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ABSTRACT 

The Pillow Lava sequence overlying the Troodos Igneous Complex of 
Cyprus contains sulphide mineralization within tectonic zones of 
variable width and extent, and some of these have been mined since 
ancient times. Previous I.P. and other geophysical work showed that 
the location of concealed zones presents considerable problems. In 
this study a new attempt using modern highpower equipment was made 
to assess the usefulness of the I.P. method in Cyprus. After an 
orientation survey over a sulphide body 125 m deep, Time-Domain I.P. 
and Resistivity surveys using the pole-dipole configuration with a 
spacing of 50 m were carried out over six different areas where the 
mineralization occurs in different modes and grades. 

The data were plotted on pseudosections which conveyed very useful 
information on the location, extent and depth of the polarizing 
body. 

The resistivities of the barren rocks were generally low, between 

5 and 30 ohm-meters. The zones of high grade sulphide mineralization 
had equally low resistivities which increase with decreasing sulphide 
content. The N.T.I. was found to attain high values over the 
mineralization. The amplitude varied mainly according to the size, 
depth and location of the body with respect to the geophysical grid. 
The highest anomalous values were observed when both poles of the 
receiver were over concealed or exposed mineralized bodies. This 
clearly imposes limitations on the detection of narrow zones, 
particularly at depth. 

The values of the I.P. voltage were observed at sixteen times 
between 0.035 and 0.78 sec. for n = 2 on all the lines. The I.P. 
decay was investigated both as an exponential decay and as a log 
time decay. In the first the electromagnetic and true chargeabi-
lity components were found to attain in general high values over 
the mineralization but without any significant variations between 
the disseminated and higher grade mineralization. On the log time 
axis the I.P. decay was found to consist of a short and fast decaying 
linear component, and a later and slower curved component. Some of 
the parameters which describe this shape were found to have much 
different values over the different grades of mineralization 
implying thus a distinction between disseminated and high grade 
mineralization on the basis of the decay curve. 
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CILA PTE R ONE 

i TBOD C1700 

The purpose of the present Thesis is to investigate the applicability 

anti the liraitations of the Intiuced Polarisation (I. P. ) method in the search 

for sulphide deposits in Cyprus. Although this method is applied extensively 

throughout the world for the search of sulphide mineralization, particularly 

porphyry copper deposits, it was realised that under the conditions this 

mineralization is fc irxI in Cyprus, the method would suffer from certain 

limitations. These were essentially based on the fact that the Cyprus deposits 

are relatively all by world standards. They are generally associated with 

tectonic zones and represent effectively concentrations of sulphide minerals 

within those zones. Evidently their width is relatively small baut they 

could have considerable Longitudinal. extents. The mineralization is found 

within a series of volcanic rocks which were covered by further volcanic 

extrusions and later by sedimentary rocks. 

Fran the above it is evident that the aim is to locate generally 

narrow bodies of mineralization at a variable depth, which could be variably 

mineralized, either in the foam of ecor nic concentrations or of later grade 

mines i nation, which itself would assist in locating potential orebmring 

lineamnts. An important implication of the Cyprus sulphide mineralization 

is the fact that the cuprifer tis mineral i Wad is ist always associated 

with high sulphur concentrations. This inmediately inplies that the 

disse inated mineralization has no eoonunic significance as it consists 

primarily of pyrite. It is under these conditions the I. P. method is being 

applied in Cyprus, and the purpose of this Thesis is to investigate its 

applicability as well as its limitations. 

/TO 
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To achieve this, I. P. surveys were carried out over a nxtUer of 

areas where the mineralization is found in certain typical modes of 

occurrence. These modes are essentially the depth in wIddh the mineral- 

izati n is found, its size and its average grade. For this, seven different 

mineralized areas were studied and their results are described individually 

in separate Chapters. The location of these areas is shown in Fig. 1. 

The Thesis is divided into the following Chapters: 

Chapter Two reviews the I. P. method describing the cirrent theories 

on its origin, practical considerations regarding its application in the 

field and interpretation, together with a review of previous work can the 

I. P. transient shape. 

Chapter 'firee defines the scope of the present research. First it 

describes the general geology of the orebearing volcanic rocks followed by 

a detail description of the sulphide mineralization and presents exarles 

of two orebodies. Further there is a definition of the problem of an I. P. 

survey in the search for this type of mineralization together with a 

description of the paraawters and instrumentation used throughout this 

research. This is followed by a review of the applicability of other cam 

ground geophysical methods applied over this type of mineralization, 

including past work with the I. P. Finally there presented the results of 

an orientation study carried out over the deeply seated Agrokipia B Orebody. 

z'his study defined the values of a number of field parameters which were 

used gt the Present research. 

Chapters Four to Nine present and discuss the geophysical results 

of the I. P. surveys over the different areas. In addition to the I. P. 

results there is an account of the Pesistivity results obtained in each 
area since this method usually accanpanies I. P. Chapter Your describes 

/a nci 
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and auvares the results over a small and shallow, high grade ', '66h deposit 

and a parallel running zone of low grade disseminated mineralization which 

occurs in the Mathiatis Area. 

C apter Five describes and compares the results of the Klirou Area 

which includes disseminated exposed mineralization and two concealed higher 

grade deposits, one at a depth of about ten meters and the other at a depth 

of about one hundred meters. 

Chapter Six describes the geophysical work over a long and widely 

exposed zone of mineralization in the Kokkizxwounaros Area. 

Chapter Seven describes and compares the geophysical results over 

a snail aixi shallow seated sulphide deposit and an exposec1 lc»ier grade 

mineralization in the Vrechia Area. 

Chapter Eight ex rd es the geophysical results over a sulphirýe 

deposit of the Petra Area localised at the intersection of two major 

structures, one of them representing the feeder of the mineralising solutions. 

Chapter Nine describes the geophysical results over a partly exposed 

narra: mineral=ed zone in the Kambia Area which was responsible for the 

fozznation of a nearby massive sulphide deposit. 

Chapter Ten exandnes the results obtained from each of the above 

areas and discusses the applicability and limitations of the I. P. method 

under these conditions. Attention is paid on the possibility of discrimina- 

ting between disseminated and higher grade mineralization on the basis of 

the I.?. transient curve in the light of the results of Chapters Four to 

Seven. In u3dition this Chapter discusses the applicability of the Resist- 

ivity method in this type of exploration and its usefulness in oarbinatiion 

with I. P. 

/ chapter 



-4- 

Chapter Lleven summarises the present research and presents its 

conclusions. Further it reoammerris on further research on the subject 

particularly on the establishment of field parameters which wm1d enable 

the discrimination of dissaninated frcni higher grade mineralization on the 

basis of the I. P. decay curve shape. 

The present research is based primarily on the geolbysical and 

geological data obtained during the exploration activities of the Hellenic 

Mining Czapany Lta. For this the author expresses his graditude to 

k 1r, P. Paschalides, President, and 1-Ir, S. Loisides, Managing Director of 

the Hellenic Mining CcaVany for their permission to utilise these data 

and also use some of the facilities of the caIany. 

The present study was supervised by Dr. N. A. Man to WIUtL the 

author is grateful for his encouragement and guidance. 

Sincere thanks are also due to Professor L. tbusaalos, Technical 

Consultant of the Hellenic Mining Cc zany, and to my colleagues Messrs 

N. Adaaaddes and I. Christoforou, for useful discussions particularly with 

regard to the nature of the sulphide mineralization in Cyprus. 

Thanks are also due to the Geophysical Field Crews of the Carpany 

and in particular their leaders blestsrs I. Aristodemau and A. Heliades for 

their assistance in the field,, Thanks also go to Mr. I. Vc niotis for 

drafting the figures and to Hiss N. Panayidoa and Miss L. Diakonou for 

typing this Thesis. 

The author wishes to acknowledge Noranda Kloration (Cyprus) Ltd for 

the geological information which they rude available cn the Vrechia Area. 

Finally sincere thanks go to my wife far her encouragement and 

patient during the period of this study* 
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CHAPTER TWO 

A REVIEW OF THE INDUCED POLARIZATIOL4 1V Tt)O 

Rcxxx'TION 

Historically the Induced Polarization method was first attempted by 

the Schiumberger brothers (Schlumberger 1920) but it was abar toned in favour 

of the self-potential n thud. The first recognised work is that of Bleil 

(1953) for a Ph. D. Thesis. The method was first applied in prospecting by 

the ilewmont Exploration (Brant 1959) . 

The name induced polarization is derived from the fact that it is 

mostly concerned with detecting the electrical surface polarization of 

metallic minerals induced by electric currents applied to the ground. When 

the pore passages of the rock are blocked by these minerals the electric 

current must overcome an electrochemical barrier in order to flow through 

the interface between the metallic minerals and i the solution filling the 

pores of the rock. The forces opposing the flow of the current are said to 

polarise the interface. The added voltage necessary to drive the current 

accross the electrochemical barrier is known as "overvoltage". When the 

energizing current source is turned off, this voltage decays with time, This 

pýherýcmenon is equivalent to the decrease of the resistivity of the rock with 

increasing frequency. 

When the induced polarization is st udiecl by measuring the decay of 

the voltage after the interruption of a steady current flow, the measurements 

are said to be made in the Tine Dcmin. If instead alternating currents are 

used and the resistivities corresponding to various frequentes are deter , 
the measurements are said to be made in the Frequency Domain. 

/Au. 
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All minerals that are electronic conductors are expected to show 

induced polarization effects. For this reason sulphide minerals are found 

to have polarization effects in contrast to pore fluids thich are ionic 

c cnductors. Table 1 lists the more cart cn minerals giving induced polari- 

zation effects (Madden and Cantwell 1967) . Clay minerals can also show 

polarization effects. 

TABLE--- 1 

Can m minerals giving polarization effects. 

oxides §, wjdes Other 

F agnetite Pyrite Graphite 

Pyrolusite Pyrrhotite Native Copper 

Cassiterite Isarcasite 

Galena 

Chaloopyrite 

Molybdenite 

Pentlanclite 

Ccbaltite 

Argc Cite 

Barnite 

Chal. cocite 

Finargite 

The I. P. method is at present the most widely applied geophysical 

method in the search for s'i1 e deposits. Particularly it is used extensi- 

vely in prospecting for porphyry copper deposits. How-ever, in spite of its 

presently wide application, ca tired with the other major geophysical 

methods, not much has been published so far. The actual origin of the 

phenecumm is still being discussed arbd there is no direct method of 

quantitative interpretation, and by far, no qualitative interpr: etation. 

/ The 



_7_ 

The purpose of the present Chapter is to present a short review of 

the I. P. method. First there is a discussion on the origin of the I. P. 

n followed by a description of the different parameters with which 

this phenomenon is recorded in the field for exploration purposes. Further 

there is a discussion on practical field considerations - in particular the 

different electrode arrays and the various coupling effects - followed by 

a brief description of the currently used instrumentation. This is f ollmxl 

by a short discussion on the different methods of I. P. interpretation 

currently applied. Finally, there is a review of the work carried out so 

far on the transient shape together with a brief discussion on the actual 

nature of this curve. 

/Ix. ¶L1LE 
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T. I. THL ORIGIN OF THE I. P. Pt tMMW 

T I. P. pn can be exhibited in two different ways. One. 

as a decrease of the electrical impedance with increasing frequency, and the 

other as a transient decay after the cessation of the energizing current. 

As it will be discussed in a different section these two effects are the 

manifestations of one and the saue pbencxenon. These two effects could 

be accounted for by displacet currents as they occur in ordinary dielectric 

properties of materials, but as pointed out by Madden and Cantwell (1967), 

they are observed at too low frequencies indicating that they Wust be 

attributed to different phencz na. 

: ilayper (1959) enumerates a rnaciber of possible causes of the I. P. 

effect. These are the normal dielectric effects, the electrokinetic response 

of air bubbles in the rock pores, the electrode polarization and the irembrane 

polarization. Iic» ever, the first two causes are discarded as not contri- 

buting appreciably to the I. P. pherumenon which is therefore solely 

attributed to the electrode and n rare polarization (Marshall and Madden 

1959, Keevil and Ward 1962, Ward and Frazer 1967). These two phsn=mna will 

be describ d bx of iy be1o : 

A. Electrode Polari7ati cn 

Before any further discussion it is important to examine the 

electrochc ical cxx li tions at the interface between a metal electrode and 

an electrolyte 4A. en no current is passing through the interface. L= iately 

adjacent to the solid layer there is an adsorbed layer of fixed ions - the 

so called "fixed layer". Adjacent to this there is the "diffuse layer", see 

Fig. 2, raade of related mobile ions in a zone in which the ancirr-lous n aber 

of ions decreases exponentially fron the fixed layer. The potential drop 

across this diffuse layer is ternul the zeta potential. The properties of 

/these 
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these two layers differ. The first is stable and the ions can only be 

removed after the application of strong physical force, whereas the diffuse 

layer thickness varies according to the dielectric constant of the nalium, 

the valency of the ions, the ion concentration in the electrolyte, aril the 

ttrcoerature (Ward and Frazer 1967) . 

r.... passage of current through an electrolyte in contact with a metal 

can be accanplished through, two paths, the so called "faradaic" and "non- 

faradaic" paths, in the first the current is carried across the interface 

by electrocleemical transfer of charge which involves oxidation or reduction 

of same ion, thus involving the diffusion of ions towards or away from the 

metal-electrolyte contact, by conversion of an atom to an ion or vice versa. 

In the non-faradaic path the current is transferred becasse of the c cnienser- 

like behaviour of the double layer. M-iexefore the non faradaic path can be 

represented by a capacitance as far as the variations of its ingedance is 

concerned. In the faraäaic path, however, the ion diffusion impedance cannot 

be represented satisfactorily by a carbination of capacitors or resistors, 

and is thus custanarily referred to as "Warburg impedance", W. The magnitude 

of W varies inversly as the square root of frequency. Fig. 3 depicts the two 

paths faradaic and non-faradaic as equivalent electrical circuits. 

Ward and Frazer (1967) have suggested a sinplifiei equivalent circuit 

for the representation of the faradaic and non-f aradaic charge transfer through 

an interface between a natal electrode and an electrolyte. This is shown in 

Fig. 4. The behavior of the conductivity of this circuit with variable 

frequency is shown in Fig. 5. The central portion of this curve is known as 

the "Warburg region". The slope of this is the I. P. frequency response 

which when divided by the resistivity is the Frequency Effect. This idealised 

een3uctivity-f spectrum was found by Ward and Frazer (1967) to show 

significant similarities with actual rock spectra. 

/r crane 
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B. Membrane Polarization 

his is the second thnportant cause of polarization in rocks differing 

fron the electrode polarization in that there is no charge transfer by the 

farad is and norr- radaic processes as in the first case but it is due to 

ion mobility variations. As a result of ar orption of negative charges can 

the surfaccs of rock: minerals when in contact with pore fluids, positive ions 

are repelled away. Thous, if the pore passages are small, then there is a 

decrease in mobility of the negative ions as they cannot pass thrcx-gh the 

cationic clouds, Fig. 6. This phenanenon of restricted nobility is vriore 

proraunc: ed when the pore passages are extremely small as in the case of clay 

minerals present in the rock. This mobility reduction is rcore of fective for 

lower than higher frequencies (Ward and Frazer 1967), r in icatirg that the 

conductivity of the rock increases with increasing electrical frequency. 

Madden and Cantwell (1967) have suggested that in order to observe 

these polarization effects two conditions maust be satisfied: First, the 

membrane zones meist be alternated with non-restrictive zones, and seccnd, the 

length of the alternating zones must be small, consequently, massive clay 

zones do not show polarization effects whereas dirty sands in i. Yich clay 

particles are dispersed within pore passages show very marked effects. Apart 

from dirty sa cam; + rock tjp , such as those containing fib and layered 

minerals, could r1iow these effects, e. g. serpentinites which possess the 

necessary properties which give rise to nie bran-type polarization effects. 

The sane authors (Madden and Cantwell, 1967) have also pointed cut that the 

msýctrane type polarization could also be caused by metallic minerals , ere 

mobile positive ion species could block the current f low giving a . 1ch larger 

polarization than the usual mane polarization materials. 

/ III. PA ?I res 
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IN I. P. ' SLJF 'fWi'S III: PAIW4E 6 WED 

. Basically the I. P. effect, although a dimensionless quantity in 

theory, is measured in practice as a voltage change with frequency or time, 

deperiing cn the method applied. r-undairentally the two methods are similar. 

For practical purposes during field surveys a number of parameters were 

developed. These are defined below. 

A. n2Lx iaxy Drnairi b asurenents 
---------- 

1. Percent Frequency Effect (P. F. E. ) . 

This is defined as: 

w,, _pdc ac X100 (1} 
pac 

where pde is the resistivity at a direct current and pac is the resistivity 

at an alternating current. In practice the dc. is replaced by a very law 

frequency current. The resistivities are apparent resistivities calculated 

aooording to the electrode configuration. 

2. Metal Cculucti+on Factor (M. C. F. ) . 

This is def iced as: 

MCF =Pdc ßx2 x105 (2) 
Pac XP dc 

If the resistivities are expressed in chrrueters the dimensions of the MGF 

are in (O s) -'. In practice the direct current is again repLwmd by 

a very low frequency current. 

3. Phase-angle n asuresamt. 

This is defined with reference to Fig. 7. 

/ it is 
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It is the prase lag b between two sinusoidal wavefonm* the input and 

the output. 

B. Time Danain Measurements 

In the Time Danain the I. P. effects are measured by recording the 

voltage decay following the interruption of the energizing current. Fig. 3 

shows the transient decay of electric field strength in a rock sale. The 

electric field will quickly drop to a value Vo, a shall fraction of the 

energizing field Ve; it will then decay slowly over a long period of tinme. 

For practical purposes the following parameters are used. 

1. I. P. Effect (I. P. E. ) 0 

This is the ratio of the residual voltage V(t) in mV at time t after 

the current was interrupted to the voltage Ve in V while t1 current was 

flowing, 11 is is expressed in mV/'V. 

2.1 OrZnalised Time Integral (N. T. I. ) . 

The decay curve is registere3 wer a length of tore an the area under 

it between two time limits is detennined as shown in Fig 9. This is 

expressed in WV sec. The time integral measure of the I. P. is given by 

dividing this by the steady voltage Ve, mVsec/V. 

3. Chargeability M. 

This was introduced by Siegel (1959) . It is given by: 

Ve-Vo 
VTo 

where Ve and Vo are as defined in Fig 8. For practical purposes Vt taken 

a very short time after the cut-off is used instead of Vo. 

/ C. Felatironship 
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C. Relationship between Frequency and Time Dc nal n Measux its 

The Frequency Danain and Time Danain measurements are related through 

the Fahier transfonoation. An account of this relationship lies beyonr3 the 

scope of this review. Madden and cAntwell (1967) have sham that the 

frequency effect at a frequency J is proportional to the step unction decay 

voltage at time t=1 /2iiJ. In the usual units of WE and IPA;, the PFl at 

frequency J is given by: 

PFD: =1X IPE at t=1 /ZrE7. 

/1V. PRAcUM 
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IV. PRACTICAL cC[1SIDQWIc1 S 

A. E1 trode Configurations 

ribre is a number of electrode configurations which can be used in 

I. P. field surveying. These can be broadly divided into profiling aal 

sounding arrays. The first are the most commonly used in exploration. The 

secorxl group are employed for depth probing about a stationary point, or 

rarely for profiling using a fixed spacing. 

The profiling group of arrays includes mainly the dipole-dipole, the 

pole-dipole and the gradient. These arrays are shin in Fig, 10 with the 

starxlard rat nclature for current rotential anti spacings. 

The most ccitnonly used sounding arrays are the Sclztun rger and Wanner 

arrays also shown in Fig. 10. 

The choice of the electrode configuration to be employed in a given 

I. P. project is one of the most important decisions the geophysicist has to 

make. Certainly the choice of the proper array depends on the actual purpose 

of the survey-reconnaissance or detail. Another important consideration is 

the geological enviroment and the type of target the survey is aiming to 

detect and locate. And depending on the target, the choice of the array 

depends on the aoncunt of information desired to be obtained fron the survey. 

There is a number of factors which are considered according to the nature of 

the survey. These are mainly: 

1. The Ilagnitu1e of the Pesponse. 

2. The Resolution of the different structures. 

3. The Overburden Penetration. 

4. Geanetry - dip determination of a structure, 

5. The Inductive Coupling. 

/ The 
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The most cacsmnly used arrays were studied by many researchers with 

respect to the above factors. The most recent contributions are those of 

Coggon (1973) arxi Dey et alia (1975). Lately Sumer (1976) has presented a 

detail o parison of the various arrays. Below there is given a brief 

discussion of the characteristics of the oa u over profiling arrays with . 

respect to the above factors (1 to 5). 

1. magnitude of Response. 

The largest response for a given structure is given by the dipole- 

dipole array. The pole-dipole array gives a slightly lower response than the 

dipole-dipole. The smallest response is given by the Gradient array. The 

same holds true far the resistivity responses. 

2. The Resolution of different structures. 

The dipole-dipole is considered to give the greater overall resolution- 

separation of effects of adjacent structures oatpared with the pole-dipole. 

However, the gradient array is far superior than the other two. For single 

structures the pole-dipole gives a broader anaaaly than the dipole-dipole 

resulting in a decrease in the lateral resolution for locating the exact 

position of a structure. 

3. The overhirden Penetration. 

The conductive overburden results in reductions in the 1. P. values 

of all three arrays. Mere is a slightly greater reduction in the dipole. 

dipole arrays than the pole-dipole and gradient which are approximately 

equally reduceO. by the overburden masking. 

4. Geometry-clip deter iinatim of a structure. 

The greatest effect is shown by the gradient array anomaly shape. 

IThere 
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There is an I. P. anomaly peak down ii p and a trough updip. The resistivity 

pattern shows the peak updip and the trough downdip. Certainly these criteria 

are applied only near the middle of the current electrodes. For this the 

gradient anomaly is considered as being indicative of the presence and 

direction of dip. 

The dipole-dipole and pole-dipole patterns are also indicative of the 

presence of dipping structures. This is shown by the asyt r try of the 

pseudosectional patterns in which, for both arrays, the strongest portions 

dip oj; posite the structure. It roust be noted that the asymmetry is more 

pronounced for small dips until in the herizcntal case (0° dip) the pseu 3o- 

sectional pattern is strongly as metrical. 

5. The Inductive Coupling. 

Although this is discussed in a different section below, it is 

pertinent to mention that the dipole-dipole array suffers the least effects 

fran the inductive coupling. The next is the pole-dipole with generally 

longer effects than the dipole-dipole. The gradient suffers mare than the 

other two arrays under similar conditions. 

In addition to the profiling and sounding arrays there is a number of 

different electrode configurations which are applied for subsurface surveying 

by the utilization of boreholes. In general the borehole arrays can be divided 

into two groups. The first includes the logging arrays which are used for 

the study of the properties of in-place rock and the recording of the 

resistivity and I. P. characteristics of the drilled rocks for correlation 

purposes. The second group includes the exploration arrays which are 

effectively applied in order to expand the effective usefulness of a borehole 

ttch beyond the actual dimensions of the hole. 

/ In the 
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In the first case two or more electra%s are placed in the hole 

at usually small and precletezmined spacings and is are taken at 

different points along the borehole constituting thus a borehole "log". 

Fig. 11 shows a number of such logging configurations. 

In the second group one electrode, usually the current, is put into 

the borehole and the distribution of the electrical field pattern resulting 

fron this is investigated with surface potential electrodes. ' : asurenents 

of the electrical field are made along radial lines frag the borehole, see 

fig. 11. The borehole electrode can be either in barren rocks or in mineral- 

ization. The second case constitutes the Mise-a-la-masse (excitation of the 

mass) method. By energizing the encountered mineralization in this way it 

is possible to establish its lateral extensions by surface measure-ents along 

radial lines. In another type of borehole array the current electrodes are 

placed at a distance of three quarters the depth of the hole on either side 

of it on the surface, and the potential is loged with one potential electrode 

placed at the collar (stationary) and the other moving along the borehole. 

By changing the azinaitti of the current electrodes about the hole it is possible 

to establish the location and gertetry of a neighbouring polarizing body. 

It is worth noting that between the two Dcma. ins, the most preferable is the 

Time Danain which suffers the least electraragnetic couplings clue to the 

proximity of the current and potential wires in a borehole. 

One of the most important problems in the use of all the above arrays 

is the presentation of their results. This problem has already been settled 

for the sounding arrays where the results are presented in a manner similar 

to that employed in the resistivity methods. Lqually simple is the present- 

ation of their results for the bole ewe configurations in which 

only one dipole, usually the receiving, is moved whereas the other is 

/stationary 
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stationary. The subject of the point of assigixt nt of a rneasw: ment has been 

discussed in detail by Habberja n (1972). Me roast prcblanatical presentation 

is that of the pseudosecticnal plotting employed in the dipole-dipole and pole- 

dipole cctifiguraticxis. Perhaps the term "pseuciosection" does not describe 

how psexio (false) indeed this section is. Certainly with the increase of the 

distance between the transmitting dipole (or pole) and the receiving dipole, 

a depth probe is carried out arxi therefore each n-'value represents different 

depth of penetration. However,, this is- not the only effect involved. - Quick 

(1973) discussed this problem in same detail. Be listed five different effects 

taking place as the value of n changes. These are: 

I, The effect of deeper horizontal layers is increased, 
2. Vertical or inclined inhatogeneities are crossed. 

3. A large volume of ground is sampled and thereby resolution is 
decreased. 

4. With the different positions of the current dipole (or pole) the 

inhanogeneities or discrete bodies. are polarised differently. 

5. With the different positions of the potential dipole, the 

potential field created by a polarised body is measured at a 
different section. 

As pointed out by Quick (1973) these five considerations n rely imply 

that "a pseuäosecti ou is a very cxmplex set of data thich cannot be readily 

evaluated". However, the present writer believes that if it is accepted and 

fully understood that the shape of the pseudosecticnal contoured pattern does 

not oorrespoýd directly to the subsurface structure but it obeys its own rules 

and limitations, then the pse osectioanal plotting is a very useful way of 

resenting the field data. 

/ B. Coupling 
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B. Caxplinq Effects 

I. 11ectrc Magnetic Coupling. 

Electranagnetic coupling is the result of the coupling of the 

transmitter with the receiver through electromagnetic wave propagation. In 

this the two units with their wirings behave like the primary and secondary 

windings of a transformer. This coupling can affect the I. P. readings in 

both the Frequency aril Time Domain methods. 

The Electrcznagnetic coupling effects were investigated by a nuuaber 

of authors the must nobable being Sunde (1949) , who has put the theoretical 

foundations for the investigation of this ph , Millet (1967) , Ratan 

(1973) who calculated two layer solutions for the dipole-dipole array, and 

trey and lior-rison (1973) who expanded the solution to nultilayerecd media for 

both the Frequency and Tiere Dar ains. 

The electranagnetic effects can be both positive or negative i. e. 

in the sane sense as the true I. P. effect or opposite to it. Evidence of 

the existence of this form of coupling is given by the strong departure of a 

frequency spectrtan in higher frequencies in the Frequency Domain, or by the 

departure of the decay curve fron a logarithmic response on early recording 

times in the Time Domain. Therefore, it is easier to avoid the electro- 

magnetic effects in the Time Domain by singly recording the curve after a 

certain delay from the instant of the cessation of the energizing current. 

Scree authors presented tables and monographs for the correction of 

the electrauagmtic coupling effects fron the field readings (AUett (1967) 

and Jess (after Sua r 1976)) . Wynn and Zonge (1974) have described a method 

for removing this effect. However, as pointed cut by Sumer (1976) because 

of the uncertainty which arises in atte, iting to correct I. P. field data for 

the cx upling effects, it is advisable to try and avoid these effects as much 

/ as possible 
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as possible during the field survey. 'T'his can be achieved by investigating 

beforehand the value of the ratio a/d, where a is the electrode slaread and d 

p(Q s) meter's. By the skin depth given by the formula d= 502.4 I f(HZ) 
keeping this ratio below 0.1 then the coupling effects may be considered as 

being negligible. Further, fron the formula of the electrcragnetic coupling 

due to two wire segzients given by Sunde (1949), it is evident that the coupling 

effects beta to minimal as the angle between the two segments approaches the 

900. This by applying perpendicular than collinear arrays the electromagnetic 

coupling nay be minimised. 

2. Capacitive coupling. 

This type of coupling may also influence the polarization voltages. 

In this phenomenon the transmitter is coupled to the receiver through wire to 

wire or wire to ground capacitance. 

Capacitive coupling can occur in three ways. 

(a) Leakage of current frag the transmitting wire picked up at the 

receiving electrode. 

(b) Leakage of current from the transmitting electrodes picked up by 

the receiving wire. 

(d) Direct wire to wire leakage. 

Madden and Cantwell (1967) have sho m that the FF expected fram 

transmitting wire leakage in the dipole-dipole configuration is given by: 

2- I 
Fý: = t2 ýn(n -1) 1n, 2) 

Il 
n -1 

where Il is the leakage current per unit length. Assuming leakage capacitance 

to ground as 0.005 of/1000 ft at 3 cps, the same authors have shoran that the 

PFE FOR L =1000 m ranges frans 0.025 at n=I to 0.07 at n=4. Capacitive 

coupling is therefore relatively unin octant for this configuration. The sarin 

/ would 
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would be true for the pole-dipole array (Madden and Cantwell 1967) . 

For the Schluirberger array they have sham assuming, a- 10 in, 

b= 1000 m arxl electrode-wire distance equal to 3 in, 

Fra = -1.4 percent at 3 cps. 

According to the same authors this represents very nearly the worst case but 

it is not a significant change over nor ml backgrourxl effects. A more detail 

discussion is given by Wait (1959). 

In general it may be ccncluded that capacitive coupling is unlikely 

to cause any significant effect provided care is taken during the field 

survey. A rcünimun distance of 10 n between wires and electrodes has been 

suggested by madden and Cantwell (1967). In drill hole surveys shielded 

wire must be user3. 

3. Cultural Coupling. 

Cultural coupling valises the effect fron a nunter of r. ýan-mace 

objects which interfere and create problem during the execution of a field 

survey. Such objects are usually powerlines, metal fences and instal power 

lines. The presence of cane of these in the vicinity of an orebody could 

easily mask any evidence of its existence. 

The electrci agnetic noise from the transmitted current through a 

powerline is filtered out by special electronic devices fitted to alnost any 

modern I. P. receiver. The frequencies involved are usually 50 or 60 biz, 

however, for lighting protection power transmission lines are usually well 

wed emulating thus a large grounded fence. 

Pipelines an fences could shave ananalaus values saretimes as mach as 
five times the background (Wynn and Zonge, 1974) demonstrating on ananalos 

pattern, similar to that due to a polarizing dyke, in the pseväosectional 
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plottings. If the survey line is parallel to or near the pipeline or a 

fence then the resistivity results could also be effected, whereas if it is 

perpeitidicular they show no effect. 

Wynn and Zonge (1974) have suggested two possible explanations for the 

origin of these effects. The first is that the ananalous fields are produced 

from non-linearities in the current behaviour in the vicinity of a fence or 

pipeline due to current focussing. The other explanation is that the fence 

acts as a grounied antenna which collects and transmits the survey signals 

with a resultant phase lag. 

C. Telluric Noise 

The telluric noise is the term for the electric noise observed 

particularly in the time domain receivers due to the so called telluric 

currents which flow continually in the earth. These currents are generally 

parallel to the earth's surface but their direction can vary due to local 

subsurface resistivity or even due to the polarization of the incming waves. 

These currents are caused by low-frequency energy which strikes the earth's 

surface as micropulsations (Sum-er 1976), These micropulsations which are 

observed as small magnetic field variations or as small electric currents in 

the earth, are caused by the low-frequency electranagnetic radiation produced 

by the effects of the solar wind or the magnetosphere. 

There is a wide distribution of frequencies of the telluric currents 

lout their greater proportion is made up of the low frequency energy. Fig . 12 

shaves the power density of the telluric function of frequency taken after 

Cantwell (1960) . From this figure it is evident that the noise increases with 

decreasing frequency iosing therefore a lower limit to the frequencies which 

can be useci for field r. asurements. 

/ In the 



- 23 - 

In the field, the eli n native of the telluric noise can be achieved 

by same kirxI of filtering, either mathematical or electrical. 'te first 

requires a great deal of cmiputation making it impracticable in the field. 

Electronic filters cri the other hand are bulky. However, there is a number 

of measures which can be taken in order to eliminate or reduce to the minimum 

this noise. 't'hese are the following: 

a. By iix ceasing the current sent by the transmitter. Currents of up 

to 5 Amps can be used but higher currents create other problems. 

b. By increasing the signal at the receiver for given current values. 

his can be achieved with certain electrode configurations such as the pole- 

dipole and the Schlunberger which give higher signals for a given current. 

c. If the transnitting arxl receiving dipoles are on different 

resistivities the telluric noise will be minimised by placing the receiving 

dipoles on the low resistivity ground. 

d. By reducing the potential electrode resistivities to the nininun 

by im raring the electrical contacts. 

e. By averaging a number of readings taken at the same position. 

D. Signal -to- Noise Ratio 

During an I. P. survey due care must be given to the amount of noise 

which is expected at the receiver and measures must be taken to reduce this 

to the inIni un. The signal voltage for a given array and spacing is given by 

the apparent resistivity fozr. la: 

Vs= PI 

where cp is the geometric factor of the array which is a function of the 

electrode spacing and separation. The noise voltage Vn is given by equation: 

/rn 
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Vn = Ka Jp (Slmtrer 1976) 

where K is a filtering constant depending on the receiver and a the electrode 

spacing. The signal-to-noise ratio is then given by the equation: 

Vs 
Vn (Ph a 

This equation shaves the relationship between the signal-to-noise ratio and 

the different parameters which can affect it. It is obvious that in ]caw 

resistivity areas the signal-to-noise ratio will be low. This can be 

increased to the maxim n by applying a higher current and a loan-noise c. onfi- 

guration (smallcp) and the lowest electrode spacing depending on the purpose 

of the survey. 
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V. I. P, FIELD EQUIPMI4T 

Basically there are two different types of equipment for measuring 

the I. P. phencmw=, one for the Tine Dcriain and the other for the Frequency 

Danain method. These two different types of instrumentation were developed 

rather simultaneously by various research institutions and instrument 

manufacturers. The mast notable is Nec. z ont Exploration Limited who developed 

both time domain and frequency danain equipment and d strated the 

equivalence of pulse, frequency and phase angle I. P. measurements (Dolan 

and 1. ýLaughl rt 1967). Other valuable contributions to the develo; inent of 

I. P. instrumentation were those of Madden and his coworkers at the M. I. T., 

McPhars and Geoscience for the Frequency Danain, and Iluntec and Scintrex for 

Time Domain instrtznentation. 

An I. P. unit of either type (frequency or pulse) consists essentially 

of three different oanporents. The first is the power supply which can be 

either a battery device or a generator, the second is the current transmitter, 

and the third, and most important, the I. P. receiver. 

A. The Power Source 

The type of the power source depends on the output of the system. 

Small I. P. units up to 250W are powered by rechargeable batteries which are 

often enclosed in the transmitter console itself, More powerful units are 

powered by high frequency (40011z) AC generatcrs. The reason for using a high 

frequency AC current is that it can be easily stepped up and regulated. '. .: 

Further it requires a much lighter transformer than a low frequency current. 

The generators are usually powered by two or four cycle engines 

depending on their poor. 

I B. The 



-26- 

B. 'be I. P. Transmitter 

The transmitter is that part of the I. P. instrumentation which converts 

the electric power provided by the generator or battery to the desired current 

waveform. Fig-13 is a generalised block diagram after Sumer (1976) of an 

I. P. transmitter for both frequency awl time danain work. 

The main difference between the two types of transmitters (frequency 

and pulse) is basically in the farm of the transmitted current. In both cases 

silicon controlled rectifier networks are used which can synthesise any 

desired waveform. In the frequency domain this is a low frequency sinusoidal 

wave produced by the phase-control method of current control. The time danain 

pulse is essentially a square wave which can easily be formed by the combi- 

nation of two full square waves with a 90 degree phase difference. 

C. The I. P. Peoeiver 

1. The Time-Danain Receiver. 

In the time danain the receiver measures essentially the aonplit xie 

of the transient voltage at one or mrore prede-iermixied tines after the 

cessation of the energizing current., and compares them with the voltage 

measured during the transmission of the current. In the older types the 

synchronization of the receiver with the transmitter was being accxx lished 

with direct wire connection of the two units which was consequently i. rqposing 

sane problems during field work. In the new receivers the instrument is 

triggered remotely by sensing the "off" instant of the transmitter voltage. 

In this way the receiver records the I. P. voltage during the transmitter's 

off time period. 

An example of a time domain receiver is shown in Fig. 14 which depicts 

the block diagram of the IPR-U receiver of Scintrex. Sane of the important 
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parts of this receiver are the S. P. bucking mich eliminates any potential 

difference due to S. P. across the receiving electrods, and the 50 (or 60) Hz 

filters which filter cut powerline frequencies. The A. S. P. (automatic S. P. ) 

circuit takes into account and corrects for any possible S. P. change during 

the taking of the measurements. The programmer generates all the necessary 

control signals required for the auta1iatic operation such as the timings 

of the recording of the transient amplitudes, The memory allows the 

simultansaus recording of this transient voltage at more than one times and 

the sequential display of the results. 

The popular iiuntec MK3 Receiver is described in mich detail in 

chapter Three of this Thesis as it gras used extensively throughout t 1w. 

presu it study. 

2. The Frequency Domain Receiver. 

This is essentially a specialised, sensitive, law frequency voltmeter. 

Fig. 15 shows a sinrplif ied block diagram of a typical frequency danain receiver 

(after Sumner 1976) . In this type of receiver the voltage of two or more 

frequencies are measured separately. In the case of sequential transmission, 

the different voltages are measured separately and then compared to give the 

frequency effected. In the dual frequency sinrultaneoºus transmission the 

voltages of the boo frequencies are measured simultaneously and the frequency 

effect is imediately displayed on a meter. A phase reference system is 

required for the measurement of the different frequencies. In the past this 

was achieved with direct wire link. New instruments have overcante this 

limitation with special electronic circuits. 

/ VI. I. P. 
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VI. I. P. IN ERPRL ATIOQSI 

The purpose of the interpretation of an I. P. survey can be considered 

as t =fold. The first is the oanventional geophysical interpretation in which 

the geometry and depth of a polarizer are de . The second involves the 

aplorcximate establI rent of the nature of the oc luwctor in terms of mineralogi- 

cal omposition and grade. 

In the first case there is a nubber of methods currently used. One 

group includes all those indirect methods which are actually a cararison of 

the field data with case histories, physical model studies, an master curves, 

The second group comprises the direct interpretation methods such as nuvmerical 

modelling. Below each method in briefly reviewed. 

A. Case Histories 

In this method the field data are c arpared with previously obtained 

results over structures which were either known before their I. P. surveying, 

or have consequently been drilled and their structure and geanetry verified. 

Such case histories have been puplished in the geophysical litterature. 

Geophysical contractors, such as M Phars, release regularly case histories 

from their surveys over the world. 

It is understood that by this method of interpretation it is not 

expected that an identical case will be available to match with the results 

being interpreted. However, the present author feels that whenever possible 

some farm of case histories nagst be established for a particular environment 

of ore occurrence by orientation surveys over previously known structures in 

the sane environment. This has been applied by the author and proved to be 

of mich use. 
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B. Physical M de1 Studies 

In this method the I. P. responses of particular strurctures, gao- 

metries aal polarizers have been studied with the use of models, and the field 

results are cc ;, pared as in the case histories with available iLcdel data. 

Such model studies have been carried out by Hallof (1967) of 1 cPhars for 

various sizes and geanetries of polarizers. In these model studies he used 

a plastic reel block ii xegnated with graphite as the polarizing body in ?, n 

alkali. rle solution. Real polarizable materials have also been used by other 

researches on a small scale to simulate real conditions. Quick (1973) in a 

Ph. D. thesis has presented a large variety of uredel cases particularly for 

the gradient array. brawll scale experiments were also described by le tLn 

and Loeb (1974). 

C. Theoretical I. P. Curves - Master Curves 

In this method the I. P. results are treated in a similar manner to 

that of the resistivity interpretation methods with the use of the etically 

cci uted master curves. There is a number of mathematical --techniques which 

are applied for the cat xtation of these curves. The applicability of the 

curve matching method in I. P. interpretation was discussed in Patella (1971). 

Elliot is marketing a library of I.?. master curves for all the camionly used 

electrode arrays. 

D. ixical P. elling 

With this method gearetric shapes can be investigated math atically 

with the use of nimierical techniques. Obviously such methods require the 

use of digital catxuters. The vast commonly used methods are the finite 

difference which is based on the Taylor series expansion of a function of ti 

variables, and the finite element method which can deal with more irregular 

boundaries and heterogenous models. Examples of this method are given by 
Cocggon (1971 ar 1 1973) . / E. Direct 
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E. Direct Interpretation Methods 

The direct methods use the field potentials to ca e to a direct 

solution of the subsurface structure. This procedure is riot being applied 

as much as the methods described above. Dieter et alia { 1969) have first 

developed a method for the direct interpretation of the I. P. data for the 

pole-dipole array in terms of a sphere. 

Tire possibility of direct interpretation was discussed by other 

authors who suggested a nutter of criteria for interpretation. Komarov (1967) 

has suggested that for the gradient array the depth to the center to a 

cýcxýuýctor can be determined by placing one of the current electrodes over a 

previously determined arx mly. Then the distance of the a xxnaly from this 

current electrode equals the depth to the center of the ananalous body. 

Quick (1973 and 1974) has proved that the direct techniques of total 

or vertical magnetic field interpretation can be applied for the gradient 

chargeability results. He has also presented a number of empirical equalities 

for the interpretation of gradient array profiles over a nur ber of geometries . 

/VII. A 
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VII. A MMI OF '1'I : WORK CRJ Z TIW1SI=- SHAPE 

A. Tire work of Wait (1959) 

The first attempt to investigate the shape of the I. P. transient was 

that of Wait (1959) , who has st 2xii. eä the shapes of rock sample decays. In 

his study he used three different parameters: 

I. The Rate of Decay. 

2. The Decay Curvature. 

3. The Rate of Change of Curvature. 

I. The Rate of Decay. 

This was stied at different points on the decay curve given, by the 

fonwla 

Pn = Mn -I " Mn+1 
rm 

'4iere M are decay arrlitudes at successive times. This non . rical fomaila is 

according to Wait (1959) , closely akin to the first derivative of the curve 

divided by its response at the central point. 

Be has fount that the mineralizad samples he studied were character- 

ised by generally higher rates of decay car red with the non- minerali zed ones. 

2. The Decay curvature, 

This parameter is considered by Wait (1959) to be closely akin to the 

second derivative with respect to luget divided by the magnitude of the 

response at the ventral point. It is considered to be a measure of the 

departure of the decay curve from a loget type of decay. It is given by the 

fonrula: 

N+ M1+M3-2M2 

wait 
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Wait (1959) considers this criterion as more truly characteristic of the curve 

shape alone. He stated that a positive N value implies a decay curve which is 

"concave-dawn" at the point in question. 

Fresa his experimental work he had found that the non-mineralized 

sawples had mostly negative N values whereas the mineralized samples had always 

positive values. The overlap of the range of values for the two was found to 

be almost zero and it was thus considered to be characteristic. 

3. The Rate of Change of Curvature. 

This parameter, considered by Wait (1959) to indicate how the curvature 

Changes along the curve, is given by the fornula: 

ýY -M1 + 2M2 - 2M4 + 115 
A. 43 

The numerator of this fon u1. a is akin to the third derivative at N3 time. He 

has ccricluded that the mineralized samples had lower values (of Q) than the 

non-mineralized " 

4. General Conclusims on Waits study. 

Wait has plotted all these parameters with respect to the response 

at I sec, and has drawn the medians for the mineralized and non-mineralized 

samples separately as the lines with equal nui±er of readings above and below 

than. rl en be estimated the percentage of the mineralized points that lie 

below the median non-mineraltzed line. 

The results were as followsli 

P 0.3 75% N 0.3 33% Q1 66% 

P1 66% ii 1 100% 

P3 91% N3 66% 

/since 



-33- 

Since 100% of the mineralizer3 samples were urxier the N1 ncrr-mineralif-ed 

median, he considered the N1 as the "best quality fron this standpoint" . 

Further, 'Wait (1959) has examined the variation of these parameters with 

respect to the mineralization content of the samples. He has observed r 

relationship except for a vague trend in NJ. 

In his concluding remarks he states: 

(a) The rate of decay at 3 sec, P3, to be "seemingly diagnostic". 

(b) The curvature, N, at 1 sec to be a "very good criterion'. 

(c) The raineralization content could not be estimated fron 

properties of the I. P. curve. 

13. The work of Collet (1959) 

Collet (1959) has presented son. e results of laboratory studies of 

the transient curves carried out by fetont Exploration Ltd. He has 

deznonstrat for the first time that the different minerals show different 

decay curves. The main part of his experimental work, however, was the 

investigation of the decay changes with respect to variations of the primary 

voltage, the anoint of the electrolyte, type of electrolyte, concentration 

of electrolyte, tat erature, particle size and relative particle volume. 

C. The work of hell (1965) 

Ebell (1965) in a paper describing sane time-domain field trials 

where he has suggested ne parameters for the presentation of I. P. results, 

has also studied the transient decay curve. lie has not found any difference 

in the shape of the curves over sulphide and graphitic polarizers and he has 

thus cmclued that the curve shape "hardly offers any possibility of separa- 

ting graphite and sulphide conductors". Further he introduces the parameter 

IP(2)/ IP(0.4) (transient value at 2 secs divided by transient value at 

0.4 sec) which he has found constant in neutral areas but increasing markedly 
over both s and graphitic mineralization. 

/ r% "a- - 
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D. 'ihe work of 13 t'n (1968) 

min (1963) in a paper on I. P. has made sate remrks on the decay 

curves. In a statistical study of "apparently simple decay curves" he has 

PS, 
where Pt denotes the transient amplitude calculated the parameters 

P2, 
Pý' 
P4' 

P1 Pý' 

at secs. On plotting numerous sucn results versus the response at I sec he 

has fourd that each of these parameters were distributed in alignment and with 

an absolute dispersion of ± 5%. He has concluded that in a rough estit ate and 

for the interval of 1 to 8 secs, "that the decay curves have the seine tine 

constants and that one point is sufficient to determine their. anp1it e". 

Bertitz (1968) has also cabserved complex decay curves and also negative 

I. P. phena na. In the first case he has noted that the crniplex decay was 

the result of the superposition of a short duration effect on a major effect 

of longer duration. In the case of the negative I. P. he has explained . 

tentatively the phenanenon as occurring in an outcropping polarizable layer 

where the surficial depolarization currents are in the opposite direction to 

the primary current. The negative I. P. has also been explained in the case of 

a burried polarizable body as again being caused by depolarization currents 

resulting fron the position of the polarizing body in depth. In this way he 

explained the negative flanks which are observed in shallow seated polarizers 

of limited lateral extent. 

The work of Scott and West (1969) 

Scott and West (1969) in studying the I. P. of synthetic high resistivity 

rocks, have touched upon the subject of the decay curve. They have observed 

that their curves were linear when plotted on a loget base and linear potential 

axis. Cki a log-log plot they observed that there was a suggestion of two 

linear stets, the seccnd beginning at about 0.5 sec with a more rapid 

fall-off than the first. 

/ With 
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With regard to the decay shape they have observed no obvious change 

or charLe in the rate of decay with increasing current density. In the 

quartz-loaded specimens - no sulfides, the decay curves had the sane general 

form as those of the sulphide loaded specimens, alt1 ugh they observed a 

tendency for. a slightly more rapid fall-off. 

F. The work of Siegel (1970) 

Siegel (1970) claims that it has been known since 1950 that "useful 

seccxlary information is available in the shape of the transient decay curve". 

He also believes that this information is related primarily to two factors, 

first, the average metallic particle size, and second, the presence of electro- 

magnetic transients. Further he argues that it has been established through 

laboratory weasurarents that metallic conduct rs with large average particle 

size produce long time decay curves, whereas small particle size conductors 

produce short time decay curves. 

For the investigation of the decay curve shape, Siegel (1970) proposed 

the WM parameter, originally introduced by Newnont Exploration (ttLoughlin 

1967). The definition of L and M is given in Fig. 16. Siegel (1970) considers 

this ratio as a sensitive indication of the shape. In the barren areas it 

was found to be constant to within 20%. Any departure irglies abnonnal 
conditions which may be due to either ananal ous metallic polarization 

responce, or electromagnetic, or interline coupling. Further Siegel (1970) 

argues that: 

(a) A significant increase in LA Iir lies abnorm ally short U 

constant which he considers as due to small particle size 

polarization or positive electromagnetic effect (Fig,, 17a) . 

(b) A decrease in L/M inplies an increase in the time constant which is 

due either to large particle size metallic polarizers or negative 

electromagnetic effect (Fig. 17b) . 
/ (c) Significant 
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(c) Significant reduction in L/M is indicative of electrcmgnetic 

transients of large amplitude and reversed polarity (Fig. I7c) . 

(d) tlegative L/l-i values imply a langes term reversal with praYirlent 

negative electrcrnagnetic effect (Fig. 17d). 

C. The work of Grant (1971) 

Grant (1971) believes that the shape of the decay curve "conveys 

geologically usefull information". He claims that valuable data are there- 

fore discarded because of ignorance and failure to observe them. }e considers 

a number of advantages in being able to monitor the entire decay curve. First, 

it will permit the Identification and thus separation of . M. transient 

effects. Second, it might enable the separation of overvoltage fran backgrour 

I. P. or differentiation between responses of different kinds of rocks with 

substantially different time constants, which might eventually lead to 

criteria to distinguish between effects fron metallic and non-vetallic 

substances. Finally he argues that since the response front small particles 

is of longer a litw3e arxI shorter duration than the massive concentrations 

then it might allow the distinction between massive and disseminated ores. 

