3.52 
31e,23 ~.20179nEi04 3.3C 
J9S,11 C.I0835J3Et04 J.03 
50.l ,1~ O.SlO1 050Et03 2.71 
.30.96 O.2174745EtOJ 2.34 
:'9.\.;)3 c' lOlCOl[ t03 2.01 

lCOO .O(; J . '!'a~101(l(tC2 1,83 
1)58.93 0.6084113£402 ~ .73 
1534.S9 C.50'17373£t02 1.77 
~99S.:;:6 O.S81S6SOEtO~ 1.70 
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ORKU5TOfNUlI liNU 
8Ho-08 nBi 

THKC4 

COI1F'ARlSON Of UlCULATCD AND t'.EA~[,D VALU£S 

DIST. ~AS. RES. lOG MEAS. LOD :~LC. 

1.50 O.126CCOilEt04 l.l~ 3.19 
3.00 O.25CQCCCH04 3.-It 3.·H 
4.5" O.)3COCCOm, ' .- l.SS ....... 
1.00 r.41CC-CCOEtO-l 1." 3.67 
7.50 o.53;oOOm04 3.73 3.73 
9.00 ~.6JSOOOOEtC4 3.SO 3.78 

12.CO o .B6SCOCOE +o~ 3.94 3.S5 
15.00 0.1020000E+05 4,01 3.8? 
18.00 0.1050CCOElO5 4.02 3.92 
21.00 O.~0750COEtv~ 4.C3 3.95 
:4.00 O.lO~COC(';£~CS ~.o.; 3.17 
:' .00 {I: .10iOOOO( tilS 4.03 3.?S 
30.00 O.;1~OCOOE~C5 ';.06 3.99 
3'.iO . d~5'OOO;tOS -\.0..$ 4.01 
~~.C~ O.12100CO[tCS 4.00 4.0: 
-43.,:j~ 0,1200000£.05 ';.00 4.02 
5!.CC O.1 2CQCCOEtOS -1.00 4.01 
60.00 0.1!>'0000[.05- 4.')3 4.03 
;'~ .oo O.115CC.oOEiO~ ~.C6 ~.O2 

~4 .0.0 .0 .1 ~act;ccf +05 ~ • .o3 4 • .0.0 
Yb.OO 0.10200.o.o£tC5 4.01 3.98 

10& • .00 C.9500000EtC"; 3.Q3 3.90 
110,00 ~ .83.00000£ 40~ 3.92 3.93 
144 • .0.0 0.6700000EI0< 3.83 3.Bi 
168 • .0.0 0.580.000.0£ +04 3.76 3.80 
192 .00 0.52000.0.0£ 1-.04 3.72 ;.72 
216.00 0.mOOaO[l04 3.63 3.64 
24.0 • .0.0 C.3S0.o.oOO£~C4 l.:H 3.S6 
264.00 0.1000000E104 3.45 3.413 
zaa.oo C.2700000Et04 3.43 3.4.0 
312.00 .o .21.oO.oO.oE+0-4 3.~= 3.3': 
336.0C 0. 160.oOOO[t04 3.~C J.~4 

3bO.00 0.1300000[10' 3.11 ~ .• ~6 
'13~.OO .o,1000COOE~! J.OO Ma 
405 • .0(1 .0, 10l:.iiOCOE ~O4 3,.03 ],CO 
4Sb . .oO O.MMOCCEtOJ i,81 2.ns 
5.04 .00 O.4S0.o.oOO(t.o3 2.65 2.70 
~5"~.CO .o.320.o.oO.o£!-.o3 2.5l 2.S,j 
bOo.er 0.2100000£103 2.34 2.42 
64S.0C C.lbOOMonOl 1.20 2.30 
696.00 0' .1S~!JOOO( t03 2.18 2.19 
744.~O 0.11-1000.oH03 i,06 :.09 
79MO O.9200000E~02 1.)'6 2,:;)l 

s~o • .oo 0.7600000ElO2 11"1'"1 .", 1.~ 

900.00 O.6S00000E~Oi 1.83 1. 90 
1000.00 0.,;oOOOOClO2 1.01 1.33 
1100.00 0.6.300000£tO: 1.00 1.79 
1200.00 .0.6)0000'0(+02 l.lD 1.77 
1300.00 O.5bCCO,:'O(tC2 . ..,.,. 

1" .. 1.18 
1400.00 O.b-IOOCCO[tC2 1.01 . " ,. , 
1500.00 o.S~O'OCOE-tC2 1" .. 1.77 

nFr w'EIGHT 

-M~ 8.1633 
-0,0'; 8.1633 
-0.06 0.1633 
-O.C~ S,l~JJ 

0.00 8.1633 
0.03 9.1633 
0.09 8.li33 
C.12 a.16JJ 
0.10 3.1Oll 
C .OB $.1633 -.- 8.16.33 , .... , - .. B.l.)JJ .... 11 .. 