Further, Grant states that the I. P. decay rates change fran point to 

point and this change does not depend on the chemistry of the polarizable rocks 

but only on the gross shapes and the electrode configuration. In discussing 

the effect of the shapes of -the polarizable bodies' he argues that "the gross 

envelope of the polarizable medium must have some effect upon the relaxation 

tame because it determines how widely the ions raust seek for alternative routes 

around the blocking grains". 

By adapting the model first proposed by Wait (1959) to represent a 

polarizable median, Grant (1971) investigates the effect of the shape of the 

envelope and of the changing electrode positions. For the shape of the % 

/ envelope 

hhý 
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envelope he estimated the decay curve for different values of the d. c. 

admittance of the f ilnl, q, for both parallel and perpendicular to the strike. 

The results in-licate that the decay is steeper for higher q arxi that it 

becomes steeper as the direction of the field changes fron perpendicular to 

parallel with respect to the long axis of the body, Fig. 18. He has observed 

that the partial integrals which are usually taken in I. P., vary much 

differently from the changes in the apparent chargeability. For the changing 

of the electrode positions he has shown that by changing the positions of the 

current electrodes, the overall decay of the curve changes, Fig. 19. 

H. The work of Iioeskops and Quick (1971) 

Moeskops and Quick (1971) in a study of the I. P. effects of sepertin- 

ised ultramaf is rocks have used the ratio tV1 /iV5 (-1t) (i. e. transient aompli- 

tude at one secczxl, divided by the amplitude at 5 seconds) as a measure of 

the curve shape. By treating their results statistically they concluded that 

if R) 2.43 then the decay is certainly due to ma rare polarization, whereas 

if R<2.43 the type of polarization is uncertain. 

I. The work of Quick (1973) 

Quick (1973) has investigated the shape of the transient decay for 

core samples, tank samples and scale models. As a measure of the decay he 

has used the paramiter R, as in MDeskops and Quick (1971). It is evident that 

high values of R denote rapid decays, and low values slow decays. At first, 

Quick (1973) has tested the becaviour of R with respect to the current density 

variation and has found no relation between them. Ha ever, he has found that 

R was related to the charging time with longer decays for longer charging 

times. In L&Iition he has found no significant correlation between polarizabi- 

lity and R and also not with resistivity. 

After a statistical treatment of his results he concluded that metallic 

/and 
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arY3 possibly graphitic polarizers very rarely have R values in excess of 2.43 

and few are likely to exceed 2.36. The membrane polarizers can exceed these 

values, but also cacux my have lower values indistinguishable fran metallic 

polarizers. 

In the scale model cases Quick (1973) has found that the time 

constant of the transient decay varied both fran place to place for constant 

geometry of polarization and with changing geometry of polarization. He has 

fotuud no effect due to body geometry -e :j expected from Grant's (1971) work, but 

he attributed this to possible experimental errors. 

Finally, in a discussion on the clex and negative transients he 

accepted that they really exist, but other effects such as electromagnetic 

coupling and SP drift my produce such results. He argued that in the real 

asymmetric transients there may be soars geanetric information. 

J. The work of Phillips and Richards (1972,1974,1975) 

Phillips and Richards have published a rnnnber of papers on the 

variation of the transient decay curves. In their first paper (Phillips and 

Ricrhards 1972) they discussed the results over a weakly mineralised area 

where there was an I. P. anomaly with negative transients flanking the mineral- 

ization. he main subject of the paper was the fact that by interchanging 

the current and potential electrodes the shapes of the decay curves over a 

particular area were different. In other words they proven that reciprocity 

did not hold as far as the shape of the I. P. transient is concerned, at least 

in areas close to mineralization. 

In a second paper Phillips and Richards { 197 4) have sttxlieä more 

extensively the I. P. transient curves obtained over a reciprocal dipole- 

dipole configuration. They ccmgared the results from a similar work over the 

same area but with porous pots instead of steel stakes as current electrodes. 

They 



-39- 

They concluded that the differences they have noticed, and in parti- 

cular the negative polarization, which was prcclinent only in the steel 

current electrode reciprocal arrays, was due to negative polarization on the 

current electrodes. Although they have noted that the negative effects 

could be eliminated with higher current densities, they attributed their 

observations to the decrease of the specific surface resistance of pyrite as 

the current density was increased, as noted by Anderson and Keller (1964), 

However, they acc 3 that this did not hold true for their pkwixm*z=. 

In a third paper (Phillips and Richards 1975) they have studied the 

I. P. decay characteristics of same scalp -ide and graphite deposits. With their 

studies they reached the conclusion that the I. P. transient decay was mre 

akin to a loge time decay than an exponential decay. The slopes of the 

regression lines of the loge decay were found to parallel closely the 

magnitude of the I. P. at 1 ursec after switch off. In order to catpare the 

slopes of the regression lines, they normalised to the value at loget = 3. 

In general they have found that in traverses across a mineralized zone there 

was no significant change in the slopes of the normalised regression line. 

They have observed, however,, sane difference in the slope of this normalised 

regression line over a sul. de mineralization eampared with a graphitic 

mineralization and they attributed these differences to the nature of the 

mineralization. 

K. ri'hre work of Swift (1973) 

Swift 0 973) in a theoretical study of the behaviour of the LJ1-1 

Parameter reject the initial claim that this ratio is indicative of the grain 

size of the metallic particles, He has suggested that an anomalous L/ri value 

could only be interpreted as evidence of ca1pling (Gelde and Hawlaryd Rose, 

1970), Further he points out that although the L/iK recording instruments 

have the ratio to be equal to unity for normal values, the most typical field 

values of L/M was found to be between 0.7 and 0.8. 
/ L. The 
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L. The work of Bertin and Loeb (1974) 

Bertin and Loeb (1974) have discussed the deccrcrposition of the 

transient curve of I. P. into different exponential factors. They have 

ass ed that: 

DV (t) =ae 
t/ý + ate 

t1T2 + .. net/" 1 

Für their field results in which they recorded the curve for 80 secs after 

switch off, they decaiosed the transient into three factors in a way which 

appeared to be similar to that suggested by Hutchins (1971). 

Bertin and Loeb (1974) have introduced the follcv ling parameters which 

they claimed to be of some significance in the interpretaticn of field 

results. These are the parameters Al = a, /DV and A2 = a2/DV. where a, , a2 and 

DV are defined in the equation above, and the quotient Al /A2. On the basis 

of their field evidence, they argued that the Al/A2 ratio is of pore diagnostic 

value than the actual I. P. measurement. They concluded that the rapid decay 

coefficient (one to several seconds) is related to the polarization of bodies 

containing mtallic morals, whereas the slc»z discharge factor (ten to 

dozens of seconds) is related to rocks with purely electrolytic conductivity. 

M. Discussicn and Ccx clusiaris on the Transient Shape 

Many researches examined can which form of plotting the I. P. decay is 

linear. Wait (1959) observed that the transient curves are approximately 

straight lines when plotted against loge tine base, and so did Keller (1959). 

In discussing the shape of the decay curve, thell (1965) observed that 

on neutral ground it is morn rapid and has nearly an exponential form, i. e. 

linear with linear time axis and loge potential axis. The curves over mineral- 

ized ground, haver, w, ere considered to be ca nosed of two parts, one 

following the exponential decay and the other decreasing very slowly ramaining 

/ almost 
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ahnst c nstant during the recording time. He has sucgested that tha decay 

curve could be represented by: 

IP(t) =Ndt'T+L 
IRP 

where N is the normal overvoltage amplitude with a decay constant T of the 

order of 1 sec, and L the persisting part which depends largely on the duration 

of the current pulse. Scott and West (1969) observed that over the tine 

interval used in their experiments, the decay curves were mostly nearly linear 

when plotted with a logarithmic time axis and a linear potential axis. On 

a log-log plot they have observed a suggestion of two linear segnents, the 

seccnd beginning at about 0.5 sec with ar ore rapid falloff than the first. 

Siegel (1962) also observed that the decaywas approximately linear for a 

reasonable length of time when plotted on a logarithmic tine axis and linear 

potential axis. 

Hutchins (1971) and Bertin and Web (1974) consider the I. P. decay to 

be ex ntial arnd in fact the sum of series of exponential functions of the 

fom, Alm . hiutchins (1971) presented a graphical method for factoring 

the decay curve into the two catponents 

e tý = Aa-at + Be-ot + ooxstant 

Phillips art Richards (1975) suggested that the transient voltage values 

fall close to a straight lima when plotted ca loge time scale. 

Fran the review presented above, it is evident that it was scor 

recognised that the I. P. decay curve could disclose useful inforraatick regarding 

the type of polarization, and also the grade of the metallic polarizers. 

Collet (1959) went a stage further and suggested that each nAneral was 

characterised by different transient shapes. Sam of the early workers, 

such as Wait (1959), Ebell (1965) and F3ertin (1963); in their attest to 

investigate and use the decay shape, devised various crude parameters for 

/ representing 
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representing the decay curve shape. Siegel (1970) introduced a rrore elaborate 

parameter - the L/14 ratio, which found sane application in routine surveys, 

adapted even by sate instrument manufacturers such as SCII . Serious 

objections regarding this paraireter were later expressed by Swift (1973)o 

An Ji ortant contribution towards the study of the decay curve shape 

was the work of Hutchins (1971) who described it as the stun of exponential 

functions and devised a mthod for their canputation. This method was 

adopted by a number of researchers such as Phillips and Richards (1972 and 

1974) and Bertin and Loeb (1974) , who demnstrated that at least sane of 

these part rs are indicative of the mi. neralizaticn. For this reasc n, it 

was decided during the present research to investigate further the applica- 

bility of these parameters particularly in an attenpt to establish their 

usefulness as mineral grade indicators. The present research examines also 

the possibility of a loge tine linear curve. For this purpose, a nurnber of 

par tens describing this shape were devised by the present author. These 

are described in the following Chapter. 
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CHAPTER ThhREE 

um scoPE OF TVIE PRES&W IESEAPCH 

I. INMO UCTI 

mining in Cyprus has been going c for centuries with the exploita- 

tics of nur emus shallow seated or partly exposed and oxidised salphide 

Öeposits. A single deposit could have been mined at different times by 

different pecaple, beginning with the ancients, each taking what was 

considered to be eeoncmic (ore) at his time. Therefore, although the raining 

history of the island is long, the number of orebodies exploited so far is 

small, ci" mare correctly the total tonnage of ore produced is relatively 

small. In the last decades, however, as a result of a number of interealated 

factors such as the mechanization of the raining methods and the reduction of 

costs, the reduction of the cut-off grades with the increase in the metal 

prices, the rate of production has increased considerably. Consequently 

the necessity for the concurrent increase of the reserves has becane are 

apparent. In the past during the low production years, mineral exploration 

was being carried out at a slow rate. It was ccnoentrated in the location 

of extensions or dislocated parts of an under exploitation orebedy, or over 

a gossan. In the latter, the aim was the investigation of the underlying 

rocks by drilling which was usually prec swiss by same form of small penetra. 

tion geophysics such as S. P. 

An iiportant characteristic of the low production years, was that 

the geology of the environment in which the sulphide mineralization occurs 

the volcanic succession of the Troodos Igneous Ca nplex, was not well kwm. 

Similarly, the mining geology of the sulphide deposits had not yet been 

/ clarified 
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clarified. Although there were scare rxytable contributions to the subject 

during those years, each worker restricted his observations within the 

limits of his area without relating it with other similar environnents in 

other parts of the islands 

At present the situation is different. The exploitation of the 

ore deposits is carried out with higher production rates am exploration 

has to follow in the same pace. In addition, almost all known orebodies, 

have been rained out and all other mineral indications have been thoroughly 

investigated. At the same time, however, the geological environrkent where 

these deposits occur and their geological features were studied and clarified, 

indicating that there may be other potential areas than those of the gossans, 

either hidden under the volcanics or the younger overlying sediments, This 

finling has justified and dictated the extension of the mineral exploration 

activities to deeper levels under the surface. Thus the role of geophysics 

has became m re it ortant than in the past where it was merely used for the 

evaluation of gossans. 

For the fulfi]inent of these new requirements, the geophysicists had 

to utilise the mi and moxiern techniques which enable the investigation of 

the subsurface properties at greater depths than before. one of the new 

rtiethods which has fouxxi wide application throughout the world is the Induced 

Polarization method. The purpose of this thesis is to examine the applica- 

bility and limitations of this method in the search for sulphide mineral- 

ization in Cyprus. 

The purpose of this Chapter is to describe the geological environ- 

ment where the Cyprus sulphides occur, with a more detail description of 

their own characteristics, together with an outline of the different 

geophysical activities which took place in the past. Further, its purpose 

is to define the scope of the present research and the methods and means with 

/ which 
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which it was accapplished. For these, the Chapter begins with a general 

outline of the geology of the island of Cyprus followed by a more extensive 

description of the Troodos Igneous Complex where the sulpIU e mineralization 

occurs. This is followed by a detail description of the sulphide rr3neral. i- 

zation and the geological er rcrn nts where this is fouri3. This is 

exemplified by two orebodies w dch are described in sane detail particularly 

as geophysical targets. Following this there is a definition of the scope 

of the present research and the different geophysical problems it attempts 

to clarify, together with a description of the field rethods used to resolve 

them. The next section describes the instrumentation used in this study. 

This is followed by a brief review of the applicability and limitations of 

the different ground geophysical methods applied in the past. The previous 

work with the I. P. method is described in a separate section. The final 

section presents the results of an orientation study which was carried out 

over the known deeply seated Agrokipia B orebody. It was on the basis of 

this study that the various field parameters used in the present research 

were chosen. 

/ II. THE 
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II. TM GENMAL GLOI- Y OF CYPRUS 

The islarxl of Cyprus has an areal exteril of about 9000 square 

ilia civetera and is situated in the northeastern corner of the t4iterranean 

sea. both topographically and geologically it can be divided into four 

parallel belts running about east'-est. These belts are fron north to south: 

a. The Kyrenia Range which consists mainly of Carboniferous to 

Miocene sediments and is considered to be the sou t': arc of the 

Alpine Chain. 

b. The V esaoria Plain which consists of urxleformecl s imentary rocks 

of Miocene to Pliocene age of a total thickness of about 2700 meters. 

c. The Troodos Igneous Massif which is the major topographic and 

geological feature of the island covering about one fourth of its total area. 

Ihe sUphi+de mineralization is fanxl in this igneous canpiex. For this its 

geology is described in sane detail in the following section. 

d. The Southern Foothills which consists of sediments of Campanian 

to Pliocene age. 

A sketch map summarizing the above geological ard tropographic 

features of Cyprus is shown in Fig. 20. 

/ iii. 'IUE 
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III. TU TROODOS IC OUS OOI1 

A. Introduction 

The Trocx]os massif is an elliptical shaped da which occupies the 

central and southern parts of the Island of Cyprus. It has a MA -ESE 

extent of about 60 miles and its width ranges from 15 to 20 miles. It 

covers an area of about 900 sq. miles, nearly a fourth of the total area of 

the island. 

The massif is fonned by three main groups of igneous rocks. These 

are (i) the Sheeted Intrusive Ccxtplex, a swarm of diabare dykes occupying 

the major part, (ii) the Pillow Lavas fringing the Sheeted Intrusive Ca Alex 

and (iii) the Plutonic Cmplex. Fig. 1 is a geological map of the Troodos 

nass if 0 

Exceptionally large positive gravity 11 en (of 240 mgal) have 

been recorded over the island. The axis of these ananalies lies over the 

Troodos massif, and it is believed that they are due to the presence of a 

high density material, probably of the Upper Layers of the Mantle, and the 

absence of the sialic crust. 

Geoaphh 

The relief of the massif is controlled by the differential weathering 

of the rocks. The Pillow Lavas which form the periphery, weather easily 

usually by exfoliation, giving rise to rounded hills and in general, a low 

1-n im=ky surface. The major part has a youthful topography and steep relief 

resulting from the resistant rocks of the Sheeted Intrusive Ccctplex. Finally 

the Plutonic rocks have a relatively smooth relief. 

The ground rises froth sea level in the western side of the massif to 
1950 m. oen bk=t 01ym is; the bulk of the massif lies above 600 m. 

/ The 
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The area is drained by about twenty major river systems which have 

their sources along the Troodos ridge-line. The valleys have been rejuvenated 

in the recent uplift, arnd the rivers are in their youthful stage flawing 

along V-shaped scree-covered valleys fanning nuinercxis rapids and waterfalls. 

C. Petrology 

The rocks of the Troodos i assif are classified as follows: 

( Upper pillow Lavas ) 
wrCANIc: () 

( Lower pillow Lavas ) 

c Basal Group ) 
IRMISIVE ( Diabase 

{ Graiopilyres 
() 

PLUI IC { GaI±ros ) 
() 
( Ultrabasic ) 

THE T1)ODOS PIED? 
LAVA S1tl 

ML SIEL-TED EMMSIVE 

COMPLILX 

WE TROODOS PUYMNIC 

CUT= 

This table shows the structurally highest rocks (Upper Pillow Lavas) at the 

trop and the lowest at the bottaa (basic rocks of the 7`roodos Plutonic Ca ilex) . 

1. The Troodos Pillow Lava Series. 

The Troodos Pillow Lavas fringe the massif with an exception cn the 

N. W. side where the underlying diabase outcrop extends to the coast. They 

crop out over a relatively low relief country between the Sheeted Intrusive 

C: anplex and the overlying sediments. They exhibit a pillow structure with 

the diameters of the pillows ranging f rcn a few centimeters to a: fe cr jters . 

The series is subdiviaed according to the intrusive material into: 

a. The Upper Pillow Lavas. 

b. Tabe Ioer Pillow Lavas. 

/ a. The 
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a. The upper Pillow Lavas. 

They consist of uniform accumulations of basalt, olivine-basalt, 

lfn urgite and picrite-basalt submarine flows although in certain areas sills 

and dykes occur. he Upper Pillow Lavas rest on the undulatory upper surface 

of the Iawer Pillow Lavas. The contact between the whole series and the 

Sheeted Intrusive Ccaplex below is faulted in many places while in others 

there is an unconfomity between them. 

b. The Lower Pillow Lavas. 

They consist of sdomrine flows of andesite and dacite with an equal 

proportion of dykes and sills of basic canposition foxmu 
. conteniporane isly 

with the extrusives. The intrusives are sub-divided into: 

(i) Irregular minor intrusions - relatively narrow irregular 

intrusions cutting the pillow lavas without any preferred orientation, and 

(ii) Major dykes - ccnsiderably thicker intrusions with a regular 

worth-south trend. 

2. The Sheeted Intrusive Catlex. 

The Sheeted Intrusive Complex forms the greater part of the massif 

cropping out between the overlying Pillow Lava Series and the Plutonic 

Catplex. The mmjor part of the codex is formed by a swarm of basic dykes, 

lxklividuals of which are from 0.5-3 m thick. The dykes which are basic in 

ca i, positicu exhibit a very good sheeted structure with a dominant N-S trend 

and very steepdip which usually exceeds 600. 

According to the host rock the ccx plea is divided into: 

a. The Di a Lve-rwith strurctureless hast rock occurring in the form 

of thick sheets between the dykes, and 

/ b. The 
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b. The Basal Group - with pillow lavas as host rock. 

a. The Diabase. 

This shows a characteristic uniform sheeting structure with parallel 

joint planes, separated by layers of structureless host rock. It has a 

splintery fracture and weathers easily forming extensive screen along the 

sides of the valleys. The diabase is a microcrystalline rock cci osea 

essentially of plagioclase feldspar, amphibole,, chlorite and quartz, the 

accessories being sphere, iron oxide and epidote. The relative proportion 

of these minerals varies according to the degree of i ietan orphism the rock 

suffered during the e lacenent of the plutonic rocks. This variation is 

easily observed in quartz which in the cuter margins occurs in sraall 

quantities, while in the inner margins near the Plutonic cmplex it becomes 

abundant. 

b. The Basal Group. 

The Iasal Group has a hast rock of pillow lavas which have been 

intrudec1 by ark3esitic or basaltic dykes 1 to 3 in. thick forming the major 

part of the group. The pillow structures occur as screens usually 2 to 3m. 

wide between the dykes. The dykes and pillow lavas have a similar mineral- 

ogical cz osition ranging fron that of an altered basalt or arxdesite to 

diabase. 

3. 'dye Troodos Plutonic Canplex. 

The Troodos Plutcnic Carplex crops out on Rmt Olympus, in the 

central part of the massif, occupying an area of about 95 sq. miles and in 

the Linmassol Forest, in t1 S. E. part, over an area of 55 sqe miles. It 

Consists of rocks ranging fron ultrabasic to grano yric types. Icccrding 
to their ccmposition they are classified as follows: 

/ a. The 
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a. The Ultrabasics. 

b. Me Gathros. 

c. The Grancphyres. 

The UltraLasic rocks in taunt Olyrqus occupy the central dare and are 

surrounded by the Gabbros Which outcrop over a relatively large area. In the 

Limassol Forest area the Ultrabasics exceed the Gabbros. The Granophyric 

group is wed over a small area. In particular on Raunt Olyztus it 

occurs as a narrow zone around the Gabbros. 

D. The Structure 

The regional structure of the Troodos Massif is of an anticline 

running in an east-rwest direction formed by the recent uplift of the area. 

North-south carressional forces during the uplift produced innumerable 

fracture zones in the incompetent volcanic rocks. The first fault zones are 

dated fran pre-Upper Pillow Lava times when the Sheeted Intrusive Camplex and 

the ioaer Pillow Lavas were subjected to high pressures. rdumrous cther 

faults also developed, mainly along the sheeting planes of the diabare. 

Intense faulting also took place during the emplacement of the plutonic rocks 

in the Alpine orogeni. c movements. Low hading and tear faults are the 

pr t types; there is also a number of extensive thrust faults in the 

diabase outcrop area. The Ultrabasic rocks have been uplifted with regard to 

the surrCu ding Gabbro by peripheral fractures. These fractures are well 

developed in the north, south and eastern margins of the plutonic rocks givinc 

rise to an extensive breecia zone in the bastite-serpentine rock outcrop. 

The diabase sheets and the dykes have a preit north-south trend and a 

low dip to the east, irniicating that their structural pattern may be due to 

east-rwest tensional relief. 

/ IV, IME 
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IV. 7ih; SUIPHIDE iMINr R LIZATION OF THE TICODOS 
IGNEOUS OJMPLEX 

A. Introduction 

Massive sulphide ores are known to occur in the Troodos Pillow Lava 

Series. 111hese deposits are generally small by world standards. The largest 

Maurovouni was 15 million tons with an average of 40.0% S. and 4.0% Cu. 

This, together with the secorx1 in size,,. Skouriotissa of 6 million tons, were 

exceptionally large. The rest of the deposits are smaller. Table 2 gives 

the size of all known deposits in Cyprus. Fig. 1 shows their distribution 

throughout the'2roodos Igneous Canplex. 

TABLE 2 
Table giving_Size of the Cyprus Orebodies 

Maravauni 
Skouriotissa 

Apliki 

Kalavassos (M vridhia) 
Mousoulos 

Mavri Sykia 

Lantaria 

Pareklishia 

Kokkinonero (Kambia) 

Mathiatis (north) 

Agrokipia A 
Agrokipia B 

Kokklnoyia 

Mani 
Peravasa 

Anibelikou 
Linni 
Kynousa 

Vrechia 
Mathiatis (Mitsero) 

15,000,000 tons 

6,000,000 

1,600,000 

2,500,000 

1,500,000 

750,000 

500,000 

200,000 

2,000,000 

3,000,000 

500,000 

5,700,000 

1,000,000 

1,500,000 

100,000 

16,000 

4,100,000 

500,000 

300,000 
200,000 

/ The most 
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The most notable contributions to the study of the Cyprus sulphide 

irineralization before 1960 were those of Gullis and Edge (1922) and xrvch later 

of Mausoulos (1957). A strong fir etas to the study of these deposits was 

given by the United Nations Special Fund (Now U. N. Development Progranme) , 

which in collaboration with the Cyprus Geological Survey Deparbteant has 

undertaken a survey of the mineral resources of the island. One of the train 

tasks of this project was the study of the sulphide deposits and the under- 

standing of their mineralogy, genesis, stratigraphic position and relation- 

ship with the enclosing pillow Javas. The findings of this project have 

been presented in nu erous reports of the Cyprus Geological Survey, the most 

important being those of Searle (1966), Searle and Constantinou (1967 and 

1968), and Searle and Panayiotou (1968). The Cypriot sulphide mineraliza- 

tion is described in an aber of publications such as Hutchinson and Searle 

(1972) and Searle (1972). A significant contribution to the purpose of that 

project was the work of Constantirhou (1972) for a Ph. D. Thesis. The latest 

published contribution particularly to the controls of mineralization was 

that of Mdaaniides (1975) who related the mineral deposits to the structural 

field developed at a mid-ocean rise, following more and Vines (1971) theory 

that the Troodos Canplex was developed on a mid-ocean ridge. 

Be A Descriptiai of the Sulphide Deposits. 

In general, at present, there may be said to be an agreement among the 

different workers as to the origin and mineralogy of the sulphide deposits, 

although this was mooch debated in the past. Their stratigraphic position, 

however, which is such an lit octant factor in mineral exploration is still 
being discussed. 

The source of the mineralising fluids is ccnsidered as being magmatic 

reaching the surface through fimarolic vent systems. This mode of fom ation 
Is responsible for the zonation of the orebodies into a rnmber of zones with 

/ different 
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different grades aal mineralogy. The top zone consists of passive sulphides 

corresponding to an exhalative-sedan entary rude of deposition. The massive 

sulphides ociiprise hard angular blocks of pyrite with chaloopyrite in a 

matrix of soft friable pyrite. This zone is underlain by the stockwork zone 

which is that part of the vent system which was within the pillow lavas 

öuring the genesis of the deposit. It consists of highly altered and 

silicified lavas in which pyrite occupies fractures and cavities. This zone 

has a lower sulphur content than the higher levels, which diminishes down- 

wards. Fig. 21 is a generalised section showing this zonation and other 

characteristics of the Cyprus sulphide deposits. 

The öaainant ore mineral is pyrite acccxpanied in scene cases by 

r. ercasite. The main capper mineral is chalccpyrite which occurs in variable 

amounts. Other copper minerals are covellite, bornite and chalcocite. 

Sphalerite is present in variable amounts reaching in some cases econalic 

grades. 

As menticned above, the stratigraphic position of these deposits 

within the volcanic sequence is still being debated. The first dating 

of the mineralization was that of Gullis and I' ge (1922) who studied the 

Skouriotissa orebody which is directly overlain by sedimentary rocks. They 

concluded that the mineralization was post-sedimentary with the sediments 

acting as a barrier to the ascending ore fluids. Mausoulos (1957) and later 

Bear (1963) have advocated the sane age of mineralization. An ii octant 

finding of the U. N. Develoxit Programm - Geological Survey Department 

joint project mentioned earlier, - was the realization that the mineralization 

was intervolcanic. There are, however, different opinions as to where 

exactly within the lavas it took place. Hutchinson and Searle (1970), 

Constantirw and Gwett (1972) and Constantino (1972) consider it as predating 

the olivine Basalts of the Upper Pillow Lavas. Searle (1972) has later 
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suggested that the mineralization took place during the interval between 

the Basal Group and the Lower Pillow Lavas. The present author believes that 

the mineralization took place after the extrusion of the lower parts of the 

Upper Pillow Lavas, the limburgites, and before the extrusion of the overlying 

olivine basalts. 

C. The Enviroz nt of Ore Occurrence 

1. Introduction. 

A described above, the localization of these deposits is considered 

to be controlled by fracture systems in the volcanic rocks which acted as 

passage ways to the mineralizing fluids. Obviously these systems were related 

to major tectonic events in the history of the Troodos Massif. pie philosophy 

of exploration is essentially based on this model. 

2. The Mineralized Zones. 

The recognition of the existence of mtineraliz; ed zones is attributed 

to Prof. l usoulos (1971) who classified the ore deposits, fron the explor- 

ation point of view, into two types. The first type includes those deposits 

which are fc*ml within those zones in the form of local sulphide concentrations, 

and the second those which represent the exhalative part of a funiarolic 

system. This secom1 type was essentially formed only in those cases where 

the vent system reached the surface of the volcanic rocks. This model has 

guided the exploration activities of the Hellenic : 4inir Ccupany Ltd. 

Such zones of mineralization were recognised in many parts of the 

roodos Volcanic series explaining in all cases the occurrence of sulphide 

mineralization. An injortant characteristic of these zones is their shall 

width ari a large extent. The width is generally less than 100 meters de- 

creasing towards the higher parts in the case of a blind zone into a very 
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thin zone which could have the appearance of a mineralised fault and in 

some cases even a narrow fault. An exziple of such a zone is the Kokkino- 

vounaros-KKambia mineralised zone which in the lower parts of the volcanic 

succession attains a width of about 100 meters decreasing gradually to a 

mineralised fault and later to a fault before it is covered by the post 

mineralization volcanics. Where these zones are seen to extend down to the 

basal Group, they widen with minor sulphide mineralization in the form of 

thin veins and imxegnations and is heavily iron-stained at the surface. 

In some occasions these zones can also be traced into the Diabase which 

again appears to be ironstained on the surface, with impregnations and minor 

veins of sulphides. Since these zones were preexisting fractures, their 

present boundaries with the country rocks Wust have characteristics of both 

the tectonic fracturing and the effect of sulphide mineralization. In general, 

it can be stated that their boundaries are clearcut. I-: owever, in their 

lower parts they are usually found to extend outside these clearcut boundaries 

in the form of alteration of the country rocks. On the surface this appears 

as an ironstaining occurring as a thin halo surrounding a sere intensive 

mineralization. In the higher parts these boundaries are usually clearcut 

faults enclosing between there the mineralization with no effect at all 

cn the surrounding rocks. files of these two cases are the Kokkinovou- 

naros and Ka nbia areas which are described in detail in ChapteisSix and Nine 

of this Thesis. 

The longidutinal extent of the zones also merits discussion. Being 

originally tectonic zones the faults nest have had certain extents, The 

mineralization along these zones was concentrated in those parts of the 

fracture system where brecciation was more intensive. For this reason the 

mineralised zones do not extend throughout the whole of the presently exposed 

volcanic succession but terminate within it and link with the underlying 

Volcanics at depth. Further, the mineralization also occupies other 
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cxi lementary structures of the original fault system and give rise to 

off shoots of the ra neralization. The extent of these offshoots could be 

limited or extended according to the intensity of the faulting and the 

mineralization itself. 

An important aspect of this type of mineralization is the local-i' 

zation of sulphide concentrations. This is essentially controlled by 

the mineralising fluids themselves, and the T-P coalitions. The amount of 

brecciation, however, also plays an incortant role. Lvidently if a second 

fault systesn intersects the mineralised fault zone some concentration of 

sulphides would occur at their junction. Within the zone itself there may 

be some concentrations resulting fron local variations in these conditions. 

In addition an offshoot may be foand to contain high grade mineralization 

resulting from the lack of any further passage of the rising fluids. 

The intersection of the mineralised zone with other major structures 

could be the most important factor in the localization of sulphide concentra- 

tions rather than the feeder structure itself. Such an explanation was 

given by M ides (1978) for the Kalavassos Area where the main feeder was 

found to be a major fault, the Mavddhia Fault, considered to be a ec 1e- 

n ent of a transfona fault (TF, Fig. 1) extending all along the south of 

Cyprus, and the mineralization was concentrated in contemporaneous tectonic 

zones trending at right agles to the Mavridhia Fault. 

So far it has been ass d that fracture zones are ccntir uou ,. It has 

been observed, ixadever, that in the case of the K kkinovounaros-K rbia zone 

there are two zones arranged an enhelon. This arrangement of large scale 

tectonic structures has been reported in the litterature (Badgley 1965). 

An in octant implication is the effect of post mineralization tectonics. 

According to the stress field the mineralised zones could be cut and displaced 
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to various extents. The mineralized zones are usually ford to be affected by 

cross cutting faults which . would , result . to. a successive downzthrvwing of the 

mineralization to lower levels. An example of this is the Kokkinayia Ore 

zarte mich is described below as an example of an o rebody. 

The utilization of existing planes of weakness mast also be expected 

during a post mineralization tectonic disturbance. With this it is justified 

to expect some movements along the faults which enclose the mineralized 

zone. These could either uplift the mineralization forming a honst structure 

or downthrow it into a graben. The best examples of a korst structure is 

the Mathiatis North Orebody which is described below as an example of a 

sulphide deposit. The only example of mineralization occurring in a graben 

that the author is aware of, is perhaps the Vr©chia deposit. This is not 

certain, as the area has not been mapped in sufficient detail. 

3. The Types of Oredeposits. 

Fran the preceeding description of the Cyprus sulphide mineralization, 

it is evident that economic sulphide deposits could occur in a number of 

different but closely related =des, Fig. 22 summarises the different 

envircrr nts in which sulphide mineralization could be found, all originating 

fron the same general mechanism i. e. a fracture zone acting as channe;. w-ay 

for It minerali. -. ing fluids. 

Fran the exploration point of view there are a number of imcortant 

effects which could impose serious limitations on a geophysical program. The 

first is of course the depth to the top of the mineralization. This is related 

with another very important aspect, the *size of the mineral deposit. Both 

these effects play together an In ortant role in the applicability of a 

geophysical method. The existence of parallel xunning extensions of a 

mineraliiec1 zone or even a limited offshoot which could have econanic 
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concentrations should also be demonstrated by a geophysical method. This 

wes inirediately problems of resolution. One of the most important problcýns 

erxxxintered in exploration is the grade of mineralization. From the precod ng 

ing description it is evident that disseminateä mineralization could be 

found extensively along a zone. This is generally unwanted since it is 

not usually cupriferous but it gives rise to strong I. P. arcualies. Cupri- 

ferous disseminated mineralization is only known to occur in the Basal Group 

and the Diabase. 

D. Edles of Orebodies 

I. Introduction. 

in the preceding pages there was given a general account of the 

sulphide deposits of Cyprus and their different modes of occurrence which 

are the result of erosion, intensity of fumarolic activity, post mineraliza- 

tion tectonic n vements and overlying rocks. For a better understanding 

of these different modes of ore occurrence, there is given below a description 

of two orebodies, the Mathiatis (North) orebody and the Kokkinoyia orebody. 

Both the orebodies are under mining at present, the first by opencast and 

the second by underground method. Other mineralized areas-orebodies where 

I. P. surveys were carried out during this present research are described in 

other Chapters of this Thesis. 

2. The Mathiatis North Orebody. 

a. Introduction. 

This is located about 27 kilometers south of Nicosia, see Fig. 1. 

The exploitation of this orebody started during the I an times as evidenced 

by the presence of an ancient slag heap in the viscinity. In 1952 the Cyprus 

Mines Corporation carried out a drilling prograntt over aril around the gossan, 

which proved the existence of a pyrite body of about 3 million tons with an 
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average grade of 33% S. and 0.24% Cu. In 1964 the Hellenic Mining Cac any 

acquired the Mining Lease and since then it mines the orebody periodically. 

The orebody was studied by a number of workers the most important being 

Searle and Panayiotou (1968) and Ccnstantinou (1972). The present author 

mapped and studied it in detail and investigated its possible extent 

particularly in depth (rialiotis 1974). 

b. The Shape of the Orebody'Mectonics. 

The shape of the orebody is controlled by two parallel faults which 

enclose the mineralization. Fig. 23 is a geological map of the orebody at 

its present state. It shows clearly that it is bounded to the northwest 

and southwest by two parallel trending nonnal fault zones in a direction of 

300°. To the east there is a third notmal fault bounding the arebooy cn this 

side. To the northwest the contact is normal-! - . younger lava flows overlie to 

mineralization. As a result of the tectonic mavements the orebody was tilted 

by 40o to the northwest. The surrounding rocks on all sides are younger and 

fresh Upper Pillow lava flows appear in contact with the mineralization. 

Fig. 24a is a section across the orebody demonstrating its horst form. 

c. The Mineralization. 

Tice Mathiatis (North) mineralization attains the typical sulphide 

zonation described earlier in this chapter, However, as a result of the 

tilting this has at present a different-oblique, attitude and is exhibited 

well on a horizontal plane. This is shown in Fig. 23 and in Fig. 24b, which is 

a Longitudinal section of the mineralization. The massive ore which grates 

more than 40% S. has a thickness of 15 meters arr3 consists of sandy and 

friable pyrite with blocks of solid pyrite es±oäied in it. It is underlain 

by a utiecUun grade ore zone having a thickness of about 30 meters, with 30% to 

40% S, and o3risisting of hard sulphides with white silica. Below there is a 

stock rk zone with a variable S content, beginning with 30% at the top and 

decreasing 
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decreasing downwards. It consists of sin e mineralization in the form of 

veins in brecciated, altered and pyrite impregnated lavas. In general the 

mineral assemblage is pyrite and nnarcasite with rare chalcopyrite and 

sghalerite. The high grade is overlain by a three to eight meters thick bed 

of ochre which was formed by the subaqLjeous alteration of the high grade ore 

before the extrusion of the upper Pillow Lavas (Constantinou, 1972). 

3. The Kokkimyia Orebody. 

a. Introduction. 

The Kokkinoyia orebody is situated about 17 kiicmeters southwest of 

Nicosia, see Fig. 1. This body was first mined by the Banns or even 

possibly by the Phoenicians who exploited the mineralization directly under 

a colourful gossan. In 1962 the Hellenic Mining Carcany Ltxl. who held the 

prospect since 1937 initiated a drilling progranme to investigate the lateral 

extend of this mineralization. As a result of this it was realised that the 

zone of mineralization had a northeasterly direction plunging by about 30° 

under the Upper Pillow Lavas. Three high grade concentrations were located 

during this drilling programme and their underground mining started in 1973. 

The original are reserve estimates have indicated an orebody of about 1.0 

million tons with over 1% Cu. 

The Kokkinoyia orebody was studied and described by Searle and 

Constant ui (1968) and later by Constantinou (1972) using only the drilling 

records. Christoforou (1975) mapped and studied the underground wrrkings in 

detail. Recently, Maliotis and Christoforou (1976) studied the trectcnic3 

in the Kookkinoyia Hine in an attempt to clarify the extension of the zc e 

to the northeast. 
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b. The Shape of the Orebody. 

This is essentially a mineralized zarte with a SW-NE direction. 

This is exposed in the southwestern end where it for, sa colourful gossan 

in the T er Pillow Lavas. Further south this gossan grades into iron- 

stained Basal Group rocks. Zb the northeast the zone plunges by about 30° 

below post-3nineralizatim volcanics. The boundaries of this zone are two 

parallel running and opposite dipping faults. These are considered as being 

the original boundaries of the tectonic zone. There is evidence that sate 

movement has also taken place along these fault planes at a later stage. 

Fig. 25 is a tectonic map of the 400 m level of the Kokkinoyia Orebody 

compiled from underground mapping and borehole information. This demonstrates 

the existence of the bounding faults F1 and F3, the plunging of the zoner 

indicated by the c vergence of the two faults, and the post mineralization 

cross cutting tectonics. 

In general the sulphide mineralization of this zone does not damn- 

strate any recognizable zonation. Instead of grading into a hard and 

silicified are, it grades into a soft, altered and pyrite impregnated lava 

- the propylite. Three main separate bodies of high grade orf; were found 

and exploited in this orezcne. These are considered as local concentrations 

of mineralization within the orezone. There is strong evidence that they 

were displaced by post mineralization tectonics. Their contacts with the 

lamer grade are always faulted and it appears that these high density bodies 

"sunk" into the plastic propylitic mineralization. 

C. The Mineralogy of the Orebody. 

Mineralogically the orebody consists essentially of pyrite with 

subordinate anounts of chalcopyrite, bornite, chalcocite and sphalerite. 

In the high gra3e cxicentrations the sulphur content cxxtld be as mooch as 45 
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to 50%. In the propylitic mineralization the sulpýiide mineralization which 

is essentially pyrite occurs in inpregnations and thin veins. There is same 

evidence of silicification in this lithology. 

L, Conclusions on the Sulphide Mineralization 

in the preceding pages there was given a description of the Cyprus 

sulphide mineralization, its origin, mineralogy, original form and strati- 

graphic position in the volcanic sequence. Due consideration was given to 

the envirorirrent in which econanic grades could be found and their different 

implications as geophysical targets. Ts general types of econanic deposits 

are recognised, the first is that of a high grade exhalative body underlain 

by stockwork mineralization. This is generally found to be overlain by the 

olivine basalts of the Upper Pillow Lavas. The second type is that which 

occurs mainly in the Lower Pillow Lava terrain, associated with major 

tectonic zones which acted as passages to the ore fluids. These deposits 

could either be the roots of the first type exposed at a lower level due 

to erosion, or even the higher parts of a vent system which did not reach 

the lava surface during the fut colic activity. Such deposits could be 

covered by fresh rocks of the Lower Pillow Lava series. There were given 

two examples of credeposits, which together with their geological character- 

istics they have demonstrated the importance of the post-mineralization 

tectonics. 
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IV. THE SCOPE OF THE PRESS I RESEARCEL 

A. Introduction 

As c; . cribed above the econcnni c mineralization in Cyprus is intimately 

associated with fracture zones which occur in the Lower Pillow Lavas arxi can 

extend up to their contact with the overlying olivine basalts of the Upper 

Pillow Lavas. An exploration project could therefore have different targets. 

First it could aim at locating such zones in a Lower Pillow Lava terrain 

which are blind, or suspected to occur fron the sparse indications of minerali- 

nation along a major fault. Second, it could have the purpose of investig- 

ating the extent of such zones which outcrop but terminate within the 

Lower Pillow Lava terrain. Third,, it could be carried out in the Upper 

Pillow Lava terrain in order to investigate the extent of such zones up to 

the contact with these lavas (U. P. L. ). It should be remembered that if such 

a vent system reaches the top of the Lower Pillow Lava then there is a strong 

possibility of an exhalative type sulphide deposit. A fourth possibility is 

to look for concealed zones parallel to an exposed one, or even concealed 

offshoots of an exposed mineralized zone. 

B. The Scope of the Thesis 

The purpose of the present Thesis is to examine the applicability and 

limitations of the I. P. method in the search for such targets. An incortant 

question to be answered is whether all these different targets can be detected 

with the I. P. method. Further, it is essential to establish the conditions 

for locating these targets in different field. situations. Another major ... 
subject to be discussed is the problem of the interpretation of the geo- 

physical data over these targets with respect to their geometry and grade. 

Since the mineralized zones may have grades ranging from disseninated to 

massive sulphides, it is of the utmost inportance to be able to distinguish 
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between ananalies caused by each of these two types of mineralization. 

The present research project utilisod sane --of . the field results 

obtained during the course of the I. P. exploration by Hellenic Mining Canpany 

carried out since 1972. All the problems enumerated above were evident fruit 

the start and for this the work was not concentrated only on routine explo-- 

ration but also on a considerable arrant of research both in the field and 

in the office using the collected data. In a nuirber of occasions test surveys 

were carried out over known targets. 

The first project described in this Thesis is that carried out in 

the Mathiatis (Mitsero) area in the Tamassos Mining Lease. In this area it 

was known fron past drilling of the existence of a small tabularly shaped 

sulphide body occurring in the Lower Pillow Lavas. During the course of the 

I. P. project to investigate the responses an3 extensions of this body, a 

second parallel aid blind zone was located. On drilling this anomaly it was 

discovered that this sect i zone was of the disseninated type. Research was 

therefore concentrated in this area to establish criteria for distinguishing 

between the two types of mineralization. 

The sect xl project was carried out in the Klirou area to investigate 

the applicability of the method over (a) an exposed law-grade and extensive 

ndneralize d zone, (b) a higher grade ccncealed off shoot of this zone occurring 

at a depth of about 10 meters under fresh volcanics and (c) over a third 

mineralization of high grade occurring at a depth of about 100 meters below 

fresh volcanics. This was actually discovered during the present survey. 

Particular attention was given on the possibility of discriminating between 

the different grades of mineralization. 

The third project investigated the responses of a typical exaanple 

of a mineralized zone which is exposed at the surface in the Kokkin s 
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area. Attention was given to the interpretation problems of the geo- 

physical results over this type of target particularly the exact location 

of the mineralization boundaries. 

The fourth project examined the applicability of the I. P. method in 

the Vrechia area which includes a all high grade deposit occurring at a 

variable depth and a parallel exposed lower grade mineralization. 'Ibgether 

with the interpretation problems of such a geometry there was an attest to 

discriminate between the grades of mineralization. 

The fifth project investigated the applicability of the method over 

the Petra minexalizatiai which was localised near the intersection of a 

major feeder fault structure with a minor fault perpendicular to it in which 

the mineralization was conventrated. 

The sixth project investigated the applicability of the I. P. method 

over a partly exposed narrow zone of mineralization occurring in the Kambia 

area. 

C. Method of study - Parameters Investigated 

Tim parameters studied during the present research include the N. T. I. 

which is normally recorded in a routine Time Domain I. P. field survey, together 

with a rn nber of other parameters which describe the shape of the transient 

decay. Ttxse parameters include the Decay Factors, the Bertin and Loeb 

(Modif ied) motions and a group of parameters introduced by the present 

author which describe the characteristics of a loget plotted decay curve. In 

addition to this the apparent resistivity value was c ct% uted fram the field 

data expressed as P /2-m ohm-peters in the tables and pseudosections. 

The N. I. I. and resistivity were recorded in all areas covered by the 
present study. The field parameters were kept constant tllmoughout the survey. 
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The electrode configuration used was the pole-dipole with an electrode 

separation of 50 meters. Readings were taken on electrode separations (n) 

fran 1 to 4 and in sane occasions 5. These values were plotted on psetiu o- 

sections in the conventional way. 

The shape of the transient decay curve was studied in four areas, 

namely Mathiatis, Klirou, Ko3 os and Vrechia. This was recorded on 

the n2 dipole separation by measuring the transient amplitude at sixteen 

different points on the time axis, It is important to note that the different 

parameters which express the shape of the decay curve fall in two categories 

in agreement with the two different current opinions on the shape of the 

decay. The first category is that which assumes an exponential decay. This 

includes the Decay Factors and the ßertin and Loeb' s (ndif ied) Functions. 

In the latter these functions are normalised to the corresponding resistivity 

value. The second category includes parameters which consider that the 

decay is close to a linear decay on a logarithmic time axis and linear 

potential axis. 

The electrodes consisted of stainless steel stakes and porous pots 

with copper sulphate electrolyte for the transmitter ari receiver respect- 

ively. 

1. The NornialiseJ Time Integral (Iý. T. I. )ý 

This is defined as the area under the decay curve between two time 

limits. In the instrument used (Huntec MK3 Receiver, see section on Instxu- 

nentation below),, the amplitude of the decay was being recorded at four 

different times normalised to the primary voltage, and the N. T. I. values 

were computed by multiplying by the width of each area. This ryxYmalised 

amplithde was designated as Mi (i ; 1-4) and then malisec integral was 
being expressed in Msec i (i = 1-4). This natation was used in this study. 
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The different times this m value was being registered were 55,130,230 and 

580 msecs after the termination of each pulse. The corresponding widths of 

each area sunder the decay curve were 50,100,200 and 400 msecs. These 

parameters are also explained in Fig. 26. 

2, The Decay Factors. 

It was assumed by sane workers, originally by Roussel (1962) and 

later by Hutchins (1971), that the I. P. decay could be represented as a s= 

of a number of exponential factors being therefore in the form: 

e(t)= Ae t+Be7ot+CeYt+ 
... (1) 

where (j) ß) y. Hutchins (1972) suggested a graphical method for the 

determination of the first two factors, the first being the inductive 

cc? Jling contribution and the second the chargeability contribution. This 

method is descries below in scene detail, sire it was used extensively, 

together with a iainor alteration introduced by the present author. 

For the mtec t Deceiver which includes an automatic S. P. 

cancellation loop, equation (1) for two factors only, includes a constant 

P which is the residual chargeability at the S. P. sampling time. Therefore, 

for a true value e (t) this datum shift maust be subtructed fron the field 

readings. 'The function is then written: 

y(t) - fl (t) + f2(t) +P (2) 

where fl (t) A60at and f2 (t) - Be$ t 

Assuming that at the S. P. cancellation time 

fl (tsp) ýý f2 (tsp) 

then P -= Bel3tSp and therefore, 

y(t) = fl (t) + f2(t) + f2(tsp) (3) 
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Taking logarithms of both sides: 

oge y (t) - loge f1 (t) + f2 (t) + f2 (tsp) 

Let q being the last time a point has been recorded by the in3trurnent, 

and being fairly large it may be assumed that 

f1(q) <, 
\"" f2 (q) 

Then, 

loge y (q) =ý loge f2(q) + f2(tsp) (4) 

The derivative of equation (4) evaluated at q is 

0 13 3(tsp-q 

9(q) is the slope of a tangent drawn to the curve y (t) at time q. 

Factor 13 may be obtained by solving equation (5). 

Factor a is given by equation 

' y(q) =B 

[e+e3t] 

Lastly, 

--mot Y (t) _ Belot + Be ßtsp 

The determination of these factors A, a, B and 3 is rather simple. It 

requires first to plot the 11 readings on semi-Log paper as loge lei versus 

linear time. 

In solving equation (5) Hutchins (1972) has suggested tabulation arvi 

plotting of the function for different values of (tsp-q) . Below is 

presented another way of solving equation (5) which was used during the 

present research. If both sides of equation (5) are multiplied by (tsp-q) 
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than 

(q) (t-sp-q) = 
(tsp-q) (6) 

1+e ß tsp-q 

let z =a (tsp-q) and C=9 (q) (tsp-q) 

Then equation ($ may be written as 

1+e7' 
(7) 

This function has been plotted for different values of z arnd equation (7) 

can be solved by using this plot shown here in Fig. 27. The value of 0 is 

then given by the relationship 

ß ,,,, 
2 

ý" t (spý-q 

The advantage of this graphical solution of equation (5) is that Fig. 27 can 

be used for any cxmbinatiOn of values tsp and q. 

An example of factoring the decay curve into the function 

y(t) =1 
t+Be t+P 

using the above met-. hod of Hutchins (1972) is given in 

Figs 26 and 29. Fig. 28 shows the graphical steps in a log--normal plotting 

and Fig. 29 the calculations in a farm prepared and used in the present research 

project. 

3. The Decay Characteristics of a LOget Plotted Transient. 

A nun ber of parameters were introduced by the present author in order to 

c e, cribe the characteristics of the transient voltage plotted against loget. 

Strong evidence is presented in the following chapters that these curves 

are not linear as suggested by a number of workers in this field (Scott and 

West, 1969, Siegel, 1970, and Phillips and Richards, 1975) . These new parameters 

are defined as shorn on Fig. 30. As it will be c mnstrated in the following 

Chapters, these curves consist of two cc onents: an early linear and 
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rapidly -caecaying, and a later slow decaying and curved (rig. 30) . The 

paraMeters used to describe such a transient shape are: 

a. RI - the rate of decay per loge decade of the first camponent. 

b. R2 - the rate of. decay per lo%decade of the second carconent 

(measured always in the interval of 100 and 1000 msecs). 

C. R1/i2 - the ratio of the above two factors. 

d. td the time the second catonent begins to deviate tangentially 

f ran the first c. onent. 

e. Vd - the potential value at which this deviation begins. 

f. d (0.5) and d0 . 0) - these are measures of the deviation of the 

second component fron the first linear one and are expressed as 

the distance in msecs measured between the first and second ccit po - 

nests at the potential values of 0.5 mV and 1.0 mV respectively. 

4. The Bertin as Loeb's (1974) Functions (Modified) . 

Bertin and Loeb (1974) also factored the I. P. transient into a form 

similar to Hutchins (1971) and introduced the parameters Al and 12 and their 

ratios Al /A21 where Al and A2 are defined as: 

Al= uV- and A2. BV 

where A arr3 b are defined by: 

yttý Aye Be7l3t +P 

and DV is the primary energizing voltage measured at the receiving electrodes. 

Zhhis, of course, assumes a constant energizing current and electrode gecmtry. 

In the present study these parameters, were "mrxdif ied" into 

Al aua A2 yP 11 

since the energizing current is not always the same. 
/ An important 
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An itcrportant difference between the original parameters of Bertin 

and Loeb (1974) and those c uteri in the present study, is that they 

recorded the transient in the interval between one to twenty seconds after 

the interruption of the energizing current, whereas in the present study 

this interval is between 0.035 and 0.78 secs. 

5. The Apparent Resistivity. 

This was canputed fron the primary voltage recorded across the 

receiving electrodes and the amplitude of the energizing current read on 

the transmitter. 
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vi " ulsýWzcr1 

The I. P. equipment used throughout the present survey consisted of 

aH IUM, MK2 7.5 KW Time Domain Transmitter and a IiMn C MK3 Receiver. Below 

there is a thorough description of the above instruments, 

A. The Transmitter - WN'1'- iK2 

This unit has a maximum output of 3250 Volts in 10 steps with a 

maxiirr, rn current of 16 Iimps D. C. The pulse duration of the instrument could 

be varied as follows: 0.5,1,2 and 4 secs . The on/off ratio could have the 

following values: 1.0,1.46,1.91 and 2.55. 

Throughout this study instead of the pulse duration, the cycle 

duration was used uhich includes two signals of opposite polarity aril two 

off periods and designated as tc. 'his the available tc values of the 

Transmitter were 2,4,8 and 16 secs. The 8 sec cycle time was applied 

throughout the present werk. 

The transmitter is powerod by a 208V Ac, three phase, 400 liz generator 

driven by a 35 UP Perkins diesel engine. 

B. The Receiver - IiU, =, M3 

The M Y%3 Receiver measures the amplitude, H, of the decay curve at 

several tines after the cessation of the energizing current. During a single 

reading it zeasures four different M values together with the steady state 

voltage. The position in tie where the ri values are recorded are defined 

by the values of two parameters, the delay time, td, and the integration 

period, tp. There are five selectable values of both these parameters which 

are easily changed by subpanel switches. There are therefore 25 sets of 

td and tp values allow ng thus the recording of the transient amplitude 100 
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different times. Ikx- yver, there is a considerable Overlap in these values 

which reduces than to 70. Fig. 31 defines the time position of the four M 

readings with respect to the td and tp paraneters. Fran the same figure 

it is evident that the M value read by the receiver is at the center of the 

corresponding integrating period. Table 3 gives the middle values in msecs 

of the different integrating periods as defined by td and tp. 

The processing of the signal in the receiver is described below with 

reference to Pig. 32 (after Hutchins 1971), The resistance of the electrodes 

is determined by a buffer amplifier (1) to more than three megohms. The 

input attenuator (2 and 3) and the manual S. P. are adjusted so than the 

meter (10) shows a level of 1 to 3 volts synmetrically about zero. Further 

the signal is filtered for its 50 (or 60) Hz coa+: conent by filter (4) and then 

amplified by (6). At that stage the amplitude of the signal at the end 

of the measuring cycle is sampled every half period by the sample and hold 

rnemry register (7) . (13) and (0) , and is cancelled out by means of the 

feedback loop around atlifier (6). The signal then passes through electronic 

switches which are actuated by the synchronizing system (16) of the receiver. 

This system which has replaced the old wire and radio link between transmitter 

and receiver, detects the zero time reference point. The inputs of this 

system are the td, tp, to and the on/off ratio of the pulse, and the outputs 

are different voltages which actuate a number of electronic switches. 

Voltages X and Y actuate the first switch (11) , which c anmites the signal 

a lif ier output every half cycle. Voltage to+1 actuates the switch of the 

sample and hold nmary register mentioned above. Voltage Tb-6 actuates 

switch (13) which gates a reference voltage VR(12) to the reference integrating 

register. The same voltage actuates switch 13 B which gates the Vp voltage 

to the it tort' register. Voltages t1 to t4 actuate switches 13C-13F during 
the sampling period which gate the carrespvýling integrating registers, 

/ At 



-75- 

At each half cycle all the registers acquire an i, ncremment of 

ti 

Ki 
S 

e(t) dt 

t1 

where Ki is the gain of each integrator and t1 and t2 the integrating time 

interval as defined in Fig. 31. After ,L periods the content of each register 

will be 

L t2 

Qn = Ki e (t) dt In 
n_l t1 

In the reference register the value of e (t) is cc tstant, VR, and the content 

of the register can be written as 

QR +iLV tp 

(since t1 - t2 for the reference register equals tp). In the Vp register 

which has a similar value of t1-t2 = tp (see Fig. 31), the charge stored in 

the register will be 

L 

OP = XP tp L Kp VID tp 
U 

1 

In all the other registers, the stored charge at the end of L samples is 

L t2 
Qi .e (ti) dt 

1 ti 

L 

_. Ka. (t1-t2) e 

1 

M. L Yd (t1-t2) e` (ti) 

The gain of the different registers is inversely Proportional to the integra- 

tion times. Therefvane, 

K 



- 76 - 

Er = K 

Kp = K 

K1 " K 

K2 = K/2 

K3 = K/4 

K4 = K/8 

Also, as explained in Fig. 31, the duration of the integration tunes is: 

VR register = tp 

VP of - tp 

first M of a tp 

second M to - 2tp 

third M"- 4tp 

fourth M"- 8tp 

Thus the charge at the different tai registers at the end of the respective 

integration times is: 

Q1 = LK e (ti) tp 

Q2 = 
7-e (t2) 2tp 

Q3 ýe (t3) 4tp 

Q4 = 
T- e (t4) Btp 

Yý'ýen the DVM switch is set at the different positions after the completion 

of the pennt, this will show the following values: 
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Sga -VP. QR VR 

e 

VP 

,ý 02 e (t2) $ 

Vp 

Q3 ýe (t3) QF 

M4 - Q4 e (t4) % 

VP 

It is understood that the number of samples (L) is the same for all registers. 
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VII. F. SKORT REVIEW OF THE APPLICABILITY AND LIMITA' ? IOL S 

OF Tip: DI "3T GROUND GEOPHYSICAL 14 MCDS APPLIED 

FOR SULPUIDE EAPTARATI(14 IN CYPRUS 

A. intxoouction. 

The application of geophysics in sulphide exploration in Cyprus 

started fran the early years of this century with the renewal of the mining 

activity. however, the purpose of the geophysical prospecting at that time 

was not the location of blind orebodies or extensions of known ones, but 

the evaluation of the ntwxous gossans without the necessity of much drilling, 

which at that Lire was costly, tedious and time consuming. The only insti- 

tutions involved in such exploration at that time were the two major and older 

mining campanies, the Cyprus Mines Corporation and the Hellenic Mining 

Ga ipany Ltd. 

Although almost nothing is known about the activities of the C. M. C., 

the Ilelco archives are available to the author, suggesting that numerous 

methods were tried and put into a routine basis with relatively satisfactory 

results. 

The first methods tried and applied by H. M. C. were the Self Potential 

and IqApotential. Both these methods were found useful in the evaluation 

of prospects with gossans. In fact a number of orebodies, e. g. Kokkinopezoula, 

were first detected in this way. The Fquipotential method found a lesser 

application than the Self Potential but it was extensively applied in the 

Mining Leases. 

In 1948 the II. M. C. acquired a Nörgaard Gravimeter which was used 

Xt. ensively throughout the prospects held by the canny. Later, in 1963 

Vertical Loop Electratugnetic unit was added to the geophysical instrument- 

ation bit this had only a limited application. A year later with the 
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initiation of the U. N. Special Fund - Geological Survey project the geophysical 

prospecting for sulphides received a strorng impetus with the expe: Linventing 

and application of a number of methods. These were the Magnetics, Gravity, 

Electranagnetics and Pesistivity. 

The Pulse Electromagnetic Method (P. E. rs. ) was first attempted by 

Nemant Exploration for C. M. C. in 1962 and was recently reintroduced by 

NZorarxºa l loration (Cyprus) Ltd., who together with other raethods applied it 

in sulphide prospecting. 

A brief account of the applicability of the different methods is 

given below. 

B. The Magnetic Method 

The first known application of Magnetics in sulphide exploration is 

that of the U. N. S. F. -G. S. project as an auxiliary technique which consisted 

of measurements of the vertical magnetic intensity. Fran the beginning of 

the survey it was evident that the method could not offer rrnich since the 

sulphide ores are not magnetic and in addition the alteration of the 

volcanics associated with the mineralization could lower the values of both 

the remanent and irrluced magnetization. In fact it was expected that the 

mineralised zones would be characterised by magnetic lows. 

The magnetic suoceptibility of the Basal Group, Lower and Upper 

Pillow Lavas and the intrusives does not differ much having all an average 

of about 2,000x10-6 cgs units (U. N. S. F. -G. S. 1970). These rock units, haver, 

show a much greater variation in the remanent magnetization. The Basal 

Group and the intrusives have the smallest values with directions approxi- 

rnately paralleling the present magnetic field. Stronger values of re anent 

aagnetization are found in the Lower Pillow Lavas, again with al host parallel 

direction to the present day field. The strongest values of remanence are 
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those of the Upper Pillow Lavas with similar direction. As pointed out 

(U. I1. S. F. -G. S. 1970) the magnetic pattern over the volcanic rocks is 

determined by the magnitude and direction of the retanent magnetization. 

Stronger variations are also the result of the present attitLde of the 

rocks as a result of the tectonic n rac ents. 

In conclusion the magnetic method could not have a direct application 

in the search for sulphide mineralization. 

C. The Gravity Method 

The Gravity method is known to have been applied first by I. M. C. in 

1947 with their N6rgaard Gravimeter. The method was put on a routine basis 

and an extensive amount of surveying was carried out as a part of the 

exploration efforts of the capany. As a result of this work, however, a 

large nkr of ananalies over fresh pillow lavas were located, which after 

drilling were found to have no association with sulphide mineralization, 

Eventually the method was abandoned. 

During the U. N. S. F. -G. S. project, the gravity method was applied 

again on a . r_aitine basis using a t' orüen Gr'avineter. The method was again 

found to have its limitations. In many occasions the gravity ana al. ies 

were proved to be due to high density intrusive rocks in the pillow lavas. 

It is interesting to discuss briefly the possible effects cn the 

gravity field of the different types of mineralization described elsewhere 

in this Chapter. 

The nest alive factor in this method is of course the density 

contrast beten the mineralization and the enclosing rocks. During the 

U. d. S. F. -G. S. project a number of density measurements were made using the 

-Stanaard Procedure of weighing sanples in air and water, for all the related 
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zock fornýations. The results are shaven in Fig. 33. It is dx; erved that 

there is an increase in the density values fron the Upper Pillow Lavas 

through the Lower Pillow Lavas to the Basal Group. It is interesting to 

note also the high density of the pillow lava intrusives mil the low density 

of the altered and gropylitised lavas. Fig. 33 shows also the theoretical 

density curve for pyritic ores with respect to their sulphur content. The 

lowest value must be taken to be about 2gr/cc which is the average value 

for the propylitised and altered lavas, and the maximum is around 50 cr/cc 

which is the specific gravity of pyrite (53.4%S). Before going into further 

discussion it is interesting to point out that the Upper Pillow Lavas 

have densities equivalent to those of a 17% S mineralization, the Lager Pillow 

Lavas to a 20% S mineralization and the intrusives up to a 27% S mineralization. 

Constantino (1972) in describing the different orebodies has made 

a nurber of interesting observations on the porosity of the mineralization. 

For the Skouriotissa orebody which consists of conglc atic ore embedded 

in sugary iratrix which could be as much as 75% of the volume of the ore, the 

matrix was described as being very porcns. The solid blocks are also very 

porous "and very often they have a 'pumiceous' appearance". Their cavities 

vary in size "from less than one millimeter to several centimeters'". A 

similar situation was described by the same author at Math. -l,. atis and Ma soulos 

Orebodies. In the later, density measurements of the massive ore made for 

mining purposes has not exceeded the 3 gr/oc (H. M. C. private files) whereas 
theoretically it will be fron 4 to 5 gr/cc. Christoforou (1975) has reported 

a stailar amount of porosity for the massive ore of 1okkinoyia Crebody. 

Constantinrxu (1972) carried out qualitative measurer nts of the total 

surface area covered with pores on polished sections of both the sugary 

soli., d sulphides from the Skouriotissa, i4athiatis and Mousoulos orebodies. 

lie has found that the porosity of the sandy ore varied bctý en 44% a ml 90%, ar. _3 
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for the solid sulphides fran about 10% to 30%. Fig. 34 shrews the effect of 

porosity on rock density for pyrite (5' gr /cc) for both water saturated arnd 

dry, estimated with the use of the formulae: 

dr = dg (1-P) +P for water saturated 

and dr = dg (1-P) for dry 

(after Nettleton 1971) 

(dr t* lk density, dg-.. grain density, P. -fractional porosity),, 

It is observed that the density decrease should be significant. A 50% 

porosity can reduce the density of the high grade ore dam to 3 egr. /cc. 

Taking into consideration that the carebodies are usually small, not 

exceeding often the three million tons, the high grade ore could be a small 

fraction of this body. The main part of an crebody consists of lower grade 

mineralization ranging from 30% to 10% S. Ignoring the porosity of this 

are in the form of fractures, theoretically, it will have a density between 

2.5 and 3 gr /cc. In conclusion it may be stated that the Cypriot deposits, 

due to their limited size, zonation and porosity of both the high and lower 

grade mineralizations, have overall densities which are not significantly 

different fron those of the enclosing rocks. It could be suggested there- 

fore, that in Cyprus the gravity method has serious limitations in sulphide 

exploration. 

D. The OpAr" Potential Method 

The Self Potential method was probably the first geophysical method 

applied in Cyprus. It has found extensive applications since 1930 for the 

evaluation of mineral indications and gossans. The method was apparently 
first applied by H. M. C. Using an instrument designed and made by Stern (1935) . 

The method has gained considerable reputation after a number of 

successes, the Host notable being the discovery of the Kokkiropezoula Orebody. 
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In fact the S. P. ancmaly coincided with an extensive gossan which was capping 

the mineralization. At present it has altrost no application since most of 

the exploration activities are aiming at deeply seated deposits. 

E. The Equipotentia1 Method 

This metlxxl was applied extensively by H. M. C. in the period of 1940- 

1950 and it was primarily used for prospect evaluation over gossans. It 

was found to be a useful technique and it was usually applied in ct ination 

with the S. P. riethod. As with the S. P., the Equipotential raethod was not 

applied in the search for deeper deposits. However, the author believes 

that there is scope in investigating its applicability in these ccrditions 

particularly with the new powerful current transmitters now available. 

F. The Resistivity Method 

The applicability of the Resistivity method was first investigated 

by ii. M. C. 's staff over a number of shallow seated orebodies in the early 

1940' s. In the cc r'se of this investigation a number of probes were carried 

out over the gossans overlying mineralized ground, 

The method was re-examined during the U. N. S. F. -G. S, project. The 

resistivities of the main rock types were determined by test probes. The 

results are shown in Fig. 35. The Lower Pillow Lavas have the lowest values 

with nininum of 10 Ohm- peters . Samehow higher resistivities are shown by 

the Upper Pillow Lavas ranging from 30 to 70 OhrnHmeters and even higher by 

the Basal Group fron 60 to 120 Ohm-neters. The silicified lavas show a auch 

wider range with values from 60 to 500 ohm-meters. The altered lavas have 

the Lowest values fron 7 to 10 Ohm-meters. The same figure shows the 

resistivity of the sulphide mineralization as a function of its grade in 

sulphur content. It is interesting to note that up to 30% S the values are 

similar to those of the Lower Pillow Lavas. The higher grades, however, show 
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Huch laves resistivities canpared with the unminerali zed lavas indicating to 

the applicability of the method. 

At present the Resistivity r. ýethod is applied in prospecting together 

with the I. P. 

G. Electromagnetic f thcds 

The Electranagnetic methods were tried at about the same time by 

both the H. I. 3, C. and the U. N. S. F. - .,, s. project in 1963. 

The H. M. C. has investigated the applicability of the Vertical Loop 

FM using aI Phars 70 and 300 cps system. The results were discouraging 

and the method was soon abandoned. A study of their field data has revealed 

that the distance between the transmitting and receiving coils has exceeded 

in most times the permissible maxkrum of 1200 feet for the instrument. (This 

figure of 1200 feet was not mentioned in the manual of the instrument but 

only in the manufacturers general catalogue). 

The U. N. S. F. -G. S. project has used two meths, the Turam, and to a 

lesser extend the Minidun. Their initial investigations over known near- 

surface orebodies had positive results. It was later proved, never, that 

host of the anc mies were not due to sulphide mineralization but to argilla- 

ceais alteration and fault structures within the lavas . And the ancrialies 

fran these two different sources could not be distinguished between them. 

In fact the , iron method was later used for the detection of fault structures 

during the course of water prospecting in the volcanic terrain. 

H. The Pulse Electramagnnetic Method 

The first major grcund instrumentation for P. E. M. was designed 

specifically fcr exploration in Cyprus by ZLaughlin in 1962. This was 
applied by rent exploration in the Skouriotissa area under contract by 
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Cyprus Mines Corporation (Crane 1975) . The results were discouraging at 

that stage and in addition it was expensive and restricted to areas of easy 

nobility. (The power was delivered by 90 autarobile batteries! ). 

Recently the method was reintroduced azil applied extensively by 

1 DRMlA Exploration (Cyprus) during their recent exploration progran c in 

Cyprus. It was soon realised that the method was more capable of locating 

faults than massive sulp de zones as might have been expected. Many specta- 

cular anomalies were drilled without locating any mineralization at all. 

/ viii. PREvia3S 



_ 36 - 

VIII. PREM US VJ)R1 ON THE I. P. PLTHOD 

A. Introduction 

The I. 4.. method was first attempted by iL Phars for the C. M. C. in 

1962 on a contract basis. The results of that work wore never revealed 

except for a case history over the Alavrovouni Orebociy which was published by 

Hallof (1963). Later, in 1967, Huntings Geophysics carried out I. P. measure- 

nents for Limni r lines Ltd., but the results are again unknown. Apparently 

in both cases they had discouraging results. This is reported in the 

U.. LS. F. C, Sa project report (1970) where it is written: "The I. P. work 

was not applied by the project because of previous discouraging results in 

Cyprus. It was found to respond to clay patches in the volcanic rocks a: 1 

to poor disseminated pyrite". They have both applied the Frequency Dram 

method with a 2.5 I transmitter. However, the Cyprus Geological Survey 

following the Project's recarmendations, acquired. in 1971 a 2.5 MST 

M Phars F. D. unit for their prospecting activities. 

The third known attempt to use the I. P. Method after C. I4. C. and Li i, 

was i rode D. r. M. A. Ithan of the Depart ni nt of Geology of the University of 

teicesterf and the present author. This was an experimental study in the 

Kalavassos Mining Lease of H. M. C. in steer 1970 using the Frequency Damair 

technique and the Leicester University 1.5 KW I1cPhars unit. This work follow :d 

a laboratory study of mninera11 zed and un¢nineraUx- eck core samples f ran Cyprus 

made by the present author at the University of Leicester in 1969. as a part 

of an M. Sc. degree. Following the 1970 project at Kalavassos, the H. M. C. 

has adopted the method on a routine basis by purchasing first a 7.5 Kw huntcc 
Itime Domain unit in 1972, and later in 1976, due to the intensification of 
the exploration activities, a 15 IW Scintrex Time I caain unit. 

The results of the author's laboratory study anxi the Kalavassos 
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experimental project together with Dr. H. A. m are briefly outlined below. 

B. The Laboratory Study 

The purpose of the laboratc y study was to investigate the properties 

of the pyritic bodies and their host rocks and to discuss the applicability 

of the method in the search for sulphide bodies in Cyprus. The results were 

presented in an MSc. Dissertation (University of Leicester, rialiotis, 1969) . 

The suite of care saauples used at this project consisted of seven 

mineralized and three urnrineralized specimens fra; i Kambia Mine and its 

surraunding unmineraliz ed mocks. The apparatus used was developed by Dr. D. U. 

Quick for his own project and is described in Maliotis (1969) and Quick (1973) . 

In the Frequency Danain the project included is of the 

resistivity of the sannles at seven frequencies between 10 and 1000 cps 

aryl the calwlati on of the P. F. E. according to the f ornul a: 

PFE . 
"i 0fx 100 

Pf 

The M. C. F. was also calculated according to the farnmula: 

NCF =p=X2X105 Pi 0XPf 

In the Time Domain the whole transient voltage was reoorda1 as 

follows: 

a. At constant charging time of 15 secs and different energizing 

currents fran 0.1 to 32 mA, and 

b. at constant energizing current of 0.5 mA arnä different charging 

times from I to 480 secs. 

The cf. c,, resistivity of the samples was calculated from the steady 
state voltage. 
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The results of the Frequency Danain are shown in Figs. 36 to 39. 

The F. F. E. (Fig. 36) and the M. C. F. (Fig. 37) show lmi values in low sulphide 

content samples but the highest values do not correspond to the richest 

sulphide mineralization. rqo of the rock samples show both negative P. F. E. 

(Fig. 33) and M. C. F. (Fig. 39) below the 1000 and 4000 cps, whereas the third 

behaves similarly to the ore samples. 

In the Time Dcmain the results for the ore sanples with the variable 

current are shown in Fig. 40. It is clearly observed that although the 

low sulphide samples show low responses, the sulphide rich samples do not 

show a regular distribution. The variation of the I. P. E. with increasing 

charging time is shown in Fig. 41, demonstrating a behaviour comparable 

with that of the variable energizing current. The rock sample responses 

parallel that of the Frequency Domain. The same two steles show negative 

I. P. effects whereas the third behaves lly, but in contrast to the 

Frequency Domain, it has Huch lower values than the ore samples (Figs 442 

an3 43). 

The U. C. resistivity of the ore samples was generally low varying 

between 6.3 and 18,0 Ohm meters. The two rock sm lcs with t'ie negative 

I. P. responses had resistivity values falling in this range, whereas the third 

had a Huch greater resistivity value. Table 4 summarises the results of 

. 
this project. 

In discussing the applicability of the I. P. method in Cyprus on the 

basis of Biese results, the author concluded that the P. F. E. contrast between 

nAneralizati n and barren rock was not very prcnouncod, whereas the M. C. F. 

and better the I. PE. could indicate more clearly the presence of minerali- 

zation within the rock. 
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C. The Kalavassos Project 

This project consisted mainly of measurements over two areas of 

mineralization in the Kalavassos Mining Lease. The first was over the shallow 

seated Mavri Syria orebody and the second over a deeper conductor in the 

Mavridhia area, see Fig. 44. Measurements were taken with the dipole- 

dipole electrode configuration with a spacing of 50 feet. 

The Nlavri Sykia contoured geophysical section ail drilling data 

are shown in Fig. 45. There are two distinct anomalies along this line, 

the first between stations 17 and 22 corresponding with the shallow seated 

mineralization under a cover of about six meters of gossanised material. 

The second is about two hundred meters to the west between stations 7 and 3. 

The resistivities range fron 10 to 50 Olt-feet with two regions of low 
. 

values, one between stations 6 and 8 and the other between stations 19 and 

20. In the PFE the two anomalies have n=imm values of 22% and 9% respect- 

ively. The two anomalies are displayed even more convincingly in the r CCF 

pseudosection. The XF values range fron 150 to 1200 with the highest values 

around the two ananalies described above, see rig. 45. 

The Mavridhia orebody lies at a greater depth, 50 meters under fresh 

Upper Pillow Lavas. The contoured geophysical sections and drilling data 

are shown in Fig. 46. There is a distinct ananaly shown in all three 

Paraineters in the region of stakes 6 to 10. This corresponds with the more 

extensive part of the mineralization along the line of survey. The resist- 

ivity values are lower than those of Mavri Sykia ranging between 2 and 25 

Ohr-feet with the lowest between stations 6 and 10. The PFE values are 

again lower than Mavri Sykia ranging from less than 1% to more than 10%. 

The highest values were recorded in the larger electrode separations, also 
between the same stations (6-10). The mCF values range between 100 and 
2000, the highest coinciding with the resistivity and FT anomalies. 
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The observations at these two bodies of sulphide mineralization 

provided a convincing demonstration of the applicability of the I. P. method 

to sulphide exploration in Cyprus. This prc ated further I. P. investi- 

gation with exploration over two areas which have not been drilled before. 

These were the Livadhia Area and the Vasa Triagle both in the Kalavassos 

l-4ining Lease. Although no significantly high results were recorded in 

these two areas, all anomalies were drilled and f cx nd to be due to low grade 

mineralization with about 3% S. 

Te outcane of this project together with the different inplications 

encountered during the field work, convinced the H. MG C. to apply the I , P. 

method on a routine basis. It was for these reasons that the present 

irogramme of work was initiated. 
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IX. OJI MI'I'AI^ICtd S'IÜDY - ME: AGROMPIA B OI Y 

A. Introduction 

Before the ca: z ncctent of any I. P. exploration, it was considered 

pertinent to cagy out an orientation study over a known deeply seated 

deposit. The purpose of this orientation study was first to illustrate the 

applicability of the imthod and thus justify its use in sulphide exploration. 

Secx nd, it int ed to investigate the effects of a number of field para- 

meters such as the type of electrode array and the electrode spacing, and 

also the charging time and on/of f ratio of the energising current. For this 

purpose the Agrokipia B Orebody occurring at a depth of over one hundred 

ne-tars of pillow lavas was considered as an excellent target. This orebody 

occurs in the Tannasos Mining Area, Fig. 1. The whole orientation study was 

carried out over a single line directly over the orebody. In the following 

pages there is given first a brief description of the geology of the orebody. 

In the next part there is given an account of the geophysical results, 

follmied by a discussion and conclusions on the various parameters. 

B. The G3ology of the ýlgrokipia B Orebody_ 

The Agrokipia B Ortbody is totally coves by a series of pillow lavas 

With a n& inirum of 125 in. in thickness. The location of this orekbcdy is Shawn 

cep the geological map of the area illustrated on Fig. 47. This body is 

considered essentially as representing the highest parts of a typical Cyprus- 

type deposit. It is believed that this was foxt: ed in a mineralized fracture 

Zone with the 1amer parts to the south, and the higher parts to the north. 

Zhus, the body is considered as an almost cctp1e7te Cyprus-type which is at 

degre tilted to the north. Fig. 48 is a geological section across the 

orebody along the lire surveyed geophysically. The occurrance of the high 

grade cupreous ore in the northern boundaries of the body dar onztrate its 

tilting in that direction. / Front 
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Fran the drilling it appears that all the known ccntacts of the orebody 

with the urn. ineralized rocks are tectonic. The top of the orebody is defined 

by a lai angle fault bringing in contact the mineralization with fresh 

volcanics. The northern boundary consists of two parallel normal faults 

which dc nthrow the highest parts of the mineralization to the north. Fran 

the drilling results there is not zaich evidence with regard to the western and 

eastern boundaries of the mineralization. The Agrokipia B Orebody exhibits 

the grade and mineral zonation known for the Cyprus deposits. The highes t 

part of the crebody is cupreous with high values of sulphur. Tcaards the 

south the grade decreases with traces of copper and lower sulphur content. 

Further south the mineralization is of the stockwork type with pyritic 

veins and disseminations in silicified and propylitised rocks. In general 

this orebody is characterised by high values of zinc distributed erratically 

in the deposit. The size of the orebody has been estimated to the 5.7 

million tons with an average grade of 20% sulphur. 

C. The Geophysical Results 

The geophysical work over the Agrokipia line included an investigation 

of the N. T. I. responses obtained with the three catnori profiling arrays i. e. 

the dipole-dipole, pole-dipole and gradient array, together with an investi- 

gation of the effects of the cycle time and the on/off ratio of the energising 

current, on the same responses. Three different cycle times were investi- 

gated: 4,8 and 16 secs ar i also four on/off ratios: 1.0,1.46,1.91 and 

2.55. The results are presented below. 

1" Ccn rfson of the electrode arrays. 

The dipole-dipole and pole-dipole calfigurations were applied with a 

Cycle tine of 8 secs at an on/off ratio of 1.0 and an electrode spacing of 
S4 meters. The gradient array presented serious problems related to the 
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function of the I. P. receiver, and it was therefore applied only with a 

16 secs cycle titre. 

a. The dipole-dipole results. 

These are illustrated in Fig. 49. The presence of the orebody aiTjears 

fron the first integral, Msec 1, which attains high values in the n=4 

electrode separations in the region of stakes 11 to 13. The presence of the 

orebody is more strongly indicated in the higher integrals. On the pseudo- 

sectional pattern the highest values correspond well with the position of the 

dreh ly, see also Fig. 48. 

b. M1? pole-tdipole results. 

The results for this configuration are illustrated on Fig. 50. The 

presence of the mineralization is suggested frcrci the first integral values, 

Msec I. The ancmal y is again better defined in the higher integrals, In 

the Msec 3 for example, the 250 contour corresponds well with the location 

of the orebody. Fig. 50a illustrates the resistivity results over this line. 

Slightly higher values were reo riled over the oreboiy, and much higher in 

the area of the Upper Pillow Lavas. 

c. The gradient array results. 

The current base for this array had a length of 1000 meters with the 

Agrokipia crthcx y falling in its central part. Fie ings were taken with a 

spacing of 50 raters. 'The results are illustrated in Fig. 51. It is 

irportant to note that because of the very low signals in the central parts 

of the current base, together perhaps with score distortion of the input 

Wavefcm due to electranagnetic effects, the receiver operation could not 

synchronise with the transmitted signal and thus the receiver oculd wt. 
fiuiction at all. The results presented above (Fig. 51) were taken with a 
16 sec cycle time and this was achieved with extream difficulty. For this 
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purpose the gradient array was not considered further. Fran the results 

of Fig. 51, however, it is apparent that high I. P. responses were recorded 

uver the orebody. Anomalous values were also recorded in the northern part 

of the line. 't'hese could be attributed again to dcwnfaulted rafneralizticn 

in this area. 

ä. Discussion on the different arrays. 

Fran the above results it is evident that the only arrays which could 

be considered were the dipole-dipole anr3 the pole-dipole. Ac cnrarison of 

the results obtained with these two different arrays, Figs 49 and 50 respect- 

ively, indicates that the presence of mineralization is rare clearly indicated 

by the pole-dipole array. In this, the responses due to the mineralization 

are generally higher than those of the dipole-dipole array. in addition 

it appears that the anrlit u des over the ur nineralized rocks are lower in the 

pole-dipole array resulting in this way to a better definition of the may. 

wing for example the Msec 4 values over the mineralization taken with 

the two arrays, it is observed that the highest value on the pole-dipole 

is abtut 450 whereas in the dipole-dipole it just exceeds the 350. For 

the sie reason the presence of the orebcxdy is rr ore strongly i. ndJ cated on 

the pole-dipole pseudosectional pattern than the dipole-dipole pattern. 

Consklering the ma j itude of the responses in the region of the stakes 14 

to 17 on the pole-dipole results, these appear in most cases to be lower 

than the corresponding ones in the dipole-dipole results. Fcr these reasons 

the pole-dipole array was considered superior to the dipole-dipole and it 

was therefore adopted. Another advantage of the pole-dipole configuration 

is the simpler wire hum-r3ling in the field ca-zpared with the dipole-dipole array. 

2" Carp rison of the charging time;. 

V canparison was made with the pole-dipole configuration with a 
Spacing of 50 meters, The on/off ratio was kept con , tart at 1.0 . 

/a. The 



95 

a. The 4 sec results. 

The results for this parate' are illustrated in Fig. 52. Anam-Aous 

values in the area of the orebody are evident frcm the first integral, 

Msec 1, beginning fran the secorxi dipole separation, n=2. The anacalous 

pattern beeartes r: ore evident in the higher integrals. On the pseudosectional 

pattern the high values coincide well with the location of the orebody. 

However, a]i ost equally high values were recorded on larger electrode 

separations to the north of the orebody, in the region under stakes 9 to 7. 

Similarly high values were recorded in the southern aid of the line. These 

values do not correspond to any known mineralization in that area, although 

it is expected that the lower parts of this orezone nest extend in depth 

over that area. The northern anomalies are mDst likely due to the fault 

aid dislocated parts of the orebody described above. 

b. she 3 sec results. 

These results were presented above cn the ocxarison of the electrode 

arrays. r Mey are illustrated in Fig. 50. 

c. she 16 sec results* 

The results for this parm: ter are illustrathd on Fig. 53. As with 

the previous results the orebody begins to appear frm the first Integral, 

Msec 1. The ancx: aly is dzf ined better in the higher integrals and correspoiuls 

well with tý-ic position of the orebody. It is interesting to note that ano- 

malous values on the n_4 dipole separation were recorded only on the northern 

end of the line which were considered previously as being caused by the down- 

faulted blocks of the resin orebody. 

d" Discussion on the different cycle times. 

Below there is a detail cx znparison and discussion on the results 
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obtained with the different times. Each N . T. I. value is examined indivi- 

dually. 

(ý) The Msec I Values. 

Figure 54 (a) shows the ccrnparison of the Msec 1 values over the 

Agrokipia orebody for the three different charging tines used, 4,8 and 16 

seconds. The results are plotted on the position of the current electrode 

at which each reading was taken. 

At the n=1 position there appears to be a uniformity, the higher 

results corresponding to the higher charging tiros (16 sec). Similarly the 

lower results correspond to the lower charging tiita (4 sec) . The 8 sec 

results fall. between the two. At the current positicxi 16,18 and 19 there 

setzt to be a slight departure from the parallelism of the values. In the 

first stake (16) the 8 sec result equals the 16 sec. In the second (18) 

the sane approaches the 16 sec value, ar%1 in the third (19) it gets lower 

than expected approaching the 4 sec value. 

At the nn2 position there is again a uniformity in the results with 

the 16 sec values being the highest and the 4 sec the lowest. There is 

fiver a reversal between the 16 and 8 sec results at the 18 stake position. 

As with the n=1 values in the northern parts of the line: which are over 

the erebody (region of stakes 11 to 14), the r4sec 1 values are higher than 

can the southern part and they are always regular. 

At the n3 position the 16 sec results are higher in mast of the 

stakes except for the 12 and 19 positions. In the first it is just below 

the d sec results and in the second it is below the 4 sec result. Other 

Uepartures are notes on the following stakes. At stake 13 the 6 sec equals 

the 4 sec result. At stake 15 the 8 sec equals the 16 sec result. At stake 16 
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again the 8 sec equals the 4 sec result, and in the following stakes it 

r rains below this: stakes 17,18 and 19. 

At the n=4 position the results are not as simple as they were in 

the lower n values. The 16 sec results are the highest in the region of 

stakes 10 to 15 which includes the area of the high readings carrespcýxiing 

to the mineralization. In the saw area (stakes 10 to 15), the d sec results 

fall between the 16 axl 4 sec values except for the readings at stakes 10 

aryl 14, where it attains the lowest value.. In the region of stakes 16 to 

19 the results are always irregular (i. e. do not follow the sequence 16,8, 

4 secs) except for stake 17. At stakes 16 and 18, the 8 secs result has 

the highest value and the 16 sec the lowest. At stake 19 the 16 sec result 

has the highest value arxi the 8 sec the lowest. 

(ii) The ysec 2 values. 

These are shown on Fig. 54 (b) . At the n=I position the values 

are uniform, i. e. the higher the charging line the higher the recorded value. 

however, there are two exceptions, one at stake 13 where the 4 sec result 

is lawcr than the 4 sec, and at stak: 18 where the 8 sec is higher than the 

16 sec result. 

At n=2 position the values are uniform in the recjion f ran stake 

10 to 17, except for stake 16 where the 3 sec value equals the 4 sec value. 

At stakes I and 19 there is a reversal in the relationship between the 8 

annd 16 sec results. 

At n=3 electrode position there is a uniformity in the results 

f ram stake 10 to 16, except for two rainor departures at stakes 10 and 15 

Where the 3 sec value gets greater than the 16 sec, and lower than the 

sec respectively. In the region of stakes 17 to 19, the 8 sec values are 

the lowest and in the last two (13 and 19) the 16 sec values are lc wer than 
the 4 scc. 
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In the n=4 position the results are less unifonn than in the ] »zac 

dipole separation values. Irregularities occur at the following current 

electrode positims. As stake 10 the 4 sec value is higher than the 8 sec. 

Similarly at stake 12. At stake 16 the 16 sec value beoons lower than both 

tha 3 sec aril 4 sec values. Similarly at stakes 18 and 19, 

(iii) The Msec 3 values. 

use are illustrated in Fig. 55. At the n=I electrode position the 

values are uniform, the highest the charging tirºne the higher the Msec value. 

There is, Iumever, a slight discrepancy at the last stake where the 8 sec 

values ejuals the 4 sec one. 

At the n position the results are uniform fran stake 10 to stake 

17, except for sthke 16 where the 8 sec value approaches the 4 sec value. 

In the last two stakes (18 and 19) the 8 sec values are higher than the 

16 so'c ones. 

At n-3 the 16 and 8 sec results seem to parallel each other except 

for stake 10 where they are tqual, but the 4 sec results are less uniform. 

At stake 15 it is higher than the 6 sec value, and similarly on stakes 17 and 

18. At stake 19 the 4 sec value is higher than the 16 and 8 sec results. 

At n=4 the picture is mare car licated. Uniforen results were 

recortlxd only at the following current positions: stake 11 , 13,14,15 and 

17. In the rest the results are irregular. At stake 10 the 8 sec value is 

lowar than the 4 secs, and similarly at stake 12. At stake: 16 the 16 sec 

value is the lc est. At the last two stakes, 18 and 19, there is a reversal 

with the 4 sec results being the highest, the 16 sec the lowest and the 6 sec 

irl the radle. 
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(iv) The MM1sec 4 values . 

The results for this values are illustrated in Fig. 56. At the n=1 

position the results are rather regular except for the stakes 13,16 and 17. 

In the first, the 4 sec value is higher than the 8 sec, in the second stake 

(16) the 8 sec equals the 16 sec, and in the third stake (17) the 8 sec is 

again lower than the 4 sec. 

In the n=2 current positions the results are uniform fray. stake 10 

to 17 altnaugh they do mt parallel each other well, especially at stake 

16 wiiexe the 16F 8 and 4 sec values are equal. At the last two stakes 

the 8 sec values are higher than the 16 sec ones. 

At the n=3 position the results are unifoit in the following 

stakes. -11 to 14,16 and 18, whereas in the rest they are irregular. At 

stake 10 the 8 sec value is higher than the, 16 sec one. At stakes 15 and 17 

the ä sec value is lacier than that of the 4 sec. At stake 19 the 4 sec is 

higher than both the 8 and 16 secs. 

At the n=4 position the picture, is quite irregular. Uniforn 

readings. i. e. following the order of the charging tim s, s, were only recorded 

at the 13,14,15 and 17 stakes. In the first three stakes (10 to 12) the 

b sec values are lower than the 4 sec ones. At stake 16 the 16 sec value is 

the lo st, and in the last two stakes (18 and 19) there is a reversal, i. e. 

the 4 sec values are the higher and the 16 sec the lax=-, 

e. Conclusions. 

Frua the preceding analysis of the results it may be oonclud that 
in the lest electrocia separation, i. e. n=1 there is generally a uni- 
f ormity in all the mnnr alised integral values with the 16 sec results having 
the highest valor-s and the 4 sec results the lowest. In the next electrode 
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separatirr the results are generally in the above order except for tose 

readings taken near the end of the line. In the n=3, and more pronoLmced 

in the n=4 electrode separation, the ananalcus results show generally 

higher values in the 16 sec and lowest in the 4 sec charging time, whereas 

in the readings taken away fron the mineralization, near the edges of the 

line the 16-8-4 order in the results cicx s not hold. The 4 sec results could 

be higher than the 16 sec, see for example the reading in the 19 stake at n=4. 

In general it can be eoncluc ad that the 16 sec charging tine def inns 

mora clearly the ananaly with rr udi higher values in the ancraalcus region 

and much 1cmer in the fringes than the 8 sec or 4 sec charging lines. For 

the same reason the 8 sec is superior to the 4 sec charging tine. 

3. CuTparison of the on/off ratio. 

This comparison was made again with the pole-dipole configuration 

with a ,0 in. electxoc] spacing. The cycle time was kept constant at 8 sec. 

a. The 1.0 results. 

These results were presented above and are illustrated in Fig. 50. 

b. The 1.46 results. 

The results for this pararieter are shom in Fig. 57 in the usual 

pseudoscctional plotting. The t ncoaly due to the presence of the orebcody 

is again evident fron the first integral, becaning stronger in hither integrals. 

As with the results described above the ancmaly is centered in the region of 

Stakes 10 to 12 coinciding well with tha actual position of the orebody. Again, 

high values but not as high as those corresponding to tho main body wore 

: corded in the northern and of the lint:. 
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c. The 1.91 results. 

The results for this parameter arg; illustrated on Fig. 58. The 

presence of the orc body is suggested from the, first integral value, centered 

as above in the region of stakes 10 to 12 corresponding with the actual 

position of the orgy. Similarly with the other data presented above, high 

values were recorded in the northern enl of the line. 

ü. The 2.55 results. 

'inne results for this parater are illustrated on Fig. 59. As 

with the rest of the cases described above, the cncmaly is evident frc the 

first integral becaning stronger in the higher integrals. The anomaly is 

again centered in the region of stakes 10 to 12 coinciding with the, orebody. 

e. Discussion on the different on/off ratios. 

Below there is a detail ,° icon and discussion a-i the results 

obtained with the different on/off ratios. Each 11. T, I. value is cxzimin©x 

individually. 

ti) The Msec 1 values. 

Fig. 60(a) ca: xares the r3sec 1 values for the different on/off ratios. 

At the n=I position the first four current electrode positions, 10-13, 

show that the magnitude of the Msec 1 value is proportional to the magnituie 

of the on/off ratio. These four electrode positions are over the mineraliza- 

tion. Away from it (in barren rocks) this order is not followed. In general 

hom--ver the highest readings are those of the 2.55 ratio and the lowest are 

those of the 1.0 ratio. 

At n=2, in the readings over the rUneralization (i. e. the 3ncta1ous 

ohs) , the 1.91 ratio results give the highest values, the low,,,, t being 
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those of the 1.0 ratio. Over the barren rocks there does not seem to be 

a wiiformi. ty in the results. 

Similarly at the n=3 position in the ananalaus readings, the 1.91 

ratio has the highest Polsec 1 values, whereas In the readings away fron the 

mineralization the highest results are those of the 2.55 ratio 

At n=4 this does not seen to hold. Over the mineralization the 

highest rezlings are those of the 2.55 ratio, although at the 11 and 13 

positions these are just below the 1.91 ratios. Over the barren area the 

results shc7w that the 2.55 reading is higher than the other rings. 

(ii) The Msec 2 values. 

Fig. 60(b) illustrates the c it arison of the ? 4sec 2 values. 

The n=1 readings show that in the ancmal aus area, the 2.55 results 

attain the highest values and the 1.0 the lowest. Away frcm the minerali- 

zaticn the 2.55 result is in Trost cases the highest but the magnitude of the 

different readings is not prc ortional to the on/off ratio. 

At the n=2 readings over the mineralization, the highest values in 

the different positions are attained by both the 2.55 and the 1.91 ratio 

results. Again, over the barren area there does not scan to be any regularity 

in the results with regard to the on/off ratio. 

In the ný3 readings it is imediately evident that the highest results 

over the mineralization are those of the 1.91 ratio, whereas in the rest of 
the line the highest readings are those of the 2.55 ratio. 

At the n=4 position the 2.55 results are gervarally the highest all 

allang the line. As described above, sore discrepancies in the order of 

agnitude with regard to the on/of f ratio appear in the readings on the barren 

rOcks. 
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(iii) The Msec 3 values. 

The results for the 1Msec 3 values are plotted on Fig. 61. 

At the n=I position the mineralization is characterised by a regula- 

rity in the order of the readings following that of the charging time values, 

i. e. the highest are the 2,55 readings and the lowest the 1.0. Away frag 

the rdneralization this order is not followed and the highest readings do 

not always correspond to the highest on/off ratio. 

At the n=2 position it is observed that the two 1a4est cn/off ratios, 

i. e. 1.0 and 1.46, show sara regularity over the mineralization, the higher 

results being those of 1.46, but the other two cn/off ratios show about the 

sane r, ýagnitu to without any regular difference between th« a. Over the barren 

area the results do not seer. to follow any order. 

At the n=3 position th` highest reading was recorded with the 1.91 

on/off ratio, whereas in the rest of the line the 2.55 ratio gave the highest 

results in almost all the locations. The two lowest ratios (1.0 and 1.46) 

do not show the regularity demonstrated before in the n=2 results over the 

mineralization, but their magnitudes can be equal or even reversed. 

In the n=4 results the 2.55 values appear to be the highest in the 

mineralized area except in t places where they are below the 1.91 and 1.46 

values. In the barren area the results are again irregular in order, as in 

the previous cases. 

(iv) The Msec 4 values. 

The results for the Eisec 4 values are shown in Fig. 62. 

At the n=2 position over the mineralization, the magnitude of the 

Values follows the order of magnitude of the on/off ratios. In the rest 
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of the line this order is not f ollocr d although the 1.0 ratio results are 

always the lowest. 

In the n=2 results over the mineralization, the two lowst ratio 

values follow saw. order, the 1.46 having higher results than the 1.0. The 

other two, hmever, do not seen to show that difference, but they are close 

to each other. In addition the highest values are those of the 1.91 car/off 

ratio. In the barren area the results do not show any regularity in their 

magnitude. 

In the n=3 results the highest reading was recorded cn the 1.91 

on/off ratio, the 2.55 ratio giving a lower value on the sane position. In 

aizost the whole of the line, i. e. on both the mineralization and the barren 

area, there does not seem to be much regularity on the results with regard 

to their order of on/off ratio magnibxle. 

on the n=4 position, over the mineralization the 1.0 and 1.46 

results show scr: order, which, however, is not followed in the barren area 

readings. The highest value over the mineralization was rocordea on the 1.91 

ratio. It is evident that over the mineralization this ratio gave the 

highest values, whereas over the non-imineralized ground the 2.55 ratio had 

higher values. 

f. Conclusions. 

Fran the analysis of the results presented above it may be concluded 

that the N. T. I. values are not indeperxient of the c n/off ratio. In the small 

e=lectrode separation (n = 1) it is evident that in the ananalous readings 

the N. M. values are proportional to the on/off ratio value. However, in the 

barreal area this proportionality does not hold. In the n= .2 and n=3 

Electrode separations, the highest value over the mineralization was reovrded 

by the 1.91 on/off ratio. In the n=4 the 2.55 ratio values appear to 
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superseed the 1.91 ratio values, but the first shows Hauch higher values 

over the b=e n rocks. It may be coatcluded that the 1.91 ratio although not 

always higher than the 2.55 ratio values gives a more distinct axxx alye 

D. Conclu. i orz 

The presently t scribed orientation study indicates that the I. P. 

method is capable in denn. strating the presence of a pyritic deposit occurring 

at a depth of over one hundred meters unier fresh pillow lavas. This i rrt e- 

diately implies that the application of the I. P. method in sulphide explo- 

ration in Cyprus is indeed well justified. 

On the basis of the results of this study a nurt ber of field parameters 

wire decided. Arrng the three electrode configuraticns exa-nined, it was 

decided to apply the pole-dipole, than the dipole-dipole and t3 gradient array. 

This was based primarily on the fact that the pole-dipole array was found to 

be superior to the dipole-dipole, indicating mare clearly the presence of 

the Agrokipia B Ore body. Th gradient array was not considered any more for 

instrumental reasons. The electrode spacing of 50 meters was considered 

to be satisfactory for the size of the mineralized bodies. 