~.O7 S.l6JJ 
c.os 8.1633 
C .00:. 13,163J 
0,05 S.l{.JJ 
O.OS O.lb33 
0.05 B.I!3l 
0.04 e.l6ZZ 
.0.0'3 8.1633 
0.03 a.1633 
).C2 8 • .i.~JJ 

-0 • .01 &.l6JJ 
.0.04 8.163J 

-0.03 a.163l 
C.O.O B.1~33 

-0.01 a.1633 
·0 • .02 6.1633 
-C.G] a.~63l 
).03 8.1.133 
MC 3.1633 
Q,C4 0.1633 

-0.05 8.1633 
'0 .08 S.H13 
.o.O~ 8.1633 

~O.O4 a.l;i3 
-0 • .05 0.1633 
-0.0:: 8.1633 
-" ".., 
"'" a.lol3 
0.09 S.!6J: 
0.01 C.163Z 

-J.03 8.!633 
0.05 C.~6l3 

·o.c~ D.1':'33 
- ~.Ol B.l633 
C.02 0..16J3 
0.01 a.1633 

·0 • .01 a.1633 
·0.03 8.1633 
o.n G.1bl3 
0.00' 3..:,,33 

Wf.tC:HTO hEAN DIFFE!\£NrE or H:AS:.:RCO Atlt: C~LC!; ... AT(D l0-5·~AL,.;r:; = ~.O5 
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THJ;04 

=======~=~=======~====~~========================================:====================~~============================~========: 

lOG10 or ArfA[;£NT RESI:~IVITY VERSUS AB/2 
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ORKUSTOfNU, UNU 
81-10-08 OiL 

THK04 

4 LAYERS 

H 1 = 0.36 RO 1 " 356.0000 
Ity 1 = 0.36 --------------- '.----, --------,- R 1 = 5~.lSS4 

H 2" 3J.OO RO 2 "17866,0000 

H 3 " m.oo .0 3 " 48,8.0000 
OY 3' 148.36 R :; = 0.01 20 

RD 4· 58.00CO 

OIST • CAlCUL. RHOAi'P LO,10 

1.00 0.9433602£+03 2.97 
1.16 o . 117~1l73E t04 3.07 
1.58 0:, 1.;SOB69E to.; 3.1' 
2.00 Q.1 79212QEt04 3.25 
2.51 o .220477QE t04 J.14 
J.lt. 0.2b99344£+04 3.43 
3.98 O,3n~BS9Et'4 J.S:! 
S. ');. 0.3972715Ei04 3.60 
'1o~1 0.m507OE+04 3,bS 
- .9< 0.506281 8Et04 J.75 

10.00 O.66SS098E+04 3,82 
12-59 O.,'71236l£t04 3.89 
15.85 0.8853055E+04 3,95 
19.95 0.9969728[+04 4.00 
2~.12 0.1100976£+05 4.04 
31.62 0.1187439E+05 4.07 
39.S1 C .1243900£+05 4.09 
50 .12 O.l1S6b21EtOS 4.10 
63.10 0,l214275E+05 4.0e 
79 .43 0.1113882E+OS 4,05 

100 .00 0,9656979E+04 3.98 
1:~.89 0,79178061'+04 3.90 
;SS.49 O.6165:02Et04 3.79 
199.5! 0.4556931E+N 3,66 
251.19 0.31434761'+04 3,50 
31,,2) 0: .1948939Et04 3.29 
3QS.ll \1, l0J67'51E t04 3.02 
501.19 O.4609904EtOJ 2.66 
630.0. O.18JS99BEtOJ 2,2' 
7Q4.J3 0.8766410£+02 1.94 

1000.0~ 0.6480582£+02 1.81 
. ~8:n O.b052832E-t02 1,7S 

. 5~~ .89 O.S9~1468E+02 1-77 
199~.:':£ 0.5885289(+02 1.77 
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TlIKO. 

==~================================================================================================-=====~=== 

co.P~ISON OF CALCUlATED AND "EASURED VALUES 

DlST • nEAS. RES. lOG MEAS. LOG CAle. DIFF WEIGHT 

1.50 O.12~OOOOE+04 3.10 3.1. -0.0' 8,1633 
).00 o .2500COOE 10. 3.40 3.41 -0.01 8.1633 
'.50 0.3300000£10' 3.52 3.56 -0.0.& 6.1633 
6.00 Q.-410JCOOE"04 3.61 3.06 -0.05 8.1633 
7 .50 0.53S0000EIO' 3.73 3.73 -0.01 S.1633 
9.00 0.6350000E+04 3.S0 3.79 0.01 8.1633 

12,00 0.S/50000EI0' 3.9. 3.87 Q.06 8.1eJ3 
15.00 0.1020000EtOS 4.01 3.93 0.08 8.1633 
18.00 0.1 J5~OOOE t05 4.0~ 3.98 0.05 8.1633 
21.00 O.lC75'JOOETOS 4.03 4.01 0.02 £.1633 
~4.0(j o .1 090000Ei05 4.M '.03 0.00 8.1633 
27.00 0.1070000£+05 4.03 4.05 -0.02 8.1633 
30.00 o • 1150000£f05 4.06 4.07 -0.01 8.1633 
31.00 O.1150000ElO5 •• 06 •• 09 -0.03 8.1633 
'2.00 0.1210000Et05 4.08 4.10 -0.01 8.1633 
48.00 O. mOOOOElO5 •• 08 4.10 -0.02 S.!~33 
54.00 0.1200000Et05 -4.08 " ,10 -0.02 3.1-';33 
6MO O. 1190000E 105 4.0S 4.09 ·C.Ol .1633 
72.00 o .1l50000Ef05 4.06 4.07 O.N 8.16)3 
84.00 0.1080000E!05 4.03 4.0l 0.00 3.1,,33 
96.00 0.1020000£105 4.01 4.00 0.01 £.1633 