Regarding the charging tir. and the on/off ratio of the erx -rgising 

'current, it was d tx nstrated that the 16 sac cycle and the high on/off ratios 
(1.91 and 2.55) could enhance the anomalies due to mineralization. However, 

the 8 sec charging tiny: and the 1.0 on/off ratio could also demonstrate 

sufficiently the mineralization. Having in mind that these are the most 
°amxonly used values in the Time Danain r -thod throughout the world, it was 
41('-cic]ed to adopt than during the field surve=ys. This would enable the 
4Q orison of the results over the Cyprus mineralization with results frcra 

tether parts of the world. This is very inportant, particularly in the study 
%''Z the shape of the I. P. decay curve. 
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ChAPTER FOU R 

aI THE GE DP SICAL RESUMS 
OF THE I THIATIS (MLTSFRO) AREA 

I. INTcDucrio i 

The Mitsero Area falls in the Tawassos Mining Lease of the Hellenic 

Mining Campany in a lower Pillow Lava terrain. The mineralization in this 

area was kin since 1935, and since then one exp1matory shaft anr3 sixty 

vertical boreholes were drilled over the outcropping (gossani. sed) part 

of the mineralization or very close to it. As a result of this drilling it 

was known that a small body of about 200,000 tons, beginning fron the 

surface (below the gossan) with Copper arri Zinc values, existed in this area. 

An extensive an-amt, of I. P. work consisting of a total of 7.0 kilo- 

meter lines was carried out in this area in antler to investigate the behavior 

of the known mineralization, and in particular its extensions in all directions 

especially along its strike. As a result of this work it was fob that the 

known mi. neraI J zation is confined in a zone less than 100 meters wide, 

apparently almost vertical, with a strike of about N600E. During the course 

Of this work a sec ni mineralized area was discovered to the east and parallel 

O the known one. This was given particular attention due to its higher 

XKanalous values than the first mineralization and for this, five holes, 

'wee vertical and two inclined, were drilled into it. All holes intersected 

Oessefninatel pyritic mineralization with the amount. of sulphur not exceeding 

2%. For this it was decided to stay the responses of the two min ral- 

, 
2ations in detail and investigate whether the I. P. transient shapes could 

'istinguish between the two types of mineralization. In the following pages 
here is an extensive account of the I. P. work in this area. Together with the 
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nor al four I. P. readings carried out with the pole-dipole electrode 

arrangement, the whole decay using sixteen readings was recorded at the 

2 electrode positions. 

/II. THE 
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II. UIE C LOGY OF THE MATBIATIS APEA 

The Mathiatis area falls well within the Lower Pillow Lava terrain, 

the tipper Pillow Lavas are about 1.5 kilametezs b the rx rth and the Basal 

Group about 0.5 kilat etexs to the south. The occurrence has attracted the 

attention in the past fran the small and colourful gossans. There are t 

areas of mineralization. One to the west which is the main Mathiatis mineral- 

ization, hence called the western mineralization, The other is to the east 

of this, hence called the eastern mineralization, discovered during the 

course of the present I. P. exploration, and covered by fresh pillow lavas. 

This is in the area of boreholes M 18,19,20,21,26 and 27, see Fig. 63. 

Both the eastern and western mineralized zones have similar origins. 

They are considered to be structurally controlled and deposited in fracture 

zones in the Rawer Pillow Lavas. It rust be emphasized that such types of 

mineralization in other parts of the island have given rise to econanic 

deposits. The problem from the exploration point of view is whether such 

zones or parts of than have disseminated pyrite mineralization only or whether 

they enclose lenses with higher grade. Below there is a description of the 

geology of the two mineralized bodies in the area particularly the western 

for which there is considerable information fron the numerous boreholes sunk 

in the area. 

A. The" Western -Mineralization 

The geological map of the area is shown in Fig. 63 together with the 

geophysical lines. Fran the map it is evident that the western mineralizaticn 

reaches the surface forming a small but colourful gossan lying to the north- 

east of the geophysical lines. The main part of the mineralization occurs 

under a variable thickness of unmineralized Lower Pillow :, avers in the area 

imn 1iately southwest of the gossan where most of the boreholes are concei 

traderl (Fig. 63). 

/ Fran 



- 109 - 

Fron the drilling results it became evident that the mineralization 

in this area represents another example of a mineralized body bounded by 

opposite dipping normal faults resulting to a typical horst structure 

trending NNE. Fig. 64 shows three geological sections along the geophysical 

lines. These sections de strate the tectonic picture described above 

together with an indication of the grade of mineralization frcm the average 

values of sulphur sho. ai on each borehole through the mineralization. A 

caparison of the three sections indicates that the korst is plunging gently 

to the south occurring at deeper levels over line 3. Fig. 65 shows three 

longitudinal geological sections along this korst structure. These figures 

demonstrate the tectonic disturbances of the minerals�-ted honst by cross 

cutting faults, which appear to be responsible for the uplifting and appearance 

on the surface of the mineralization in the north, and its displacement to 

a greater depth in the south. The geological sections of Fig. 65 show 

also the position of the first three geophysical lines. From these it becomes 

evident that lines 1 and 3 were located near the edges of uplifted blocks 

of the mineralized korst whereas line 2 lies almost in the middle of an 

uplifted mineralised block. 

Mineralogically the mineralized ground consists of propylitis i and 

silicified lavas with pyrite chalcopyrite and sphalerite. As shown in the 

sections of Figs. 64 and 65 the grade of mineral izaticr, which is expressed 

by its sulphur content, varies fran weakly mineralized to massive pyrite with 

over 40% sulphur values. 

B. The Eastern Mineralization 

This mineralization was investigated by only five boreholes. A sixth 

borehole sited on the northeastern extensions of the geophysical anomalies 

gave negative results all along its depth. 

/ Geologically 
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Geologically little is known about this mineralization because of the 

limited exploration carried over it. From the drill cores, however, which 

were taken at sc intervals along these holes, it was observed that the rock: 

was variably altered and propylitised with thin veins of pyrite running along 

the centers of thicker silica veins. The rock was also disseminated with 

pyrite. The grade of mineralization was found to show little variations, 

averaging just over 1% sulphur. 

The depth to the top of this mineralization varied as shown on Fig. 64, 

on lines I and 2 it was found in depths of 70 and 60 meters respectively 

whereas on line 1 it lies at a depth of only five meters. In general, it 

is believed that this mineralization corresponds to a mineralized fracture 

zone which has a northeasterly trend and was intersected by than boreholes 

at different depths. 

/ III. TJL 
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III. TIM GMMYSICAL IMSULTS 

The area was covered by seven parallel geophysical lines running at 

3100 andaboutatrightangles to the strike of theknown mineralization. The 

layout of the lines is shown in Fig. 63. The I. P. survey consisted of a 

pole-dipole survey along the lines at an electrode spacing of 50 meters 

with readings taken at the n=1 to 4 electrode separations. The line spacing 

was 75 rasters. The charging period was 8 seconds at an on/off ratio equal 

to 1.0 . At n =. 2 the decay curve was recorded at 16 different points. The 

i. p. transient was normally recorded at four positions: 55,130,280 and 

580 nsecs fron the time of the interruption of the energizing current. 

Below there is an analytical description of the geophysical results 

and studies in the following sequence: 

A. The Normalised Time Integral. 

13. The Decay Factors. 

Cr The Shad: of - the loget Plotted Decay Curve. 

D. The Bertin and. i oeb'. s (Modified) Functions. 

E. The Resistivity I suits. 

A. The Normalised Time Integral 

The N. T. I. was estimated for each of the four readings according to the 

method described in chapter Three. The results for each line are presented 

and discussed below. 

1. Presentation of Results. 

a. Lind 1. 

The results for this line are illustrated in Fig. 66. 

The presence of the mineralized ground is evident from the first 

integral value, Msec 1, for both the western and eastern mineralizations. In 
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the western, the first integral shows particularly strong readings in the 

receiving dipoles 6-7 and 7-8. In the other integral values it appears that 

the overall shape of the anomaly is asymmrietrical, centered in the region of 

stake 7. This is ire clearly s1uin in the Msec 4 pattern where the 350 

contour value has also been included. 

In the eastern mineralization the ananaly is again evident fr an the 

first integral value recorded mainly on the 15-16 receiving dipole. 't'he 

patterns remain about the same in the higher integral values, although in 

the ! sec 4 it may be considered as having a very asyrrmetrical shape with the 

stronger values remaining on the receiving dipole. 

b. Line 2. 

The results for this line are illustrated in Fig. 67. The first 

mineralized area is clearly shy wn from the first integral values (Msec 1) by 

the high readings recorded at the 6-7 receiving dipole and less in the 

adjacent dipoles. In all integral value patterns the anamaly remains with 

an apparent dip to the west. 

The seccxd anomaly appears f ran the beginning (Msec 1, to have a 

symmetrical shape. High readings began fron the 11-12 receiver dipoles. The 

symnetry is more clear in the Msec 3 readings centered under position 12. 

The receiving dipole 12-13 has given the highest readings together with the 

transmitting pole 12. 

c, Line 3. 

The results for this line are illustrated in Fig. 68. 

In the area where the line crosses the western mineralization, the 

readings are slightly higher than background values, but not as high as in 

the previou. lines. It is apparent fron the first integration values that 
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these highs are associated with the transmitting poles 3 and 4 and not with 

the receiving dipoles at all. In all Msec values it is observed that the 

highest values are on the n=I to n=3 positions only. 

The eastern mineralized area appears distinctly on this line, the high 

values beginning fron receiving dipole 11-12. Fran the first integration 

values it is observed that the pattern approaches a "boomerang" shape with 

an area of lows under the area of 13-14. However, the highest readings are 

on the receiving dipoles 12-13 and 13-14 form ing the left leg of the boomerang, 

the right leg being formed by lower values frans the 13 transmitting pole. 

d. Line 4. 

The results for this line are illustrated in Fig, 69. 

The western mineralization is clearly absent fran this area indicating 

that it does not extend this far to the south. It may not be insignificant, 

however, that under the area of stakes 6 to 7 there is a decrease in the values 

from the background. 

The eastern mineralization is shown by a noch broader area of higher 

values. These begin from the receiving dipole 12-13 but they also appear on 

the n= 4 position of the two previous dipoles (10-11 arnd 11-12). The pattern 

shown by this mineralization appears to be asyimietrical, centered about the 

receiving dipole 15-16. 

e. Line S. 

% be results for this line are illustrated in Fig. 70. 

This line shows no evidence at all for the western mineralization. 

She eastern mineralization appears as a very broad zone of high 

values, but certainly lower than those of the previous lines. This pattern 

is slightly 
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is slightly asymmetrical following again the receiving dipoles. This is 

centered about the receiving dipole 17-1 S. 

f. Line 6. 

The results for this line are illustrated in Fig. 71. 

This line has covered the region of stakes 8 to 20 only, i. e. of the 

southern extend of the eastern mineralization. Although the contoured 

patterns in all integration tames show no spectacular ananalies as in the 

previous lines, treere is however, an indication of a slight increase of the 

results in the deeper parts (n =3 and n= 4) getting shallower in the region 

of the receiving dipoles 17-18,18-19 and 19-20. 

q. Line 7. 

The results for this line are illustrated in Fig. 72. 

This line shows almost no arExnaIies at all, but there are t interest- 

ing pictures apparently coinciding with the southward extensions of the two 

mineralizations. The first is a rather broad area of lows centered about the 

stakes 5-6. It is interesting to note that these values seen to be independent 

of any pole or dipole positions, but it is rather metrical. To the left 

of this low there is a series of high readings, which seen to be related with 

and). 

The second pattern is evident again in all integration tines and is 

an increase of the values in a broad sense, centered about stake 15. In the 

higher times, Msec 3 and MMsec 4, there is a slight baut definite indicatic n of 

an increase of the values at the receiving dipole 13-14. 

2. Discussion. 

Frain the results presented above it is Mmaliately evident that the 
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N. T. I. attains higher values over the different mineralizations. In the 

following lines there will be a discussion on these results by examining 

the responses and shape of the anccnalies, separately for each mineralization. 

Then there will be a cc r orison of the results fron these twc mineralizations. 

The viestern mineralization has been detected by lines 1 and 2 and to 

a much lesser degree by line 3. The anomaly in line 1 (Fig. 66) is controlled 

basically by the receiver dipoles 6-7 art 7-8. As a result, the anccnalous 

pattern has a westerly dip because of the conventional plotting. On sate 

of the Msec plottings it becanes inzrediately evident from the intervals 

contoured that the transmitting pole 7 has also given slightly ana alous 

values. The highest N. T. I. values in the Nsec 4 integral recorded on this 

line is 492. Values over 400 were recorded on both receiver dipoles 6-7 und 

7-8. in general the ancrnaly on this line has an asyir netric boornera`ng shape 

with an area of lows centered in the region of stake 7. 

Cccsiparing this ananaly with the geological section along line 1 

(Fig. 64), it is evident that the low area bounded by the two areas of higher 

values coincides with the actual location of the mineralized block. 

Line 2 (Fig. 67) shows a slightly different picture with the anatalous 

readings recorded only on the 6-7 receiver dipole. No other dipole. has shown 

Msec 4 values above 400 and no transmitting pole has given any significantly 

higher values strong enough to be apparent on the pseudosectional pattern. 

jkmever, on the 200 contour of the P-isec 4 results in the region of stakes a 

and 9, there is a slight inflexion, but this is not strong enough to be 

considered as solely due to transmitting pole 7. 

Cctparing the above pattern with the geological section of the line, 

it is observed that the receiving dipole which gave the highest values (6-7) 

is the closest to the mineral3; " eck block. In addition it is obsezvej that 
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although dipole 7-8 is close to the mineralization, the responses are Huch 

lower than those of the 6-7 dipole. 

Line 3 ha: given a cc letely different picture. The pseuäosecticnal 

pattern (Fig. 63) shows mooch latex values with it xi m Msec 4 values not 

exceeding the 300, concentrated mainly in the small dipole separations. In 

addition the shape of the ancia 1y does not aper to be controlled by any 

receiver dipole or transmitting pole. 

Fron the geological section along this line (Fig. 69), it is observed 

that the mineralization under it extends as Hauch as on the other lines. But 

fron the geological sections of Fig. 65 it is observed that this body does 

not extend mch to the south of the line j but it to minates ahmst below the 

geophysical line by a cross cutting fault running about parallel to the line. 

Canpc sing the three lines between than, having in rnind their geological. 

structure, it is evident that the mineralization of line 1 gives a much 

stranger anomaly than line 2 because of the very shallow depth to the mineral- 

ization under this line. Equally high readings were given by both dipoles on 

either side of stake 7 which overlies the mineralization. However, the receiver 

dipole 5-6 has also given results sufficiently high to be cwt. sidered as 

C lous. The mineralized block of line 2 although apparently wider than that 

of line I at a depth of only 20 it tors below fresh volcanics, :.; is de onstrated 

by a more limited anamalous pattern than that of line 1. Again the highest 

values were recorded at the receiver dipole which is closest to the mineral- 

ization, but anomalous values were also recorded on the neighbouring dj poles . 

The results of line 3 cannot be ompared with those of the other to lines. 

The eastern mineralization was recorded at various degrees on lines 

I to 6. Line I Wig. 66) gives a very well defined ancoaly centered cn the 

reiver dipole 15-16. There is no strong evidence for a control by any 

tra=, dttixxg pole although pole 16 has given slightly higher values. The 
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highest values recorded on the Msec 4 integral exceeds the 800. Line 2 

(Fig. 67) has also spawn a well defined and strong anamaly which is centered 

on the receiver dipole 12-13. Equally high values were also recorded on the 

transmitter pole 12. The highest recorded Msec 4 is 760. Line 3 (Fig. 68) 

has recorded a slightly stronger anomaly centered on dipoles 12-13 and 13-14, 

and also on the transmitting pole 13. The highest Msec 4 value on this 

ancmly is about 850. 

Although there is not sufficient geological information an this 

mineralization except for the five boreholes, and the low grade of sulphur in 

all of them, the position of these boreholes will be examined with respect 

to the actual centers of the I. P. anomalies on each line. Borehole 20, see 

Figs 63 and 64, was located outside the anamalaus receiver dipole . 15-16'-, 

within dipole 14-15 and closer to stake 15. The mineralization in this 

borehole was intersected at a depth of 74 meters. It is expected, therefore, 

that this depth is not necessarily the mininxn depth, but the mineralization 

could be found shallower at some place within the receiver dipole 15-16. 

on line 2 borehole 18 was located within the anomalous dipole 12-13 and 

intersected the mineralization at a depth of only 5 meters. On line 3 the 

borehole was sunk within the receiver dipole 12-13 and struck the mineral- 

ization at a depth of 60 meters. Line 4 has also shown a relatively strong 

anomaly but there is no drilling information in this area. In the rest of 

the lines the anomaly becomes auch broader with much lower values indicating 

an increase of the depth to the top of the mineralization. Line 7 

shows no effect due to the eastern mineralization at all. 

Fran the preceding discussion for both the western and eastern 

mineralizations and their respective I. P. anomalies it becomes evident that 

the actual Locatian of the mineralizing body weich gives rise to the I.?. 

ancrnalies, both laterally and in depth, is indicated with relatively good 

l accts acy 
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accuracy by the anc t alaus pattern. The lateral location of the ii ineraliza- 

tion is shown by the receiver dipole results. The highest part of a mineralized 

body is located within the receiver dipole which gives the highest readings. 

If two adjacent dipoles give equally high reaa3ings, then the center of the 

mineralized body is very close to the cam stake. A good indication of 

the depth to the mineralization is certainly given by the plitude of the 

I. P. responses. Hvwever, it was observed in both cases that when the mineral- 

ization is at a shallow depth, high I. P. values are also recorded on the 

transniittigpole which is the closest to the mineralization. 

Caqparing the arxralies obtained from the two mineralizations it 

becaes imcthiately evident that the eastern one has given noch stronger 

responses than the western mineralization. Having in mind the fact that 

these two rttineralizations differ primarily on their grades, it appears that 

the low grade mineralization gives Huch stronger I. P. responses than the 

higher grade mineralization. This, however, can also be attributed to the 

fact that the two bodies of mineralization are significantly different in 

their size. 

3. Conclusions. 

From the preceding discussion it is clear that the N. T. I. attains 

auch higher values over the mineralization ca pared with their values over 

the kerren rocks. The highest values are recorded on the receiver dipoles 

which are closer to the mineralized body. If this is very close to the surface 

then high responses are also recorded on the transmitting pole which is closer 

to the mineralization. 

B. The Decay Factors 

The I. P. decay was recorded at the n=2 positions over 1i: res 2 to 

7 (except for line 3 where it was recorded at n= 3). In fact the transient 
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litude was recorded at the following tines -din msecs) - after the 

switch-off of the energizing current: 35,55,90,95,130,150,180,215, 

240,280,360,420,455,580,720 and 780. 

The transient results were plotted on a linear time axis anr3 a 

logarithmic potential axis and faetcred according to the netiu d proposed by 

hutchins (1971) and described in detail in Chapter Three of this Thesis, The 

results for each line are presented and discussed below. 

1. Presentation of Resuults. 

a. Line 1. 

The results for this 11 are illustrated in Fig. 73 and tabulated 

in Table 5. 

The A-factor. High values are shown in both mineralized areas being 

slightly higher in the eastern orte. It is interesting to note that the ground 

between them also shows same high values. 

The B-factor. Much higher values have been recorded in the eastern 

mineralization than in the western, with almost similar values to that of the 

western mineralization recorded between the two. In other words this factor 

does not differentiate between the western mineralization and the barren area 

between the two mineralizations. 

The a-factor. In both mineralizations it appears that the lowest 

values of this factor correspond to the highest values of A and B. 

The J3-factor. In general this factor does not show significant 

variati . over the two riineralizations it appears to decrease, particularly 

over the westrern one. 

The P-factor. This factor attains high values over the mineralizations, 

particularly over the eastern one. 
/ be Line 
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b. Line 2.. 

The results for this line are illustrated in Fig. 74 and tabulated in 

Table 6. 

The A-fact r. Significantly high values are shown over both the 

mtriera1ized areas. 

The 13-factor. This shows clearly the t ar erlies although the 

western does not have a significantly high value. 

The a-factor. This shows both high and low values in areas oorrespond- 

ing to high A and i values over the two mineralizations. It is noted that 

there is a significant difference between the values of two mýinexalizations. 

The f3-factor. The first mineralization shows law readings, whereas 

the secorni shows both high and 1w valves. Amain the lows correspond to the 

highest A and B values. 

The P-factor. This factor attains high values over the two nninerali. - 

zati ccis, the highest over the eastern one. 

c. Line 3. 

The results for this line are illustrated in Fig. 75 and tabulated in 

'sable 7. 

The A= factror. This shm s distinctly the eastern mineralization with 

a much lower, but definitely over background value over the western rn nerali- 

22tAL=1" 

The }-f actor. Similarly this shows clearly highly anatýa cxis values 

over the eastern radmeralization with a slight increase only in the area of the 

western m : ralization. 

/The 
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Te a-factor. Over the eastern minneralization there is a significant 

decrease of the values. Sane variation is also shown in the area over the 

western mineralization but this is mt as profound as in the eastern one. 

The 0-factor. Law values were recorded again in the region of the 

eastern mineralization xand slightly higher in the western mineralization. 

The P--factor. This attains high values over the eastern and slightly 

crier background over the western mineralization. 

d. Line 4. 

The results for this line are illustrated in Fig. 76 and tabulated 

in Table 8. 

The A-factor. Distinctly high values are shown over the eastern 

mineralization. 

The B-factor. Similarly, distinctly high values were recorded over 

the eastern cri nneralizaticn. 

The a -factor. The profile is auch smoother than those of the previous 

lines showing a low region over the eastern mineralization. It rust be noted 

that there is no direct correspondence between the eastern minýeralizatio* and 

the low values. 

The a -factor. Again, in the area of the eastern mineralization there 

is a decrease in the readings which does not exactly with 

the high values in the A arnd B factors. 

The P-f actor. This shows significantly high values over the eastern 

mineralization. 

/ e. Line 
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e. Line S. 

The results are illustrated in Fig. 77, and tabulated in Table 9. 

The A-factor. The results show almost no ananalaus values. There is 

a slight increase, however, in the area of the eastern mineralization. 

Tk B-factoar. Similarly, this is law with very slightly higher values 

in the area of the eastern mineralization. 

The a-factor. This shows law values in the area of the eastern 

mineralization. 

The ß-factor. Low values were recorded in the eastern mineralization 

as well as in two other places in the western half of the line. 

The P-factor. This factor shows a smooth profile with only a very 

slight increase in the area of the eastern mineralization. 

f. Line 6. 

This line was surveyed only along its eastern half , in the region 

where the secand mineralization was expected to extend. The results are 

illustrated in Fig. 78 and tabulated in Table 10. 

The A-factor. This shows a srxoth profile with ahmst no anomalous 

values 

The B-factor. Similarly,, m ananalaus values were reccrdeJ cri this 

factor, the profile being very stboth. 

The c-factor. A rather high value was recorded at stake 11. There 

are two laws one at 12 to 13 and the second at stak; position 
. 
17 , corresporling 

to a slight increase in the P values. 

/ The 
I' 
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The 13 -f actor. This shows also two lows as in the a-factor the sec; cnd 

cvrrespcxtding to a P-factor increase. 

The P-factor. This is generally low with a slight increase in the 

areas of stakes 13 and 17. 

q. Line 7. 

The results of this line are shown in Fig. 79 and tabulated in Table 11. 

The A-factor. The results are generally low with a slight increase in 

the area where the eastern mineralization could extend. There appears to 

be a slight increase at the beginning of the line as well. 

mie B-factor. This also shows generally low values with a slight 

increase in the region of the eastern mineralization. Similarly with the 

. A, -factor, there is an increase at the beginning of the line. 

The arf actor. Low values are shown at the beginning of the line arr3 

also further along, but they do not coincide with any high values of the rest 

of the factors. In the area of the eastern mineralization they are generally 

high. 

The arfactor. This is similar to the aº-factor showing low values at 

the beginning, a second low further along, and a variable profile without 

significantly low values in the area of the eastern mineralizati n. 

The P-factor. This shows slightly high values at the beginning of 

the ]. inne and also in the area of the eastern mineralization. 

2. Discussion. 

F=LI the results Presented above it is evident that same of the decay 

factors show positive responses over the mineralization. In addition there 

appears to be a difference in the amplitudes of their responses obtained fror 

the two 
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the two anuialies. Below there is a discussion on these results with 

particular emphasis on the possibility of discriminating between the t 

mineralizations which differ significantly in their grade. 

From the results fron each line presented afire, it becomes evident 

that the A-f actor is clearly indicative of the mineralizations. For the barren 

areas, i. e. line 2 frcdn stake 8 to 11, line 4 fran stake 3 to 13, line 5, fron 

stake 3 to 15, the whole of line 6 and the whole of line 7, the A-factor has 

a value between 04 and 1.0. On line 1 over the western mineralization it 

attains a value of 2.17, and over the eastern the values reach the 2.5. On 

line 2 over the western mineralization A attains a maxis un value of 2.05, and 

over the eastern mineralization it has a maximum value of 2.3. Similarly 

high values are recorded over line 4, on the eastern mineralization, the 

highest being 2.0... 
. Slightly high values were recorded on line 5. 

in general it appears that the A-factor is indicative of the mineral- 

ization. Any values below 1.0 characterise barren rock, whereas t raliz ed 

ground gives values exceeding 2.0 ... C xrparin the two mineralizatias on 

lines 1 and 2, it appears that the eastern mineralization has slightly higher 

values than the western mineralization. 

Similarly the B-factor (the true chargeability) appears to 

üiscriminatýe very clearly between barren and mineralized areas. 

over the barren areas the B-factor is generally below I. 0, most cam only 

around 0.5, e. g. line 2,4 and 7. Lines 5 and 6, howeverI show in general 

higher values over the barren areas not exroee l ng though 1.0. 

Over the mnineralizaticn, Br-factor attains values generally higher than 

the average value of the tumninerallzed (0.5) . Over line 1,, the western 

mineralization is characterised by a value of just unäer 1 . Q, whereas the 

second by much higher values up to 2.3. Similarly line 4 slmrs the second 

/ mineralization 
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mineralization ýby high values up to 1. S. Sate values higher than 1.0 are 

sham in line 5. 

It may be eonclwded that the B-factor is clearly indicative of minerali- 

zation. It is v rth noting that the eastern mineralization has higher values 

than the richer (in sulphur content) western mineralization. 'g is is ratter 

jrortant as it allows the discrimination between the two types of rtinErali- 

zation. 

re properties of the a-f actor which describes the rate of decay of 

the first factor (Ae i of Hutchins' equation, are rather difficult to assess 

fron the present results. Sate conclusions can be drawn, however, which 

i dicate that low c, -values suggest proximity to mineralization. The barren 

areas such as around stages 8-12 for line 1,8-10 of line 2, stakes 5 to 13 

of Lina 4,5 to 12 of line 5 an parts of lines 6 uix1 7, show values usually 

high :r than B. O. Areas with lower values i. e. lower than 3.0 are fron 

stake 14 to 20 on line 1, on stakes 11 and 14 and 6 to 8 of line 2, close to 

the two mfneralizer regions. Over the seecona, however, there are also high 

values in the region of stakes 14 to 17. 

A low area is also shown on line 4 in the region of the eastern 

mineralization. Similarly on line 5, again over the eastern mineralization, 

larz values were recorded. It appears therefore, that the cv-f actor attains 

low value: over the mineralized regions with rather higher values over the 

barren. It also appears, but far fran, being certain, that the disseminated 

mineralization has lower values than the rather richer mineralization. 

14ather n cre obscure appear to be the properties of the 13-factor ` hick 

is the slope of the true I. P. effect. In general the value of ß ranges 

betWeM 0.5 and 1.0 . There appears to be no significantly higher or lower 

values, above the mineralized ground. Over both the barren and the tw 

rdnerali rations there are both high and low readings. 

/ The resjxonses 
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TI responses of the P-factor will certainly be the save as the Msec 

values. As it is expected therefore, over the barren area it attains low values, 

of about 0.1. 

Over the mineral ized grouux3 it is certainly higher, above 0.3 over 

the western mineralization and above 0.5 over the eastern on line 1, just 

over 0.3 over the western mineralization on line 2j and over 0.4 over the 

eastern m neralizaticn on lines 2 and 4. In general it is higher over the 

eastern mineralization. 

3. Cmclusions. 

Fran the above discussion it is evident that sate of these factors do 

not even show distinctly the presence of mineralization, but they seen to be 

able to discriminate between the two types of mineralization. Table 12 

summarizes the values obtained by these factors in the Mathiatis area. The 

A-factor shows very clearly the presence of both grades of mineralization. 

¶i1 B-factor, however, shrews distinctly lower values over the high grade 

than those over the lower grade, thus discriminating between the two types 

of mineralization. The a-factor is also irO icative of mineralization by 

being lower than the barren rocks, arxi there is an indication that it attains 

UL]ch lower values over the disseminated eastern mineralization than over 

the higher grade western mineralization. This however is not as clear as 

in the case of the B-factor. The 13-factor does not show up the mineralized 

zones very clearly. The P-factor is also indicative of the mineralizations 

with higher values over the disseminated. 

C. The Loget Decay Factors 

The decays recorded at the n=2 dipole positions of lines 1 to 7 

wipre also platted on a loge time axis and normal potential axis and the 

characteristics of such plottings as described in Chapter Three were studiert. 
The results for each line are presented and discussed below. 

/ '! . Presentation 
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I, Presentation of Results. 

a. Line 1. 

The results are illustrated on Figs 80 (a, b) and tabulated in Table 13. 

The rate of decay of the first carponent - RI. Fran the profile of 

this parameter it is evident that the eastern mineralization shaves higher 

values than the western. 

The rate of decay of the second a qjonent - R2. This is similar 

to the R1 showing again higher values over the disseminated zone than wer 

the higher grarde. 

The ratio R1 /R2. It appears that both mineralized zones show 

slightly lower values. It is noted that sam very high values were recorded 

in the first three readings. 

The tine the second cat ponent begins -td. It appears that there 

is no correlation between this parameter and the mineralization. In general 

the values oft. vary between 60 and 95 msecs. 

The potential at which the second component begins - V. This 

parameter shows clearly that the mineralized grouni shows higher values. It 

is important to note that the disseminated (eastern) mineralization shows 

higher values than the western. 

Th deviation d(1.0) of the secomd ooct? Onent at V (t) = 1.0. This para- 

meter shows high values on both mineralizations, with significantly higher 

over the eastern aie " 

The ä vi ia (0 -5) of the second canconent at V(t) = 0,5, This also 
shows high values over the mineralizations with significantly hier over, 
the easthrn. 

b. Line 2. 

The results for this line are illustrated in Figs 81 (ab) and tabulated 
in Table 14. 

The 
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The rate of decay of the first ca( ponent - RI " It is evident that 

both mineralizations are characterised by high rates of decay. In the 

western, however, the values are Huch lower than in the eastern iinera3 i- 

zatiom 

The rate of decay of the second z iponent - R2, This parallels tha 

M, with law values over the western mineralization ard higher over the 

eastern. 

The ratio of R1 /Ri2. This ratio shows low values over the eastern 

mineralization compared with the western and the barren areas. 

The time the second ccrnponent begins - td. No definite conclusion 

can be drawn fron the profile of this factor. 

The potential at which the second component begins - V. This 

parameter shows high values over the mineralization. Fran the two, the 

eastern shows higher values than the western. 

Tte- deviation d (1.0) of the second camponent at v (t) Q 1.0 . This para. 

meter shows high values wer the eastern mineralization. Over the western 

the values are very low, alsrost equal to those of the barren rocks. 

rijia. c viaticm d0 . 5) of the seoorx1 cariponent at V (t) = 1.5. This para- 

meter is similar to the previous one with significantly higher values over 

the disseminated mineralization. 

c. Lire 3. 

The results for this line are tabulated in Table 15 and illustrated 

in Figs 82 (a, b). 

The rate of decay of the first canponent - R1. This par mneter shows 

increased values over the eastern mineralization. F pt these, it also slx, ws three 

/ peaks 
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peaks in its profile, the lowest ohne correspon ig to the western minerali- 

zation. 

The ratio j /p2. The results of this parameter are rather irregular. 

Over the eastern mineralization, however, it shows uniform low values. 

The time the second canponent begins - td. This profile does not 

show any significant variations over any of the mineralizations. 

The potential at which the second carpanent begins - V. This shows 

clearly a significant increase over the eastern mineralizaticn. In the 

area of the western mineralization a slight increase is observed on the profile. 

rAw d vi. ati on d (1. o 0) of the secorr3 cat neat at V (t) =1 . 0. This para- 

meter s1 almost no ananalies at all except for a definite increase in its 

values in the region of the eastern mineralization. 

The deviation d(0.5) of the second cm ponent at V (t) = 0.5. This para- 

meter shows again very high values over the eastern mineralization together 

with a slight but definite increase in the regicn of the eastern mineralization. 

d. Lirare 4. 

The results for this line are tabulated in Table 16 and illustrated 

in Figs 83 (a, b) 9 

The rate of decay of the first ooctponent - RI, This parameter shows 

high values over the eastern mineralization. In the western half of the line 

the profile is irregular. 

The rate of decay of the send oozy onent - R2. This shows a snooth. 

profile with high values in the area of the eastern n , ralizaticn only. (It 

is r 1ndec that the western mineralization terminates at about line 3) . 

/ The ratio 
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The ratio RI/R2. This ratio appears to attain low values in the 

area of the eastern mineralization. 

The tier the second va onent begins - td. This parameter shows a 

rather irregular profile but without significant variations in its values. 

The potential at which the second car onent begins - Vd. This para- 

meter shows a smooth profile attaining high values in the region of the 

eastern mineralization only. 

,, 3ýe deviation d0 . 0) of the second cccponent at v (t) = 1.0 . The profile 

of this parameter illustrates a well defined ananaly in the area of the eastern 

mineralizatimi. 

deviation d(O. 5) of the second vanponent at V(t) = 0.5. Similarly 

a well defined anomaly is denanstratec: by this parameter over the eastern 

mineralization. 

e. Line S. 

The results far this line are tabulated in Table 17 and illustrated 

in Figs 84 (a, b) . 

rrhe rate of decay of the first ccti onent - RI . This parameter shows 

a broad area of slightly higher values, the highest being in the area of the 

eastern mineralization. 

The rate of decay of the second cm Kx ent - R2. This parameter sums 

a very smooth profile which attains slightly higher values over most of the 

eastexn half of the line, the highest being in the area of the eastern mine- 

ralization. 

The ratio R1/R2- This parameter has a rather irregular profile with 

its 1o est values in the area of the eastern mineralization, 

/ The time 
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The time the second cac onent begins - td. This has an irregular 

profile but without significant variations in its values. 

The potential at which the second am onent begins - V. The profile 

of this parameter has a broad area of slightly higher values in most of 

its length, culminating aver the eastern mineralization. 

She deviation d(1.0) of the second canponent at V(t) " "= 1.0. This para- 

meter attains bisher valuºis' than those of the barren rocks, over a broad area 

having its uiaxiztn un in the region of the eastern mineralization. 

The ddviatton. d(0.5) of the second canponent at V{t) = , a. 5,. This parameter 

has a similar profile with the above, attaining its highest value in the area 

of the eastern mineralization. 

f. Line 6. 

The results of this line are tabulated in Table 18 and illustrated 

in Figs 65 (a, b) . 

The rate of decay of the first component - R1. This shows generally 

low values with a slight increase in the eastern end of the line, 

The rate of decay of the second ccm orient - R2. The profile of this 

Parameter shows constantly law values, except in the last values in the 

eastern end of the line. 

The ratio %, /R2. Although the profile of this parameter is irregular, 

it does not show any significant features. 

The time the second canponent begins - td. This parameter has an 

ahmst constant value all along the litre. 

Tie potential at which the second went begins - V. This also 
has a smooth profile with a slight increase in the eastern encl of the line, 

/ The deviation 
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The deviation d (I. 0) of the seco xl cc*xponent at V (t) = 1.0. This para- 

meter shows very low values, in+creasing slightly in the eastern end of the line. 

The deviation d (0.5) of the second component at V (t) = 0.5 . 
ThQ pro- 

file of this parameter almost parallels the previous one with an increase in 

the eastern end of the line. 

g. Line 7. 

The results for this lie are tabulated in Table 19 arxi illustrated 

in figs 86 (a b) . 

The rate of decay of the first cccrponent - R1. This parameter shaves 

a rather smooth profile with a slight increase in its values at the beginning, 

over stake 8, and in the eastern half of the I ine corresponding to the 

extension of the eastern nmineralizatian on this line. 

The rate of decay of the second ccc anent - R2. This parameter shows 

an almost totally snooth profile with very slight increases in sane areas 

as in the RI fa+ctor. 

The ratio R1 /R2. This has an irregular profile, the most significant 

feature being the high values in the area of the eastern mineralization. 

The time the seccnd ccmponent begins - td. This parameter shows a 

slightly irregular profile but without any significant variation in its values. 

Trie potential at which the second canponent begins - Vd. This shaws 

a smooth profile with an increase at the beginning of the line, and a very 

hoad atni low ananaly which reaches its highest value in the area of the 

eastern mineralization. 

The deviation c3(1.0) of the second car ent at V (t) =1 . 0. This para- 

meter almost parallels the previous ore with slight but not insignificant 

/ increases 
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increases in its values at the beginning of the line and over the eastern 

ztd. neralization. 

The deviation d (0.5) of the seooncl oozapor nt at V (t) = 0.5. Similarly 

this parm ter attains higher values at the beginning of the line and also over 

a broad area centered about the eastern mineralization. 

'l. Discussion. 

Fran the results presented above, it is evident that sane of the 

facts which express the shape of the decay curve plotted on a logaritinic 

time axis, show positive responses over mineralization. In addition same of 

these factors appear to attain significantly different amplitudes over the 

two mineralizations in the area, which as described previously, differ conside- 

rably in their grade. Below there is a discussion an the ampli bides of the 

factors presented above with particular attention to the possibility of 

discriminating between the two mineralizations, the disseminated eastern 

and the higher grade western mineralization. 

From the results presented above for each line, it is evident that 

the R1 factor attains high values over the mineralized ground. Over the 

barren areas - where the N. . I. values are low - the R1 factor attains 

values around 1.5 as for example the western halves of lines 4,5 and 7. 

Over the mineralization the values of R1 are generally higher. High values, 

reaching a maximum of 2.99, were recorded over the eastern mineralization 

of lines 1,2 arm 4, ani also on the extension of this mineralization to 

the south up to line 7. It is interesting to note that the western mineral- 

ization does not show significantly high readings - lines 1 arxi 2. she 

highest is below 2.0 on line 1, amd just urxier 1.5 on line 2, which does not 

differ much fran the values recorded over the non-mineralized ground on these 

lines. In general it appears that this factor shows high values over 

/ disseminated 
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disseminated mineralization and lower values over the barren and rich 

mineralization. This is a very important oIservation as it discriminates 

between dissaninated and richer mineralizations. 

The R2-factor also appears to be irndicative of the mnineraI izatic n. 

In the barren grourd R2 is generally about 0.5 , as seen on the first halves 

of lines 4,5 an 7. 

Over the mineralizations, however, it attains values higher than 1.0. 

In the eastern mineralization it reaches 1.9 on lines 1 and 2, aril over 1.5 

on line 4. Qn line 5 it is just over 1. On lines 6 and 7 it is generally 

low because of the depth to the mineralization. 

The western mineralization shows a value of just over 1.0, lines 1 

and 2, which is higher than the average value of the barren and also lower 

than that of the disseminated. This is itcortant as it discriminates between 

the two types of mineralization. In geheral it appears that values about 

0.5 are inlicative of barren, values of 1.5 represent disseminated minerali- 

zatioo, whereas intermidiate values of 1.0 are of higher grade mineralization. 

With regard to the RI /R2 ratio it appears that the mineralized 

ground is characterised by low R1 /R2 values. The barren areas such as the 

first half of lines 4,5 and 7, and also those parts of the lines which have 

sham no I. P. effects,, e. g. line 6 and the rest of line 7, show RI /R2 values 

higher than 2.0. 

TI mineralized areas and in particular the vole of lines 1 and 2 

and the eastern halves of lines 4 and 5 show low values, lower than 2.0. 

It appears therefore that this ratio attains slightly lower values 

wer the mineralized ground than over the barren. There does not appear 

to be any significant difference between the values for the disseminated 

./ and 
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and richer mineralization although, bawever, it appears that the disseriin- 

aced shows slightly lawyer values. 

In the results presented above for each lid no special significance 

appeared for the factor td. A rather irregular picture is sham over line 2 

all being over 100 msecs. Law values were recorded not cnly over the eastern 

mineralization bait also over other parts of the lines. Similarly a rather 

high reading was recorded over the western mineralization but equally high 

readings were found over barren parts of the line. The rest of the lines 

show rather &tcother results and in almost all cases between 50 and 100 cosecs. 

In general it may be stated that the time the second cxxr onent begins,. ri 

does not appear to reflect the mineralization of the rocks. By contrast, 

however, the potential value, Vd, at which it begins does seem to be 

related to the polarizability of the rºedium. Over the barren areas such as 

the first half of lines 4,5 and the whole of 7 the values of Vd do not 

exceed 1.0 and are usually less than 1.0 

Over the mineralized ground - and in particular the eastern mineral- 

ization - this value is quite high, usually over 2.0, and reaches a maxinun 

of 3.8 on line 3. In lines 5 and 6 it is lower, almost certainly because 

of the increased depth to the mineralization. The western mineralization 

shows relatively low values oatpared with the disseminated mineralization 

for which Vd does not exceed 2.25. This is icrg=tant as it is a major 

difference between the two types of mineralization. 

V-1- 
she factors which describe the deviations of the second caq=ent 

fran the first, are actually measurements of the distance between the first 

linear ccmponýent and the secorxl cc tponent along the time axis at a given 

potential value. In the results presented above for each line, this was 

estimated at the potential values of 1.0 and 1.5 for line 2, and 1.0 and 0.5 

for the rest of the lines. The reason it was not estimated at 0.5 for line 2 

/ is because 
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is because of the high amplitude of the curves and would have required 

long extrapolations. Fran the results it is evident that over the mineral- 

ized areas there is a significant increase in the values of d. 

Considering first the value of d(-1.0) over the barren regions of the 

lines, the deviation at this anrlitude is very low and in sane cases zero. 

This is deKnstrated on lines 4,5 and 7, and also on parts of lines 1 

and 2. Over the mineralized ground and in particular over the disseminated, 

this parameter increases, considerably. On line. "1 it has a peak value of 

over 1600 msecs, on line 2 of 2200 secs, line 4 over 1500 msecs, dropping 

then significantly on the rest of the lines, is at 150 msecs on line 5, just 

over 50 rnsecs on line 6 and over 25 nisecs on line 7. It is interesting and 

quite irrcortant to note that the western mineralization on lines I and 2 

shows up with a maxiirun value of 350 msecs, significantly lower than for the 

disseminated mineralization on the sage lines. 

Considering the value of d(0.5) this shows values of under 300 msecs 

in the region of the barren rocks. However, in the minerals: ed ground, 

particularly the disseminate # it attains extremely hcigh values. over line 1 

these are at about 6500. On line 2 these values were similarly high but 

they were not estimated since they would have been the result of long extra- 

polations. On line 4 it has a maxittun value of 6700 msecs, dropping 

on line 5 to about 1100,600 on line 6 and 400 on line 7. Over the richer 

western mineralization of lines I and 2, the deviation attains a value of 

over 2000 msecs, nach lower than the disseminated mineralization. Examining 

the deviation at the potential value of 1.5, d (1.5) , which was estimated only 

for line 2, it is evident that the western mineralization is characterised 

by significantly lawyer values than the eastern disseminated mineralization. 

The values for each one have maxima of 5 and 320 msecs respectively. 

/ 3. Calclusicns 
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3. Conclusions. 

Fran the results presented above and the discussion which followed, 

it is clear that sane of the parameters which describe the various character- 

istics of the loggt plotted decay curve attain much different values wer 

the mineralized grcairxd as x cared with values over barren grouixl. 

Table 20 sum rises the values (where possible their ranges) of these 

parameters attained over the two mineralized areas and the barren rocks. 

Pratt this Table it can be concluded that significant differences are 

evident in the amplitudes attained by sane of those parameters over the two 

mineralizations. It can be generally concluded that the rates of decay of 

both ccuponents of the I. P. decay curve, an the potential value where 

they separate, attain higher values over the disseminated eastern mineral- 

ization than over the higher grade western mineralization. However, mrore 

significant differences are observed in the parameters which measure the 

deviation of these two occciponents fran each other. The disseminated mineral- 

ization attains distinctly higher values than the higher grade mineralization. 

D. The Bertin and Loeb' s (Modified) Functions 

The decay curves recorded or the Mathiatis lines were also studied 

according to the method proposed by Bextin and ILoeb (1974), In this, the 

quotients Al and A2 are coct uteri where Al = A/t V and A2 = 13/AV where A and B 

are as defined on the equation y(t) = Ae 't + P, and AV is the primary 

potential recorded at the receiving electrodes. (It is assuurei that l3ertin 

and Loeb's readings were taken at a constant geanetrical factor and energizing 

current) . During the present study the Al and A2 factors were estimated as 

Al = A/p/2n and H2 = 13/p/2n which is equivalent to the original formula of 

baron and Loeb but normalised to equal energizing current. The results are 

presenter and discussed below. 

/ 1. Presentation 
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1. Presentation of Results. 

a. Line 1. 

The results for this line are tabulated in Table 21 and illustrated 

in Fig. 87. 

Te A1-factor. h On this factor Huch higher values were recorded over 

the westen mineralization than in the eastern which shows almost no 

difference fran the barren rock. 

The A2-factor. A similar picture is shown in these results with 

the eastern mineralization not distinguished fran the barren rocks whereas 

the western is well indicated by its higher values. 

The Al /A7 ratio. Again there appears to be a difference between the 

two n eralizations, the eastern showing lawyer values. It must be noted that 

a very high ratio was ca rated for the third stake corresponding to the 

highest value of the Al. Geared with the other parameters described above 

no ananalous readings were recorded at this position. 

b. Line 2. 

The results for this line are tabulated in Table 22 and illustrated 

in Fig. 88. 

The Al-factor. On this parameter the western mineralization shows 

a well defined ancrnaly whereas over the eastern mineralization the values 

are only slightly higher than those of the barren rocks. 

The A2-factor. A rather similar picture but not so well defined, is 

shown by this factor in which higher values are recorded over the western 

mineralization and lower over the eastern mineralization, and even lower over 
the barren rock. 

/ The Al 
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The Al/A2 ratio. In this. the results are rather inconclusive. 

However, significantly different values are observed in the two r. dneralizaticns 
- higher over the western aid low over the eastern rººineralizaticn. 

c. Line 3. 

The results for this line are tabulated in Table 23 and illustrated 

in Fig. 89. 

The Al -factor. This shows a high value over the area corresponding 

to the western mineralization toget1 r with another slightly lower value in 

the region of the eastern mineralization. 

The 12-fact. This factor shoes two ahnst equal peaks each corres- 

ponding to the two mineralizations in the area. 

The Al/A2 ratio. The results are rather inconclusive slowing two 

peaks at stakes 2 and 5 which do not correspond with any high values on the 

Al and A2 profiles. 

d. Line 4. 

The results for this line are tabulated in Table 24 and illustrated 

in Fig. 90. 

The Al-factor. This shows a rather snooth profile along the line, 

the highest value being at stake 8 which corresponds to barren rock. It is 

interesting to rote that no significant ananaly appears over the eastern 

mineralization, the results being lower than the average. 

The A2-factor. Similarly this shows a smooth profile with no anomalous 

values. The eastern mineralization is again characterised by lads than 

average values. 

/ The Al 
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The Al/A2 ratio. This profile does not show any significant variations 

except for slightly later values in the region of the eastern mineralization. 

e. Lire 5. 

The results for this line are tabulated in Table 25 and illustrated in 

Fig. 91. 

The A1-factor. This factor shows a smooth profile along the line 

but with lower values over the area of the eastern mineralization. 

The A2-factor. Similarly there is a smooth profile with again 

slightly lower values in the area of the eastern mineralization. 

Al/A2 ratio. The values of this ratio are low in the area of the 

mineralization and high on either side. This low ccncides with the lows 

shown by Al and A2. 

g. Line ?. 

The results for line 7 are tabulated in Table 27 and illustrated in 

Fing. 93. 

The A1-factcr. This shwas an irregular profile but without any 

significant variation. 

The A2-factor. This shows a smooth profile but also with no significant 

variations e 

The Al /A2 ratio. This is irregular but again without significant vari- 

atica s. 

2. Discussion. 

Frc a the results presented above which actually took into account the 

/ resistivity 
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resistivity of the rocks, it became evident that the two mineralizations are 

characterised by different amplitudes of these factors. Below there is a 

discussion on these results. Evidently attention is paid to the possibility 

of discriminating between the two mnineralizations i. e. the disseninated " 

- eastern, and the higher grade - western, " mineralization on the basis of 

these factors. 

The Al-factor over the areas of the barren rocks, such as the western 

halves of lines 4 aixi 5, the western end of line and the whole of line 7, 

has values of about 0.2. Over the disseminated eastern mineralization in 

all, lines, the Al--values are generally below 0.2. Over the richer-western 

mineralization which is crossed mainly by lines I and 2, the Al -factor shows 

significantly high values ranging fra u 0.4 to 0.6. 

it appears therefore, that the A1-factor is capable of discriminating 

between the two types of mineralization, with high values in the high grade 

and much lower in the disseminated. The barren rock values fall between the 

two but are generally closer to the disseminatad mineralization values. 

Over the barren rock the A2-factor shows values rarely exceeding the 

0.1, such as the whole of line 7 and the western half of line 5. The barren 

areas of lines 4 and 6, however, show values close to or exceeding the 0.2. 

Over the eastern disseminated mineralization the A2-values are generally 

below 0.2. ccoparing the values of the different lines where this minerali- 

zation is encountered, these become lower in the southern lines (4,5, and 6). 

this is certainly due to the increase in the depth of the mineralization as 

indicated by the N. T. I. values. Over the richer - western mineralization, 

the i2 values are higher than 0.2, reaching the value of 0.3. on line 2. 

It appears therefore that the A2-factor discriminates between the two types 

of mineralization showing high values in the rich and lower values in the 

disseminated mineralization. Intern, ixte values are shown by the barren 

rocks. 
/ The results 
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The results of the Al /A2 ratio are rather obscure cr reä with those 

of the Al and A2 factors. Over the barren areas such as the western halves 

of lines 4 and 5 and the whole line of 7, the values it attains are generally 

above 1.5 and in some cases even higher, as such as 2.8 cn li-ie 5. The eastern 

mineralization shows values ranging between 1.0 and 2.0. The higher grade 

western, mineralization, however, attains higher values reaching a rraximm 

of 3.1. In general it may be stated that the Al /A2 ratio attains higher 

values over the western mineralization than those of the eastern one and the 

barren rocks. 

3. Conclusions. 

Fran the preceding discussion it can be concluded that the functions 

investigated above demonstrate different values over the bio minerali- 

zations in the area arnd the surrounding barren rocks. Table 28 suntnarises 

the Bertin and Loeb's (Modified) Functions over these different lithologies 

in the Mathiatis area. Fran these figures it can be concluded that with 

the use of these functions, particularly the Al and A2, it is possible to 

discriminate between disseminated and higher grade mineralization, the first 

being characterised by lower values than the second. The ratio Al/A2 also 

appears to be capable to do this differentiation, again with higher values 

over the higher grade aryl low values over the disseminated mineralization. 

F;. The Resistivity Results. 

The resistivity values were cagmted for all line, using the field 

data fray the I. P. survey. These results are expressed in p/2n values in 

chrn-meters and are presented and discussed below. 

1. Presentation of Pasults. 

a. Line I. 

The results of this line are illustrated in Fig. 94(a). 

/ In general 
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In general the pseudosectional plot of the resistivity values shows 

an increase of the values ¬raa the west to east. In the western end the 

values are low corresponding to the fresh rocks in the area. Further east over 

the western mineralization (receiving dipole 6-7) the resistivities are 

slightly higher, but they appear to follow the general trend. It is inter- 

esting to note that this trend is disturbed by the values of the transmitting 

pole 6 which are slightly lower than those of the adja: ent ones. Further 

east, the resistivities continue to increase up to the area of stakes 13 

to 15 where the values of p/2n exceed 20.0 ohin-peters. These certainly 

correspond to the eastern mineralizaticn with the highest resistivity values 

in the 15-16 receiver dipole. Further east there is a decrease in the 

resistivity values centered on the 17-18 receiving dipole. 

Ccxnpared with the N. T. I. values of the same line (Fig. 60), it is 

observed that the low resistivities in the western end of the line corresporxi 

to the low N. T. I. values. Over the western mineralization there is no 

similarity between the patterns of the two parameters. Further east there 

is in both parameters a trend towards an increase in their values which 

reached maxima at the 15-16 receiver dipole. 

b. Line 2. 

The results for this line are illustrated in Fig. 94(b). 

The resistivity values of this line appear in general to increase 

fran west to east. The lowest values were again recorded in the area of the 

barren rocks at the western end of the line. Going further to the east the 

values increase steadily without showing any significant change in the area 

of the western mineralization, except for a small inflexion indicating a 

decrease of the values in the readings of the transmitting pole 7. Further 

east the resistivity values increase up to the area of the eastern 

! mineralization 
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mineralization, except for a decrease in the area around the receiver dipole 

14-15 where the resistivities attain slightly lower values. 

Car wring the resistivity with the I. P. results (Fig. 67), it is 

observed that the low resistivities in the western end correspond to low 

N. T. I. values. However, the increase in the 6-7 receiver dipole of the N. T. I. 

values does not becane apparent in any way on the resistivity results except 

for the fact that the values increase steadily to the east. In the area of 

the eastern mineralization the high resistivities correspond to high N. T. I. 

values but there does not appear to be a coincidence of their highest values. 

In the N. T. I. results the highest values are centered about the receiver 

dipole 12-13 and the transmitting pole 12. On the resistivity pattern no 

such variations are observed at these positions. 

c. Line 3. 

The results for this line are illustrated in Fig. 94 (c) . 

This line shows relatively different results fron those of lines 

1 and 2. In this line there is a well defined area of lower resistivity 

values in the western half of the line. This resistivity low extends fron 

the small dipole separation in the region of stakes 7 to 9, to the large 

dipole separations in the area of stakes 3 to 5. This resistivity low 

region has mini rum values below 3.0 ohm-meters, whereas the surrounding area 

has slightly higher values averaging about 5.0 ohm-meters. It is worth 

noting that the shape of this resistivity low pattern does not seem to be 

controlled rauch by any receiver dipole or transmitter pole. Further it maust 

be r eyed that the western mineralization does not extend much beyond 

this line. Beyond this there is a significant inflexion in the pattern due 

to the increase in the values of the large dipole separations of the 

transmitting pole 5. After this there is a steady increase of the resistivity 

values towards the eastern mineralization culminating in the small dipole 

/ separations 
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separations of the receiving dipole 14-15. Further east there is a decrease 

in the values, increasing again in the last receiver dipole. As with the 

previous lines there appears to be in general a decrease in the resisti- 

vities with increasing dipole separation. 

Canparing the resistivity and the N. T. I. results of the sane line 

(Fig. 68) , it is observed that there is na correlation of the resistivity 

low with any significant pattern on the I. P. results. On the contrary, 

in the latter there is a high N. T. I. region which has an opposite arrange- 

ment on the pseadosectional pattern beginning from the small dipole 

separations of the receiver dipoles from stake 3 to 6 and extending up to 

the large dipole separations in the region of stakes 6 and 7. Over the 

eastern mineralizations there is of course a general correlation between 

the high N. T. I. values and the high resistivity values but there is no direct 

cauparison of the patterns produced by these parameters. 

d. Line 4. 

The results for this line are illustrated on Fig. 94(d). 

This line shows generally low values in the western half of the 

line. After the receiver dipole 10-11, the resistivities increase gradually 

towards the east, reaching their highest values in the small dipole separations 

of the receiving dipoles 15-16 arri particularly 16-17 , and also on the 

transmitting pole readings of pole 17. 

Camparing the resistivity results with the I. P. results of the same 

line (Fig. 60), r it is again evident that the low resistivities correspond 

with the low N. T. I. and the high resistivities with the high N. T. I. values. 

But again there does not appear to be any similarity between the two patterns. 

The I. P. ai tely is very clearly observed to be centered about the receiver 

dipole 15-16. The resistivity azxomaly, however, is ohservea to be displaced 
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in sorge way further east being centered an the adjoining dipole 16-17. 

e. Line S. 

The results of this line are illustrated in Fig. 95(a). 

The western half of this line which is believed to correspond to 

barren rocks, is characterisec1 by a uniform pattern with low resistivity 

values. The eastern half which includes the eastern mineralization, is 

generally characterised by higher resistivity values. These begin to increase 

from the receiver dipole 13--14 attaining their highest values in the area 

of stakes 16 to 18. Fran the resistivity pseudosection it is observed that 

high values were recorded on the 16-17 receiver dipole and the 17 transmitter 

pole, as well as on the large dipole separations in the region of stakes 

16 to 19. Further east the resistivity values begin to decrease. 

wing the resistivity arrd the I. P. results over the same line 

(Fig. 70), it is observed again that there is a synpathetic relationship 

between the two parameters. But this is not strictly followed as suggested 

by the results over the eastern mineralizations where the centers of the 

two anartalies do not coincide. In the I. P. results the highest values were 

recorded in the large dipole separations in the region of stakes 14 to 16, 

whereas in the resistivity results this is shifted to the area of stakes 

16 to 19. 

f. Line 6. 

The results of this line are illustrated in Fig. 95(b). 

This line was surveyed only in its eastern half . From the western 

er1 of the line to the receiver dipole 14-15 the resistivity values are 

generally low. After this dipole there is an increase culminating in the 

17-18 receiver dipole. This area of high resistivities corresponds to the 

southward extensions of the eastern mineralization. 
/ Catparing 
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Comparing the resistivity and the I., P. results from the same line 

(Fig. 71), it is observed that the law N. T. I. values in the western part 

of the line correspond to the low resistivities in the sane area. The 

slight increase of these I. P. values in the eastern end of the line over 

the eastern mineralization is acca anie3 by a more significant increase in 

the resistivity values. 

g. Line 7. 

he results for this line are illustrated in Fig. 95(c)* 

This line shows generally higher values than the previous ones in 

most of the region of the western half. There are two distinct areas with 

high resistivities in this part, the first centered about the receiver dipole 

4-5 and the second on the receiver dipole 9-10. Flu: then west the values 

decrease in the region of stakes 9-10 and increase again on the transmitting 

pole readings of stake 10. An increase of the resistivities is also observer 

in the region which c0ald be considered as corresponding to the southward 

extensim of the eastern mineralization in, this line. 

Comparing the resistivity and I. P. results of the sane line (Fig. 72), 

it is observed that the I. T. I. values also show an irregular pattern in the 

western half of the line whereas on the previous lines this region shows 

a smooth non-afanalous pattern. However, there does not appear to be 

any similarity between the resistivity and the U. T. I. patterns. Over the 

eastern half of the line where there is a definite increase of the resistivity 

values, the N. T. I. results show only a very slight increase which is observed 

mainly on the large dipole separations. 

2. Discussion. 

Fran the results presented above it is evident that the resistivity 

values wer the different areas along the Mathiatis lines attain different 

amplitudes. 
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amplitudes. The significance of these values is discussed below. 

For those parts of the lines which are believed to be underlain by 

barren rocks - as indicated by their low I. P. responses, the resistivity 

values are generally low. Fran the values recorded in the western ends 

of lines I and 2 and the western halves of lines 4,5,6 and in seine areas 

of 7, it is observed that the resistivity values range from, about 1.5 to 

almost 6.0 ohm-meters. Sane areas, however, such as the 4-5 and 9-10 receiving 

dipoles of line 7 sh i higher values than these, but it is not certain that 

these are due to barren rocks. This is discussed below. 

Lines I and 2, which run over the western mineralization, in the 

first line being only at a shallow depth (see Fig. 64), there does not appear 

to be any significant change in the resistivity pattern. The only changes 

are the slight variations in the general pattern which are observed in the 

readings corresponding to the transnitter poles 6 and 7 on lines I and 2 

respectively. In both cases they suggest a decrease of the resistivity values. 

An interesting pattern is observed on the pseudosectional plot of line 3 

and particularly on the transmitting pole 5. This shay's an increase in the 

resistivity values which appears not to conform with the genecal tread in 

the area. I'm a the above it is evident that the resistivity values recorded 

aver the western mineralization do not differ much fran those of the enclosing 

barren rocks. 

A different picture is observed over the eastern halves of alinost 

all lines. In those parts of each line, the resistivities attain much higher 

values than these of the barren rocks, reeching in sere cases values of 20.0 

o1Ya-inters. This resistivity increase parallels the increases in the U. T. I. 

and the other I. P. paraeters described in the previous sections, in that they 

are not sharp increases limited on a number of consecutive dipole readings, 

but they extend over almost the whole eastern half of each line (except for 
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lines 6 and 7). These higher values attain, however, maximuun values on 

certain receiver dipole readings and also transnittinj pole readings. It 

Wust be noted that in general these maximum value dipoles do not coincide 

with the dipoles which gave the maximum I. P. responses. It is interesting to 

note that the U. T. I. results of lines 5,6 and 7, show in general smoothly 

contoured patterns which are interpreted as being due to the increase 

depth to the mineralization. On the contrary, the resistivity patterns of 

these lines show rather sharply defined anomalies. Any attempt to explain 

these phenanena nest certainly take into account the nature of the minerali- 

zation in question. As described earlier in this Chapter, the eastern minerali- 

zation . 
is of a disseminated type which was accanpanied by intensive silicif i- 

cation of the rocks which appears on the drill cores as silica veins of 

variable thicknesses. Evidently the two phenctena, Le. sulphide mni. neraliza-- 

tion and silicification, although having the saue origin, have different 

spatial extends. And both these are considered as giving higher resistivi- 

ties than normal umnineralized rocks (Parkte t riko 1967) . It is proposed, 

therefore, that the high resistivity values recorded in lines 5,6 and 7, 

could correspond to rocks which have been silicified during the general minerali- 

zing activity, this silicification extending beyond the centers of the minerali- 

zation where the sulphides were mainly deposited. 

3. Conclusions. 

Fran the preceding discussion it can be concluded that the resistivity 

method can convey useful infortration which can assist an I . p. exploration 

project substantially. Frain the above results it is concluded that the resist. 

ivity values of both the barren rocks and the western mineralization have 

a], most similar amplitudes. This suggests that their discrimination on the 

basis of resistivity only is problematic if not impossible. The eastern 

mineralization on the other hand which corresponds to disseminated pyrite in 

silicified rocks, gives nuch higher resistivities. These high values are 
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attributed to both the impregnated nature of the mineralization and the 

silicification of the rocks. 

F. Conclusions 

The geophysical results presented and discussed above include the 

investigation of I. P. parameters which are applied in a routine exploration 

project together with parameters which describe the variations of the shape 

of the I. P. decay curve. Zbgether with these, the present study included 

an investigation of the Resistivity method. 

Fraa the discussion which followed each investigation an the 

conclusions which were drawn, it can be stated that the I.?. method in general 

appears to be ca" oble not only to discriminate between mineralized and un 

mineralised rocks assisting in this way the location of mineralization, but 

also to discriminate between disseminated and higher grade mineralization. 

'she L LT. I. which is the routine recorded parameter , . dcýroestýcated that 

over the disserainated eastern mineralization it attains much higher anrlitudes 

than over the higher grade western mineralization. It must be noted that the 

conditiens at which these two mineralizations occur when they are carpared 

are similar i. e. of about the same depth. 

Frain the factors which describe the shape of the I. P. transient 

curve, most of theme appear to respond positively over the mineralization. 

The A and 13 factors which represent respectively the amplitude of the 

electranagnetic and true I. P. cxmponent of the transient decay, attain higher 

values over the mineralization than over the barren rocks. Similarly the 

P_factor which is a measure of the amplitude of the decay at a time much 

langer than those recorded on the 11. T. I. readings. Fran these it appears 

that the B-factor which is in fact the true chargeability, attains lower 

values over the higher grade western mineralization and higher over the 

dissei'a1inatod eastern one. 

/A number 
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A niunber of other parat e tens which describe the shape of ]. oget 

plotted decay curve were also investigated. It was demonstrated that the 

I. P. decay is formed of two eanponents which became apparent when the decay 

is plotted on a loge time axis. The first being a rapid decaying linear 

ccitponent and the second a slower non-linear ccitponent. The parameters 

which describe this picture and which were investigated over the Mathiatis 

area, are the rates of decay of each cat ponent, R1 and R2 respectively, their 

ratio R1 /R2, the time and the potential values at which they separate, td 

and Vd, and their degree of deviation fron each other along the time axis 

measured at two different potential values. Fran the results obtained in 

the mathiatis area, it can be concluded that the R1 and R2 factors attain 

high values over the mineralizations and particularly over the disseminated 

mineralization, suggesting that a discrimination between the two grades could 

be possible on the basis of these two factors. A similar picture is shown 

by the potential value at which the two canponents begin to separate fron 

each other. Again the values over the disseminated mineralization are higher 

than those over the higher grade mineralization. The most striking difference 

between the two mineralizations at Mathiatis is shown by the deviation factors. 

Fran the results presented above there is no doubt that the values these 

factors attain over the two mineralizations are significantly different from 

each other. Even lower values were recorded over the barren rocks. 

Other parameters related to the decay curve shape are the Bertin an3 

Loeb' s (Modified) Functions which detonstrated again different values over 

the two mineralizations, low over the disseminated and higher over the high 

grade mineralization. 

Together with the various I. P. parameters investigated above, the 

resistivity of the various lithologies was studied and catered with the I. p. 

rasp=es. it was concluded that the resistivity values of the barren rocks 

/do not 
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do not differ significantly fron those of the higher grade western minerali- 

zatim. The disseminated mineralization, however, is characterised by rauch 

higher values. 
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IV. GENERAL CONCLUSIONS 

The present Chapter described and discussed the geophysical results 

fron the Mathiatis area. This area encloses two grades of mineralization 

in a geological environment similar to that of almost all econaaic deposits 

exploited so far, i. e. in the Iawer Pillow Lavas. The most important characte- 

ristic of this area as a whole, was the fact that it included two types of 

geophysical targets, both of them showing anomalous responses on I. P. para- 

meters which are recorded in a routine exploration project. One of these 

targets is characterised by grades of mineralization which are carparable 

with those of other economic deposits, whereas the other had only a very 

low concentration of sulphides. The rain purpose of the research carried out 

over the area was to establish criteria which would enable the geophysicist 

to decide whether an I. P. anomaly recorded during an exploration project is 

likely to correspond to a certain grade of sulphide mineralization,, and thus 

to decide whether it is likely to be of economic interest or not. Irrespective 

of the sulphur grade of the mineralization, the geophysicist wishes to be 

in a position to decide whether the mineralization encountered after drilling 

a borehole or two is that which produced the geophysical anon J. ies, so that 

na further drilling or other exploration is carried out over a nai-econcanic 

target. 

Fran the research carried out on the blathiatis results it is believed 

that sane progress was made to cards the. establishnent of such criteria. 

It was demonstrated that the routine recorded I. P. parameters (the N. T. I. ) 

give anomalous readings over any grade of mineralization. And if an explo- 

ration project as a whole is to proceed to its next stage, all those targets 

must be drilled. Iio ver, fron the study of the characteristics of the I. P. 

decay curve it was established that its shape varies according to the grades 

of sulphides included in the rocks. It was proved that in fact sore of the 
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factors which describe the shape of the decay, attain significantly different 

values over disseminated mineralization as compared with those over higher 

grade mineralization which is more likely to be of economic significance. 

Fran the study of the resistivity results which were recorded together with 

the I. P., it was demonstrated that at least in the higher grade mineralization 

of the Mathiatis area, the resistivities of the enclosing rocks could be 

as low as those of the mineralization. Ho ver, the non-economic minerali- 

zation in the area was shown to be characterised by much higher resistivities 

than those of the higher grade mineralization. This phenanenon is certainly 

related to the mineralizing mechanism in general and its overall effect on 

the country rocks. 
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CHAPTER FIVE 

aca THE GBDPHYSICAL RESULTS 
OF 7 KLI U AREA 

I. r, ro ucriaiv 

The Klirou area occurs in the northern foothills of the Troodos Massif. 

Its location is shown on Fig. 1. Its main feature is a series of colourful 

gossans all aligned in a north-south direction. The terrain is Lower Pillow 

Lavas close to the boundary with the Upper Pillow Lavas. 

Ancient mining activity on a small scale, is evident frei small patches 

of ancient slags. The colourful gossans were exploited for gold later, 

during the 1940's, but again on a small scale. During the United Nations 

Development Program in 1964 some attention was paid on. - these gossans which 

were drilled, without disclosing any significant grades of cuprecus or even 

ion-cupreous mineralization. Recently, in early 1976, the Noraixia Exploration 

(Cyprus) in collaboration with the Hellenic Mining Ccrpany Ltd. carried out 

a geophysical survey of the area with I. P. and P. E. M. and on consequent 

drilling disooverod a. shallow seated concealed mineralization to the 

east of the gossans. After this, it was considered pertinent to carry out 

a research I. P. program over the two mineralizations - gossan and concealed, 

in order to investigate further the I. P. method. For this the area was 

covered with five parallel lines of east-west direction which crossed both 

the gossans and the concealed mineralization. This research program lead 

to the discovery of another concealed mineralization at a greater depth lying 

again to the east of the gossans aal to the north of the second mineralization. 

The present Chapter begins with a description of the geology of the 
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Klirou area. This is followed by a detail analysis of the geophysical results 

and closes with score conclusions with regard to the applicability of the 

rzet xl and the significance of the various parameters investigated. 
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II. THE GEDLOGY OF THE KLflDJ AIM 

The Klirou area together with its mineralized ground presents an 

excellent exanple of mineralized zones in the Lower Pillow Lava terrain. As 

described in an earlier Chapter, these zones are considered as mineralized 

fracture systems which corresponi to the lower parts of a Cyprus-type deposit, 

the highest being the rich volcanic exhalative mineralizaticn. 

Fig. 96 is a geological map of the area covered during the present 

project sharing also the layout of the geophysical grid. The background 

consists of andesitic flows and intrusions which belong to the Lower 

Pillow Lava Series. The proportion of the intrusions which have a north- 

west trend increases to the south towards the Basal Group which outcrops 

outside the area. The pillow lavas appear to plunge to the northeast. The 

Jr ppePillow Lavas are found in the northeast outside of the area. They are 

thin and consequently they are found in shall outliers. 

There are three different zones of mineralization recognised at 

y'lirou, see Fig. 96. The first occurs to the west, occupying the prcudnent 

Kokkinorotsos (red-rock) hill. This is referred to below as the western 

mineralization. The second occurs to the south-east of this hill in the area 

of boreholes HKL-1 to Mr-27 referred to below as the southern mineralization. 

The third occurs in the northeastern part of the area in the region of bore- 

holes H}L-34 to iß-57 referred to below as the northern mineralization. 

k. The Western Mineralization 

This outcrops on the surface forming the colourful gossans of } okkina- 

rotsos. These gossans have a prominent north-south direction being controlled 

by parallel faults, see Fig. 96, which enclose the mineralized grourr3 in 

the form of a korst through the urnnineralized volcanics. This Irst has been 

cut and dislocated alcng its length by a later east-west structure. Fig. 97 

is a 
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is a geological section across this mineralization alcng the geophysical 

lines, demnstrating its structure. The same figure illustrates the grade 

of this mineralization as indicated fron borehole KLM-13,, This hole 

proved that the grade does not exceed the 7.0% in sulphur with very low values 

of capper and zinc. Mineralogically it consists of silicified and propylitised 

lava with pyrite and minor antiounts of chalcopyrite. rib the west of these 

gossans, and in some cases in faulted contact with than, see Fig. 96, the 

Lower Pillow Lavas are intensively iron-stained with a very low degree of 

mineralization in the form of dissominaticns of pyrite which do not exceed 

the 1% in sulphur. This type of mineralization is seen to grade to the west 

into fresh bower Pillow Lavas. For description purposes this lower grade 

mineralization is included in the western mineralization. 

B. The Southern Mineralization 

This is concealed by urnmineralized volcanics which range in thickness 

fron 15 to 50 meters, The extensive drilling proved that the mineraii: -, 

zed ground occurs in a narrow zone about 80 meters wide running in a north- 

south direction, see Figs 96 and 97. The boundaries appear to be gradational 

passing fron urnnineralizeü volcanics to very slightly mineralized, to propy.. 

li. tised lavas with rich grade, occasionally massive, see for exile borelx les 

HKL-8 and Mr-4 in Fig. 97 (b) . To the west, the boundary dips by about 500 

and is apparently connected in depth with the western mineralization, Fig. 97. 

The eastern, boundary is most probably steeper with an almost vertical dip as 

indicated by borehole IM-17, Fig. 97. ' Similarly, the zone is delimited 

to the south and to the north as it was indicated by the drilling results. 

In conclusion the southern mineralization has a flattened pipe-lik shape with 

almost vertical attitude. It can be interpreted as an exanple of a blind 

mineralization in the Lower Pillow Lavas, being an off Shoot of a mineralized 

fracture zcne. 

/The primary 

E. 
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The primary mineral is pyrite in the form of vein and cavity filling. 

There are subordinate aarcunts of chalcopyrite and sphalerite. The sulphur 

ccntent is occasionally rich reaching 50% - massive pyrite. 

C. The Northern Mineralization 

This is also a concealed mineralization occurring at a depth of over 

60 meters within t1 lauer Pillow Lavas, Fig. 97., -' This mineralization is 

located to the northeast.. of the southern mineralization and it was discovered 

during the presently described I. P. project after drilling the N. T. I. 

anxanalies in these parts of lines 3,4 and 5. The drilling results 

indicated that this mineralization extends to the north beyond line 5 up 

to borehole i3KL-40, Fig. 96. Its northern boundary appears to be tectonic. 

The overall shape of this mineralization appears from the drilling results 

to be one of a northerly trending zone occurring in depth within the Lower 

Pillow Lavas. It was originally considered to be a dislocated part of the 

southern mineralization, cut and displaced both vertically dawn and laterally. 

However, there is no sufficient geological information to support this. It 

is more likely a parallel zone displaced on enchelon with respect to the 

western and southern mineralizations. 

The sulfide content of this mineralization varies frans a few percent 

sulphur to massive. The latter appears to occur in concentrations within the 

lower grade. The primary mineral is pyrite with subordinate amounts of 

calcopyrite and sphalerite. 

/ III. M 
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III. THE G1MPHYSICAL RESULTS 

The whole area was covered by five parallel lines (1-5) trending 

east-'west 950 meters each, with a line spacing of 60 meters, see Fig. 96. These 

lines covered the gossans in the west and crossed also the two cczicealed 

mineralizations. Readings on these lines were taken with the pole-dipole array 

on electrode separations na 1-4 and at a spacing of 50 meters. On lines 

I to 4 the whole I. P. transient decay was recorded on the n"2 dipole sepa- 

ration. The period of the energising current was 3 sec at an cn/off ratio 

of 1.0 and the I. P. transient was being recorded at four positions: 55,130, 

280 and 58U msecs fron the time of interruption of the energising current. 

Below there is an analytical description of the geophysical results and 

studies in the following sequence: 

A. The Normalised Time Integral. 

B. The Decay Factors. 

C. The Log 
et 

Decay Factors. 

D. The I3ertin and Loeb' s (Modified Functions. 

F. The Resistivity Results. 

A. The Nomnaliseä Time Integral 

1. Presentation of Results. 

a. Line 1. 

'The results for this line are illustrated in Fig. 98 which is a 

pseuciosectional plotting of the N. T. I. values. In all Msec sections t *xe is 

evidence of two different mineralizations. The first is indicated by the 

anccnaly recorded with center the receiving dipole 9-10. High values w re also 

recorded on the adjoining dipoles. It is evident a all Msec values that the 

anaualy is asymmetrical being controlled by the receiver dipoles. The 

/ dipole 
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dipole 11-12 has given mich looms values in all dipole separations. Further 

west there is a significant increase in the Msec values. In the region of 

stakes 15 to 13 these high values are concentrated in the low dipole 

separations n= 1-2, whereas on the 15-16 receiving dipole results all 

dipole separations slaw high readings. Thus the ancmly attains an asyn t etric 

boat rang shape dipping to the west. 

The first anatal y, dipole 9-10, is attributed to the southern rninerali- 

nation which is found in the area under about 30 meters of fresh Irr Pillow 

Lavas. The seca-d anomaly is due to the exposed mineralization (gossans) 

which outcrops in the region of stakes 13 to 17. 

b. Lire 2. 

The results for this line are shown in Fig. 99. On all Eisec values 

and particularly the eisec 4, there is evidence of t anomalous regions. The 

first is in the area of stakes 9-11 where the anomaly has an asymetric shape, 

resulting fron the fact that it has been recorded cn the receiving dipole 

9-10. The 10-11 dipole also shows high values. After a dipole of low values, 

11-12 except for n=1, there is a broad area of high values in the region 

of stakes 13-16. Further west the 16-17 dipole has also recorded moderately 

high values. 

In general the shapes of the an, analies are controlled by the receiving 

dipoles. The first ar maly can certainly be attributed to the southern 

concealed mineralization which in the area of this line is in a depth of about 

10 meters under fresh Lower Pillow Lavas. The second anomly is the result 

of the exposed western mineralization extending frun stake 13 to 19. 

C. Line 3. 

The results for this line are shown in Fig. 100. On the pseudo- 

sectional plottings of all N1. T. Is values there are clearly two regions of 

/ ananalaus 
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ana; talous results. On the Msec 4 pattern there is an indication of a 

third arx alous area as well. This third area is shorn by the readings of 

dipoles 3-4 and 4-5 on the nw3 and n=4 dipole separations. The second 

area of high readings is shown by the results of the dipole 7-3. Zoo the 

west of this dipole there is a continuation of the high values with a miner 

drop in the 9-10 results. Further west ananalous readings were recorded by 

the dipoles f raa 12 to 15 S. Again the ananaly appears to be dipping to the 

west. Further along the line the readings on the low dipole separations remain 

high until the end of the line. 

The first ana u1y in the region of stakes 3-5 cannot be attributed 

to any known mineralization. The second anataly is certainly due to the 

northern mineralization which was discovered after drilling it at a depth 

of about 100 meters. The anomaly in the region of stakes 12-15 is certainly 

due to the outcropping western mineralization. 

d. Litte 4. 

The results for this line are shown in Fig. 101. The pseudosectional 

plottings far this line show two regions with ananalous N. T. I. values. The 

first is a broad region of values higher than those in the eastern end of 

the line, beginning fran the region of stake 6. The highest values were taken 

on the receiving dipole 7-8. Further to the west beginning from the region of 

stake 12 the values begin to increase f ormiing a second broad anactialy having a 

v-shape. The eastern leg of this V is rather broad defined by the readings 

of receiving dipoles 12-13 and 13-14. The western leg is stronger with high 

values corresponding to the transmitting poles 19 and 18. 

The first ananaly which was interpreted as being due to a deeply 

seated corx uctor was Proved by drilling to be due to mineralizaticn - the 

northern mineralization at a depth of about 100 meters. The second anomaly is 

caused by the outcropping western mineralization in this part of the line, 

/ e. Line 
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e. Line 5. 

The results for this line are shown in Fig. 102. In view of the fact 

that line 4 has shown high values in the nu 4 separation, line 5 was surveyec1 

up to n=5 in its eastern half, 

All N. T. I. values show two broad areas with anomalous values. The 

first is in the region of stakes 4 to 10. In the Msec 1 to Msec 3 pseudo- 

sections there appears to be a single peak anc aly whereas in the Msec 4 

pseudosection there is evidence for a second peak recorded on the receiving 

dipole 4-5. The first peak has been recorded by the 6-7 receiving dipole. 

After an area of lower values in the dipole readings 8-9 arxn 9-10,, the Msec 

values increase and remain almost constant in the region of stakes 12 to 16. 

Further, on the receiving dipole 16-17 there is a notable increase in the 

values. A single high value was also recorded in the n ve 3 separation between 

stakes 16 and 17. This is related to the transmitting pole 18. This anomaly 

has a boomerang shape centered about stake 17. As stated earlier, the first 

anomaly is the response of the deeply seated northern mineralization. The 

western ananaly is certainly due to the exposed mineralization. 

2. Discussian. 

The geophysical survey described above, indicated three different 

anomalous areas, each corresponding to a different mineralization. The first 

and nest noticeable anomaly is that of the exposed -- gossan, referred to above 

as the western mineralization; the second anomaly is caused by the concealed 

mineralization in the region of boreholes M 1-BEL 33 immediately east of 

the gossans (Fig. 96) referred to as the southern mineralization, and the third 

is the broad and deeply seated anomaly in the region of bOreholes HKL 34 to 

HKL 40 to the north of the previous mineralization, referred to as the n there 

mineralization. In the following pages there will be a discussion on the 

LT. I. responses over these three conductors. 

/ a. The 
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a. The Barren Rocks. 

The barren rocks have generally given low N. T. I. values. These have 

their lowest magnitude on the smallest dipole separation being about 100, and 

their maxi= ,i on the highest with values around 250 in the Nsec 4 integral. 

Fran Fig. 98 for eile (line 1) , it appears that the magnitude of the N. T. I. 

is gradually increasing as the mineralization is approached. With the. 

southern mineralization in the area of stake 9, the values of N. T. I. seem 

to begin to increase fron the region of stake 5, two hundred meters away. 

b. The Western tßineralization. 

This mineralizatim can be divided into two grades, the poorly 

disseminated (S <1%) and the richly disseminated (S = 1-5%) as described 

above. All lines have crossed both these two grades. The poorly disseminated 

mineralization appears in all cases to give generally lower values than the 

other grade of the mineralization. The magnitude of the IMsec 4 response 

appears to be generally around eight hundred and in many cases even lower, 

except for line 4 where readings over one thousand were recorded on the 

current stake 19. The richly disseminated mineralization is indicatel with 

Huch higher values over one thousand and in same cases over fifteen hundred. 

This is generally true for lines 1,2 and 3. On lines 4 and 5 the rich western 

mineralization has not given very strong amplitudes as on the first three 

lines. Their values are generally low approaching the values of the poorly 

disseminated mineralization. 

In ccnclusion, it is evident that the N. T. I. parameter gives anc alcus 

responses over both the two grades of mineralization. On the individual lines 

there appears to be saris difference in the magnitude of this response with 

respect to the grade of mineralization which produce it. However, this cannot 

be generalised as both grades can give both high and low N. T. I. values. 

/C. The 
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c. The Southern Mineralizaticm. 

The I. P. responses over this mineralization are sham on Figs 98 and 

99 corresponding to the results of lines 1 and 2 which crossed the minerali- 

zation in question. The highest results on line I were recorded in the 

receiving dipole 9-10 (Fig. 98) . Anunalous values were also encountered on 

the adjacent dipoles (3-9 and 10-11) . The maximum value in the Msec 4 integral 

is 981 on the ni3 dipole separation. The first dipole separation gives 

a value of 620. It should be rem±erei that in this line the mineralization 

is of high grade (massive pyrite) and it begins from a depth of about 13 meters. 

The responses of the second line are shown in Fig. 99. The highest 

values were recorded on the 9-10 receiving dipole and the 1-1sec 4 integral 

exceeds the one thousand on the n=3 dipole separation. High values were 

also recorded on the adjacent dipoles (3-9 and 10-11). It is reminded that 

in the region of line 2, the mineralization is slightly shallower than line 1, 

about 10 meters deep, but with much lower grade with an average of about 4% 

sulphur (HKL-'l 4, IM-1 7) . 

Fran the caparison of the pseudtional patterns of Figs 93 and 99, 

both between them and with the corresponding geological sections, a number of 

conclusions can be drawn. First there appears that the massive minerali- 

zation, line 1, has given slightly lower N. T. I. values than the lower grade 

mineralization of line 2. Secede, the highest values on both lines were 

recorded by the receiving dipole which was closer to the top of the rninerali- 

zatiom. And the values on this dipole (9-10 on both lines) are not high on 

all dipole separations. In the first separation the value is Huch lower 

although the thickness of the unmineralized rocks over the mineralization does 

not exceed the 15 meters. It is interesting to note that the values recorded 

on the next receiving dipole (10-11) are much lower than those of the 9-10 

dipole. The mineralization in this region (10-11) is at a depth extending 

fre 
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fron 15 meters (HL-4) to 50 meters (IM-21) for line 1, and 25 meters 

(NUM-1 4) to 40 meters (KID -I 6) under line 2. 

Assuming that by increasing the dipole separation the depth of penetra- 

tion increases, it s uld have been expected at least on the n=3 aril 4 

separations of the dipole 10-11, that the I. P. responses would have been 

almost as high as the responses of the 9-10 separation since they "approach" 

the deeper mineralization. This is not the case, although some effect of 

the dipole separation with regard to the depth and the magnitude of the 

response is indicated by the n=1 results of the 9-10 receiving dipoles on 

both lines. It can therefore be concluded that the responses at each dipole 

are more dependent on the p=dninity of m neralizatioan to that dipole when 

this is used as a receiving dipole, than the dipole separation value. 

Another important conclusion which can be drawn fram the preceding 

discussion, although it has been assumed in all the previous discussions, is 

the fact that the s responses seen to deperyd considerably on the "- -- 

receiving dipole than the transmitting pole. For this, the anomalies although 

correspording to conductors of well defined geometrical shapes, in this case 

almost vertical, they seem on the pseudosectional pattern which accounts for 

both the position of the receiver and transmitter, as dipping 45°. (The amount 

of dip, 450, and the direction, results fron the conventions applied in the 

psetx3osectional plotting). the importance of this conclusion is realised 

when is to be decided to drill such an anomaly. Fran the above it is strongly 

ea hasised that the most appropriate position is in the middle of the dipole 

which "received" the anunalous responses; in the case of lines I and 2 the 

dipoles 9-10 for both of the lines. 

d. The Northern Mineralization. 

Responses of this mineralization have been recorder mainly by lines 

4 and 5 and perhaps even by line 3. In general the responses are low, the 

highest 
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highest in the Msec 4 integral being over six hundred. Fran the pseudosectional 

patterns, see Figs 101 and 102, it is evident that the highest responses were 

recorded when the receiving dipole was over the mineralization. This inclies 

that the mineralization was not only indicated by the s values in 

the large dipole separations but also by slight increases in the values in 

the lower dipole separation. Collectively this appears on the pseudosectional 

pattern as a rising of the contour values towards the center of the receiving 

dipole which was located over the cause of the anccnalous values. An exarle 

of this phenomenon was the siting of the first borehole on the northern 

mineralization (är-34 which was sunk on stake 7 of line 4. On the pseudo- 

sectional pattern of this line (Fig. 101) , the values of the N. T. I. in this 

area are generally low. 

3. Conclusions. 

From the preceding presentation of results and the discussion which 

followed, it may be concluded that all three mineralizations at iairou were 

recorded on the N. T. I. results. Certainly the shallower seated, exposed, 

western mineralization has given the strongest anomaly. By comparing the 

results over this exposed mineralization it appeared that the rich dissemin- 

aticnS (1-5% S) have given higher responses than the poorly disseminated 

mineralization. This was observed on lines 1,2 and 3, whereas on. lines 4 and 

5 the 1-5% S grade, has given responses as low as the lower grade and vice versa. 

The southern mineralization was indicated very clearly on both lines 

(1 and 2). An ii portant conclusion drawn fron the anaraly of this mineral- 

ization is that the highest values were recorded when the receiving dipole 

gras directly over the mineralization. On the pseudosectional plotting this 

appears as a series of high values which give rise to 450 dipping contoured 

anomalies. The same conclusion was also drawn frail the northern mineraliza- 

tion as well. This latter mineralization, although at a depth of about one 

/ hundred 
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hundred meters was sham relatively well by the N. T. I. results. 

B. The Decay Factors 

The I. P. transient decay has been recorded at the n=2 dipole 

positions over line I to 4. In fact the aanplitwde has been recorded at the 

following times (in msecs) : 35,55,90,95,130,150,180,215,240,280, 

360,420,455,530,720 and 780. These transient results were factorised 

according the Hutchins' (1971) method described in detail in Chapter Three 

of this Thesis. The results for each line are presented and discussed 

below. 

1. Presentation of Results. 

The results for the Klirou lines are to dated in Tables 29 to 32 and 

illustrated in Figs 103 to 106. Fran these it is observed that the A arxl 

s3-factors attain high values over the exposed western mineralization arnd the 

concealed southern and northern mineralizations, arq)ared with the values 

over the barren rocks. The car-factor appears to show in general low values in 

the region of the different mineralizations, whereas the ß-factor shows no 

significant variations over the mineralized gro u : 1. Finally the P-factor 

values are higher over the mineralization than over the barren rocks. 

2. Discussion. 

Fran the preceding presentation of the results it is concl led that 

most of the factors of the decay equation indicate in sane degree or another 

the presence of rdneralization. It is interesting to examine the solitudes 

of these factors from the individual mineralizations, 

d. The Barren Rocks. 

Although readings over barren wlcanics were taken over many parts of 
the lines, their amplitudes are likely to be affected due to proximity to 

/ mineralization. 
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mineralization. For this, only the values of the eastern ends of lines 1 and 

2 were accounted as barren areas. The A and B-factors are respectively 1.3 

to 2.0 and 0.33 to 0.9. For the a and 0-factors the values range between 

8.9 and 17.0, and 0.52 and 1.8 respectively. The P-factor is generally low 

ranging from 0.02 to 0.24. 

b. The Western P-lineralization. 

This is divided into two grades. The very poor disseminations with 

less than 1% S and the richer disseminations ranging fran 1 to 5% S. Fran 

the results presented above it is evident that in the poor disseminations 

the A-factor attains values between 2.3 and 3.3. Over the richer minerali- 

zation (1-5% S) this factor has values ranging fron 3.0 to 7.6.. The B-factor 

has a value between 0.73 to 2.2 in the poor disseminations, whereas in the 

richer western mineralization the values of B are generally higher ranging 

fron 1.6 to 4.0 . The er-factor, as it was stated above, shows low values 

over the mineralizations and higher over the barren rocks, although these low 

results do not correspond well to the respective high A and B values. Over 

the poor disseminations it has values ranging fran 7.8 to 13.7 whereas over 

the richer grade (1-5% S) it ranges between 7.2 and 13.0. The 43-factor has 

values ranging fran 0.5 to 0.76 in the poor mineralization, and 0.63 to 0.86 

in the higher grade. The P-factor attains low values in the poorly disseminated 

mineralization ranging fron 0.29 to 0.57, and higher values in the richer 

western mineralization ranging fznm 0,5 to 1.22. 

CO The Southern 11ineralization. 

This was encountered only by lines 1 and 2. The A-factor ranges from 

24 to 4.3. The E-f actor has values ranging fron 1.77 to 2.42. The a and 0- 

factors attain values ranging between 9.1 and 9.8, and 0.65 and 0.73 

respectively. The P-factor ranges from 0.5 to 0.75. 

/d. The 
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d. The Northern Mineralization. 

This is deeply seated under a cover of about 100 meters of unminerali- 

zed volcanics. Although the responses of this mineralizatim cannot be 

cxmpared with those of the shallow ones, their decay factors are included in 

this discussion for comparison with the barren rocks. The A-factor ranges 

fron 1.7 to 2.7 and the B fron 0.82 to 1.5. The a, ß arri P-factors have 

respectively the following ranges: 11.0, to 13.4,0.9 to 1.13 and 0.11 to 0.17. 

3. Conclusions. 

Table 33 summarises all the above results. The results of the western 

and southern mineralizations can be compared between then as they are both 

from exposed or very shallow seated conductors. 

The lowest value of A is shown as expected by the barren rocks. 

Between the western and southern mineralizations the very poor disseminations 

stow the next range of values, whereas the 1-5% S mineralization (rich 

disseminations) show values higher than the more massive southern mineral- 

iza . The deeply seated northern mineralization shows values slightly 

above those of the barren rocks. 

The B-factor, the true, chargeability, has naturally the lowest range 

of values over the barren rocks. The highest is that of the rich dissemin- 

ations which is higher than the southern (richer) mineralization. The lowest 

between the three mineralizations is that of the poor disseminaticros (1%). 

The northern mineralization has values ranging almrost outside . the range of 

the barren rocks. 

The a-factor ranges of values over the different targets seem to 

overlap considerably. HcMever, it is obvious that the barren rocks cou. Id 

show much higher values than the mineralizations. In addition it appears 

/that 
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that the western mineralization could have lower values than the richer 

southern mineralization : Lwhich shows a mire narrow range. The northern minerali- 

nation range of values falls within the western mineralizations' ranges. 

A similar picture is shown also by the ß-factor. The widest range 

with the highest value is shown by the barren rocks. The three shallow 

mineralizations attain about the sane range of values, whereas the northern 

ae shows clearly higher values. 

The P--factor has properties similar to those of the A and B-factors. 

The highest values are those of the rich disseminations followed by those 

of the southern mineralization. The poor disseminations show even lower 

values but alnost outside the range of the barren rocks which show the lower- 

most values. The values of the northern mineralization fall in the range 

of the barren rocks. 

In conclusion it appears that the A, B and P-factors could be capable 

of distinguishing between the three mineralizations i. e. poor disseminations 

(1% S) , rich disseminations (1-5%),, and richer mineralization. The highest 

values are attained by the rich disseminations and the lowest by the poor 

disseminations. The richer mineralization values fall between these two. The 

a and 0-factors show rather inconclusive results. However, it is evident 

that they attain lower values over the mineralized ground than over the 

barren areas. 

C. The Loci t Decay Factors 

The transient decays recorded at the n=2 dipole separation of lines 

1-4 were plotted on a loge time axis and normal potential axis. The characte- 

ristics of such plottings as described in Chapter T were studied and 

the results are presented and discussed below. 

/ 1. Presentation 



-172- 

1. Presentation of results. 

The results are tabulated in Tables 34 to 37 and illustrated in 

Figs 107 to 110. The RI parameter is generally higher over the tiinerali- 

zation than over the barren rocks. Similarly the R2 parameter, but with lower 

values than the RI" Their ratio appears to decrease over the mineralized 

ground. The td parameter varies about 100 msecs with an apparent increase 

in the areas adjacent to the mineralizations and a decrease aver them. The 

Vd parameter attains generally higher values over the mineralized ground* The 

deviation parameters d0 . 0) and d (0.5) also show high values over the different 

mineralizations. 

2. Discussion. 

The results presented above indicate that the three different ninerali- 

zations " can be delimited by mr)st of the luget-plotted decay factors. Below 

there is a discussion on the responses attained over the barren rocks and 

the different mineralizations. 

a. The Barren Rocks. 

The areas with the barren rocks and without any suspected ananalies 

not already drilled, show generally different values than those over the 

mineralizations. The R1 and P2 factors are law with ranges 1.20-1.45 and 

0.5-0.9 respectively. The R1/R2 ratio ranges fron 1.2 to 3.2. The Vä 

factor is again law with a range 0.7-1.0. The td factor has a narrower 

range than over the mineralized ground with values between 90 and 105 msecs. 

the deviation factors are also low, the d(0.5) having a range of 30-630 and 

d (1.0) a 0-50 nisecs. 

b. The Western Hifneralization. 

This consists of t different grades, a poorly dissaninated with less 

than 1% S ani a richly disseminated with 1 to 5% S. (Their distribution is 

/shown 
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shown in Fig. 96). Fran the results presented above it is evident that both 

the R1 and It2 factors attain high values over the western mineralization. 

It is also evident, lover, that the 1% S mineralization shows lower 

values than the richly disseminated one (1-5% S) in both R1 aßä R2. They show 

respectively over the poorly disseminated a range of values of 2.2 - 2.95 

and 1.4 - 2.1, whereas in the richly disseminated mineralization the corres- 

ponding ranges are 3.1 - 5.3 and 2.1 - 4.15. It is noted that there is no 

overlap of these ranges. The ratio R1/R2 has almost equal values over both 

the mineralizations. The range of values it attains over the two types is 

1.4 - 1.57 over the 1% S and, a slightly lower range of 1.2 - 1.51 over the 

richer disseminations (1-5%) 9 

The Vd values over the two different grades appear to be significantly 

different. The poor grade attains a range of 1.9 - 3.2, whereas the richer 

grade a higher one of 3.3 - 7.5. As for the case of the R1 and R2 factors, 

it ads that the Vd factor can distinguish between the two different grades. 

The td factor presents rather inconclusive results. The range of values it 

attains in the 1% S mineralization is narrow, 120-140, included in the much 

wider range of the richer disseninations, 78-170. It appears therefore that 

the td-factor can attain lower and higher values over the richer mineralization 

than over the poor grade 

The two factors describing the deviation of the second cc orient fron 

the linear d(O. 5) and d(1.0) attain high values over both the nineralizations. 

hoover, their ranges of values seem to differ for each of the two grades. 

In the first factor d(0.5), the poor mineralization {1%) has a range of x300- 

2000 n3ecs whereas the richer ranges fron 1900-3200 msecs. These two ranges 

show only a small overlap of 100 msecs. The second factor d (1.0) 
, shows no 

overlap at all in its ranges of values. The poor mineralization has values 

ranging fran 180-900 msecs, whereas the richer dissentinaticns have a range of 

1200-2300 iasecs. 
/ c. The 
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c. The Southern r 11neralizatian. 

The values of sane of these factors over this mineralization are 

generally above the background values. The presence of the mineralization is 

indicated by the R1 and R2 factors with ranges of 2.28-3.6 and 1.79-2.63 

respectively, whereas their ratio does not show any significant variation 

along the profiles. 

Sinilarly, the presence of the southern mineralization is indicated 

by the Vd factor. This attains values between 2.9 and 4.5 which as seen on 

the different profiles are well above those of the barren rocks. The td 

factor attains values ranging between 105 and 125 msecs without presenting 

any significant change over the mineralization. 

The factors measuring the deviation of the decay curve frcm the 

linear are also indicating clearly the presence of the southern mineral- 

ization. The first one, d (. 0.5) , has ranges between 2100 and 2400, whereas the 

seeorr3, d (1. C ., has a range of 900-1300. The ratio of these two factors has 

values ranging from 1.34 to 2.66. 

d. The Northern Mineralization. 

The deeply seated northern mineralization was also indicated by most 

of the above factors. Both the R1 and R2 factors attained values over this 

mineralization ranging above the background values. These ranges are respect- 

ively 1.75 - 2.38 and 1.18 - 1.52. The ratio of these two factors ranges 

between 1.39 and 1.95. 

The Vd factor also indicated slightly higher values over the region 

of the northern mineralization, its values ranging f ran 1.16 to 2.3. The 

td faactor showed a wide range of values, from 95 to 170 msecs. 

The measures of the deviation of the decay curve from linear d (0.5) 

/ and d t1: o) 
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arx3 d(1. Q) indicated more conclusively the presence of the northern iminerali- 

zation. They attained respectively values ranging fran 600 to 1050 and 

50 to 300. 

3. Conclusions. 

Table 38 summarises the results discussed above. Camparing the 

results over the western and southern mineralizations, which are both shallow 

seated, it can be concluded that with the R1 and R2 factors the richly and 

poorly disseminated mineralizations can be distinguished as they attain values 

differring fran each other. However, the higher grade southern mineralization 

has values falling between these poorer grades. This is observed also in the 

Vd and d (O. 5) and d (I. 0) factors. 
.7 

he ratios of R1 and R2 show sane 

differences in the values of the two disseminated mineralizations but in 

general there is an overlap of the two ranges. The td factor does not seem 

to offer any useful criterion. In conclusion, the richly disseni ited ; 

shows higher values than the poorly disseminated and the rich grade. It can 

also be concluded that a deeply seated mineralization, like the northern one 

in this case, can be shown by these factors. Their values over the barren 

rocks are generally low. It is worth noting that the tä factor seems to have 

a rather constant value of around 100 msecs in the areas of the barren rocks, 

whereas over the mineralized ground its values have a considerable range. 