lOa.OO O.9500000Et04 'J.YS 3.96 0.02 0.1633 
120.00 o.al{)I,)!)Cc:IO~ ~. S"2 :;.92 ~.oo S.1633 
144.0'0 0' .67000C~( J 0.; 3.03 3.8' -0.01 8.1633 
168.C': C.~:~OOOOEtO" 3.76 3.7. e.M 9.1.33 
In.OC Q.~OOOOOCt04 3.72 3,60 o.c3 8.1633 
2;,.00 0.4l00000ElO' 3,63 3.61 C.Ol 8.1633 
240.~O 0.350'000'0'£+0'4 3.54 3.53 0'.0'1 8.1633 
204 .'0 0.200'0'0'0'0'(+0'4 3.45 3.46 -0':.01 8.1633 
2S8.CC C.2700oo0~I04 3,43 3.38 0'.0'5 8.1'33 
312.00 0'.2100000'£+0'4 3.32 3.30 0.02 8.1633 
336.00 O'.160CCooE+C4 3.20' 3.22 -0'.0'2 8.1633 
360.0'0' 0' .13CCCCO'E +0'4 3.11 3.14 -0.03 8.1633 
3~4.0C 0.1000000EI04 3.00 3.06 -0.0, 8.1633 
40'8.0'0' 0.10oo000ElO' 3.03 2.98 0.0. a.1633 
<1)6.00 O.6400{.JC£tc3 2.S1 2.81 -0.01 8.1633 
SO·.OO 0.4500000[103 1.65 2.65 0'.00 8.1633 
552.0'0' ~ .32000'0'0£+0'3 2.S1 2.50 0.00 8.1633 
6".00 0.2200000E103 2.3. 2.35 -0.0'1 8.1,33 
MS.Or. 0.1600000E103 2.20 2.22 -0.02 8.1633 
696.00' 0.1500000ElO3 2.18 2.11 0.06 8.1633 
144.00 0.11'OOOOElO3 2.06 2.0'2 0.0. 8.1633 
792.0'0' 0.92COOOOEl02 1.96 1.95 0.02 8.1033 
8'0.00 0.7oooo00ElO2 1.88 1.61 -0.01 8.1633 
900.00 0.6000000[102 1.83 1.86 -0.03 S.IeJ3 

1000.00 0.6500000ElO2 1.81 1.81 0.00 8.1633 
110'0.00' 0.63OO000EI02 1.80 1.78 0.02 8.1633 
1200.00 ., .6000000E 102 1.78 1.79 -0.0'1 8.1633 
1300.00 0.5600000£+0'2 1.75 1.78 -0.03 8.1633 
1400,00 ~.o4~OOCOEM2 1.81 1.77 0.03 8.1633 
1500.00 0.5900000ElO2 1.77 1.78 0.00 8.1633 

WEJGHTCI( MEAN DIFFERENCE or MEASURED AND CALCULATED LOGIJALOC'J = 0.03 
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============================================================== ==========.================~===============~==============~=.====== 

LOB10 OF APPARENT RESISTIVITY VERSUS AB/2 

,"CALCULATED !"KEASUREO ' "COINCIDENT 
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- 90 - ------------------_.-------------- -_ . . -----------,---- --_.-------
1000.00 -240 .494 18.449 O. ~C -C .13S 0.009 0.;0 

2 8800.00 1009.051 61.07:' ~~. 50 -7.964 ~.18~ 55.00 
3 76MO 1087.412 22.169 55.SO 1.276 0.958 110.50 
4 3<.00 0.020 0.695 

~====~=~==============================.==, =========== ~ ~======================== 

MEAHSGUARE= O.2664D+0 4 

ITERArIO~ NUKBlR 2 
LAYER RHn eORR . 5; .DE' . ~'HCKN. CORR. !:;T .!'~E:V I DePTH 
------ "---._------_." ----------. ----.• - --------------- .. --

1 759.51 22.754 13.793 O. 3~ -0.024 0.007 0. 36 
2 9009.05 2326.833 n.m 46.54 -10 ,S80 0.195 46.90 
3 1851.42 2aO.055 26.014 56.73 5.616 0.476 103.67 
4 56.02 o.m 0.718 

ITERATION NUMBER 3 
LAYER RHO CORR . ST .DCV. TtIlCKN. CORR. ST .Dev. OCPTil 

---------------------- --------- --------- --- - .--- - •... _-- -------
1 7S:2.26 -274 .804 13.422 0. 34 -0 .100 0,006 0.3-1 
2 12135.1lS 2777. 591 105.348 35.96 -10.888 0.la9 3~.29 

3 2131 . ~8 2205.675 2 •. 780 62.39 -6.074 C.375 93.69 
4 56.55 1.254 0.697 

=~~===::===~===~ :==========================================~=~~~:======== ===~== 

ITERAfION NUKiER 4 
LAYER RHO CORR. SI.DE!", IHIClIli • CORR. CT.Dl:V. BErm 
----------- ------------------- _. ------- .--... 

1 507 .46 -69 .479 7.623 0.2. -0.024 0.004 0.24 
2 14913.47 1631.032 158.321 25.07 -6.167 0.187 25 .31 
3 4337.15 315.210: 37. 347 55.52 2.652 0.249 80.83 
4 57.S1 -0.057 0.697 

=============::=,'============================================================== 
MEANSQUARE~ 0.2240DI03 

ITERATION NU~iER 5 
LAYER RHO CORR. ST .DEV. THICKN . CORR. 

-._ .. _-------------- ._------- ._-_. 
1 437.9S -37.260 6. 315 0.22 0.014 0.003 0.22 
2 _6544.51 943.282 195.900 18.90 - 1.450 0.190 19.12 

3 4652.36 46.905 33.016 ~.17 -0.453 0. 229 77 .29 

4 57.75 0.177 0.692 
================~=============================================================== 

MEANSQUARE= 0.1764D+03 

ITERATIOH N~~B[R 6 
~AYER RHO CORR. SI.nfU. THICXlt. CORk. ST .r..::~' . ::E~TH 

--._ .. _--_ .. .------.. ----------- -. -

1 400.70 -24.88S 5.608 0. 20 "0.011 M03 0.20 
2 17487.79 270 .363 213.17~ 17.45 -0.537 0.184 17.65 
3 4699.35 88.028 38 .520 57.72 -o.oS7 0.224 75.37 
4 57.93 0.080 0.684 

"==="'=="'===== ===-==, = ~ ==~ === "'"==::: =====ZZ": :=========-.,. =,,============= == ====""=="'''''' 
MEAHSQUARE~ 0.17590103 

ITERATION NUKBER 7 
LAt[R RHO CORR. ST.D(,). THICKN. ecru:. ST.OCV. 

375.3:1 ·19.S30 5.224 
2 177SS.15 103.043 219 .537 
3 47a7.37 -41.4N 39.02'5 
4 58.01 0.040 0.684 

0.19 -O.OOY 
16.H -0.244 
57.63 -0.017 

0.003 
a.IS3 
0.222 

Dl::F'TH 



=====~==~======~=============~==~~============================~=========~-~===== 

MEA'SOUARE· 0,17580103 

ITERATION 'UMBER 
LAYER RHO WRR, SJ.D£V, THICK', WRR, ST ,OEV, DEPTH 
-------_. ------------_ .. - - .- -" ---.. - ------

1 356,23 0.000 4,9)9 0,18 0.000 0.003 
2 17860.19 0.000 222.;'0 1,.67 0.000 0.183 
3 ~B2B.B5 0.000 39.252 57.61 0.000 0.221 
4 58.05 0.000 0,684 

MEARSIlUARE· 0.00000100 

LDDARITHHIC EIGENVALUES 
1 2 3 • 5 6 

0.300103 0.110103 0.900102 0.720102 0.300102 0.100102 

ESTIMATED LDDARITHMIC SEMI AXES 
0,m-D2 0.911-02 0.110-01 0.14D-Ol O.llD-Ol 0.980-01 

PARAMETER EIGE'VECTORS 
1234567 

RHOl -0.105 0,456 -0 •• 19 0,2.4 -0.198 -0,087 -0.707 
01 0,105 -0.456 0.419 -0.2.4 0,197 0.085 -0, 708 

RH02 0.032 0.66. 0.212 -0.296 0.543 0.361 -0.001 
D2 0.256 0.305 0.345 -0.250 -0,125 -0.802 0.001 

RH03 0.388 0.188 0.316 -0 .053 -0.709 0 •• 58 0.000 
03 0,S6' -0,074 -0,277 0,279 0.305 -0,006 0.000 

RHO! 0.119 -0 .100 -0.555 -0,S06 -0.128 0.032 0.000 

ACTUAl SEMIR'ES Of 68 PERCENT COHfIDEHCE ELLIPSOID 
IN POSITIVE DIRECTION Of EIGENVECTOR 

0.18 
16,85 
74 .46 

7 
O.14D-Ol 

0,700102 

0.330-02 0.91D-02 0.11D-Ol O.l~D-Ol 0.33D-01 0.96D-01 O.~lD+Ol 

IN NEGATIVE DIRECTIOH Of EIGE'VECTOR 
0.33D-02 O.91D-02 0.11D-01 0.14D-01 0.33D- Ol 0.92D-01 0.20Dft! 

E'TEEME PARAMETER SETS 

THE TWO HOOELS [,TRENIZI'G RHOl ARE: 

RHOl 
01 

!l£PTH1 

HA< NIN 

1495.06 
0.76 
0.76 

19.26 
0.01 
0.01 

AN02 17S8S.2-4 17814.17 
112 16.63 16.76 

DEPTH2 17.39 lb,77 
----------------- ----- ---

RH03 '831.08 4B23.32 
D3 57.62 57 ,60 

DEPTH! 75.01 74.3.6 

;HO' 0,580t02 0,S8Dt02 

THE TWO riDOELS EX TREMI ZING 01 ARE: 

RHD! 
Dl 

DEPTHl 

HAX HIt-! 