D. The Bertin and Loeb' s (14odif ied) Functions 

These functions are the ratios Al =A/p/2n and A2 = B/p/2n, where 

A and B are defined in the equation y (t) _ Ae + Befit + P. These functions 

were camputed for the n=2 dipole separations of lines 1 to 4 where the 
whole transient decay was recorded. The results are presented and discussed 
below. 

/ 1. Presentation 
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1. Presentation of Results. 

The results of these lines are tabulated in Tables 39 to 42 and 

illustrated in Figs 111 to 114. The Al and A2 factors show in general higher 

values over the ~ ralization and lower over the barren areas. Their ratio 

Al /A2 demonstrates the opposite with higher values over the barren rocks . 

2. Discussion. 

Fran the results presented above it is evident that all the minerali- 

zation - (western, southern and northern) are shown in same degree by these 

factors. It is interesting to discuss the responses reccrded over these 

different grades and the non-ininexalized rocks. 

a. The Barren Rocks. 

Nan-mineralized ground was encountered on all lines over their eastern 

ends. Lxcluding the single high value on current stake 6 of line 1, in all 

cases the Al factor is around 1.0. The A2 factor is more variable ranging 

between 0.2 and 0,6. The Al A2 ratio is also quite variable in its values 

ranging f ran 2.0 to 5.0 . 

b. The Western Mineralization, 

As described earlier, this mineralization is divided into two parts. 

The first consists of poorly disseminated pyrite reaching a value of about 

1% S and the second is of slightly higher grade ranging between 1% ana 

5% S. The extent of these two types is depicted on Fig. 96. In all four 

lines their western ends correspond to readings over the poorly disserninat x1 

(max, 1% S) mineralization. Fran the results described above, it is noted 

that the Al values recorded with the receiving dipoles over this grade are 

generally low not exceeding the value of 0.6. Over the higher grade of the 

western mineralization the Al values are slightly higher ranging beten 0.9 

/and1.65 
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and 1.65, except on the readings of current stakes 17 on both line 3 and 

line 4 which gave values of 0.4. It is noted, however, that in both cases 

the current electrode was in barren rocks (see Fig. 97) . It appears, therefore, 

that the very poor sulphide mineralization (1% S) shows auch lower values than 

the higher grade (1-5% S) in the Al factor. 

The A2 factor shows again low values in the 1% S mineralization 

ranging fraai 0.15 to 0.4. The richer mineralization, however, s1 rus higher 

values with a minim m of 0.4 and a maxirann of 1.07. As with the A1-factor, 

the readings on lines 3 and 4 with the current stake 17 located in the barren 

rock are nLlch lower than the other values. The Al/A2 ratio attains values 

over 2.0 over the 1% S mineralization, whereas over the 1-5% S it appears to 

have lower values down to 1.5. 

c. The southern Mineralization. 

This was encountered by the current poles at stake 12 an both lines 1 

and 2. In both cases the value of Al is high exceeding the 2.0. The A2- 

factor shows values ranging fron about 1.0 to 1.19. In both cases the Al / 

ratio is about 1.8. It should be r ereil that this mineralization lies 

at a minimm depth of 10 meters under fresh volcanics and the grade ranges 

fron below 10% to over 50% S (massive pyrite)* 

d. The Northern r-iineralization. 

This was encountered by line 4 aid also Indicated slightly by line 3. 

As mentioned above this is at a depth of about 100 meters under fresh volcanics 

with grades reaching the 40% S. The Al-factor shows values above background, 

about 1.4. Ili-he A2-factor shows the presence of mineralization more clearly 

with values reaching the 0.73. The values of Al/A2 ratio corresponding to 

the high Al and i2 values are about 2.0. 

/ 3. Conclusions 
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3. Conclusions. 

Table 43 summarises the results discussed above. The results over 

the western and southern mineralizations can be ca tired as they are respect- 

ively frcgn exposed to very shallow seated mineralizations. The northern 

mineralization, however, is very deeply seated and it is expected that the 

responses will be much lower. 

Fran Table 43 it can be concluded that the Al factor shows discriminate 

values over the different grades. It may be noted that the barren rocks 

show values higher than the poorly disseminated mineralization. The A2-factor 

shows again a gras ual increase in its value frem the poor to the richer 

mineralization but there is a small overlap in the three groups. It is noted 

that the barren rocks show values which are close to those of the very poor 

(1% S) mineralization. The Al /A2 ratio seen to show distinct values, the 

highest being those of the barren rocks followed by the poor mineralization. 

The next two grades, however, do not seen. to be indicated by values which 

follow this trend. The next lower value is that of the southern mineralization. 

The 1-5% S grade is represented by a lower value. 

The deeply seated northern mineralization is only shown with certainty 

by the A1-factor, compared with batren rocks. The A2-factor has values which 

overlap slightly with those of the barren rocks. 

In a final conclusion it could be stated that the Al factor is capable 

of distinguishing between the different grades encountered at Klirou. Factor-A2 

could also distinguish the three grades but with less reliability than Al. 

The Al/A2 ratio does show the mineralization but it does not seer capable 

of distinguishing between grades. 

/E. The 
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E. The Resistivity Results 

1. Presentation of Results. 

a. Line 1. 

The resistivity results of this line expressed in p/2n ohm-ureters 

are illustrated on the pseudosection of Fig. 11::: The eastern half of this 

figure shows generally law values corresponding to the barren rocks occurring 

in this area. The western half which corresponds to the exposed mineralization 

has generally higher values. 

Ccatpared with the I. P. results (Fig. 913), it is observed that the 

resistivity lows correspond to the N. T. I. low values. Further along the line 

it is evident that the southern mineralization recorded on the 9-10 receiver 

dipole in the I. P. survey does not appear to give any significantly different 

responses on resistivity. Further west the broad I. P. ananaly due to the 

western mineralization coincides with the broad area of high resistivity 

values. It is interesting to note that there is a similarity between the 

two patterns. Both attain their highest values on the 15-16 receiving dipole 

and on the small dipole separations in the region of stakes 14 to 16. 

b. Line 2. 

The results of this line are illustrated on Fig. 116. This pseudo- 

section shows an area of generally low values of p/lrt ohm-meters in the eastern 

half of the line. In the second half the resistivity values are generally 

high. There is a region of highs appearing on the pseudosection under 

dipole 13-14. Further west this is followed by a region of lower values, 

but before the end of the line, centered about the receiving dipole 16-17, 

there is an increase in the resistivity values. 

ccmpared with the I. P. results (Fig. 99), the region of low 

resistivities 
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resistivities in the eastern half of the line correspon3s to the low I. P. 

values in the same area. Further along the line the resistivity results 

do not show any significant change in the 9-10 receiver dipole, which on 

the I. P. results has given a significant anomaly due to the southern mi. nerali. - 

zation. The high resistivity region in the western half coincides with the 

high I. P. results, both, corresponding to the western mineralization. It is 

interesting to note that the highest values on the I. P. data are observed 

in the readings of the 13-14 receiver dipole. In the resistivity results- 

this dipole has shown the lowest values in this generally high valued region. 

on the 16-17 receiving dipole, however, both I. P. and resistivity have given 

high values. 

c. Line 3. 

The results of this line are illustrated cn Fig. 117. This line shows 

generally a similar picture, i. e. low values in the eastern and high in the 

western half. In the western half there is a high resistivity area correspond- 

ing to the readings of the receiver dipoles 11-12 and 12-13. In the next 

receiver dipole, 13-14, the resistivity values drop and increase again in the 

following dipoles. The highest values were recorded on the small dipole 

separations in the region of dipole 15-16. 

Cacpared with the I. P. results (Fig. 100) , it is observed that there 

are i significant variations in the eastern half of the line and particularly 

in the 7-8 receiver dipole. Further west, there appears to be a general 

coincidence between the high resistivity and the high N. T. I. values in the 

western half of the line corresponding to the western mineralization. It is 

interesting to rote however that the highest N. T. I. results recorded on the 

receiver dipole 13-14 correspond to the lowest resistivity values recorded 

with this high resistivity region. 

/ d. Line 
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d. Line 4. 

The results for this line are illustrated on Fig. 118. This line 

shows a resistivity low area in the eastern half and a resistivity high area 

in the western half. In the first, there appears a slight increase in 

the 3-4 and 4-5 receiver dipole readings. Further west there is a gradual 

increase of the values with a localised increase in the large dipole separations 

in the region of the dipole 10-11. Further west over the western r nerali- 

zation, the resistivity values continue to increase. The highest values 

were recorded in the small dipole separations in the region of stakes 15 to 18. 

cecz erred with the I. P. results (Fig. 101) , the eastern half of the 

line has generally low resistivity values except for the local increase in the 

large dipole separations in the region of the dipole 11-10, which do not 

necessarily correspond to the broad area of high N. T. I. values in the large 

dipole separations extending f rat stake 6 to stake 11. Further west, the two 

ananalies coincide broadly but they do not show any similarity in their 

patterns. 

e. Line 5. 

The results of this line are illustrated in Fig. 119. This line shawl 

again the salve general results as the previous ones, with low resistivity 

values in the eastern half of the line and high values in the western half. 

In the eastern half, however, there is a broad area of slightly higher values 

in the large dipole separations extending from the region of stake 6 to 

stake 10. Another region with similar values is observed in the region of 

stakes 3 to 7 particularly in the small dipole separations. In the western 

half of the line the resistivity values are generally high. Fran the pseudo- 

sectional plot it can be observed that higher values were recorded on the 

12-13,14-15 and 16-17 receiver dipoles, and lower values in the dipoles 

between these, i. e. 13-14 and 15-16. 

/Ac rison 
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A ccmcarison with the I. P. results (Fig. 102) suggests that the broad 

resistivity increase in the large dipole separations in the eastern half of the 

lire, c , corresponds to 
.: 
the N. T. I. anomaly in the sane region which was later 

proved by drilling to be caused by the northern mineralization. The western 

aninalies which evidently correspond to the western mineralization, do not 

show any similarity in their patterns indicating that there is no particular 

correspondence between the resistivity and N. T. I. values for each receiving 

dipole. 

2. Discussion. 

In the presentation of the resistivity results given abovE the 

resistivity values were broadly divided into t groups, the low resisti- 

vity values, generally below 2.0 x 2n oI -u eters and the high resistivity . 

values above this datum. In the discussion which follows it will be 

attempted to investigate the resistivity values of the different minerali- 

zatiaz grades and rocks known to occur in the 1<lirou Area. 

a. The Barren Roc, Jcs. 

The eastern ends of lines 1 and 2 are in areas of barren rocks. From 

the results of these lines it is observed that the resistivity values of these 

rocks are generally low, not exceeding the 2.0 ohiri-meters (p/2rc) 
. 

b. The Western I'Lineralization. 

This is divided into t different grades, the poorly dissa nimted 

(s =1 %) and the richly disseminated (S =1-5%) as described above. Thi 

mtheralization is crossed by all lines, but in the present discussion attention 

will be paid on lines 1 and 2 which define the richly disseminated mixerali- 

zation within a single pair of faults. From the geophysical results of 

these lines, Figs 115 and 116, it is observed that the richly disseminate. 

grade which occurs in the region of stakes 13 to 15 (see also the geological 

map, 
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map, Fig. 96), is shown very clearly by the 13-14 and 14-15 receiving dipole 

readings to occur as a region of lower values in the n=3 and 4 separations, 

surrourrIed by higher values. The next dipole in the west shows significantly 

higher resistivities. In the adjacent dipole to the east the resistivities 

are higher only in the large dipole separations. In the n1 and also 

n=2 dipole separations in the results of these two dipoles (13-14 and 14-15) , 

it is observed that the resistivity values are higher than in other separa- 

tions. This can be attributed to the surface alteration of the mineral- 

ization which in these cases varies between 10 and 20 meters. This alter- 

ation uhich results into the formation of limonite must certainly increase 

the resistivity of the altered rock. In deeper levels, however, it is 

observed that the resistivities are generally below 4.0 x 2Tt ohm-meters. This 

is considered as the representative value of this mineralization. In the 

next t receiving dipoles to the west which cross the poorly disseminated 

mineralization, the resistivity values as seen on both lines 1 and 2 (Figs 

115 and 116) attain higher values generally above 5.0 x 2n al t-mters. 

Alrrost the same picture is observed to the east of the richly disseminated 

grade, where the resistivity values as observed on the receiving dipoles 

12-13 and 11-12 on both lines 1 and 2, are generally above 3.0 x 2n ohm- 

meters. These high values could certainly be attributed to the very low 

grade mineralization, below 1% sulphur, located by drilling in depth between 

the western and southern mineralizations. 

A similar picture, i. e. with low resistivity values (below 4.0 x 2n 

ohm-sneters) in the large dipole separations, is observed in the receiving 

dipole results of the other lines where they crossed the richly disseminated 

mineralization. On line 3 it is observed on the 13-14 dipole, on line 4 on 

the 15-16 dipole, and in a better way on lines 5 on the dipoles fron 13 to 

16. in all these cases the low dipole separation results are characterised 

by high resistivities attributed to the surface alteration. 

/ C. The 
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c. The Southern 111neralizaticn. 

Fran Fig. 97 (geological sections) it is observed that this mineral- 

ization occurs in the area around stake 10 of both lines 1 and 2, and perhaps 

a shall distance further to the east. On both lines the pseudosectional plots 

slx» that in this area the resistivity values are generally above 2. Ox2n olYx- 

reters. However, they do not dezronstrate any pattern which would suggest 

a control by the receiving dipole, except for dipole 7-8 of line I which 

is not known to correspond to any mineralization. It can therefore be 

concluded that the southern mineralization is characterised by values which 

range between 2.0 x 2n and 3.0 x 2n ohm-n eters. 

d. The Northern Mineralization. 

This occurs in the eastern halves of lines 4 and 5 at a depth 

of about 100 meters. Fran the resistivity results of these lines 

it is cbserved that this mineralization, which is of a similar 

overall grade as the southern mineralization, i. e. high grade ore 

enclosed in richly dissri. nated mineralization, is indicated by kesi tivity 

values between 2.0 and 3.0 x 2n ohm-meters. The resistivity values above 

2.0 recorded in the small dipole separations near the eastern ends of lines 

4 and 5 cannot be attributed to any krxown mineralization. 

3. Conclusions. 

Fran the resistivity results presented above arxl the discussion 

which followec4 it can be concluded that the different Klirou mineralizations 

attain higher resistivity values in ©caparison with the enclosing barren 

Lower pillow Lavas. The later are characterised by resistivity values generally 
below 2.0 x 2n otters. 

By earparing the resistivity results over the different Klirou 

mineralizations it can be ccncluded that the highly disseminated western 

mineralization is characterised by resistivity values as high as 4.0 x 2it 

/ Dean-peters 
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ohn--rasters, whereas the richer southern and northern mineralizations are 

characterised by resistivity values not exceeding the 3.0 x 2n ohmmeters. 

t', ich higher resistivity values were recorded in the poorly disseminatea part 

of the western mineralization exceeding the 5.0 x 2n cam-meters. Another 

rock type which appears to give high resistivity values is the oxidised 

surface part of the mineralized rock. In this respect the high values could 

either be frag the oxidation products such as limafite and hematite, or due 

to the incomplete degree of oxidation of the conducting minerals in 

the region between the fresh mineralization and the weathered. In this 

region the sulphide content would drop to values corresponding to those of 

the disseminated mineralization. Certainly this explanation is tentative. 

As a general conclusion it can be stated that in all cases the "...., 

different types of sulphide mineralization found in the Klirou area are 

characterised by higher resistivity values than the surrauxling barren rocks. 

F. Conclusions 

The parameters presented and discussed above include both routine 

I. P. parameters which are recorded during a nunmal I. P. survey including 

resistivity, and also parameters which express the shape of the transient 

decay curve. The purpose of the presently described project was to examine 

the responses of the various parameters over the Klirou mineralizations, and 

attest to establish criteria which, under similar conditions, would enable 

the distinction between mineralizations of different grades. 

The N. T. I. which may be considered as the paraimeter recorded directly 

in the f i. eld, has shown well defined arýortýalous responses over all the three 

different LAneralizations. As expected the highest values were those due to 

the exposed and the lowest those due to the deeply seated mineralization. 

From the magnitude of the N. T. I. even under similar conditions, it appears 

that it would be incossible to obtain an indication of the grade of the 
/ pyritic 
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pyritic mineralization. There is evidence, however, that the poor and 

sparse disseminations give lower responses than higher dissc- Hinted grades. 

The Decay Factors, the electranagnetic cat? onent of the I. P,, curve, 

A, and the true chargeability, B. show higher values over the mineralizations :. 

as compared with the barren rocks. But in addition they are capable of 

distinguishing between the three different grades, attaining their highest 

values over the richly disseminated and their lowest over the poorly 

disseminated mineralization. 

The decay curves were plotted on a logarithmic time axis and it was 

proved once again that they can be considered as consisting of two canponents, 

a rapidly and a slowly decaying one, Fran the different parameters which 

characterise this two-component curve, the rates of decay of the two ocxxonents, 

the amplitude at which they separate, and the rognitude of their deviation, 

show all high values over all the mineralizations as compared with the 

barren rocks. With regard to grades, these parameters can assist in 

distinguishing between the poorly disseminated and the richly disseminated 

mineralizations offering also indications of higher grades of mineralization. 

The Bertin and Loeb's (Modified) functions introduce the resisti- 

vities of the different grades and suggest that a distinction can be made 

between the different grades particularly based on the A1-function. 

The resistivity results indicated very clearly that the mineralization 

is characterised by higher resistivity values cxr aged with the enclosing 

barren rocks. In the mineralized rocks the resistivity value appears to 

increase with decreasing sulphide content. 

/ iv. G P, L 



-187- 

IV. GAL ayNCI+USIc1 S 

The Klirou area presented an excellent exanpie of a mineralized area 

found in Cyprus. The geological background consists of Lower Pillow Lavas 

which were the last volcanics before the mineralization. Thus the latter is 

found either exposed or under a variable thickness of fresh volcanics of the 

sane ccnnosition as the host rocks, In addition the rich zones of minerali- 

zat: Lcn are well defined with relatively sharp contacts. These are certainly 

tectonic, but the age of tectonism with regard to the mineralization is 

uncertain. Current opinion considers these bounding faults as pre- 

minerali-zation defining the boundaries of the fractured vent system which fonnred 

the passages to the mineralizing fluids. The adjacent ground has. Also been 

mineralized but with roch lesser intensity. 

The targets encomtered at Rlirou may be considered as typical for 

the Lower Pillow Lava terrain. Linnnite stained rocks containing sparse 

pyritic mineralization not exceeding the one percent in sulphur were found 

in contact with richer mineralization again of the disseminated type. Both 

these mineralizations are known to give high I. P. responses during a routine 

geophysical survey. Another interesting feature of the Klirou area was the 

existence of two zones parallel to the exposed one, at different depths 

into the host rocks. In this occasion it was interesting to determine that 

a routine I. P. survey, i. e. with spacings and configurations usually applied 

in the field, is capable of resolving the three zones. The discovery of the 

third zone at a depth of about twice the spacing applied, has given an 

indication of the capability of I. P. 
0 

The major part of the Klirou project was the investigation of the 

responses fran the different grades of mineralization. This investigation was 

based primarily on the information which is believed to be concealed in the 

shape of the I. P. transient. Frain the results of this investigation it has 

/ been 
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been established that although the arrplitude of the normalised time integral 

may be similar in the different grades, other parameters which describe 

the transient shape show different amplitudes. It may be concluded therefore 

that with careful examination of the values of these parameters score indication 

of the possible grade of the mineralization can be obtained without the 

necessity of drilling each anomaly. Certainly these criteria can only be 

applied with caution particularly when the field conditions are not uniform. 

In addition to these parari eters, it was also found that the resistivity 

of the mineralized rocks varies according to their sulphide content. 

cit 
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CHAPTER SIX 

ON 111E GIOPhYSICAL FESULTS 
OF `ME 1<OKKINOVOU MOS ARM 

I. IiIT'RODUC1'ION 

The Kokkin s area occurs in the northern foothils of the 

Troodos Massif, Its location is shown in Fig. 1. Its main features are 

two elongated gossans which appear to be aligned in a north-south direction. 

The geological background are Imer Pillow Lavas close to their bounriary 

with the Upper Pillow Evas. 

The two colourful gossans were prospected for precious metals in 

the 1930's. The northern one yielded a significant tonnage of auriferous 

ore of exceptionally high grade. A lesser amount was mined fron the southern 

gossan. During the United Nations Development Programme in 1965-1963, the 

area was explored for sulphides by drilling. This did not reveal any 

significant grades. Tentative estimates have suggested a body of one 

million tons with 11% sulphur arr3 insignificant (= 0.3%) values of copper. 

Tne Kokkinwounaros mineralization is considered as a typical exa le 

of the cyprus-type mineralization which is controlled by older tectonic 

fracturers, which are at present bounded by clearcut faults forming a mineralized 

i-crst as described in chapter Three of this Thesis. For this it has been 

decided to investigate the I. P. responses over this type mineralization with 

a number of lines at right angles to its strike. 

The present chapter begins with a description of the geology of the 

j; Q Faros area. This is followed by a detail analysis of the geophy. 

sical results and closes with same conclusions with regard to the applicability 

of the method and the various parameters investigated. 
/ II. THE 
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II. TIX GEOLOGY OF THE xK OUVU s APE A 

The Y., okkinovounaros area includes two elongated gossans in line with 

each other, with a total length of about 700 meters and an average width of 

130 meters. Fig. 120 is a geological map of the area showing also the layout 

of the geophysical lines. The geological backgrourni is L zer Pillow Lavas 

consisting of arxdesitic flows and intrusives. Petrologically they appear 

to be uniform all over the area exhibiting their usual characteristics, such 

as cel unite filled vesicles an stainings. Lipper Pillow Lavas outcrop 

along a narrow strip to the north of the Kokkinovounaros gossans. They are 

typical olivine-basalt flows. 

The northern gossan exhibits colourful oxidation products ranging 

fraa white leached lavas to hematite red atxi limonite. grades of mineral - 

zed (oxidised) rock were recognised an3 napped. The first is a limonite 

stained La. aer Pillow Lava which forms a halo to the west and south of the 

gossan (see Fig. 120). This is considered as representing the outermost part 

of the minerali2 ea Javas which have therefore been affected only slightly 

by the mineralizing fluids. The second grade appears on the surface to 

occupy the inner part of the gossan and represents the main body of minerals. 

zation.. The structure of this mineralization is depicted on Fig. 121(a) 

which demonstrates the hurst structure of the mineralization. 

The southern gossan shows again two different grades, one of limonite 

stained La ex Pillow Lavas forming a ca plete halo around the more strongly 

mineralised linner part. The geological structure is depicted on Fig. 121 (b) 

which demonstrates again that the mineralization is bounded on its to sides 

by faults. 

ß3oth mineralizations have been thoroughly drilled by the Hellenic 

Mfrd ng Co. Ltd. and the Geological Survey (United Nations L veloprent 

/ Programme 
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Programe) . The location of these holes is shown in Fig. 120. Fran their 

results it is cc clude. 1 that the northern mineralization is generally of low 

trade consisting of disseminated pyrite in propylitised lava. The highest 

value is 5.9% sulphur in borehole MR 27/65 which averages 2.4% S. In general 

it may be concluded that the mineralization under the northern gossan falls 

in the range 1-5% S. 

The southern gossan was more extensively drilled yielding higher 

values of sulphur. Since this mineralization was traversed by a number of 

lines, the grades of sulphides will be described according to their proximity 

to the geophysical lines. With regard to line 2, all boreholes near it were 

barren. The nearest borehole with some values is the MR 25/65 which averages 

1.9% S. The next line (3) runs over a higher grade of sulphides. Borehole 

n 15 averages 11.3% with a maximum of 19% S, borehole NR 61/68 averages 4.3% 

with a maxinum of 10.1% S, borehole MR 61A/68 averages 4.3% with a maximum 

of 11%, arxi borehole MR 47/68 averages 6.0% with a maximum of 11.1% S. All 

these holes were in the vicinity of stake 9 of this line. Borehole M 59/68 

near stake 0 of the same line has intersected a much lower grade (there are 

no assays) described as "weak mineralization". Such a description corresponds 

to grades below 3% S. Further southeast _. towards and over line 4, the grades 

of the mineralization as encountered in the different holes are: borehole 

Nit 43rs/68 with an average of 7.3% and a maxirm n of 20% S, borehole MR 45/68 

with an average of 4.5% aria a maximum, of 13.8% S, borehole Ids 14 with an 

average of 7.3% and a maxiuni value of 19.0% S, borehole MR 39/68 has an 

average of 6.9% with a maxim= of 20.7% S, and borehole MR 44/63 an average 

of 5.3% with a maxim= of 9.4% S. It may therefore be concluded that the 

mineralization crossed by line 4 is generally well above 5%. This is ent a.. 

ted_, in the eastern part of the gossan. Towards the west the grade decreases 

as indicated by boreholes MR 44/68 and MR 62/65. The latter is descries 

as having only disse1natEO pyrite. Further south near line 5 borehole 

/ MR 42/63 
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MR 42/62 has intersected mineralization with an average of 5.1% reaching a 

maxin-un of 16.9% S. The southernuost hole MR 64/68 drilled down to 100 meters 

is barreal. 

Fran the above description it is evident that in the Ko os 

area the geophysical survey was carried out over a variety of sulphide grades. 

Line 7 we over barren rocks, lines 2 and 6 were -run very close to low grade 

mineralizations. Line 1 was run over low grade mineralization, and lines 

3,4 and 5 were run over sulphide mineralization generally above the 5% S. In 

general the mineralization in the area is defined as of low grade in sulphur. 

ao borehole has intersected any massive pyrite. 

Fran the preceding geological description it can be concluded that 

the Kokkinovmiaros mineralization represents an example of a mineralized 

zone in the Wo ex Pillow Navas which was later affected by tectonic move- 

rents probably ai existing planes of weakness. 

/ III. Tm 
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III. THE CJOPHYSICAL RESULTS 

The Kokkinovounaros hill was covered by seven lines, 750 meters each, 

treading at right angles to the strike of the mineralization. The line 

spacing was 100 meters. The layout of the lines with respect to the geology 

is shown in Fig. 120. Readings on these lines were taken with the pole- 

dipole configuration on electrode separations nn 1-4 and an electrode 

spacing of 50 meters. The period, of the energising current was 3 secs at an 

on/off ratio of 1.0, and the I. P. -transient was measured at four 

positions 55,130,280 and 580 msecs frcr t the time of interruption of the 

energizing current, except for the na2 dipole separation where the transient 

decay was recorded by measuring its applitixle at 16 different positions, 

Below there is an analytical description of the geophysical results 

and studies in the following sequence: 

A. The Normalised Time Integral. 

B. The Decay Factors. 

C. The logst Decay Factors. 

D. The I3ertin aryl Loeb's (Modified) Functions. 

E. Resistivity Results. 

A" '1h e NOrICtiäliSed Time Integral 

1. Presentation of ]Results. 

A. Lind. 

The results of this line are illustrated on Fig. 122 which is a 

pseudcsectional plotting of the N. T. I. values. Fran the first integral value, 

14, sec 1, there is apparent an arxznaly in the center of the line in the region 

of stakes 7 to 10. In the higher integrals this anaaly is mare well defined, 

/ being 
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being centered about the receiving dipole 8-9. High values were also recorded 

cn the receiving dipole 9-10. Iawex values but still higher than background 

were recorded on the receiving dipoles 10-11 and 7-8. It is interesting 

to note that in the area of stakes 6 and 7 the readings on the pseudosection 

are slightly higher than the background values. Fran the 350 contour on 

the Ilsec 4 integral, it appears that the anomaly has a boamerang shape centered 

about the dipole 8-9, but it is fluch stronger on the eastern side. This 

asymmetry is attributed to the position of the electrodes with respect to 

the mineralization. When the receiver electrodes were over the mineralization 

the readings were much higher than when the transmitter pole was in the 

mineralized ground. As a consequence to this, the area directly unier the 

mineralization appears on the large electrode separations of the pseudosect- 

ional plotting with 1CM values, in the case of line 1 lower than the back- 

ground values. 

b. Line 2. 

The results for this line are illustrated in rig, 123 which is a 

pseudosectional section of the N. T. I. values. An area of arxxna1ous values 

appears in the center of this line being evident fran the first integral. The 

highest values were recorded on the 7-8 and 8-9 receiving dipoles. Lower 

values baut still above background were recorded on the 9-10 receiving dipole. 

To the west, in the region of stakes 6 and 7, there is an area of high values. 

As in the first line these results are due to the location of the transmitting 

pole on the mineralization. In general the atunaly of this line appears on 

the highest integral value (Msec 4) to have a distorter asyrnnetric bocz rang 

shape. riris distortion can be attributed to the presence of two different 

mineralized bodies in close prcximity to this line, see Fig. 120. 

In the western end of the line the 2-3 receiving dipole has recorded a 

weak but definite anomaly. This becares more apparent in the higher 11. T. I. 

values. / C. Line 
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c. Line 3. 

The results of this line are illustrated on the psewdosectional plot 

of Fig. 124. Frcra the first integral, 'Isec 1, the ax xnalous pattern shows an 

asymmtric boc erang shaped anunaly centered about the dipole 8-9. The 

ananaly is stronger in the side of the receiver readings, i. e. readings taken 

when the receiver dipole was on the mineralization. The weak part of the 

an ly corresponds to the transmitting pole positions over the mineralization. 

Analytically, anci lous readings were recorded on the receiver dipoles 8-9 

and 7-8, and much lower on the 9-10. The transmitting pole gave high 

readings on the positions 8 and 9. 

In the western end of the line, the last receiving dipole 1-2 

recorded slightly higher readings than the background values. 

d. Line 4. 

The results of this line are illustrated on Fig. 125.1191is line 

shows also an asymmetric boa rang -shaped anc r aly centered about the 

dipole 7-3. As with the previous lines the strong leg of the anomaly 

corresponds with the readings taken with the receiving dipole over the 

mineralization aix1 the weak leg with the transmitting pole over the In nerali- 

zationI. " Anomalous values were observed on the receiving dipoles 7-8 and 

6-7, and the transmitting poles 6 and 7. 

In the western end of the line the last receiving dipole (1-2) 

recorded slightly higher values than background. 

e. Line 5. 

The results for this line are illustrated on the pseudosectional plots 

of Fig. 126. This line shows an an roily centered about the dipole 6-7 with 

high readings also on the dipole 5-6. The general shape of the ancmaly 

% is again 
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is again one of an asymmetric boamexang with higher values in the receiving 

dipole readings than on the transmitting pole. The receiving dipole 11-12 

has also recorded values slightly higher than background. 

f. Line 6. 

The results for this line are illustrated an Fig. 127. This pseudo- 

sectional plot shows two distinct areas with high values. The first is 

centered about the receiver dipoles 6-7 and 5-6 and the second about the 

receiver dipole 2-3. It is interesting to note that the ananaly does not 

have a second leg due to the transmitting pole. This is attributed to the 

fact that no electrode was places in the mineraliz. -ýi ground. This is discussed 

}below. In the eastern half of the line the N. T. I. values appear to be in 

general higher than background, 

g. Line 7. 

The results for this line are illustrated on Fig. 128. This line 

shows three areas with high readings. The first is in the center of the line 

about the receiving dipoles 6-7 and 5-6. The readings are not as high as 

in the previous lines and are only concentrated in the n=3 and 4 dipole 

separations. These can certainly be attributed to the exposed mineralization 

one hundred meters away fron this line. The second area is the stronger 

anomaly recorded on the 2-3 receiving dipole. The third ancmalous area extends 

fran the region of stake 10 to 15. In this area the N. T. I. values are generally 

higher than background particularly on the receiver dipoles 10-11 and 13-14. 

2. Discussion. 

The hok vino ounaros mineralizaticn is a typical example of a Cyprus- 

type x ineralized zone. It is marrow with a significant lateral extend and 

with well defined - tectonic, Ixiuxiaries. The geophysical results presented 

/ above 
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above represent an example of routine 1. P, exploration. Fron these there is 

no doubt that the I. P. method can successfully record the presence of such 

zones of mineralization. It will be interesting, however, to discuss the 

anarialous responses along the different lines with regard to the grade of the 

mineralization in their vicinity, and also the shape of the geophysical 

an ýalies obtained over this target. An Important conclusion which can be 

drawn from such a discussion is the validity of the interpretation of these 

results since the shape of the target is known from the geological data. 

Lines 1,3 and 4 run over the mineralization whereas lines 2,5, 
.3 

and 7 are close or at sane distance fron it. As described in the section on 

the geology of the area, the mineralization in the vicinity of line 1 is 

generally of low grade in sulphides averaging below 5% in sulpl ir. On the 

Contrary lines 3 and 4 were run over a higher grade of mineralization with 

maxinun values exceeding the 15% in sulphur. On the average the grades inter- 

sected by the boreholes in this southern mineralization are low, since the 

deeper parts of the mineralization, usually consisting of disseminated pyrite, 

Were also taken into consideration. A canparison of the I. P. responses 

recorded over these lines (1,3 and 4) suggests that in all cases the maximum 

values of the N. T. I. are about the same. In other words the rnaxirum responses 

of line I do not differ significantly f rcm those obtained over the other two 

lines which have much higher sulphide content. In general it is observed that 

irrespective of the grade, the responses obtained along the lines crossing 

the exposed mineralization are almDst equal. It should be recalled that 

the raineralization is covered by oxidised rock not exceeding 10 meters in 

thickness. 

The max. imura responses fron the other lines (2,5,6 and 7) are lower 

than those described above. This is certainly due to the distance fron the 

mineralization. In the case of line 2, the aiurialous responses were generated 

/bythe 



-193- 

by the nearby northern mineralization and to a lesser extent by the 

southern mineralization. In the region of line 5 the grade of mineralization 

near the surface decreases with evidence of high grade in depth (borehole 

reit 42/68). This explains the low ananalous responses obtained in the shall 

dipole separations in this line followed by a higher response in the n=3 

dipole separation. Line G also shows a decrease in the ancanalous responses 

which is explained by the increase in the depth to the mineralization. 

Similarly on line 7 there is scare evidence of the presence of the southern 

mineralization but the responses are generally low because of the distance 

between the mineralization and the line. 

The second hnportant aspect which calls for discussion is the shape 

of the anataly obtained over this type of geological target. In all lines 

the highest readings were obtained when the receiver dipole was over the 

mineralized ground. The result is that on the pseudosectional convention 

of plotting, in the present case where the target is narrow, the anomalous 

readings appear on a line dipping with 45° and corresponding to a certain 

receiver position. It is also important to note that in the case where the 

mineralization was exposed or gossanisea, relatively high responses were record- 

ea whe the transrcitting pole was located over it. In this case the ancmaly, 

is strongly asyttnetrical with the highest values in the 450 dipping line corres- 

ponding to the receiving dipole(s) over the mineralizaticxt, and kwer values in 

the 45° dipping line in the apposite direction corresponding to the transmitting 

pole (s) . Much lower values even lawar than the background values, appear on 

the pseudosectional plot between these two high legs and directly under the 

stakes which correspond to the mineralization. It is important to remember 

that the pseudosectional plots do not reflect geological sections exactly, 

but they do provide patterns which the experienced observer can interpret. 

In the preceding discussion it was stated that ananalaus readings 

re taken when the receiver dipole is over the mineralization. It is inlx: )rtant 

/ to note 
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to note that if one of the two electrodes is in barren ground, the I. P. 

responses are low enough not to be called anernalous. An example of this is 

the response of the dipole 9-10 compared with that of 8-9 on line 3, Fig. 124. 

Although stake 9 is over the mineralized ground, the receiving dipole 9-10 

gave very low responses. Another ale is the 8-9 receiver dipole on 

line 4, Fig. 125, compared with that of the 7-8 dipole. The inportance of 

this observation is that the position of the mineralized target can be put 

very accurately for further investigation such as drilling. In this case 

the conductor is exposed. There are many cases, however, where the conductor 

is covered by a thin layer of soil or drift. 

3. Conclusions. 

Frau the discussion on the N. T. I. responses obtaired over the lZdckina- 

vounaros mineralization, it can be conclwiea that this factor which is used 

in a routine I. P. exploration project, is capable of locating a mineralized 

target. No distinction can be made with regard to the grade of mineralization 

on the basis of the N, T. I. responses. With the pole-dipole configuration 

the shape of the anomaly in the pseudosectional method of plotting is an 

atrical boanerang. The exact position of the mineralized target can be 

decided on the basis of the receiving dipole and transmitting pole anomalous 

readilgs. 

B. The Decay Factors. 

The I. P. transient decay has been recorded at the n=2 dipole 

positions on all the lines. The anplitude has been recorded at the following 

sixteen tine positions (in cosecs) : 35,55,90,95,130,150,180,215,240, 

280,360,420,455,580,720 and 780. Each transient decay has been factori- 

zal according to Hutchin's (1971) method described in detail in Chapter 

Three of this Thesis. The results for each line are Presented and discussed 

below. / 1. Presentation 
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1. Presentation of 1esults. 

The results for all the Kokkinovounaros lines are tabulated in 

Tables 44 to 50 and are illustrated in Figs 129 to 135. In general the A- 

factor attained high values when the receiving dipole or the transmitting 

pole were over the mineralization. The B-factor attained its highest values 

in about the sane positions as the A-factor. The a-factor shows in general 

anaualous profiles along the lines which cross the mineralization, but 

there is no correspondence with the high values of the A and B-factors. 

Similarly the 0-factor shows sane variations along those lines which cross 

the mineralization but there is no direct relationship, between them. The 

P-factor attains in general high values over the mineralization and low over 

the barren rocks. 

2. Discussion. 

rrhe results presented above indicate that at least sane of the 

decay factors are indicative of the presence of the mineralization. It is 

inportant to examine and discuss the smplitude of these factors with parti- 

cular attention to the grade of mineralization. 

d. Lilie A-f actor. 

In all lines which cross or run close to the mineralizatic, this 

factor attains high values in two ways. First, when the receiver dipole is 

on the mineralization and second when the trananitter pole is on the r ineraii- 

zaticn . 
In the first case the values are usually higher than in the second, 

rrcm the results it is evident that over the raineralized ground the A-factor 

attains in general values above 2.0. The highest values were recorded on 

lines 1,2 and 3 (3.2,3.1,3.1 respectively), Fran the description of the 

mineral grades given earlier in this Chapter, the mineralization in the 

vicinity of these lines is generally low - maxirfm average of a hole is 

/6%5 
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6% S, and maximum assayed value of 19% S (in bcrebole lB 15) near line 3. 

Line 4 which runs over sanehow higher grade of mineralization has a lower 

value of A (2.68). It appears therefore that at least on lines 1 ank3 3 

which run over or close to lower grade mineralization, the k-f actor attains 

higher values than over line 4 which is over a higher grade. The values 

obtained on lines 2 and 5 cannot be cc ared directly with those of the 

other lines, since the mineralization is not exposed along their length as 

in the case of the previous lines. 

b. The B-factor. 

This factor also responds positively over the mineralization. The 

results presented above inlicate in general that over the barren areas the 

values are around 0.6, increasing to over 1.0 on the mineralization. It is 

worth noting that over the first mineralized area which is crossed by line I 

arLi which has the lowest grade in sulphur than the other lines, the B-factor 

attains its highest value, 2.00. Lines 3 and 4 attain lower maxirucn values 

1.60 and 1.93. It appears, therefore, that the B-factor, which is the true 

chargeability (at t= 0), has lower values over the higher grade minerali- 

zation than over the lower grade. 

c. The a-factor. 

Fran the analytical description of the results presented above for 

this factor, no conclusive remarks can be drawn for it, except that in those 

lines where there is mineralization, its profile is highly irregular. over 

line 7 (Fig. 135) for example, which does not have in its vicinity any minerali 

zati , except for scene minor indications in the N. T. I. readings in the 

western half, the profile of the a-factor is smooth. In the rest of the 

lines which cross the mineralization or are close to it, the a-factor profiles 

are indeed irregular. In conclusion it can only be suggested that an 

/ irregularity 
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irregularity in this factor is inriicative of the presence of mineralization. 

d. The f3-factor. 

As with the a-factor, the results for all the lines presented earlier 

in this section do not indicate any conclusive remarks for this factor. 

ccxnparing the results obtained over lines 7 and 6 which are not over the 

exposed mineralization., with those of the rest of the lines, it appears 

that the t3-factor has smooth profiles over the barren lines and slightly 

ar alaus over the rdnerallzed. In the first case its values are about 0.7, 

whereas in the mineralized lines their values increase slightly reaching the 

1.0. Therefore, the r3-factor which is a neasure of the slope of the charger - 

bility ýca ponent of the recorded transient, attains an irregular profile 

in areas of mineralization and a smooth profile with slightly lower values 

in barren areas. 

e. The P-factor. 

In the results presented above it was evident that this factor is 

indicative of the mineralization. It should be rennembered that P is in fact 

the normalised value of the transient decay at 1.75 secs from the interruption 

of the energising current. Fran the tables and profiles it appears that in 

the barren area P is about 0.2, whereas in the rdneralization it attains higher 

values up to 0.6. Cc 3ring its values over lines 1,3 and 4, the highest 

value is on line 3, and the lowest on line 1, but their differences are not 

significant. In conclusion the P-factor indicates very clearly the presence 

of mineralization but it does not assist in any discrimination of the grade. 

3. Conclusions. 

Table 51 suninar'ises the results over the Kokle s lines. 

can these and the discussion which followed, it can be cancludecJ that the 
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factors of the decay curve can be useful in exploration. Same of its factors, 

in particular the electranagnetic and chargeability components at zero time, 

are always indicative of the presence of any mineralization. Their slopes, 

however, factors a and ß, do not suggest any direct usefulness, but the 

disturbance of their smooth profiles suggests proximity to mineralization. 

The P-factor parallels the A and B-factors showing in ahnst equal degree 

the mineralization. Sc m. indication about the possible distinction between 

the different grades has been suggested by the present results. It appears 

that both the A and B-factors' values are in antipathetic relationship with 

the grade of mineralization. It malst be admitted, however, that in the 

os area the grades of mineralization do not differ inch as in 

the case of the Mathiatis and Klirou areas described in earlier Chapters. 

C. The boget Decay Factors 

The transient decays recorded on the n=2 dipole separations of all 

lines were plotted on a: loget axis and a normal potential axis. The characteri- 

stics of such plotting as described in Chapter Three were studied arxi 

investigated arxi are presented and discussed below. 

1. Presentation of Results. 

The results for all lines are tabulated in Tables 52 to 58 and 

illustrated in Figs 136(a, b) to 142 (a, b) . The R1-factor attains generally 

high values aver the mineralization, particularly on the receiving dipole 

than the transmitting pole. The l2-factor almost parallels the R1 but 

with lower a litudes. Their ratio R1/R2 shows in general a decrease in its 

values in the region of the mineralization. The td factor shows inconclusive 

results. Its values appear to increase slightly in the Viscinity of the 

mineralization, but there is no direct relationship between the high values 

ana the location of the mineralization. The Vd factor, however, demonstrates 
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the presence of the mineralization very convincingly attaining high values 

over it. Similarly the two deviation parameters d (0.5) and d (1.0) which attain 

much higher values over the mineraliz ad than over the barren rocks. 

2. Discussion. 

The factors presented above describe the variation of the shape 

of the decay curve as well as its amplitude across a mineralized zone enclosed 

in barren rocks. It is pertinent to discuss the values of these parareters 

and examine their usefulness in mineral exploration. 

a. The rate of decay of the first cxir anent - R1. 

This parameter attains generally higher values over the minerali- 

zation than over the barren rocks. Fran the profiles and the values 

presented above it is evident that the mineralization, even in those lines 

which are at some distance fron the zone, is characterised by values of R1 

generally above 2.0. The highest values recorded over the mineralization 

exceed the 3.0. Values below 2.0 characterise the barren rocks. It can be 

concluded, therefore, that over the mineralization the first carponent of 

the transient curve has a greater rate of decay than over the non-mineralized 

rocks. Alten the grade of mineralization over the different lines which 

crossed the mineralized zone does not differ considerably, fran the results 

presented above, it is difficult to establish any relationship between 

the grade of rri. neralization and the magnitude of the Ri parameter. 

b. The rate of decay of the second oaxonent - R2. 

The parameter appears to parallel the previous one with high values 

over the mineralization and low over the barren rocks. Fran the profiles and 
the values presented, it is evident that the mineralization is generally 

characterised by values over 1 . 0. The highest value recorded is just over 

2.0. It can therefore be concluded that this parameter indicates very clearly 
/ the 
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the presence of mineralization. 

With regard to the grade of mßneralization, although there is not 

reich difference between the different lines, the R2 value over line I is 

the highest, 2.02. It will be recalled that the mineralization in the area 

of this line has lower grade than lines 3 and 4. Over these lines the highest 

value of R2 are respectively 1.84 and 1.96. It is interesting to note 

that the parallelism of the R1 and R2 parameters which was observed in most 

of the lines, does not appear to be applied for lines 5 and 6. In these 

two lines the highest values of R1 do not correspond to the same dipole 

position with those of the R2. 

C. The ratio RI /R2. 

This parameter appears to show a decrease in its values in the area 

over the n xalizec1 ground. In general it appears fron the data presented 

above that values of RI/R2 below 2.0 are usually recorded in the minerali. 

zed part of the lines. Line 5 and 6 have high values over the mineralization 

reflecting the fact that the RI and R2 parameters do not parallel exactly 

each other as mentioned above. 

d. The time the second ccüponent begins 

The profiles and values presented for this parameter appear generally 

rather inconclusive. The value of this para[neter is generally below 100 msecs. 

Frm lines 7 and 6 it appears that in the barren area the average value is 

around 75 cosecs. This value appears to increase slightly in other lines, and 

particularly in the region of the mineralization. The best eile is shown 

on line 2 (Fig. 137(a)). In the rest of the lines which cross the rninerali- 

Zed zone, the td profile appears to exceed in SCine cases the 100 cosecs, but 

these high values do not always coincide with the mineralization. 

/ e. 
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e. The potential at which the second canponent begins - Vd. 

This parameter appears fron the profiles and the values presented 

above to izxiicate very clearly the presence of mineralization. The back- 

ground values over the barren rocks are generally below 2.0. In all cases 

where the mineralization is crossed, this parameter attains higher values 

exceeding 3.5. Ir general this parameter is indicative of the minerali- 

zation 

f. The deviatian, d (1.0) , of the second ccs. 7ponent at Vt = 1.0. 

Significantly high values were ca xted for this parameter over the 

mineralized areas, as ccarpared with those over the barren rocks. In the latter 

the values are generally low not exceeding the 300 nsecs. in the minerali- 

zation,, however, they are significantly high generally over 1000 cosecs. It 

is interesting to note that although on lines 1,3 and 4 the mineralization 

is exposed in the same way, the cci ited value for this parameter over the 

first line is 1000 cosecs compared with 2550 and 2380 on lines 3 and 4. It 

appears therefore that this parameter does not only demonstrate very clearly 

the presence of mineralization but it also appears to show different values 

over the different grades. 

g. The deviation, d(. 0.5), of the secorxl carrponent at Vt- =. 0.5 

This parameter parallels the previous one. It shows significantly 

different values over the barren and mineralised rocks. In the first the 

ea ited values are generally below 2000 msecs whereas in the mineralization 

this deviation reaches the 10000 mnsecs. Comparing the values over the three 

similarly exposed lines, 1,3 and 4, there is a significant difference between 

line 1, max. value 4750, and those of the other two lines which is about 

10000 msecs. 

/ 3. Conclusions 
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3. Conclusions. 

Table 59 sunnarizes these results. From the discussion presented 

above it can be concluded that most of the parameters which describe the 

properties of the decay curve on a logt plot can discriminate very clearly 

between mineralization and barren rocks . The rates of decay of the two 

ca ponents m and R2 attain generally higher values over the minerali2ed 

ground, but not significantly higher than the values over the country rocks. 

Nbre convincing seem to be the values of the Vd parameter again higher 

over the mineralization. The td parameter does not seem to present any 

important variations which could render it useful in exploration. On the 

contrary the parameters which describe the deviation of the second 

component of the decay curve from the first, appear to present a significant 

distinction between mineralized and non-mineralized growxl. 

D.. The Bertin and Loeb's (MM cxllfi&) fictions 

These functions are the ratios Al = A/p/2r[ and A2 = B/p/2n where 

and B are defined in the equaticxn of the decay curve y (t) = Ise + 116 fýt 
+ P. 

m , ey were ca uteri for the n=2 dipole separation where the whole transient 

decays were recorded. The results are presented and discussed below. 

1. Presentation of Results. 

The results for all lines are tabulated in Tables 60 to 66 and are 

illustrated in Figs 143 to 149. The A1-factor has in general higher values 

over the mineralized ground. H ; ver, equally high values were also recorded 

in scare lines in those parts which correspond to the position of the bounding 

faults. The A2-factor also attains higher values over the mineralization. 

Their ratio, Al /A2, attains low values over the mineralizarl ground than over 

the barren rocks. 

/ 2. Discussion. 
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2. Discussion. 

Fran the results presented above it is evident that these three 

factors attain in many cases different values over the mineralization arnpared 

with those over the barren rocks. 

a. "Me A-1 factor. 