1494.73 
0.76 
0.76 

19,26 
0.01 
0.01 
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- 92 - RH02 1789a.o2 17809.38 
02 16.62 16.76 

r.~rTH2 17.38 16.77 
---- ----------------------------_.----

RH03 ~SJ2.47 4822.6. 
03 5M2 57.60 

DEPTH3 75.00 7~,:,'7 

RH04 0.58D+02 0.580+02 

THE TWO HDDELS EXTREHIZING RHOl ARE; 
HAX I11H 

RHOl 
01 

DmHl 

RH02 
02 

DEPTI!2 

372.22 
0. 19 
0.19 

18591.80 
15.58 
15.77 

--------- _. -----------.-_. 

RH03 4966.27 
03 57.81 

DEPTH) 73.58 

285.95 
0.14 
0.14 

17186.10 
17.79 
17.93 

4704.65 
57.41 
7S.M 

RHO.; 0.58D+02 0.5811+02 

THE TiO MODELS EXTREnIZING 
HAX 

RHOl 
01 

DErTlil 

291.95 
o.!5 
0.15 

D2 ARE: 
HIN 

370,74 
O.l~ 

0.19 

RH02 17:72.52 18S01.53 
02 17.96 15.43 

OCPTH2 18.11 15.62 

RH03 
03 

DEPTHl 

4637 .34 
57.'59 
75.70 

5036.71 
57.63 
73.25 

RHil4 0.580102 0.580102 

THE TWO MODELS EXTREHIZING RHO] ARE: 
HAX "IN 

RHOl 
[.1 

[lG'THl 

36.0 .80 
0.18 
0.18 

Rrl02 15270.00 
D2 15.62 

DEPM 15.30 

RH03 
03 

omH3 

5076.34 
57,30 
7'3.jO 

332.39 
0.17 
0.17 

174~8.26 

17.74 
17.91 

4599.80 
57.94 
75.84 

RH04 0.580+02 0.580102 



THE T'O KODElS E'TREKIZI~ 
Ii!;X 

RHOl 
01 

DEPTH1 

J61.42 
O.lB 
0.18 

D3 ARE: 
KIN 

332.09 
0.17 
0.17 

RH02 18078.80 l76::i7.23 
t: 16.63 16.71 

rH'H..:2 16.82 10.a7 

RHO) 
03 

DEPTH3 

RnO .. 

471),49 
58.29 
7).10 

O.S1?rt+O~ 

THE TWO ~ODElS EXTREKIZI~G 
MAX 

RHOl 

DE~THl 

356.60 
0.18 
0.18 

4943..43 
56. 94 
'3.82 

- ----._-
O.SBDH>Z 

RH04 ARE: 
HlN 

353.7,; 
0.18 
0.15 

RH02 17939.37 1:B02.99 
D2 16.42 16.90 

DEPTHl 16.60 17.08 

4906.69 
~7.31 

73.94 

4755.-45-
57.89 
74,97 

RH04 0.590'02 0.570+0, 

THE TWO MODElS EXTREKIIING DEPTHl ARE: 
KIIX KIN 

RHOl 1494.:'3 J.9.26 
01 0.76 0.01 

)[iTril 0.76 0.0; 

---------------- .-. --------
RHO, 

0, 
DEPTH2 

RI-m 
D3 

~fTH3 

.. 789a.n 
16.62 
17.38 

4832.,4] 
~i.6~ 

'5.00 

17809.38 
16.76 
16.77 

48n.M 
57.60 
74,37 

RH04 O.S8DT02 0.58n+02 

THr TllO ~ODfLS nTt:EPlI:!NG Drr-:-H2 IJ:E: 

RHO! 
D! 

!\EPTHl 

RHCZ 
,'. 

DEnti2 
----.- ..... 

KAX I'GN 

459 .27 
0.23 
0.23 

17288.16 
l7.i':! 
18.1. 

--------

137. 67 
0.07 
0.07 

16447.83 
1~.51 

15.59 
._---------
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- 94 - RiiOl 
tl 

f.EP'1i3 

,6;0." 
57.59 
7:5. is 

5023 .45 
57.61 
13. :2 

RHO' O. 580tOl ).580t02 

THE TWO liOD£LS EXTf:£IiIZIN1J DEPTH3 .~R[: 

m KIN 
----_.,----_. - ----- -----------------

RHO! 449.99 146.,2 

" "' O,~71 0.07 
[lEPTHl 0.23 0.07 

. --.-- --------- "--_. 

R>ID2 17447.51 18:;l.13 
D2 17.71 1S.CS 

DEPTH~ :8.00 15.72 
-----------------------_. 

RHOl 4608.SO 5056.73 
Dl 57.91 57.l1 

rEf'T}{3 15.91 -:'3.04 

RHD4 0.580+02 0.580102 

THE fUll SET Of EIGENVAlUES AND EIGENVECTDRS: 

lOGMUlHlut EIGENl.iALUES 
1 2 1 , 5 6 

0.300103 0.110IDl O.90Dt02 O.72D"'02 0.30DI02 0.10:1"'02 

£STIHATED lOGARITHHIC SEHIAXES 
('I.l3D-02 0.910-02 O. l1D-Ol 0.14D-Ol O.m-Ol 0.980-01 

?~RAH£TER E lGEHVECTO~S 

1 I , • 5 • I 
RHOl -0.105 0. 456 -0.419 0.2" -0.198 -0 .081 -0.707 

01 0.105 -0. 456 0.419 -0.244 0.197 0.085 -0.708 
RH02 0.032 0.6M 0.212 -0.290 0. 543 0.l61 -0.001 

D2 0.256 0.l05 0. 345 -0.150 -0.115 -0.802 0.001 
RH03 0.388 0.188 O. l l , -0.053 -0.709 0.458 0.000 

D3 0.864 -0.074 -O.27~ 0.';:79 0.305 -0.006 O.OM 
RHO' 0.119 -0.100 -0.555 -0.806 -G.l2S 0.032 0.000 

DATA EIGENVECTORS 

-'l.02 0.23 -0.23 O.lS -0.26 -0.30 -0.72 
-0.01 o.n -0.21 0.14 -0.22 -0 .2~ -O.l~ 

-0.01 0.22 -O.HI 0 •. 3 -0.18 -0.16 0.14 
-O.Oi 0.22 -O.lS 0.11 -0.15 -0.11 0.24 
-0.01 0.22 -0.17 0.10 -0.12 -0.06 0. 28 
-0. ~1 0.21 -O.lS 0.08 -0.0, 0.01 0.27 
··O.i}l 0.21 -0.13 0.07 -0.02 0.08 0.22 
-0.01 0.21 -0, !1 0.05 0.02 O.ll 0.15 
-0.01 0.:;:1 -0.:0 0.04 0.05 0.17 0.09 
-0.01 0.20 -o.os 0.02 o.oe 0.19 0.04 
0.00 1).20 -).07 0. 01 0.:0 0.":1 -0.01 
0.00 0.10 -0.05 0.00 0.12 0.12 -0.05 
0.00 0.20 -O.Ol -0.02 0.16 0.21 -0.11 
0.00 0.20 -0.01 -0.04 O.lS 0.18 -0. 14 
0.01 0.10 (0." ... -).06 0.19 0.:4 -0.15 
0.1, 0.2) 0.04 -0.08 0.20 O.Oi -0.15 
0.01 0-.19 0.06 '0.09 0.20 0.04 -0.13 
0.C2 {\ .19 0.0, -0.11 0.19 -0.06 -0.06 
0.03 0.19 o .1~ -0.14 0.17 -0.15 -0.03 

0.:40-01 

0.IODI02 



0.03 0.18 0.15 -0,15 0.13 -0.21 0,02 - 9S -
0.04 0.17 C.17 -0.16 o .Cl -0.25 0.05 
0.05 0.16 C.19 -0.17 0.05 -0 .26 0.08 
C.Ob 0.14 .0.20 -0,16 '0 .04 -0.23 0.10 
0.06 0.13 0.20 -O.lS -O.l! -O.iS 0.09 
0.09 0.11 0.2·' -0.12 - .0.17 -C.O' 0.0. 
0.11 0.09 0.16 -0.10 -0.11 0.02 0.03 
0.12 0.09 0.17 -0.07 -0.22 0.06 0,01 
0.14 0.01 0.15 -0.05 -0.22 0.13 -0.02 
0.16 (1.05 0.13 -0.02 - 0.21 0.1 S, -0.03 
O.lS 0.04 0.11 0.00 -0.19 0.1. -0.04 
0.20 0,03 0.10 0.02 -0.11 0.16 -O.OS 
0.22 0.03 0.08 0.05 -0.14 O.lS -0.05 
0.24 C.02 O.l> 0.06 -O.le 0.13 -0.04 
0 .25 O.()l 0.05 o.oe - 0.07 0.11 -0.0" 
0.28 -0.01 0,02 0.11 c.oo 0.05 -0.03 
0.31 -o.n -0.02 0.12 C.C7 -0.01 0.00 
0.31 -0.03 -0.05 0.13 0.12 -0.06 0.01 
0.31 -0.04 -0.08 0.10 0.15 -0.09 0.01 
0.30 -0.0:' -0.11 0.07 0.10 -0.12 0.02 
0.17 -o .o~ - 0.14 0.02 0.16 -C.13 0.02 
0.13 -0 • .)5- -0.1. -0.03 0.11 -0.11 0.03 
0.19 -0.05 -0.17 -0.09 0.10 -0-09 0.03 
0.15 -0.05 -0.16 -0.15 O • .JO -M. 0.04 
0.10 -0.0' -0.17 -0.21 0.01 -lo03 0.03 
0.0. -0.0. -0,19 -0.2. -0,), 0.01 -0.01 
),04 -o.o~ -0':6 -0.29 -o.oa 0.05 -M. 
0.C2 -0.03 -0.16 -0.31 -0.10 0.0, -0.0' 
0.02 -0.03 -0.16 -0.31 -0.11 0.07 -0.01 
0.02 -0.03 -0.18 -O.ll -0.11 0.01 0.01 
0.02 -0.03 -0.18 -0.32 -0.11 0.06 0,00 
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'.'l[()I;ETICAl rATA 
1 1.'50 ~S74.333127899 J.50 
2 2.25 3633.004821942 3.50 
3 3.0:0 .m.m887495 3.50 
4 3,7~ 5m.22418811l l.50 
5 1 4.50 618J.8871Om. 3.50 
0 1 0.00 7495.130035810 3.50 
7 7.50 8575.8749"'8741 3.50 
a 9.00 9468.480541623 3.50 
9 10.50 10205.911l791508 3.50 