This paran eter shows generally an irregular profile with highs arxd 

lows, which (highs) in sane cases do not correspond to any kncMn minerali- 

zation. The best defined anomaly is over line 2 which does not run over any 

exposed mineralization but over the barren pillow lavas. Over this line, 

high values were recorded on both the receiving dipole and the transmitting 

pole when they were located over the mineralized ground. The highest value 

on line 4 does not correspond to the receiver dipole which is located on 

both sides on the mineralization, but on the adjacent one. This holds also 

for line S. Fran the geology of the area, these dipoles of lines 4 and 5 

(8-9 and 7-8) cross one of the bounding faults of the mineralization, which 

in that area are relatively well developed. This is also exhibited on the 

resistivity results for these lines, see Tables 64 and 65, which attain low 

values increasing therefore the value of the Al-factor. For this, the Al- 

factor does not appear to correspond solely to the mineralization but also to 

the tectonics of the area. 

b. The A2-factor. 

his parax ter appears to demonstrate more convincingly the presence 

of mineralization. Well defined ananalies appear on all, lines which run over 

the mineralized ground. It is interesting to note that over line 2 which 

does not have any exposed mineralization there were cc üted two peaks, one 

Corresponding to the receiver reading and the other to the transmitted pole. 

A well defined armoly is also shown on line 4. 

/c. The 
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c. The Al/A2 ratio. 

This parameter shows generally low values in the region of the minerali- 

2ation on each line. However, low values on the profiles appear also in 

areas without any known mineralization and most certainly barren. Fran the 

examination of the different profiles, it is difficult to decide as to which 

value of this ratio could correspond to mineralization. On lines I and 2 

the low is about 1.75. On line 3 the lowest value over the mineralization 

is about 2.0. On line 4 the lowest value is 1.25. In the rest of the lines, 

however, the values of m )st part of each line are as low as 1.5. 

3. Conclusions. 

Table 67 summarises the above results. Fran the discussion present il 

above it can be concluded that these factors do not seem to be able to 

discriminate very clearly between mineralizesl and non-mineralized rocks. The 

Al-factor offers the least between the two. It is affected by the faults 

which as stated in an earlier Chapter, can be of significant inportance in 

the formation and later emplacement of the mineralization. The A2-factor 

generally shows the mineralization, but its profiles are not as clear as of 

other Parameters presented earlier, most probably due to its dance on 

resistivity. Similarly the Al/A2 ratio although in some cases it attains 

low values over the mineralization, equally low values can be c gputed from 

readings taken over non-mineralized ground. 

The Resistivity Results 

The resistivity was cast xited for all the Ko s lines using 

the field data collected during the I. P. survey. 7. erefore, the resistivity 

survey was ca 1ucted with the same field parameters (electrode array etc) with 

the I. P. survey. The results are presented in pseu 3osections as p/2n ohm-' 

meters. The results for each line are presented ani discussed below. 

/ 1. Presentation 
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1. Presentation of Results. 

a. Line 1. 

The results for this line are illustrated on Fig. 150 (a) . This shows 

primarily an increase in the resistivity values in the region of stakes 8 to 

10. The highest values are concentrated in the small dipole separations and 

decrease in the larger separations. Frcra the contouring it appears that 

there is a small dependance on the receiver dipole readings, i. e. readings 

taken with a certain potential dipole show a parallel increase (or decrease) 

eamgared with adjacent ones. 

A ccx risen of the resistivity results with the 14, T. I, results 

(Fig. 122) indicates a coincidence of the high N. T. I. values with the high 

resistivity values, both anomalies centered about the receiving dipole 8-9. 

It is observed, however, that I. P. ananalous values were recorded on all 

dipole separations, whereas on the resistivity results the anomalous values 

are concentrated on the small dipole separations. 

b. Line 2. 

The results of this line are illustrated on Fig, 150(b). The pseudo- 

sectional plot of these results der onstrates the recording of a resistivity 

high, not exceeding twice the value of the backgrob resistivity, centered 

about the receiver dipole 7-8. The dependance of the resistivity reading 

on the receiving dipole is very well indicated by the ccntouring. 

Compared with the N. T. I. results (Fig. 123), it is evident that the 

wo ananalies coincide with each other. The only difference is that the 

N. T. I. values on both the 7-8 and 8-9 receiver dipoles are equal, whereas 

in the resistivity results the 7-8 has 'ouch higher values than the d-9 dipole. 

/ c. Line 
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c. Line 3. 

The results of this line are illustrated on Fig. 150 (c) . This 

figure shows a resistivity high in the region of stakes 7 to 9. High values 

were recorded on all dipole separations of the 6-7 receiver dipole. There is 

also an indication frag the contouring that the transmitting pole 9 gave high 

resistivities. These anc alous values are generally mooch higher than those 

of the previous lines. 

Cail3ared with the N. T. I. results (Fig. 1A04), it is observed that the 

N. T. I. anc ly was centered an dipole 8-9. A similarity between the two plots 

is that their highest reading was recorded on the sa¢ºc pole-dipole and in 

addition they both show s control of the ananaly by the transmitting pole 9. 

ý. Line 4. 

The results for this line are illustrated oaz Fig. 150 (d) . This ling 

shows also a resistivity high in its central part but with maxiuux values 

nauc lowr than those of the previous line. Fran the pseudosectional pattern 

it is directly evident that the ancnaly is controlled by the receiver dipoles. 

The highest values are those of the 5-6, followed by the 6-7 and 7-8 dipoles. 

Ccqmred with the N. T. I. results (Fig. 125),? it is observed that the 

I. P. ananaly is centered cri the 7-S receiver dipole, whereas the resistivity 

nnaaaly on the 5-6. 

e. Line 5. 

The results for this line are illustrated cn Fig. 151 (a) . This line 

shows a resistivity high area centered about the receiver dipole 5-6 and with 

rwh lower values, but still higher than backgrexund on the j aeent dipoles, 

It is worth noting the well defined resistivity low can the 7-8 receiver dipole 

, vjhich could be attributed to the major fault structure which is crossc- by 

this 
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this dipole (see Fig. 120). 

Compared with the N. T. I. results of the sama line (Fig. 126) it is 

observed that although the two ancmalies coincide broadly with each other, 

their highest values were recorded on different receiving dipoles. In this 

case the N. T. I. highest values are on the 6-7 receiver dipole, with slightly 

]rawer on the 5-6 dipole. In the case of the resistivity, the highest values 

are on the 5-6 receiver dipole with significantly lc er on the 6-7 dipole. 

f. Lire 6. 

The results of this line are illustrated on Fig. 151(b) 
. This line 

shows a lcow mplitude, but well defined ancnmaly concentrated cn the 9-10 

receiver dipole. A moderate resistivity high was also recorded ca the 5-6 

receiver dipole. 

Carpared with the N. T. I. results (Fig. 127), it is observed that 

there does not appear to be a very significant coincidence in the patterns 

of the I. P. and resistivity. The 9-10 receiver dipole which gave the high 

resistivity showed no I. P. anomaly. However, the adjacent dipole 10-11, 

recorded the highest N. T. I. values in a broad area of moderately high N. T. I. 

results. The I. P. survey recorded a well defined anC1Uly on the 5-6 and 6-7 

receiver dipoles concentrated cm the large electrode separations. This agars 

to coincide: with the resistivity lmi centered on the 5-6 receiver dipole. 

7ne A. T. I. anomaly cn the 2-3 receiver dipole coincides with a slight low in 

the resistivity results on the same dipole. 

y. Line 7. 

The results of this line are illustrated can rig. 151(c) 
. This figure 

does not show any significant resistivity increase as in the previcus lines. 
Miere is a broad area of very slightly higher resistivity values exte xiing in 
the region between stakes 8 arxd 12. 

/ Ccxtpared 
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Caccared with the N. T. I. results over this line (Fig. I2a) , it is 

observed that the area with higher resistivities mentioned above coincides 

partly with a broad I. P. anaaaly which extend ^ in the region of stakes 10 to 

15. The I. P. survey has also shown two more anatalous areas one on the 

large dipole separations of the receiving dipoles 5-6 and 6-7, and the other 

cri the 2-3 receiving dipole. The resistivity results, however, do not show 

any significant variations on these dipoles. 

2. Discussion. 

Frcm the results presented above it is observed that in all cases 

the mineralization attained high resistivity values caYred with those of 

the enclosing rocks. In the first case the resistivity could have values 

up to 7.6., x2n ohm-itieters, whereas the background values appear to be generally 

below 1.5 x2n ohm -n tens . Fran the results over the 1 ok kinovo taros to nera3j_ 

nation it can be concluded that all resistivity values above 2. Ox2n 

o ters could be attributed to rn neralization. 

Tai important aspect to discuss is the canparison of the resistivity 

anomalies with the 10P. anc alies presented earlier. Fran the results 

presented above it appears that there is not always a direct coincidence 

between the centers of the I. P. ananalies and the centers of the resistivity 

ancr, al3. es. On line 2 the I. P. a Maly attains its highest values on the a-9 

receiver dipole, whereas on the I. P. the results obtained on this receiver 

dipole are just over the background values. Similarly on line 3 the I. P. 

a= ly is centered about the receiver dipole 8-9, whereas on the resistivity 

results the ancinaly is centered on the 6-7 receiver dipole which on the I. F. 

gave low ana: nalous values. On line 4 where the I. P. ancxtaly was recorded 

on the 7-8 receiver dipole, on the resistivity, the sanne dipole gave results 

/ over 
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over the background values, but the most ananalous values on these lines were 

recorded on the 5-6 receiver dipole, which on the I. P. gave no significantly 

ancamalous values. on line 5 the resistivity anamaly is centered about the 

5-6 receiver dipole, whereas on the 6-7 dipole the values are significantly 

lower. On the I. 1). the highest values were recorded on the 6-7 receiver 

dipole with slightly lower on the 5-6 dipole. The sane difference can be 

cbsezvad on line 6 regarding the results obtained in the area of the kx»zn 

mineralization. A similar shifting of the anamlies is observed in the 

eastern half of the line where the broad I. P. anctnal y centered (on the small 

dipole separations) about dipole 10-11, ads on the resistivity pseudo- 

section on the 9-10 dipole. On line 7 the kram mineralization was recorded 

cn the I. P. on the large dipole separations of the 5-6 and 6-7 receiver 

dipoles, but on the resistivity results there is no indication of a signi- 

ficant difference in this part of the line. Similarly, the broad area of 

relatively higher I. P. values in the eastern half of the line and the sharp 

ancr, aly recorded on the 2-3 receiver dipole, do not appear at all on the 

resistivity results. 

A oon pariscn of the resistivity results with the geological. map of 

Fig. 120, suggests that the resistivity highs tend to concentrate on the 

western edge of the r. iim-ralization, particularly on lines 3 to 6. On line 2 

it is also centered on the dipole r: ately west of the dipole which gava 

the high I. P. responses. All these dipoles appear on the geological iaap 

to be close to a major north-south trending fault which apparently played 

an ir. ortant role in the localization of the mineralization. It could be 

suggested therefore, that the high resistivity values do not necessarily sh iw 

the location of the mineralization, as with the case of the I. P. method, 

but other geological structures which could be related to the ore genesis 

as far example higher concentrations of gangue minerals, such as silica, in 

those parts of the mineralized block. This explanation is of course tentative 

and requires further research. 
/ 3. Conclusions 
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3. Conclusions. 

From the above discussion it can be concluded that the mineraU- 

zation is damnstrated by high resistivity values with respect to those 

obtained in barren r cu-. In general, values above 2. Ox2n ohm-meters can 

be attributed to mineralized rocks. Fran the caparison with the I. P. 

results it can be concluded that the anomalous results obtained with the 

two roethods do not coincide, indicating that what gives high resistivity 

responses, does not necessarily give anomalous I. P. responses. This 

phenat non also requires further attention and investigation. 

E. Ccnclusions 

The parameters presented and discussed in this section include both 

routine I. n. parameters which are recorded during a non-. al I. P. survey, 

and parameters which express the shape of the decay curve, which arc carpeted 

in the office on the basis of di field results. The project in the 

Nok; cin s area internded to examine the applicability of the rre hod 

and the usefulness of its various parameters in a relatively narrow but 

well defined mineralized fracture zone, exposed on the surface along most 

of its length. 

The N. T. I. danonstrated well defined ananalous responses not only 

over the exposed mineralization, but also in the cases where this is at 

some distance f ran the surveyed lines. The anomalies obtained with the pole- 

dipole configuration were generally sharp particularly in the exposed rain rali- 

zation. Significantly high readings were obtained when both the receiver 

electrodes were in the mineralized ground as dared with readings t , -: Own 

with only one receiver in the mineralization. This results in the sharp 

anomalies which can therefore pinpoint precisely the position of the minerali- 

zation with respect to the electrode positions. For this, although the 

/ pset csecticnal 



pseudosectional method of plotting does not deranstrate the true geometry 

of the mineralization, the presentation of the actual figures taken with 

each dipole is certainly of great assistance in determining the exact position 

of the mineralization. 

Fran the Decay Factors, the electranagnetic and chargeability eor po- 

nents at zero time, A and B, attained higher values over the mineralization 

than over the barren rocks. Their slopes, however, factors x and ß, did 

not secn to present any definite respond over the mineralization, except 

that their profiles along a line which crosses mineralization were irregular 

with both high and low values, as cat ? ared with a profile of the s parameters 

along lines which run solely over barren rocks. This irregularity suggests 

that these two factors do respond in sc way which, however, fro the 

collected results does not becato apparent. This requires further research. 

The decay curves were also plotted on a logarititnlic time axis. Fran 

this plotting which demnstrates the fact that the I. P. decays consist of two 

oacPonents, it was found that the rates of decays of the two different 

eczxonents, the amplitude at which they separate and the inagnitude of their 

deviation, attained all higher values over the mineralization as ecmparcd 

with values over barren rocks. 

The Bertin and Loeb' s (I Yxiif ied) Functions which introduced the 

resistivity function, were also indicative of the mineralization, particularly 

the , A2-function. 

Fran the resistivity results over this area it was concluded that 

the mineralization is characterised by higher resistivity values than the 

karren rocks. 

In general, it can be concluded that sa of the parameters investi- 

gated over the Cokkinwounaros mineralization are indeed capable in 

/ distinguishing 
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distinguishing between mineralized and urunineraliz; ed rocks, whereas others 

can achieve this to a lesser extent or not at all. Those which respowi 

positively can certainly be used in an exploration prograatn as additional 

information. 

/ zv. cLrtPar. 
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IV. i' OCCICLUSIc1 S 

As it was stated earlier in this Chapter, the Kokkin s area 

is a typical exzrrtple of a mineralized zone occurring in the Ix Pillow 

Lavas, with a significant lateral extend and sharply defined boundaries. 

This zone, exposed in riost of its length, offered an excellent opportunity 

to test the applicability of the I. P. method under these eorditions. 

Fran the results presented and discussed above, it can be concluded 

that this type of exploration target can easily be detected by the presently 

applied exploration nethod. The routine I. P. parameters under the applied 

field condition (electrode arrays, spacings etc) deonstrate very convincingly 

the presence of mineralization. Similarly the transient decay of the I. P. 

phena, lencn varies significantly over the mineralized ground as compared 

with its shape over barren rocks. Therefore, parameters which described 

this transient shape may also assist in geophysical exploration. 

/C HAMM 
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CHAPTER SEVE14 

Odd MM, GEOPHYSICAL RESUL'T'S 
OF Mir, VBE EIA AMA 

I. Th12I ODLJC'I'IQ I 

The Vrechia area occurs in the southwestern foothills of the Troodos 

Massif . Its location is shaven on Fig. 1. The area is knaºzn for its small. 

anä shallai seated pyritic deposit, which was located by drilling and trenching 

a srrll, but intensively strong gossan in 1950. Small patches of slag 

indicate that the area was known to the ancients, wb) apparently extracted 

scm jaunts of cupreous ore fram this locality. Noranda Exploration (Cyprus) 

Ltd. acquired an optic n of the Vrechia prospecting permit and carried out 

an extensive amnt of prospecting, including drilling of the previously 

known targets, in order to establish the geology, grade arM1 reserves of the 

area. 

The Vrechia mineralization was considered as a suitable target far 

testing the applicability of the I. P. method and in particular exam hing 

pia possibility of obtaining information on the shape of the I. P. transient 

over mineralization with known grades. For this, three parallel geplysical 

lines were carried out in this area, centered about the small Vrechia pyritic 

deposit, and crossing also a lower grade mineralization occurring to the east 

of this deposit. 

The present Chapter begins with a description of the geology of the 

Vrecnia area. This is followed by a detail analysis of the geophysical 

results and a discussion on the applicability of the I. P. method and the signi. - 
ficance of the various paramters expressing the I. P. transient investigated 

over this mineralization. 
/II.: 
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II. i}iE G LOGY OF THE VRLCHIA A} 

The Vrechia area is another example of sulphide mineralization 

occurring in the Laver Pillow Lavas in the form of mineralized zones. As 

n ntioned earlier, these zones are considered as representing fracture 

systems which fob the passageways of the rising mineralizing fluids. This 

type of enviroruiint is observed in the Vrechia area where the mineralization 

appears to be def iced within ich zones . 

Fig. 152 is a geological map of the Vrechia area showing also the 

geophysical lines. The background consists of andesitic flows aryl intrusives 

belonging to the Laser Pillow Lava Series. From the amount of intrusive 

rocks and the proximity of the Basal Group which outcrops to the north just 

outside the area, it is concluded that geologically the area falls in the 

lower levels of the Imer Pillow Lava Series. The fresh lr Pillow Lavas 

are cbserved in rcany places to grade into limonite stained rocks, which 

thanselves pass in sane places into strongly oxidised rocks. 

The Vrechia deposit appears in a shallow pit in the area of boreholes 

Di: -2 and 1-3 surrounded by a strong oxidation. This is the highest part 

of the deposit. To the north of this point the mineralization is covered 

by fresh Lower Pillow Lavas the thickness of which increase towards the 

north. A sirAlar situation is observed towards the south where the minera] - 

zation " is capped by fresh Iawer Pillow Lavas but of sz aaller thickness than 

to the north. Fig. 153 illustrates three geological sections across this 

mineralization and along the three different geophysical lines. From the 

drilling results it is evident that the mineralization has not be al delimited 

in any direction. It is believed that the eastern and western extensions 

of the mineralization are not far beyond the area drilled, but it extends 

both north and south. In other words the mineralization is confined in a 

/ zone 
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zone of a width of just over 100 meters trending approximately north-south 

and extending beyond the geophysical lines. 

The grade of the main Vrechia m neralization is shown on the sections 

of Fig. 153. The highest grade was found in the vicinity of line 2 where 

it reaches a rpax r, um of 40.8% S. The rest boreholes along this line have 

values about 20% S. The mineralization encountered along the other two lines 

is of lower grade. In the north (line 1) it does not exceed the 12% S 

whereas in the south (line 3) it does not exceed the 14% S. The main 

sulphide mineral is pyrite with subordinate amounts of cnalco yrite and 

s*halerite. 

The geophysical lines extended over two more mineralized areas . The 

first is in the area of boreholes CE'-20 , 21 and 23, see Fig. 152, in the 

eastern ernls of the lines. This mineralization is indicated on the surf 

by the extensive strong caidation occurring in this area, which appears to 

be in faulted contact with fresh lavas to the west. Undoubtly this extends 

further north up to the area of boreholes CH-6 and Chi-7. The grade of this 

mineralization is generally low. As indicated on the geological sections of 

Fig. 153, the averaga sulphur content of the boreholes in this area is 

below 8%. 

The third area is near stake 14 of line 1, and is indicated on the 

surface by a strong oxidation. The average sulphur content of borehole CH-22 

drilled on this mineralization is 8.7%, see Figs 152 and 153, 

/ III. THE 
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III. THL C-BORHYSICAL RESULTS 

The area was covered by three parallel lines, the first (line 1) 

650 meters, and the rest t (lines 2 and 3) 600 meters in length. The 

direction of these lines was east-west and their spacing 60 meters. 

Miese lines were surveyed with I. P. and resistivity with the pole-dipole 

array at an electrode spacing of 50 meters and electrode separations n-- 1-4. 

At r r--2 the I. P. transient was recorded at 16 different times to enable the 

reconstruction of the I. P. decay. 

Below there is an analytical description of the geophysical results 

and studies in the following sequence: 

A. The Normalised Time Integral. 

B. The Decay Factors. 

C. The Logmet Decay Factors. 

D. The Bertin and Loeb' s (Modif ied) Functions. 

E. The Resistivity Results. 

A. Normalised Time Integral 

1. Presentation of Results. 

a. Line I. 

The results of this line are illustrated on the pseudosectiona) 

plottings of Fig. 154. In all Msec values there is evidence of three 

different anomalous areas. The first corresponds to the readings of the, 

receiving dipoles 3-4,4-5 and 5-6 corresponding to the mineralization 

exposed in this area. In the next dipole 6-7 there is a significant drop 

in the N. Q. I. values to increase in the following receiving dipoles frazt 

stake 7 to 11 and particularly the receiving dipole 8-9, carrespon ling to 

the pyritic deposit. As indicated by the lower Nisec results particularly 

/ rissec I 
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l4sec 1 arxn 11sec 3, the high values of this anc ly are also controlled by 

the transinitting pole results fran stake 14. This is due to the exposed 

mineralization in the region of this stake (14). This mineralization 

appears strcngly on the receiver dipole results in thew stern end of the 

line. 

b. Line 2. 

The results of this line are illustrated in Fig. 155. This figure 

shawl two different ananalaus areas. The first is at the beginning of the 

line centered about the receiving dipoles 4-5 and 5-6. This ancr; aly appears 

on all Yzec values. In the next receiving dipole (6-7) there is a signi- 

ficant drop on all the dipole readings. On dipoles 7-8 and 8-9 the largo 

dipole separations, n=3 and 4, gave low readings, whereas the small n values 

gave higher responses. In the next two receiving dipoles 9-10 and 10-11, 

there is a significant increase of the N. T. I. on all dipole separations. 

'sie highest was recorded on the n=1 of the 9-10 dipole. In the following 

two dipoles 11-12 and 12-13, the I. 1. responses drop significantly and 

increase slightly in the last few readings in the western end of the line. 

The first anar. ly is attributed to the exposed low grade minerali- 

nation wireas the second anomaly is certainly due to te main rninerali. 

zation in the area. The slight increase in the values after stake 13 is due 

to the iron stained i. e. very weakly mineralized rocks exposed in this part 

of the line. 

c. Line 3. 

The results of this line are illustrated on Fig. 156. In' As line also 

shows two araalous areas the first at the beginning of the line recorded on 

the first two receiving dipoles, 4-5 arri 5-6, The next dipole, 6-7, has laver 

values decreasir"J with increasing dipole separation. In the next two dipoles, 

/ 7-8 and 
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7-b ark! 6-9, the values recorded on than are higher than in the previous 

ohne (6-7) but they again decrease with increasing dipole separation. In 

the following dipoles, 9-10 and 10-11, the I. P. responses attain hign 

values on all dipole separations. In general the I. P. arc naly recorded 

over this wain mineralization is controlled mainly by the 9-10 and 10-11 

receiving dipoles but it also has high values on the small dipole separations 

of the 7-8 arri 9-10 dipoles. The ar aly attains therefore an asyrz trical 

bocit rang shape. Further west, beyorn3 this anomaly, the N. T. I. values 

decrease significantly. 

2. Discussion. 

Fran the results presented above and the geology of the area described 

earlier, it is evident that the geophysical survey in this area covered two 

different mineralizations . The first at the beginning of the lines is a low 

grace mineralization exposed on the surface, in fact under a thin cover of 

iced rock, and the second, the main Vrechia mineralization located at 

about the center of the lines, with higher grade and variable thickness of 

ovex erden. In the following lines there will be a discussion on the a.: pli- 

tüdeb recorded over each mineralization, the shape of the I. P. anaralies 

over the main mineralization where its shape is known fron the drilling 

results, and a ca rison between the responses obtained over the two different 

nnin+ýralizations which differ with regard to their grade. 

The mineralization at the beginning of the lines has only been 

record by the receiving dipoles since the lines did not extend far enough 

to over the mineralization . oaupletely. In fact this mineralization extends 

for a consicerable distance to the east. In all lines the anamlaus results 

were recorded on the receiver dipoles and the azunalies on the preudosections 

appear to have a westerly dip due to the conventional plotting. Comparing 

the responses of the different Msec values of each line separately, it is 
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cabserved that the main form of the ancYnaly begins to appear fron the first 

N. T. I. value, i. e. Msec 1. Taking the 1sec 4 values, it can be stated that 

these range bette 700 and 900. It is raninded that the grade of this 

mineralization is generally low not exceeding the 10% S. 

The next to discuss are the characteristics of the anomalies obtained 

over the main target in this area, i. e. the Vrechia deposit. The shape of 

the ancoalies as plotted with the pseudosectional convention appear in all 

cases to be controlled by the receiving dipole results. On line 1 anccaalous 

values wexe recorded on the receiving dipoles 11-10 arx1 9-10 over the. known 

mineralization (see Fig. 153). It is interesting to note that the anarraly 

indicates very clearly the presence of urrmineralized rocks over this minerali- 

zation by the low amplitudes in the first dipole separations. Another 

interesting point which corresponds with the depth to the mineralization, is 

the fact that the anczt lour values of the 10-11 dipole are "shallower" on 

the pseudosectional plot than the values of the 9-10 receiver dipole. A 

careful e aination of the geological section along this line indicates indeed 

that the mineralization appears to dip to the east, beootning deeper in the 

area of the receiving dipole 9-10. Further east on dipole 5-9, the N. T. I. 

values becaºle stronger suggesting an extension of the mineralization over 

this area and at a higher level than under the previous dipole (9-10). It 

is fortunate that there are no drilling results in the area of this dipole 

to prove or not the above. However, an examination of the drilling results 

along line 2 (see Fig. 153), suggests a fault structure between boreholes 

(ii-18 and CH-9 with an uplift of the eastern side. Such a fault wrsuld have 

a northeasterly trend passing approxilately fran the region of stake 9 

of line 1. South of line 2 this would be expected to occur betweh boreholes 

Iii-3 and (U-5 and CH-15 and DH-4 of line 3. Indeed, by examining these two 

pairs of boreholes it is observed that borehole DH-3 intersected the re aj, i- 

zation alriost from the beginning whereas borehole C3-5 at a depth of 15 rrete s. 
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Further south along line 3 there is a significant change in the depth to 

the mineralization between boreholes Cl-15 and DH-4 (see Fig. 153) . All 

these suggest that there is a hinge fault running from about stake 9 of 

line 1 towards borehole 01-15 of line 3. Therefore there would be expected 

an uplift of the mineralization in the region east of stake 9 of line 1. 

Furt er east the results of the receiving dipole 7-8 suggest that the 

mineralization gets deeper east of stake 8, and disappears before the 

dipole 6-7. The ananaly due to this rºuin mineralization is slightly affected 

by the transmitting pole readings of the low grade mineralization exposed 

in the area of stake 14. 

The anamaly on line 2 is centered about the receiver dipole 9-10 and 

10--11. The very high N. T. I. value recorded on the n1 position of the 9-10 

dipole is attributed to a small heap of massive pyrite occurring between 

stakes 9 and 10, and closer to 10. (This was piled upduringa past explo- 

ration activity over the main body). The remining values of these two 

dipoles are generally high and increase with increasing dipole separation. 

high values were also recorded on the snail dipole separations n"1 and 2 

of the 7-8 and 8-9 receiving dipoles, but these are attributed to the weakly 

oxidised ground occurring in this area, which apparently does not extend 

noch in depth. The geological section of this line is six7wn on Fig. 153. 

It is interesting to note that although borehole Did-9 is located midway 

between dipole 11-12 and has intersected significant mineralization at a 

depth of 12 i ters, the I. P. survey has not recorded any significantly 

anamalous values on this dipole. Although the extent of the mineralization 

to the west has not been detenrLi ed accurately since all boreholes drilled 

cn this side intersected m neralization, it is believed that the mninerali. - 

zation does not extend retouch beyond borehole DH-9. Borehole CH-13 (Fig. 152) 

has also struck mineralization at a depth of 13 meters. The fact that thy; 

receiving dipole 11-12 has not recorded any significantly high values, as 
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for eagle dipole 9-10, suggests that the I. P. responses do not increase 

unless both potential electrodes are over mineralized ground. If one of 

th¬ii is not, i. e. the mineralization does not extend all along the dipole, 

then the responses are not ancmalous. 7 he saa can also be said about the 

receiving dipole 11-12 of line 1 (Fig. 154). The mineralization on this 

line could not be considered as terminating on borehole CH-2 or before 

stake 11. "gis is a very important observation. 

The anomaly on line 3 due to the main mineralization is also ccntrol- 

led by the receiving dipoles 9-10 and 10-11. The highest values are on 

the first dipole. Anomalous values following the receiving dipoles were 

also recorded on the 7-8 and 8-9 dipoles on their small dipole separations. 

rnvase are attributed to the exposed mineralization around stake 8 (Fig. 152). 

Ccnparing the I. P. results with the geological section of this line (Fig. 153), 

it is cbserved that the mineralization in borebole CH-15 had a significant 

thickness and it is justified to expect it to extend beyond stake 11. 

'ever, dipole 11-12 on this line has not given any ananalcus values. This 

effect was discussed above for both lines 1 and 2. 

In general on all the lines it was observed that the ancmalaus 

responses were only obtained on the receiving dipole readings. The trans- 

mitting poles did not give any significantly high readings when crossing the 

mineralization. This indicates that the transmitting poles do not give 

ancmieus readings when located on nen-mineralized ground even if they 

are very close to it. The only case where the transnitting pole affected 

slightly the ananal ous pattern was when a transmitting electrode was located 

at stake 14 of line 1 which is in mineralized ground. In fact the fresh 

mineralization is at a depth of 2 peters under an oxidised layer. 

In all three lines it is observed that the a ma ous pattern obtained 

at different integration periods, i. e. different Msec pars rheters , are very 
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similar to each other and can all give a satisfactory shape of the ariccta1ous 

pattern. Considering the N]sec 4 values it can be stated that the ana'nalous 

values over the main mineralization range frcm just over 700 in the deeply 

seated mineralization on line 1, to over 1100 in the cases where the minerali- 

zation . 
is very close to the surface. 

Cacaring the two different mineralizations and the IP. an xtialies 

which the, gave rise to, it is observed that the first (eastern) minerali- 

zation is generally of lower grade than the second (main) mineralization. 

in addition the first is almost exposed being under a thin cover of oxidised 

mineralization. The I. P. responses given by these two different types and 

environments appear to differ betu n than. The poor ar i exposed minerali- 

zation is characterised by values just exceeding the 900 on tha Msec 4 

integral, whereas the richer rain mineralization has higher values exceeding 

the 1100 even when the mineralization is at a depth under fresh volcanics. 

3. conclusions. 

Fran the preceeding discussion it can be concluded that both minerali- 

zation in the Vrechia area gave ananalous responses. Tlxc main mineraliza- 

tion in the area crossed by all three lines gave the highest I. P. responses. 

In all cases the shape of the I. P. ana aly is controlled by the receiving 

dipoles. An im)ortant observation made on the results of these threw lines, 

was that a receiving dipole could only give anomalous readings when the 

concealed r ineralization extends all along under the dipole. Thus, if the 

boundary of the mineralization with the enclosing rocks occurs within a 

certain dipole, this dipole will not give any anomalous values. This 

iier non is not observed when the mineralization is exposed. If the 

exposed boundary is between a given dipole, this dipole will give anomalous 

values. -L--tan the anomaly of line 1 arxi the geological information available 

for this line, it can be concluded that sam relative indication of the 
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depth to the mineralization can be obtained fra: ý the pseiosectienal 

plotting of the results. Canparing the two mineralizatims it can be 

concluded that the richer cane, the main Vrechia mineralization with higher 

grade than the eastern mineralization, gives higher N. T. I. responses. 

B. 11 he Decay Factors 

Tr I. P. transient decay has been recorded on the n=2 dipole 

positions. In fact the amplitude has been recorded at the following tunes 

(in r secs) : 35,55,90,95,130,150,180,215,240,280,360,420,455, 

580,720 and 780. These transient shapes were factoris©d according to 

iiutchins' (1971) method described in detail in Chapter Three of this Thesis. 

The results for each line are presented and discussed below. 

1. Presentation of Results. 

The results for the Vrechia lines are tabulated in Tables 68 to 70 

and illustrated in Figs 157 to 159. Both the A and B-factors attain high 

values over the different mineralizations in the area, and lower values 

over the barren rocks. The a: --factor shows sere ratable variations along the 

geophysical lines with both high and low values in the viscinity of the 

mineralized areas. The ß-factor demonstrates generally very little variations 

along the lines, F'inal. ly, the P-f actor is generally indicative of the minerali- 

zation attaining higher values over it. 

2. Discassj oºn. 

The results presented above indicate that the different factors 

which describe the decay curve respaxd in sane degree or another to the 

presence of rlineralization. In the following lines there will be a discussion 

cn the responses of each of these factors. 

The A-factor always responded positively over the mineralized grou 
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attaining high values over them. Beginning with the outcropping eastern 

mineralization it is observed fran the results presented above, that its 

values range fra 2.8 to 3.7. The min mineralization has also values above 

3.0, up to 3.6, but these were obtained only in those parts of the line 

where the mineralization was very close to the surface, such as on 

dipole 10-11 of line 2. Much lower values were ca rputed for dipoles 9-10 

and 10-11 of line 1 where the mineralization is concealed under a thickness 

of 23 to 53 meters of fresh volcanics. The responses in this case have 

values as low as 2.2. These are generally higher than those of the barren 

rocks which have values ranging fran 1.2 to 1.8. The mineralization exposed 

in the vicinity of stake 14 of line 1 has values falling within the range 

of the previous mineralizations. In general it appears that the A-factor 

is capable to distinguish between the barren and mineralized rocks since 

it attains distinctly different values on each type. Cap paring the minerali- 

zations.. between thanºit appears that the responses obtained over the main 

mineralization which is of relatively higher grade than the eastern minerali- 

zation, fall within the range of the low grade mineralization. In other 

words, it appears that this factor cannot give any assistance in distinguish- 

ing between a mineralization of 5% to 10% sulphur and a rich(. - one. 

The B -factor which is ar easure of the actual chargeability at zero 

time also respc*ids positively over the. different mineralizations. in the 

eastern mineralization the values range fran 1.9 to 2.5. In the main nninera, - 

zation the values of this parameter range frcri 1.65 cn line 2 to 2.8 on 

line 3. on the barren rocks it ranges fran 0.8 to 1.4. It is interesting 

to note the fol1aAng regarding this parameter. On line 1, the 3-9 receiving 

dipole although with a peak on the It-factor, shows a relatively low B-factor 

value. In other words not differring much from the values obtained in the 

next dipoles which are believed to correspond to mineralization at a greater 

depth. Another interesting point is that on the receiver dipole 10-11 of 
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line 2 which has a aroached very closely the main mineralization at its 

highest grade, has a very low value of B of about 1.6. Camparing the 13 values 

over the two different mineralizations, it appears again that in general 

it is not possible to distinguish between than. however, cxcrparing the 

values obtained over different parts of the main mineralization, it is observed 

that the 10-11 receiving dipole of line 2 whidi crossed the highest grade of 

this deposit and at a minimum depth, has given a low value of B, 1.65, as 

compared with that obtained over the 10-11 receiving dipole of line 3, with. 

2.4, which as shown on Fig. 153, the geological sections along the lines, 

is in the area of lower grade mineralization and at a depth of 10 peters 

below unmineralized volcanics. Fran the above it can be concluded that the 

ii-factor appears to present scare assistance in distinguishing between 

different grades. Fromm this it can also be concluded that the grade of 

mineralization suspected to occur at some small depth in the area of dipole 

8-9 of line 1, must be of relatively higher grade carpared with that of line 3. 

The a-factor shows in general profiles which cannot be ca ared with 

those of the previous factors. In the eastern mineralization its values 

range from 6.9 to 9.2, and in the r. in mineralization from 7.2 to 9.4. In 

the barren areas the values range fron 6.2 to 7.5. From the above ranges it 

is Ear{. dent that the mineralizations are characterised by higher values than 

the barren rocks. wing these ranges with the grade of mineralization 

it is observed that as a whole it is not possible to distinguish between 

the two mineralizations, the eastern one being of lower grade than the main 

one. Cacrparing results obtained fron different parts of the main nzinerali- 

zatriona as for emnple fron dipoles 10-11 of lines 2 and 3, it is observed 

that in the high grade, line 2, the a value is about 8.0 whereas on line. 3 

is slightly higher, about 8.3. This suggests at first that the a-value 

increases with decreasing sulphur content. HOWever, looking at dipole 9-10 

of line 2, it is observed that this does not increase ao pared with dipole 
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10-11 of the szc:, ie line, but decreases indicating that the above observation 

is not valid. 

The 13-factor does riot appear to present any significant variations 

along the three lines. On the eastern mineralization its values range frau 

0.55 to 0.8. On the main mineralization the ß-values range from 0.5 to 0.3, 

ari on the barren rocks from 0.6 to 0.3. Frau these three ranges it is 

observed that the ß-factor could attain almost similar values over these 

three different rock types. Ca caring for eile the values obtained in 

dipoles 10-11 of lines 2 and 3 which as described above show significantly 

different grades of sulphur, it is observed that they are both about 0.65 

which for e le is approximately the value of the 13-14 dipole of line 2 

which is 0. G2 and corresponds to almost fresh volcanics. 

The P-factor always responded positively over the mineralizations. 

over the eastern mineralization its values ranged fron 0.53 to 0.75. In 

the main mineralization the P-values ranged fran 0.72 to 0.84, except for the 

deeply seated parts of line 1 where the values drop to about 0.5. The barren 

rocks are characterised by values ranging fron 0.28 to 0.45. In general it 

is observed that the Mineralization, even in depth as in the case of line 1, 

has always higher values than the barren rocks. Further, the high grade 

mineralization of line 2, dipole 10-11 attained higher values than the lower 

grades. The fact that the values are higher could also be due to the close 

preacirtdty to the surface of this part of the mineralization. 

3. Coy fusions. 

Fron the results presented above and the discussion which folic»zed, it 

can be concluded that same of the different decay factors investigated 

above can distinguish very clearly between mineralized aril non mineralized 

rocks. Table 76 SU na izes the ranges of each factor in the different 
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envirorz nts. Fran this table and the previous discussion it can be concluded 

that the A-factor can distinguish very clearly between mineralized and un- 

mineralized rocks with higher values over the first, but it cannot give 

any indication of the grade of the mineralization. The B-factor is also 

capable of distinguishing between mineralized and ur mineraliz ed rocks 

attaining higher values over the first type. There are also indications, 

however, that this factor can give sang: assistance in distinguishing between 

different grades. It appears that under similar conditions this factor 

attains lower values over a high grade mineralization than over a low grade 

mineralization. The cc-factor does not appear to be of any assistance since 

there is some overlap in the ranges of its values in the different types 

(see Table 71). There are indications, however, that it has higher values 

over the mineralized ground. The 13-factor is of no help as indicated by 

the coincidence of the ranges of its values in the different types. The 

P-factor attains higher values over the mineralization car red with those 

over the non-mineralized rocks. With regard to the grade of mineralization 

it does not give any definite evidence than it can be of any assistance. 

in general, it can be concluded that the A.. B and P factors attain 

higher values over the mineralization than over barren rocks. Further, the 

B-factor appears to have lower values over the high grade and higher over the 

low grade of m neralization. 

C. The logst Decay Factors 

The transient decays recorded at the n=2 dipole separation were 

plotted on a loge time axis and normal potential axis. The characteristics 

of such plottings as described in Chapter Three were studied and investigated. 

An important modification in the study of these results in the Vrehia 

area is that the deviation of the second cx ono-nt of the I. P. decay fran 

the first r onent, was investigated at the potential values of 1 .5 and 2.0 

/c mrt i 



- 234 - 

oosnired with 0.5 and 1.0 in the other areas. This was essential due to 

the very high responses which were recorded at Vrechia, otherwise the values 

describing this deviation would have been estimated after long extrapola- 

rations. The results for each line are presented and discussed below. 

1. Presentation of Results. 

The results for all Vrechia lines are tabulated in Tables 72 to 74 

and illustrated on Figs. 160(a, b) to 162 (a, b) . The R1 and R2 factors 

attain always high values over the mineralizations and low over the barren 

rocks. rnieir ratio R1 /R2 attains both high and low values over the 

different mineralizations. The td parater shows in general stn oth 

profiles with a poor indication of slightly lower values over the minerali- 

zed ground. The Vd parater shows always higher values over the 

mineralization. Similarly the two deviation parameters d(14) and d(2.0). 

2. Discussion. 

In the results presented above it is irxlicatcd that at least scre 

of the parameters which describe the shape of the transient decay can a loget 

plot are indicative of the presence of mineralization. In the following 

lin¬ there will be a discussion on the responses of each of these factors. 

The R1-factor is observed on all lines to show high values over the 

eastern nineralization. These values range frön 2.7 to 3.5. The minerali- 

zation at stake 14 of line 1 has a valua of 3.0 falling within this range. 

me main mineralization where it is very close to the surface or exposes, 

as on dipole 10-11 of line 2, has R1 values ranging between 3.1 and 3.4. 

In the deeply seated mineralization of line 1 the R1 values fall in the 

range of 2.2 to 2.9. The barren rocks have values below 2.0 (1.2 to 1.8), 

except for line 2 where dipole 12-13 gives a higher value of 2.15. In general, 

it is observed that this parameter has significantly different values over 
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the mineralization even at sure depth, cat pared with those of the barren 

rocks. Cactparing the results obtained over the different mineralizations, 

it is observed that these do not differ significantly, suggesting that this 

factor does not show much different responses over different graces of . 

ndneralization. In addition,, by oanparing the values obtained over dipole 

10-11 of line 2 with that of dipole 10-11 of line 3, in the first the 

mineralization being almost exposed and of a high grade, whereas in the 

se=x3 concealed under a thin layer of fresh volcanics and at nach lower 

grade, it is observed that the R1 values are not significantly different. 

The lire 2 (higher grade) value even with the exposed mineralization has a 

slightly lower value than the concealed mineralization of line 3. 

The R2-f actor is also high over the m3neraliz-43d ground. In the 

eastern mineralization it has values ranging between 1.9 and 2.6. Over the 

main ru ralization its values fall within the range of 24 to 2.75, becaning 

as low as 1.7 in the concealed mineralization of line 1. In the stake 14 

mineralization on lie 1 it is 2.05. Over the barren rock the values are 

much lower ranging between 0.9 and 1.6. Fran these results it is evident 

that this factor can indicate very clearly the presence of mineralization. 

canparing the results obtained fran. the different mineralizations - the main 

and the eastern, it is observes: that the responses are about the s tý 

although the overall grades of these mineralizations differ fran each other. 

The results over the 10-11 dipoles of lines 2 and 3 show respectively 2.75 

and 2.7, indicating no significant difference between than. However, it 

must be noted that the 2.7 value corresponds to ccnccaled mineralization of 

a lower grade. 

The R1 /R2 ratio gave on all three lines smooth profiles . On line 1 

this appears to vary about a mean value of about 1.3 with slight increases 

over the three mineralizations of this line. These higher values are 1.37 - 
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1.4 for the eastern, 1.35 for the main, and 1.45 for the stake 14 minerali- 

zation. On the barren rocks it appears to attain a lower value down to 

1.22. On line 2 the maan value is about 1.25 but the readings corresponding 

to the mineralizations are lower than this mean, about 1.2, contrary to what 

is observed for line 1. Similarly the barren rocks show higher values than 

the man, up to 1.35. Line 3 is even more confusing showing higher values 

over the eastern mineralization and lower over the main mineralization. 

The an value is. about 1.2 and the eastern has values of 1.28, and main 

nLineralization values as low as 1.14. The barren rocks have high values 

reaching the 1.3. Fran the above results it can be ccncluded that this ratio 

does not attain distinctly different values over the mineralization compared 

with those over the barren rocks. 

The td factor also shows profiles which cannot present any direct 

conclusions. On line 1 this profile shows lower values over the three 

minexalizations of this line, 103 to 90 msecs for the eastern, 95 for the 

main and 100 for the stake 14 mineralization. In the barren areas it reaches 

a value of 130 mnocs. On line: 2 the eastern mineralization still shows low 

values, 100 to 110 but the main mineralization has values ranging from 110 

to 130. In the barren areas, as for example on dipoles 8-9 and 12-13, the 

to factor has values of 140 and 122 respectively. On line 3 the picture 

is slightly different. It appears that the td factor has a "regional trend" 

which decreases from the beginning to the end of the link. TI-a values 

obtained over the different mineralizations are: 145 over the eastern and 

125 to 140 over the main mineralization. On the barren rocks such as on 

dipole; 12-13 the td factor has a value of 110. Fran these results it appears 

that the td f actor does not show any significantly different values on the 

mineralize cxl rocks as oo ared with those of the barren rocks. 

The Va factar respor)led in all cases positively over the 
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mineralization. The eastern mineralization has values ranging from 3.4 to 

4.5. The main mineralization has values ranging fran, 4.2 to 4.6 in the 

exposed and near surface dipoles, and 3 to 3.8 in the deeper mineralization 

of line 1. The mineralization at stake 14 of line I has given a value of 

3.5 and the barren rocks values ranging fron. 1.6 to 2.4. These figures 

indicate that the Vd f actor can certainly distinguish be x, mineralized 

and 'iri'nineraliz rocks. The different grades of mineralization. in the 

area, however, do not appear to give any significantly different responses 

which would assist in distinUuishing between than. Ccir aring for e le 

the responses fr n dipoles 11-10 of lines 2 and 3 which correspond to 

different grades, it is observed that the differences are not significant. 

The sane conclusion can be drawn also from a car. arison between these dipoles 

and the results from dipole 6-5 of line 2, which corresponds to even lower 

grade. 

The d(2.0)-factor responded positively over the mineraliz3d ground 

giving significantly higher values over the different mineralizations cc tired 

with the barren rocks. The eastern mineralization has values ranging fresn 

130 to 400 nisecs and the main mineralization 230 to 330 msecs. The di, eply 

seated mineralization of line 1 gave values as low as 60 msecs. The 

r, Li, neralization at stake 14 of line 1 has a value of 180. 'L e barren rocks 

range in their values from zero to 30. Fran the ; figures it is 

evident that over the mineralization, even when in depth, this parar, ter gives 

significantly higher values. A ca arison beten the values obtained freu 

the different grades indicates that no distinction can be made between than 

on the basis of this factor. 

The d(1.5)-factor also responded positively over the mineralized 

graurxl, o r1 eastern mineralization has values ranging from 400 to 1400 msecs, 

the main mineralization values varying from 600 to 700 msecs with as low 
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as 200 cosecs in the deeply seated mineralization of line 1, and the minerali- 

zation at stake 14 of line 1 has a value of 500. The barren rocks have 

generally xcuch lower values ranging fron 10 risecs to 110. Fran the above 

figures it is evident that this factor attains much higher values over the 

mineralization than over the barren rocks. CcrLparing the results fron the 

different mineralizations, it is observed that their ranges of values are 

such that no distinction between than can be achieved. From the results 

of line 2 (Fig" 161(b)) it a Mears that the high grade mineralization exposed 

about dipole 10-11 of this line, has lower values than the. exposed eastern 

mineralization which has a lower grade. This is true, but this rAneraliza- 

tion has also given lower values on the other lines suggesting that this 

factor cannot be of any assistance in distinguishing between the grades of 

mineralization occurring in this area. 

3. Conclusions. 

Fran the results presented above and the discussion which followed, 

it can be conclixled that from the different factors which describe the 

characteristics of the loggt plotted decays, sc % of than attain r: aich 

different values over the mineralization cat pared with their values over 

barren rocks. The ranges of values for each of these factors over the 

different mineralizations of the area and the barren rocks which enclose thcr, 

are summarized in Table 75. From this table it can be concluded that the 

factors R1, R2, Vd, d(2.0) and d(1.5) attain higher values over the mineralization 

than over the enclosing barren rocks. The s table indicates that the 

ranges of these values in the three different mineralizations do not differ 

considerably, suggesting that a distinction between than on the basis of 

these factors is not possible. It should be re rbercd that the main minera- 

lization has sulphur values ranging fran about 10% to 40%. The eastern 

rnjnralization has lower values averaging about 7% sulphur,, and the min, i- 

zation at stake 14 of line 1 has an average of 8.7% sulphur. No chef mite: 
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conclusions can be drawn on the renaining two factors, RI /R2 and td. rille 

only conclusion which can be drawn frag the results in this area is that 

these two parameters do not appear to vary significantly over the minerali. - 

zed and i ineraliz-a3 rocks. 

D. The l3ertin and Loeb Is (1 bdif i©d) Functions 

'lese functions are the ratios Al = A/p/2n an A2 = B/p/2n where 

A and B are defined in the equation of the decay curve y (t) = Ae +& t+ P. 

'1'ha were ccnýputed for the n=2 dipole separations where the whole transient 

decays were recorded. These results are presented and discussed below. 

1. Presentation of Results. 

7'he results for all Vrechia lines are tabulated in Tables 76 to 73 

and illustrated in Figs 163 to 165. Both the Al and A2-factors attain 

higher values over the mineralized than over tlx: barren rocks. Their 

ratio appears to attain lower values aver the mineralizations a1 higher 

aver the barren rocks. 

2. Discussion. 

From the results presented above, it is evident that these factors 

respond in most cases differently over the mineralization than over the 

barren rocl-. s. 