10 12.00 10812.0SS813126 3.'50 
11 13.50 11305.m81ll18 3.50: 
12 1 15.00 11701.581881827 3.50 
13 1 18.00 12248.102785375 3.50 
H 1 21.00 12530.sasSSl08: 3.50 
15 2'.00 12607. 3n62~43a 3.50 
16 1 27.00 12526.608745613 3.50 
17 1 30.00 12325.84SJ9Jb12 3.50 
18 36.00 11687 .2367168'2 3.50 
19 42.00 10875.4437<7530 3.SO 
20 '8.00 10009.241112136 3.50 
21 1 5'.00 9156.214099361 3.50 
22 1 00.00 8352 .mm129 3.50 
2J 1 72.00 6941.65505023] 3.50 
24 1 84.00 5792.22].<0'173 3.S0 
25 1 96 .00 ';S5.) .609494473 3.50 
26 1 108.00 '08<.109522320 3.50 
27 1 120.00 3<1Il .... 3ml0 3.50 
28 m.oo 2892.460825557 3.50 
29 1"" .00 2'27.352599762 3.50 
30 156.00 2031.2591871 8< 3.50 
31 1 168.00 1695.259090987 3.SO 
32 1 180 .00 1410.710071182 3.50 
33 192.00 llb9.530003143 3. 50 
J4 204.00 968.859038027 3.50 
35 1 228.00 664.102031136 3.50 
36 1 252.00 .54.6631.8215 3.50 
37 1 276 .00 317.989899736 3.50 
38 300.00 226.94723720. 3.50 
39 m.oo 167.70.023677 3.50 
40 1 m.oo 129 •• 10080193 3.50 
.1 1 372.00 105.719461583 3.50 
.2 1 390.00 90.3052'2785 3.50 
4l 1 420 .00 79.796694980 3.50 ,. 1 .50.00 71.279322855 3.50 
.5 500.00 ... 830762237 3.SO 
.6 1 5SO.00 62 .25528178' 3.SO 
.7 1 600.00 60.887922449 l.50 
.8 1 650.00 60.208036126 3.50 
.9 1 700.00 51il.9539"2158 3.5~ 

so 750 .00 59,66QQ54.0{)6 3.50 
-111,0,,0,,0 . 
-1 • 
• 1 15 

• O.356D+03,V, O.lSODtOO ,V 
0.179Dt05,V, O.167D+02,V 
0.483»+04,\), 0.576D+02,1) 
0.5BOD+OloV 
0 , 
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rHt<33-DHI-01 
113 16 0 ... 00000 .i. .vOOOO 50.00000 

1000.00 
1· 00 
1.00 
1.00 
1.00 
1 . 00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
2.00 

100.00 
LOO 
1.00 
: .00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
2.00 

0.600E-02 0.900E-02 
0.12!';Et01 

20.00 
1.00 
1.00 
1.00 
1.00 
1 .00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.0C 
1.00 
1.00 
1 .00 
4.00 

0.200[-·01 

20 2 57 0.00 

4 
2 

15 19 
47 51 
87 91 
1 . 0192 
0.9277 
55 59 

23 
63 
95 

1 • .0095 
0.9075 

6.0 200 . 0 
12.0 

-1000.0 
3 

3 

6500.0 
700.0 

8.0 
200.0 

6500 . 0 
700.0 

0.0 
1400. 0 

4 
17000.0 

3800.0 
450.0 

1500.0 

100.0 
100.0 

100.0 
200.0 

100.0 
50.0 

350.0 

n 31 
67 11 
99 

1. 0043 

4.00 
1 . O() 

1.00 
1. 00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
4.00 

0.500E-Ol 

35 
75 

0.997J 

1.00 
1. ~O 
.i. .00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
4.00 
2.00 
3.00 

1.00 
1. 00 
1.00 
1 .00 
1. CC· 
1.00 
1.00 
1.00 
1.00 
LOO 
1.00 
1.00 
loCO 

20.CO 
2.00 

64.00 

1.00 1.00 
1.00 1.0e 
1 , O~' 1.00 
. " ~ • v ... L .CC 
1.00 1.00 
1 .Ov ~ .00 
1.00 1. CO 
1.00 l.{.;O 
1.0.0 l.C~ 

1.0'0 1.00 
1.00 Lee 
1.OC 1.00 
1.00 LOO 

... 00.00 1000 . 00 
:.::.00 2.00 

512.00 
0.900[-01 0.150('100 C.;500EtOQ o ."CCEiOo 

39 
7? 

43 
83 

0.9D77 0.9758 0.961i (/.94;i7 

SAMPLE COMPUTER PRINTOUT OF 
IDIM- 2" FINITE DIFFERENCE PRO­
GRAM FOR TWO- DIMENSI ONAL 
MODELING. 
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THK33-DIH 01 

IN ;' Ul VALuES 

NO. OF X-POI NTS: 113 NO. OF z-rOINTS: 16 NO. 01 fI LTER'.: 9 

XSCAL: 1.00 lSCAL: 1. 00 

DISTANCES I1ETWEEN Ll NES 

IN X-DIRECTION (DX) 

1000.00 100.00 20.00 
1.00 1.00 
1.00 1.00 
1.00 1.00 
1.00 1.00 
1.00 1.00 
1 .00 1.00 
1.00 1.00 
1.00 1.00 
1.00 1.00 
1.00 1.00 
1 . 00 1 .00 
1.00 1.00 
1.00 1.00 

IN Z-DIRECTION (D Z) 

1.00 1. 00 
2.00 2.00 

VALUES OF FIlTERPOINTS: 

0.006 
1.250 

0.009 

NO. OF TR ANSMI TT I NG POINTS: 20 
X-N UI'tBER OF CENTER OF ARRAY.: 57 

1 . 00 
1.00 
1 . 00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
4.00 

0.020 

4.00 1.00 1.00 
1.00 1.00 1 ,('I(J 

1.00 1.00 I ,c·{) 

1.00 1.00 1 .~O 
1.00 1.00 1. (10 

1.00 1 .00 1.00 
1.00 : .00 1 .00 
1 .00 1.00 1.00 
1.00 1.00 1.00 
1.00 1.00 1.00 
1.00 1.00 1.00 
1.00 1.00 1.00 
1.00 1.00 1.00 
1.00 4.00 20.00 

1.00 2.00 2.00 
4.00 B.OO .14.00 

0.050 0.090 0.150 

NO. OF RECEIVING POINTS= 2 
ANGLE: 0.0 DEGREES 

X-NUMBERS OF TRANSMI TTING POINTS (ITX) 

15 
47 
87 

19 
51 
91 

23 
63 
95 

COEFFICIENTS FOR HOMOGENEOUS EARTH 

1. 019 
0 . 928 

1.010 
0 . 908 

1 .00 4 

X-NUMB ERS OF RECEIVING POINTS (IRX) 

55 59 

27 
.17 
99 

0.997 

31 
71 

0 . 908 

35 
75 

0.976 

1.00 
1.00 
1.00 
1 .0-, 
LOo 
1 .00 
1.0.0 
1.00 
•• G Cl 
LOO 
1.00 
1.00 
1 .00 

:1)0.00 

2.00 
'312.00 

3" 
79 

0.300 

0.962 

1.00 
1.00 
1.00 
1.00 
1.0~ 
1.00 
i .00 
1 • .;C 
1.00 
1.00 
1.00 
1.00 
1.00 

1000.00 

43 
83 

~.oo 

0.60G 

0.946 
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RESISTIVITY STRUCTURE 
.. - - - ~ - ~ .. _- -----_ ... 

NO. OF X-BLOCKS : 4 

NO. OF LAYERS 2 

LAYER 1 RESISTIVITY 6.0 THICKNESS ... 00.0 DEPTH 200 . 0 
LAYER 2 RESI ST IVITY 12.0 

X- BOUNDARY -1000.0 

NO. OF LA YERS . 3 • 

LAYER 1 RESISTIVITY 6500.0 lH ICKNC SS 100.0 llEPTH 100.0 
LAYER 2 RESISTI'v'ITY !OO.O THICKNEJS 100.0 ll( Pfl-l 200.0 
LAYER 3 RESIST I\,1ITY 8.0 

X-SOUNDARY 2 200 . 0 

NO . OF LAYERS 3 

LA YER 1 RESISTIVITY 6500.0 HllCKNES:} 100 . 0 DEPTH 100 . 0 
LAYER 2 RES I STl V ITY 700.0 THIC:<NESS 200 . 0 D[PTH 300.0 
LAYER 3 RESISTIVITY 8.0 

X-BOUNDARY 3 1400.0 

NO. OF LAYERS 4 

LAYER 1 RE SISTIVITY : 17000.0 THICKN ESS 100.0 HEr'rH 100.0 
LAYER 2 RESISfIVITY 3800 . 0 THICKN ESS 50.0 DE FIH l 50.0 
LAY ER 3 RESISTIVITY 450.0 THICKNESS ;,; :::i{J • 0 ltErTH 500 . 0 
LAYER 4 RESISTIVITY 1500.0 
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CALCULATED CURVE 
ABI2= 300.00 RHOAPP = 2000.9755 
ABl2= 500.00 RHOAPP = :5U9.267'5 
AB/2= 700.00 RllOAPP~ n .42;2:-
ABI2= 900.00 RHOAPP= ,0.0276 
AB/2= 1100.00 RHOAPI'~ 14.003G 
AEV 2= 1300.00 RIIOAPP= 11.0127 
AB/2= 1500.00 RHOAPP= 10.l.473 
AB/2= 1700.00 RHOAPP= 10.7133 
ABI2= 1900.00 RHOAPP" 11.0184 
AB/2= 2100 . 00 RHOAF'r''<' 11.307t 



THK33-DIM - Ol 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 ! 

-1 1 
4 
2 

6.0 
12.0 

-1000.0 
3 
6500.0 

700.0 
8.0 

200.0 
3 
6500.0 

700 . 0 
8.0 

1400.0 
4 
17000.0 

3800.0 
450.0 

1500.0 

300.00 
500.00 
700.00 
900.00 

1100.00 
1300.00 
1500.00 
1700.00 
1900.00 
2100.00 

200.0 

100.0 
100.0 

100.0 
200.0 

100.0 
50.0 

3::0.0 

0.00 
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2000.975463867 0.00 
389.267547.\0' 0.00 
91.422477722 0.00 
30.027557373 0 . 00 
14.007988930 0.00 
11.012730598 0.00 
10.647270203 0.00 
10.713265419 \i.00 
11.018385887 0.00 
11.307141304 \:'.00 
0.000000000 0.00 