The Al -factor over the eastern mineralization has values ranging 

fron 0.3 to 0.43. over thh3 rain mineralization its values range fron 0.25 

to 0.46 in the exposed and near surf ace mineralization, and decrease only 

to 0.24 in the deeply seated mineralization of line 1. The mineralization 

at stake 14 of line 1 has a value of 0.21. The barren rocks such as those 
of dipoles 12-13 of all lines have vales below 0.1 (0.05 to 0.00). Fran 

the above results it is evident that this function attains much higher 
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values over the neraliz er1 than over the barren rocks. Ac parison between 

the different mineralizations indicates that their values do not differ 

significantly fran each other, suggesting that a distinction between than 

on the basis of these results is not possible. This is also proved by a 

cai x rison between the values of this function on dipole 10-11 of lines 2 

and 3 which correspond to different grades. Their values are 0.39 and 
0.36 respectively* 

The A2-factor has values ranging fron 0.17 to 0.34 over the eastern 

n ralization and 0.24 to 0.31 over the rain mineralization, decreasing to 

0.2 over the deep parts of this on line 1. The mineralization at stake 

14 of line 1 has a lower value of 0.14, and the barren rocks (dipole 12-13) 

have values ranging fram 0.03 to 0.06. Fran the above figures it is evident 

that this function discriminates vary clearly between mineralized and barren 

rocks, attaining very low values in the s ond. A comparison between the 

different riineralizations indicates that they cannot be distinguished fran 

the values of this function as they do not vary significantly fron one 

to the other. Gexaring the values of the 10-11 dipole of line 2 which 

Oorresponds to exposed mineralization of high grade, with the 10-11 dipole 

of line 3 which corresponds to much lower grade mineralization, it is obserc c 

that the first has a valu¬ of 0.3 and the second 0.24. This difference is 

attributed to the fact that the line 3 mineralization is not ocposedysince 
a higher value of 0.34 was caraputed for the law grade eastern mineralization 

of line 2. 

The Al /A2 ratio has sho»m in general rather irregular results which 

suggest that no definite ec nclusion can be drawn on the behaviour of this 

parater. she values obtained in the different mineralizations and barren 

macs over the three lines are as follows. The eastern mineralization 

has values ranging fran 1.21 to 1.93 , the man mineralization has values in 
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the rangy 1.06 to 1.43, and the barren rocks have values in the range 1.03 

to 1.44. Fran these f iguras it is evident that this par º Ater a uld give 

similar results over rnineralized and unmineraliz©I rocks. 

3. Conclusions. 

Fra: the results presented above and the discussion which followed, 

it can be eoncl &<1 that the Bertin and Loeb' s (toodif Jed) Functions are 

capable to discriminate between mineralization and barren rocks. Their 

ratio, however, does not give any discriminate values. The ranges of values 

for each function over the different mineralizations and barren rocks in 

the area, are s ized in Table 79. Fran this table it can be concluded 

that both Al and A2 functions attain higher values over the mineralization 

than over the barren rocks. The ranges of these values show that there 

can be no discrimination on the basis of these functions for the different 

grades encountered in this area. 

E. nie Rasistiyity Results 

The resistivity values wie m estix atei for all readings taken in the 

area fram the field results of the I. P. survey. These are e:: Pressed in 

p/2n ohm-nx. ters and are presented and discussed below. 

I. Presentation crr. Results. 

a. Line 1. 

The results for this line are illustrated in Fig. 166 (a) . Ma first 

dipole and to sor: 13 extent t kw seccui, show relatively high values followed 

by lower values in the receiving dipoles 5-6 to 7-S with cccepticn the 

n=I reading of the 7-8 dipole. The following dipoles which correspond 

to the min rnixeralization along this line, 9-8 to 10-11, and beyond stake 

11, show equally 1ow values in the small dipole separations n=1 and 2, and 
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much higher values in the n=3 and 4 separations. These high values correspond 

to the deeply seated mineralization in this part of the line. The following 

dipole shows much higher values than those recorded in the previous part 

of the line, followed by a relative decrease in the western end of this line 

correspon3ing to the mineralization occurring at stake 14. 

Caipared with the N. T. I. results of the saw line (Fig. 154), r it 

is observed that the high values ranging fragt just below 10.0 x 2n ohin- 

nxýters to over 11.0 x 2n chm-meters recorded at the beginning of the line, 

correspond to the high N. T. I. results which both correspond to the eastern 

mineralization. It is interesting to note that the 5-6 receiver dipole gave 

high N. T. I. values and low resistivity values. The following dipoles 

(6-7 and 7-8) have low N. T. I. values together with the low resistivity 

results. The N. T. I. ananaly recorded in the 8 to 11 receiver dipoles 

coincides with the high resistivity values in the large dipole separations 

of this dipole, and in addition of dipole 11-12 which on the N. T. I. results 

it has lowex values. The following dipoles 12-13, which is characterised 

by very high resistivity values exceeding the 20.0 x 2n oh -meters, has 

given very low N. 'i'. I. values. Farther, at the end of the line there is an 

increase of t ne W. T. I. values together with a decrease of the resistivity 

values. In general carparing the two patterns, there appears to be a similarity 

between t(xi although their relationship is antipathetic. 

b. Line 2. 

The resistivity results of this line are illustrated in Fig. 166(b). 

The first two receiving dipoles have relatively low values fol] op d by higher 

values in the 6-7 receiving dipole. The resistivity decreases again in the 

7-8 dipole, except for its n=4 reading, to increase significantly in the 

follow ling dipole (9 -b) particularly in the large dipole separations. Tlie 

dipoles 9-10 and 10-11 which aorrespcnd to the main mineralization a 
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characterised by very low readings in the n=1 separation and higher 

readings in the rest. The remaining resistivity results up to the end of 

the line are much higher particularly in the 12-13 receiver dipole. 

Ccz -zrrd with the N. T. I. results of the same line (Fig. 155) , it 

is observed that the first two dipoles have high N. T. I. values corresponding 

to the eastern mineralization. The 6-7 dipole vhiich has high resistivities 

gave very low I. T. I. responses. This applies also for the 8-9 dipole, 

whereas the 7-8 dipole gave slightly higher N. T. I. responses and lower 

resistivity values. The 9-10 and 10-11 dipoles which correspond to the main 

mineralization along this line occurring at a very shallow depth, show 

an increase in the N. T. I. values with a respective decrease in the resisti- 

vity values. The rest readings up to the end of the line have low I. P. 

responses with high resistivity responses. In general there wears to be 

ag ; ral similarity of the two patterns, the I. P. and resistivity, although 

their relationship is antipathetic. 

c. Line 3. 

The resistivity results of this line are illustrated in rig. 166(c). 

r 1w. receiving dipole shows relatively low readings followed by higher 

readings in the following two dipoles, 5-6 and 6-7. Further west up to and 

including the 10-11 dipole, the resistivity results are uniform with low values 

in the small dipole separations increasing in the large separations. In the 

last readings in the western end of the line the resistivity values are 

generally very high. 

cared withtheI. P. results overthe sam. line (Fig. 156), f it is 

observed that the law resistivity values of the first dipole (4-5) correspond i 

to high N. T. I. responses. In the following two dipoles 5-6 and 6-7 , the 

increase in resistivity corresponds to a decrease in the N. T. I. values. In the 
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following dipoles up to and including dipole 10-11, the resistivity values 

are rather unifon: ý whereas on the I. P. results there is a significant 

difference between the values of the 7-8 and 3-9, and 9-10 and 10-11 dipoles. 

Further west up to the end of the line the very high resistivity valuers 

correspond to very low N. T. I. values. 

2. Discussion. 

Fran the results presented above it is evident that the resisti- 

vity attains different values over the different rock types (including 

mineralized rocks) in the Vrechia area. In the following lines there will 

be a discussion cn these results and in particular the significance of the 

different amplitudes recorded over the mineralizations and barren rocks. 

The eastern mineralization which is believed after the drilling 

results to have sulphur values not exceeding the $%, is characterised by a 

wide range of resistivity values. On line 1 this mineralization exterr3s 

frcrl stake 6 eastwards up to stake 3. The values obtained over this ininerali- 

zation.. vary and decrease from the first dipole to the third. The range 

of values is fron 11.30 to 5.44 x 2n ct m-meter3. It is interesting to note: 

that the lowest values were recorded in the 5-6 receiving dipole which stra-dies 

a fault separating the barren from the mineraliz ad rocks, On line 2 this 

mineralization which occurs on the first two dipoles of the line, has values 

ranging from 5.44 to 10.11 x 2rt olri-n eterS. Dipole 5-6 also crosses the 

main fault separating the rc neralization fra: 1 the barren rocks, but without 

any significant drop in the resistivity values. On line 3 the resistivity 

values aver the eastern mineralization vary fron about 6.0 to 12.0 x 2n ohm- 

meters. 

The main riineralization on line 1 where it occurs in depth t er 

um iner'alized volcanics, is indicated by high resistivity values on the largo. 
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receiver separations. Considering only the n3 and 4 separations, these 

values range from 10.18 to 14.79 x 2m ohrtt-meters. The sawn,: mineraliz l body 

on line 2 where is very close to the surface and of much higher grade than 

ling: 1, is characterised by values ranging fran 4.4 to 12.98 x 2rc ohm- : tors. 

of ling: 3 the main mineralization occurring at a small depth. corresponding 

to the receiver dipoles 9-10 and 10-11, is characterisod by values ranging 

fron 7.23 to 19.47 x 2n ohm-meters. The mineralization at stake 14 of 

line 1 has a value of 14.9 x 2n ohm-meters. 

The barren rocks in the Vrechia area appear to be characterised by 

both high and law resistivity values. Considering for exale the rocks 

overlying the. main mineralization on line 1 which are considered to correspond 

to the resistivity results of the first dipole separation, it is observed 

that these are as 1cw as 4.88 x 2n ohm-meters. On the sm-p- line the 

resistivity results of the 6-7 and 7-6 receiver dipoles range from 5.31 

to 17.8 x 2n ohm-t ters. Resistivity values falling in this range ware also 

recorded on all lines in the area ßnnediately west of the main mineralization. 

The recorded values are usually over 20.0 x 2n ohm- mters reaching a m. xiruan 

of 27.1 x 2n o hs " 

Fraa the above figures it is evident that there is a ccnsicerable 

overlap in the ranges of resistivity values attained by the different 

nd r ; ralizations and the barren rocks. 

Frcra the values on the different mineralized bodies, it is observed 

that low resistivities could be attained by both the high grade ore of the 

main mineralization and the low grade of the eastern Mineralization. 

Similarly the tai Icineralizations could give equally high resistivities but 

in this case their grades do not differ considerably. The barren rocks also 

show a wide range of values. In the area over the main mineralization and 

in ttie space separating it fran the eastern, the resistivity values arg. 
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relatively lcsw and not differring r. ch from those of the mineraliz ad bodies. 

To the west of the main mineralization, however, the rock resistivities 

increase excading the values of the mineralized rocks. 

Frcra the coi ison of the resistivity results with the I. P. results, 

it appears that in general the two patterns are rather sinilar to each 

other and in Trost cases the high i1. T. I. values correspond to low resisti- 

vity values md vice versa. 

3. Conclusions. 

The results presented and discussed above suggest that the resisti- 

vities of both the mineralization and the barren rocks could vary consider- 

ably. As a ccnsequence of the wide ranges of the resistivity values, it 

appears that a discrimination between mineralized and unmin(-xalized rocks 

could not rely entirely on the resistivities of the rocks involved. From 

the cxrparison of the resistivity results with the I.?. results, it can be 

concluded that in general it appears that in the Vrechia area the minerali- 

zed. rocks are characterised by laxer resistivities than the unmineralized 

rocks. 

F. Conclusions . 

The geophysical studies presented above includboth the investigation 

of I. P. parar& ters recorded during routine geophysical surveys and parane-ters 

which ermine the variations of the shape of the transient decay curve. The 

routine surveys include also the resistivity values. Frcxa the results 

presented above it is concluded that the N. T. I., which is the routine I. p, 

pararwtcr, is generally capable in discriminating between º -raliz ed vd 

urirnineralized rocks, ,. paring the responses obtained over thet minerali- 

zations in the area, it is concluded that the main mineralization which is 

generally characterised by a higher grace than the eastern mineralization, 
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gave higher N. T. I. responses. Regarding the factors which express the shape 

of the decay curve, it can be concluded that the At B and P. factors attain 

higher values over the mineralization canpared with values over the barren 

rocks. In edition, there. is evidence that the B-f actor attains lower values 

over the higher grade . 
main mineralization) than over the eastern one 

which has lower sulphur values. Sare of the factors which characterise the 

logt plotted decay curves were proved to be capable to discriminate between 

mineralized and utinineralizied rocks. These are the rates of decay curve, 

the potential value at which the two components separate, and the factors 

measuring the deviation of the one car,, ponent frau the other. Significantly 

different values over the mineralization as ccir ared with those over iai- 

mineraliz ed ground are also attained by the Bertin and Loeb' s (Modified) 

functions which introduce the resistivity of the rocks. The present study 

included also an investigation of the resistivity values recorded along 

the geophysical lines. From these results it can be concluded that the 

resistivity values vary widely in both the mineralized and unndneraliz(4 

rocks and it cannot give any definite assistance by itself in discri- 

minating these two different types. 
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IV. Ga.. Uum CXmmusiONS 

The Vrechia area which was the subject of the present Chapter is 

an e, caanple of sulphide mineralization occurring very low in thy. Lo»rur Pillow 

Lavas, close to their boundary with the underlying Basal Group. The minerali. - 

zatirn : found in this area, although in sari cases almost massive is of 

the replacement type formed in the lower levels of a fracture system which 

acted as a passage way of the mineralizing fluids. Certainly this type of 

enviroment is associated with lcwex grade mineralization of the disseminated 

type whicri could either occur as a halo or within the high grade, or Lwcn 

as a separate, but genetically related body of mineralization. 

Under these geological conditions it is expected that the geophysical 

Exploration will be capable, not only in locating thy: mineralized e vir n- 

ment in general, but to discriminate between very closely spaced bodies of 

mineralization which are separated by relatively narrow areas of uminerali- 

zed . rocks. In itian it is expected that sow form of discrimination 

between grades of mineralization will be possible on the basis of those 

results. Indeac1, the I. P. exploration carried out over the Vrethia area 

had these tasks. Preen the results presented and discussed in the previous 

sections, it can be concluded that the I. P. survey both in its routine 

application as well as with the assistance of the different parat tors which 

describe the variation of the shape of the decay curve, is capable in 

descrimi hating between mineralized and u nmineralized ground, particularly in 

the cases where two mineralized bodies are closely spaced. In particular 

the U. T. I. presented in the conventional pseudosectional plotting which 

gives directly the dipole fra; t which each reading was reec crded, can assist in 

locating with reasonable precision the location of the mineralized body 

together with indications of its relative depth under urunineralized rocks. 
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Regarding the indications of the relative grade of the different 

bodies of riineralizatian occurring in the Vrechia area, the presently 

äescribed investigation has proved, that it is alimst Impossible to discximi- 

nate between the main mineralization in the area with grades up to 40% 

sulphur and the nearby eastern mineralization which has an average sulphur 

content not exce 3. ing the 8%. The only parameter thatgives sam.: indication 

that it attains different values over these: two mineralizations is the true 

chargeability - the B-factor. 

Together with the I. P. survey, there was an investigation of the 

resistivity results obtained along the sane geophysical lines. This proved 

that the resistivity values of the two different rock types - mineralized 

and unmineralized could vary widely within ranges which overlap considerably 

with the consequence that the two types could not be discriminated between 

than with much certainty. In ccmparison with the I. P. results in general, 

this study demonstrated the superiority of the I. P. over the resistivity 

mt 
hod. 
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CHAPTER LIGHT 

CN THE GE'EDPHYSICAL i ULIS 
OF THE PJ'2' MM, 

I. INi'r Duc rICia 

The Petra area falls in the Kalavassos Mining Lease. Its exact 

location is shown in Fig. 1. A atiall tabularly to tabularly shaped sulphide 

body existed in the area and was exploited for its cuprifercxus pyrite by the 

ancients anw: l later (1953-1962) by H. M. C. A recent study of this orebody based 

primarily on drilling and mining records, indicated that a dislocated part of 

it was likely to exist south of the exploited mineralization. For this 

Pwrpose, the area was covered by an I. P. survey which revealed weak anomalies 

souteast of the known deposit. On the basis of these results the area was 

drilled with a minter of vertical and inclined boles which proved the 

existence of mineralization. 

rrhe im rtanc e of this mineralization is that it is an example: of 

an orebody occurring at the intersection of two major fault zones, one of 

than serving as seeder of the ndneralizing fluids. This type of occurrence 

is << n in the Cyprus deposits. For this, the new Petra minaralization, 

referreci to below as the Petra mineralization, has been the subject of 

research. A total of five parallel lines were survLTod over this m, imrali_ 

zation, striking at right angles to the direction of the fault zc es. The 

pjrpose of the present Chapter is to investigate the I. P. 1 �thoa uv+er this 

type of environment. 

The Chapter begins with a description of the geology of the area 

followed by a description of the I. P. ate, Resistivity results together with 

a disc ssion on their interpretation. It closes with sane conclusions on 
the applicability of these methods in this type of envircnr=t. 
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II. THE GEX)IAGY OF TIM PU M AREA 

The geological map of the area is shown in Fig. 167 together with the 

location of the geophysical lines. The southern part of the area is coverad 

by sedimentary rocks of the Perapedhi and k fkara formations. These are 

uncoformable over the volcanics with a shallow dip to the east. The volcanic 

rocks c rise Lower and Upper Pillow Lavas. The first are exposed in the 

west dipping a]xx st vertically to the northeast.. The Upper Pillow Lavas 

occupy most of the area and have a slightly shallower dip (60-65°) again to 

the northeast. Lithologically the Lowers consist of andesitic flows and 

dykes, whereas the Uppers can be divided into a lower unit of liriturgites 

and an upper unit of olivine basalts. 

The main structural features of the area are the I4avrid'nia Fault 

and the Petra Fault.. The first has a shallow dip, about 25°, to the south 

trerxling alr4nat east-west. This fault forms the boundary between the upper 

aiL er Pillow Lavas, see Fig. 167. In places the fault is founä by 

drilling to be propylitised with a sulphur content of up to 5%. On the 

surface it is seen in places to be gossanised. Uha second major structure, 

the Petra Fault, has a 500 strike, dippthj by 700 to the east. This is the 

main fault zone which is responsible for the localizaticn of the Petra 

mineralization. To the north this zone is exposed as evidenced by the 

elongated gossan. The partly exploited Petra orebody is located under this 

oxidised cap with a maxirmn width of 35 meters and a strike length of up to 
300 reters. This care body is believed to have been fora ed at th,, intersection 

of the ilavrldhia and Petra Faults (Adarnides 1976) 
. It has a flattened 

pipe--like shape bounded on either side by clear-cut fault3. The present 

horizcntal attitude of the orebody is the result of the tilting of the lavas. 

Correcting for this tilting the orebody appears to have had an a ost 
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vertical attitude during its fonmatian. Thus, the tap of the orebocly is 

the present northeastern end of it, whereas the bottan is now in the soutnaast. 

In this direction the orebody was affected by a northwesterly trending fault 

and displaced to the southeast. 

The southeastern extent of the mineralization discovered during the 

presently described I, p, survey, appears from both the drilling and the 

geophysical ancraalies to have a southwest-northeast trend. Fig. 168 shows 

the geological sections along lines 2,3 and 4. The South Petra minerali- 

zation is considered as being a tabularly shaped body with a vertical attitude. 

It is bound on both sides by Irr Pillow Lavas. r4ineralogically it 

consists of low grade pyritic mineralization with very low copper values. 
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III. THE GEOPHYSICAL RESULTS 

The area over the South Petra mineralization a as covered by five 

parallel lines trending at 315 i. e. at right angles to the, direction of 

the Petra Fault. The line spacing was 50 rr ters. Readings on these lines 

were taken with the pole-dipole configuration at a spacing of 50 meters 

a, -xl with electrode separation n=1 to 4. The period of the energising 

pulse was 8 secs at an cri/off ratio of 1.0. The I. P. decay was recorded 

at four positions on the time axis: 55,130,230 and 580 msecs . 
fron the 

tifne of interruption, "* of the energizing current. 

Below there is an analytical description of the N. T. I. and resisti- 

vity results obtained over this zone of mineralization, followed by a 

discussion on their applicability in this type of gaological enviroi-jtnt. 

A. The NonTalis©d Time Integral 

1. Presentation of Tsults. 

a. Lire 1. 

The results of this line are slxm in Fig. 169. Fra m the first 

integral value, 11sec 1, there is evidence of an increase in the readings in 

the area corresponding to the receiving dipole 6-7. At the beginning of 

the line there is an increase in the responses particularly in the large 

dipole separations. The values decrease further along the line and increase 

in the 6-7 receiving dipole. Further, in the western half of the line 

the resvonses are generally low. 

The second integral, Msec 2, damonstrates more clearly the sang: 

picture. There is a region of high values at the beginning of the line 

corresponding to the first three receiving dipoles 0-1,1-2 and 2-3. After 
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these dipoles, there is a decrease followed by a sharp increase in the 

6-7 dipole. In the next dipoles the values drop again and remain so up to 

the end of the line. 

A sim 1 lar picture is shown by the third integral, t lsec 3, with a 

region of high responses at the beginning of the line and on the 6-7 dipole, 

and a decrease in the rest of the line. It is interesting to note that the 

anomaly in the 6-7 dipole is not sharp as in the previous integral values, 

but extends also in the small dipole separation readings of the 5-6 receiving 

dipole. 

The fourth integral, rlsec 4, shows the same picture but in au re 

ccrtplicated fonn as demonstrated by the contours of the different values. 

The eastern half of the line shows generally high responses with the highest 

at the beginning, dipoles 0-1,1-2 and 2-3, and also 6-7. The western half 

has generally low values. 

b. Line 2. 

The results of this line are illustrated in Fig. 170. 'lie first 

integral shows two regions of high values . The first is at the beginning 

of the line ocncentrated in the large dipole separations (n =3 and n= 4) 

of the dipoles fron stake 0 to stake 3. The second ancxnaly corresponds to 

the receiving dipole 6-7 . Those two anar alous areas are separated by a region 

of loans in the small electrode separations. Further along the line the 

responses decrease gradually after the 7-0 dipole. 

The second integral value, r Isec 2, shows again the two ancmalous 

areas at the beginning and middle of the line. The first ply appears 

to have higher responses in the 0-1 and 2-3 receiving dipoles. The second 

cmaly in the middle has its highest values in the 6-7 receiving dipole, and 

r values in the adjacent dipoles. The two anomalies are separated by a 
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regian of leer values which, however, are higher than those in the western 

erns 1 of the line. 

TYP: third integral value, Msec 3, shows again the sarc general 

picture, i. e. the two ana alies at the beginning and middle of the line, 

separated by an area of lower values. In the western part of the line the 

responses drop rather sharply to the lowest values. 

The fourth in agral, Msec 4, demonstrates the sane picture. The 

first anomaly has higher responses in the 0-1 and 2-3 receiving dipoles. The 

second anara]. y is centered about the 6-7 receiving dipole and is scparated 

by the first by a region of ]ow values. To the west the values drop rapidly 

to the lowest recorded along the line. 

c. Line 3. 

The results of this line are sha n in rig. 171. The first integral 

due,, v1sec 1, suggests three areas of high values. The first is at the 

b, r-ginning of the line recorded by the large: electrode separation of the 

receiving dipoles fran stakes I to 5. The second ancinal y was recorded mainly 

by the 5-6 receiving dipole. After an interval du to the low readings 

of the 7-8 dipole in the n=I and 2 separations, there is an area of high 

values up to stake 11 dropping sharply to Wich lower values which remain 

so up to the end of the line. 

in the second integral value, Msec 2, this picture is more clearly * 

chef ined. The first ana aly is concentrat'Od mainly in the 1-2 receiving 

dipole. The second ancinaly was record dr inly by the 5-6 and also the 

6-7 receiving dipoles. The third area of high values ccLtrCsPOrxIs to the 

dipoles 8-9 (n m 1-3),, 9-10 (n = 1-2) and 10 to 12 (n = 1). The throe 

Aalaus areas are sýiparated by lower values, 
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The third integral value, itisec 3, d =nstrates the same, picture 

more clearly. The three ancraalous areas as described above are very 

clearly sham on the pseWosectional pattern. 

The fourth integral value:, Msec 4, recorded again the saIr picture 

as described in the previous integrals. The three areas of higher values 

are well defined cn the pse 1osectional plotting. 

d. Line 4. 

rinne results of this line are illustrated in Fig. 172. Fran the 

first integral, 14sec 1, there is an indication of three ananalous areas 

as in the previous line. These are located at the beginning of the line 

at the receiving dipole 1-2, the middle of the line centered about dipole 

6-7, and the third in the 9-10 and 10-11 dipoles. 

The second integral values, Msec 2, give abetter definition of 

the three ancmalous areas. The first was recorded on the 1-2 and 2-3 

receiving dipoles on their high electrode separations. The highest values 

are these of the first dipole (1-2). The second anomaly was recorded on 

the 6-7 dipole with slightly lower values in the adjacent dipoles. The 

third ancraly is separated from the second by the readings of the 8-9 

receiving dipole. Miis anomaly is concentrated only in the small electrode 

separations of the dipoles fron 9 to 11. It is worth noting that there is 

a more clear separation betwaen the first and second ammaly than betwr. n 

the sý. 'oond and third. In the western end of the line the values arc low. 

The third integral, Msec 3, gives even a better definition of the 

three anamalies located in the sar; receiving dipoles as descriJd above. 

zin even better definition of the anomalies is d lonstratal by tim fourth 

tgral. 'iis shows a well defined anomaly at the beginning of the line 

ocncentrated in the large electrode separations particularly of the 1-2 
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dipole. The second ancºmaly, which is clearly separated frs i the first, is 

centered about the receiving dipole 6-7. The third anomaly extends in the 

region of stakes 10 to 12 and is concentrated only in the small electroc: e 

separations. 

e. Line 5. 

r., The results of this line are illustrated in Fig. 173. The first 

integral, Msec 1, suggests again as in the previous line three anomalous 

areas. The first at the beginning of the line in the large dipole separations, 

the second centered about the readings of the receiving dipole 7-8, and the 

third in the regic. n of stakes 11 and 12. 

finis picture bevcrs more obvious in the second normalised integral, 

}sec 2. High values were recorded an the n=3 and 4 separations of the 

dipoles 1-2,2-3 and 3-4. Further along the line there is an area of low 

values up to the readings of dipole 6-7 which are fonowad by the second 

z ily of the receiving dipole 7-8. In the following dipoles the readings 

-grease except for t ese corresponding to the small electrode separations 

of the dipoles 10-11,11-12 and 12-13. 

The third integral value, Msec 3, demnstrates the saire picture as 

the other two integrals. The only difference is that the first ancaly seems 

to be affected by the transmitting pole position 7 and slightly 6. The 

seoorrl anaaal y is again controlled mainly by the 7-3 receiving dipole. The 

third a=rnly is observed again in the sma11, dipole separations of the 

dipoles fror stale 10 to 13. 

The fourth integral value has a pattern y: hnilar to that of tho 

third with the first anc¢naly again being controlled also by the transmitting 

pole 7. 
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2. Discussion. 

Frain the results presented above, it is evident that in the area 

surveyed there are three different smaller areas with values higher than 

the background values. The first is at the beginning of the lines recorded 

by the first receiving dipoles particularly cn lines 1 and 3, the second 

is at about the middle of all lines and the third is in the western half of 

lines 3,4 and 5. 

n1kel first arcmaly cannot be attributed to any kn in cause; and will 

not be discussed further since it has not yet been drilled or investigated 

in any other way. For this the discussion will concentrate on the second 

and third anomalies. The second in particular was drilled thoroughly with 

Vertical and inclined holes. 

The second anomaly was datected along all five geophysical lines. 

In the first two lines the ananal ous readings were mainly at the 6-7 receiving 

dipole, on line 3 almost equally anomalous readings wire recorded on both 

the 5-6 and 6-7 receiver dipoles. On line 4 the anc ly was recorded by the 

6-7 receiver dipole, but high values were also recorded on the 7-8 receiver 

dipole. On line 5 the ar mia1ous readings were recorded only on the 7-3 

receiver dipole. 

it is worth examining the anliturýe of the responses which ware 

described above as anCmalous. l ining all the N. T. I. results recorded in 

different time limits, it can be observed that the highest (ananalous) arVlit :, 

does not usually exceed twice the value of the lowest N. T. I. recorded on 

the sm-0 iixy . In general the ratio of the anaralons responses to the non- 

anamalcus can be considered as averaging about 2.0. This observation is 

iMPOrtc-'Ilt since it d nstrates clearly that mineralization of the type 

located at Petra and under similar geological conditions, must not be expected 

to be indicated by significantly high readings. 
/ In amnc ction 
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In ccnnecticn with the above, it is also inportant to examine which 

of the four N. T. I. values recorded over Petra indicates more clearly the 

presence of mineralization. Fran the description of the geophysical re=sults, 

the anomalies wore in all cases evident free the first integral 11sec 1. 

However, as a result of the increase of the values in the higher integrals, 

the pseudeeseational plotting can be contoured in greater detail by intro- 

ducing more c retour values. It appears therefore that the higher integrals, 

and particularly the Msec 4, demonstrate more ccawincingly the anomaly, 

but this is not due to a higher ratio of the anaralous to non-ananalous 

readings, but due to the general increase of the integral values. In ccnclu- 

sion any of the four integrals recorded above can deronstrate the anomaly. 

Another important feature of the Petra results which raust be discussed, 

is the gor aal shape of the anomaly as it appears on the pseudosectiau-A 

plotting. This can be coed with the shape of the mineralization which 

is kr 1 from the drilling data, particularly for lines 2 and 3. Fran the 

geological sections of lines 2,3 and 4 presented in Fig. 168, it can be 

concluded that the mineralized zone is located alnost directly under stake 

7 of line 2, and under stake 6 on lines 3 and 4. In addition the shape of 

the mineralization as expected fran the geology of the area and also proved 

by the drilling results is sheet-like, standing a]srost vertical, trending 

approximately 500 r1, and having a maxirt thickness of about 45 rrters. 

The ar 3ly of line 2 is centered about the readings of the receiver 

dipole 6.7. lower values of about the scmm- amplitude were recorded on the 

adjacent receiving dipoles. Fran the pseudosectional plottings (Fig. 170), 

it is evident that the anomaly bec csr s apparent from the 8-9 receiving dipole 

in the west, ereas in the east slightly hig1 r values were recorded on the 

4-5 receiving dipole. Farther east, the anomaly is obscured from the ana a 

lous readings at the beginning of the line. It is irttportant to note that the 
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aiumily was only recorded when the receiver was over the i ineralization. 

For this, the anaxaaly is controlled by the 6-7 receiver dipole attaining there- 

fore, as a result of the conventional plotting, a dip of 450 to the west. 

It is ircportant to note that the "bocxný. rang" shape is not apparent at all 

an the pseudosections of this line. If this was present, the first leg 

of the "bomerang" would be the 6-7 receiver dipole anamaly and the second 

would be on the 6 and 7 transmitting pole readings. Caapared with the 

geological section (Fig. 168 (a)) , the mineralization is not directly under 

the 6-7 reeiver dipoll but it appears to extend f ram the area of stake 6 

rore towanIs stake 5 to the east than towards stake 7 to the west. In 

other words the exact position of the mineralization cannot be pinpointed 

from the geophysical data. It is interesting to note that the &Tth at which 

the . ndxx3ral ation was envatxntered in the area of this line was only 60 

meters. 

The ancoaly of line 3 is centered around stake 6. Anomalous values 

were recorded by the adjacent dipoles 6-7 and 5-6. Because of the proximity 

to the other ananalies, particularly the western one, it is difficult to 

establish the furthest dipole on either side from which the and aly bec -es 

apparent, In general, however, the an naly on this line is controlled 

by the two receiving dipoles (5-6 and 6-7) and has an apparent dip of 45° to 

the west resulting of course fran the pse dosectional plotting. The typical 

"boanerang" shape is not apparent on the section (Fig. 171) . However, 

ther(, 3. is a small inflexion of the 250 contour value on the Msec I section 

caused by the na1 value of the transmitting pole 6. But this does not 

appear to show convincingly the double leg anoMaly shape even in a highly 

asyui tric form. Geared with the geological section (Fig. 168 (b)), the 

n neraiizatin under this line is alnast directly uncle- r stake 6 but it extends 

to the east towards stake 5. Drilling evidence suggests that there is no 

lat2sal extension to the west, at least in higher levels of the M ly. 
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Returning to the N. T. I. results for this line, it is observed that the 

values recorded on the 5-6 receiving dipole are slightly higher than those 

of the 6-7 dipole. This could indicate a closer proximity of the 5-6 dipole 

to the mineralization than the 6-7 dipole. It was on this ass it tion that 

boreholes 0410 and A413 were sunk on the locations shown in Fig. 168(b), 

Indeed they proved that the assumption was correct, but it was known before- 

hand that the target would be narrow (less than 50 meters). Therefore, in 

an area without any previous knowledge of the size of the conductor, its 

precise location, particularly if it is nach narrower than the dipole 

spacing, is difficult to determine. The depth to the top of the minerali- 

zation under this line is estimated to vary between 60 and 65 meters. 

The ancmaly of line 4 (Fig. 172) is centered on the receiver dipole 

6-7. High values on n=2 and 3 were also recorded on the 7-0 receiving 

dipole. As with the previous line (3).. it is difficult to ascertain which 

is the furthest dipole which begun to show values above background, because 

of the other ananalous areas. The shape of the anomaly is again simple, 

controlled by the receiver dipole readings and attaining therefore a 45° clip 

to the west due to the c ventional plotting which is ampioyed. This line. 

(4) shawl very convincingly that it is a single leg ananaly, i. e. without 

high values on the transmitting pole readings when located over the rnineral- 

ization. The geological section along this line (Fig. 168 (c)) , deTanstrates 

that the mineralization is directly under stake 6. Fran the gecmyý of th(i 

mineralization shorn in other lines, it can be assumed that it has a certain 

width extending therefore for see distance west of stake 6 (towards stake 7) 

and not much beyond the intersection of the inclined borehole A3ß5 . 
Irrespective of thQ above assumptions, the mineralization is around 

Stake 6. Ccrxared with the geophysical results (Fig. 172) , it is 

observed that the anci waly is centered on dipole 6-7. Again this ; roves 
that the g lysical results are capable of showing the location 
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of the rmineralizaticn, but with only a fair degree of accuracy. 

It is unfortunate that there are no drilling results between the 7-8 receiving 

dipole which could explain the high values on the n=2 and n=3 readings 

of this dipole. Ho Yver, from the geology of Petra mineralization, there is 

no reason to believe that this will have a greater width in this area extending 

thus well under the 7-8 dipole area. The depth to the top of the mineral- 

izaticn under this line is about 90 nbters. 

Finally, it is worth noting that the as litudes of the ananalous 

readings do not appear to depend greatly cn the depth of the mineralization. 

The r cimmL amplitudes recorded on line 4 where the mineralization is at a 

depth of 90 meters, was alrost equal to the corresponding values on line 2 

where the mineralizatic n is only at a depth of 40 meters. 

The third ana7alous area was recorded only on lines 3,4 and S. This 

anana y was not drilled after the presently described I. P. survey. Haaxver, 

fei past drilling it is known that the Mvridhia Fault is in places strongly 

prcpylitised with sulphur values up to 5%. Indeed, boreholes &3, AS,, A4 

X163 and 11234, have all proved the existence of sulphide containing propylite 

up to 20 peters in thickness (&3), at the boundary between the. U. P. L. and the 

L. P. L., i. e. the 14avridhia Fault. (The depths at which this mineralization 

was enccuntered in these boreholes is noted on Figs 167 and 168) . 

The third anomaly on line 3 appears in the east frcnn the receiving 

dipole 8-9 where it was recorded on both n=1 and n=2. Similarly, ampli- 

tuclas above 300 on the Msec 4 integral (Fig. 171) were recorded cn the adjacent 

dipole 9-10. In the next two dipoles (10-11,11-12) equally high values 

wer,,, rcýcrded on the n1 dipole separation daily. Further along the ling: the 

Id. T. I. amplit rtes decrease. 

'ihe saw ancmaly of line 4 extends frc i the receiving dipole 9-10 in 

the cast, recorded an both n=I and 2. This also applies for the 10-11 
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receiving dipole. But m the 11-1 2, w 1itudes above 300 (see Fig. 172) on tha 

NSsec 4 inte jral wr re only recorded on the n=1 separation. Further west 

beycad stake 12 the amplitudes decrease. 

On ling: 5 the an xna. ly starts from dipole 10-11 in the east with 

glitudes above 300 in the Msec 4 integral up to n=2. In the next receiving 

dipole an equally valued amplit d was only recorded in the n=1 separation. 

Further wist beyond stake 12 the arcplitudes decrease. 

In general, the N. T. I. arplitules of these ananalies are low just over 

t times the value of the background. Ccn rcd with the second ancxnaly 

it is cbserved that the responses of the third a canal y are generally lcmer. 

As it was stated above, this anc nalous area is attributed to the 

presence of sulphide mineralization along the plane of the mvridhia Fault 

which exists at depth in the area. As it is shown on Figs 167 and 168, 

this fault has a shallow dip to the south, and in the area surveyed geophysir 

tally it u icrlains lines 3,4 and 5. The ananaly of line 3 (Ficg. 171) 

exteixis frarii dipole 8-9 to 11-12, This appears to be in agree ircnt with the 

geology. The mineralized fault becares very shallow without mooch Evidence 

of Mineralization along its outcrop in the area of stakes 12 to 15, except 

for a very thin layer of gossan. Borehole AS has intersected at a depth of 

57 nesters 11 miters of mineralization. The shape of the ancinaly appears 

to be in ogre nt with the geology in the fact that the mineralization 

occurs in depth to the east, and beccoes shallow to the west. The ancxuly 

of line 4 extends mainly f ran dipole 9-10 up to 11-12 and f ram the drilling 

data it is kr"n that the Ilavridhia Fault is tainexaiized from borehole: A234 

to borehole: 05. No signs of mineralization were observed in borehole A16, 

j ananaly of line 5 indicates that the mineralization is limited in its 

lateral Extend in this area and is primarily in the region of stakes 10 to 

12. Boreholes A21 B and 4271 have found no mineralization when Intersected 
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the fault, suggesting a thinning out of the propylitic concentration in this 

area. 

3. Conclusions. 

From the preceding discussion it can be concluded that the two 

mineralized bodies in this area responded positively in the I. P. survey. 

The Petra mineralization, second (central) anomaly, which is a sheet-like 

body about 50 meters thick, standing alitost vertical, gave ananalom I. P. 

results which derrionstrated convincingly its existence. In general the 

amplitudes of the ancanalous values are low not exceeding by three times the 

background anplitudes. The shape of the ancr lies on the pseudosectional 

convention of plotting appear to be single-leged, dipping to the wamst as a 

result of this convention. The ananalies are centered about the receiver 

dipole readings arxd they are located over those dipoles which are over or 

closer to the mineralization. It is incortant to note that only the receiver 

readings taken across the dipoles which straddle or are the closest to the 

nineralizaticn., shrew anaraalous results. This leads to the irrrortant aspect 

of the location of the mineralized body with respect to the geophysical grid. 

Fran the preceding discussion it can be concluded that the cause of the 

ana ialous responses must be looked for under the area of the receiving 

dipole which gave the highest values, and it must not be excluded fran extending 

for sam distance into adjacent dipoles. In the case: that two adjacent 

dipoles give approximately the same values, then the cause for the ancmly 

must be looked for in the area of the coctit pole. Another conclusion which 

can be drawn, is that at least for the geological conditions in the area in 

question there is no significant decrease of the litude of the responses 

with the increase in depth of the mineralization, nat least in the range of 

depths this occurs at Petra. 

The mineralization which is fontxl locally along thc= ply of the 
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tsavridhia Fault, was also dcrnDnstrated convincingly on the, I. P. results. 

The anomalous responses are gea rally law and exceeding by three times the 

backgrourxi amplitudes. The ananaly is broad aryl concentrated on th :s call 

dipole separations, verifying the fact that the mineralization itself is broad 

and not extending in aepth. 

B. The Resistivity R suits 

1. Presentation of Results. 

a. Line 1. 

The resistivity results of this line are illustratod on Fig. 174(a). 

The resistivity (p/2Tt) values are generally 10w except at the center of the 

line, eentexed around stehe 7. The background values are below 2.0 x )n, 

whereas in the ancoalous area they have ax axirn n of 11.6 x 2n ohm-meters. 

It is interesting to note that this anomaly seems to be concentric about 

a point near stake 7 and does not appear to be controlled in My way by a 

receiver dipole or a transmitter pole as in the N. T. I. anomalies described 

above. -11-here is also an increase in the resistivity values at the owl of 

the line. 

b. Line 2. 

The resistivity rt: sults of this line are illustrated on Fig. 174(b). 

Low valms almost generally below 2.0 x 2n ohnrrr_ters were recorded on both 

ends of the line with a resistivity high occupying its central part Qjlter 

about dipole 8-7. The anaaaly appears to be roughly concentric with prost of 

the high values concentrate on the small dipole separations, except for one 

case on the n=4 dipole 
-separation. There does not appear to be any 

dependence of- the resistivity anccnaly on the receiving dipoles or the trans- 

mitting poles. 
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c. Line 3. 

The resistivity results of this line are illustrated on Fig. 174 (c) . 

The main feature of this line is a broad area of high values centered about 

the n=1 separation near stake 9 and extending up to stake 6 to the cast, 

and stake 12 to the west. As with the previous lines, the anomalous readings 

are concentrated in the n=1 dipole separation decreasing towards the 

higher values. To the east the resistivity values drop below 2.0 x 2n ohm- 

ne-ters but increase slightly above this value on the 1-2 receiver dipole 

readings. West of the main ancznaly the resistivity values remain above 

2.0 x 2n ohni-meters up to the last receiver dipole reading where they drop 

just below 2.0 x 2n of n-meters . As with the previous lines, the central 

anomaly is not controlled by the receiver dipole readings as with the ci. T. I. 

results. 

d. Line 4. 

The resistivity results of this line are illustrated on rig. 17 5 (a) . 

,, -, he pseuiosection can be divided into two parts. The eastern part with values 

generally below 2.0 x 2n olim-mters and the western part with higher values . 

the highest values appear again on the n=1 dipole separations and decrease 

in the higher separations. 

e. Line 5. 

The resistivity results for this line are illustrated on pig. 175 (b) . 
The pseudosectjonal plot can again be divided into two parts: an eastern 

C with generally low values, below 2.0 x 2rt, and a western ooze with generally 

higher values ` above 2.0 x 2n ohm-meters. As before:, the ana ly has its 

highest values on the small dipole separations. From th; -% contours it appears 

that the highest values were recorded cn the 11-12 receiver dipole. In 

addition, it is observed from the 3.0 cCnt, Our that the 7-3 receiver dipole 
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also gave higher values than expected f=r i the 11-12 centered ammlous 

pattern. 

2. Discussion. 

Fran the results presented above it can be directly stated that the 

resistivity values failed to shave the presence of the Petra mineralization 

in this area. For this it is considered pertinent to ca are the resisti- 

vi, y with the I. P. results and also the 'drilling data. 

On line 1 the resistivity ancrialy is narrow and can be said to 

coincide with the N. T. I. results of this line (Fig. 169) , except fran. the 

fact that the high N. T. I. does not cmcentrate only on the small dipole 

separations. Ccr xared with the geology-, drilling results, it is observed 

that the resistivity high coincides with the mineralization along this line. 

Frcm all the boreholes close to this line (1), see Fig. 167, only boreholes 

a74 and 0418 encountered mineralization. 

Line 2 also scows a relatively limited resistivity an Sly which 

c :s not appear to coincide well with the N . T, I. results (Fig. 170) . ! be. 

differencal, between the two patterns is that the N. T. I. ana; loos values are 

centered about the dipole 6-7 and extend up to n=4, whexeas on resistivity 

the. ancmalcus values are the highest on the 7-8 and rer-, ain mostly on the 

snaU dipole sel.: jaration. Ccrcpared with the geology it is observed that the 

Petra mineralization in this area is considered to be centered about stake 6. 

In this case the resistivity high does not coincide with the mineralization. 

The N. T. I. pattern of line 3 (Fig. 171) shows for the first tirx% 
the second I. p. anaraly, indicated by high values in the small dipole separ- 

ation centered about stake 10. On the resistivity results of the sax : lin., -3 

the resistivity ancialy is broader than in the previous lines and with loa, r 

values. it z ppears, thexefore, that the resistivity ancmly recorded on 

this 
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this lire is caused by the same effect which produces the U. T. I I. anc Moos 

values in the region of stake 10 (Fig. 171). The N. T. I. ana raly and the 

mineralization itself are located near stake 6. However, in the resisti- 

vity results there is no significant change around this stake. 

Ccxrparing the resistivity and the N. T. I. results of line 4, it is 

evident that the resistivity high can be correlated with the high N. T. I. 

values recorded in the region of stake 11 (see Fig. 172). In the region 

of the N. T. I. ancoaly caused by the mineralization (stakes 6-7) there appears 

a 1l inflection in the 3.0 x 2Tt contour value: which turns to include the 

7-8 receiver dipole. readings. This could indicate an increase in the 

resistivity values in this area probably caused by the Petra mineralization, 

which in this area is at a depth of 90 meters. 

Lastly a ccr risen of the results of line 5, shows again a cor- 

relation between the resistivity high and the N. T. I. valwcs in the 11-12 

dipole region (Fig. 173). The curly indication of the N. T. I. an c aly on the 

7-3 receiver dipole, is the broad inflexion of the 3.0 x 2n contour value 

which indicates higher values than expected in the 7-8 receiver dipole. 

Fred the geology of the area it is fa n that there are two different 

mineralizations in this area. The first is the Petra mineralization and 

the second is the mineralization along the plane of the Mavridhia Fault. 

rille only case where there was described a definite coincidence between the 

I. p. and resistivity results was in line 1 where the Mavridhia Fault does 

mt overlie the Petra mineralization. Line 2 begins to show a broader resisti_ 

V, ty anc y carrpared with the I. P. anaMly which does not exterr3 beyorx 

e 3-9 receiver dipole. This ananaly is attributed to the Mavridhia Fault 

mineralization which, hawever, does not extend beyond sie 9 as conf irn d 

by borehole A232. The resistivity high in the n=4 dipole separation of 

the 6-7 receiver dipole could probably be attributed to the Petra mineralization 
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which in this area occurs in depth under this dipole. On line 3 the 

resistivity ananaly becxit s broad and appears to mask any significant 

responses fran the Petra mineralization. As it was indicated by borel oles 

in this area, the Mavridhia Fault is mineralized with up to _` meters of 2% 

sulphur over the Petra mineralization (boreholes A413 etc. Fig. 163(b)). 

Borehole 4333 found no mineralization along this plan:, but further west 

the fault plane is well mineralized as it was described above. On line 4 

the resistivity ananaly is mainly in the western half of the line caused 

by the extensive mineralization along the Mavridhia Fault plane in this area. 

Borehole A414 also intersected 3 meters of mineralization with 5% sulphur 

along the fault plane but this appears to be lindted at least to the east 

fron the negative results of borehole A385, see Fig. 168(c) . As it was 

stated earlier the soll inflexion in the 3.0 x 2n contour corresponding 

to the 7-3 receiver dipole results along this line could correspond to the 

Petra mineralization. On line 5 the resistivity enanaly in the western half 

of the line appears to have a smaller extent than in the previous lines (3 

_i 
4) and this is in agreement with the I. P. results, Boreholes &203 and 

A218 did not intersect any mineralization along the i-3avridhia Fault piano . 
This suggests that the increase in the resistivity values in che readings of 

the 7-8 receiving dipole can be attributed to the Petra mineralization, whereas 

the high resistivity values in the vicinity of the 11-12 dipole are due to 

the mrvridhia Fault mineralization. 

3. Conclusions. 

From the preceding discussion it can be concluded that both the, 

mineralizations in this area, the Petra and the Mavridhia Fault ninerali- 

zations are characterised by high resistivity values. The Petra mineralizes-- 

tion was clearly indicated by the resistivity results only on line 1 aria 

possibly 5. In the rest of the lines it was masked by the overlying Mavridhia 
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Fault mineralization. On lines 2 and possibly 4 this masking was partial 

but on line 3 the Petra mineralization was totally masked out krj the 

extensive, low dipping and relatively thin layer of mineralization. 

C. conclusions 

The geophysical survey presented and discussed above represents an 

exxiple of a routine I. P. and Resistivity survey carried out for sulphide 

mineralization. The targets in this area were two different bodies of mni erali- 

zaticm vwith genetic relationship but disposed in different ways. The first 

being vertical and relatively thick, whereas the second dips gently at a 

shallawer depth, but much thinner. The grade of the two mineralizations 

on the average was about the sue. An important feature of this geological 

setting was the fact that the second mineralization was in places overlain 

by the first. The I. P. survey demonstrated the existence of these two 

mineralizations and succeeded to show distinctive and convincing I. P. 

x lies which proved not only the existence of the two in neralizations 

in depth, but also their shapes and their gecmtrical dispositions. The I. P. 

an j alies demonstrated with relative accuracy the position of the %-Ortic. al 

jralization and also suggested its extent in depth. With regard to tM 

shallow seated and low dipping second mineralization, the I. P. survey was 

equaly successful. The Resistivity survey over this geological setting 

also c. Kon strat©d the mineralization, in fact as resistive and not conductive, 

in both cases. however, it failed to discriminate between the two bodies as 

it resp ed even to a small thickness of the second mineralization which 

overlies the first (vertical) mineralization. 
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IV. GENE, RAL MICU SIGNS 

One of the Host it ortant envir rams which favour ore deposition 

is the intersection of two major fault structures, one of thur representing 

the feeder of the mineral3z ing fluids. Typical examples of this type of 

deposits are found in the Ralavassos Mining area where the role of the feeder 

was played by the Mavridhia Fault, the most prominent tectonic feature in 

the area. This supplied the necessary solutions which form d pyritic 

deposits, in sane cases of significant size and grade, in four different 

environments all related with N. F. trending structural features. These are 

the j'lavri Sykia - Landaria zone, the Mavridhia zone, the r-busoulos Orebody 

(Fig. 1), and the Petra zone described in this Chapter. From this it is 

understood that the Petra type envirorirr nt is of pararmunt importance in 

mineral exploration in Cyprus. In fact the purpose of this Chapter was 

to investigate the applicability of the I. P. nithod under these conditions, 

i. e, whether the method and particularly as applied in routine exploration 

(without recording the transient curves) is capable of locating 

concentrations of mineralization displayed in different attitudes along a 

particular mineralized fault plane (feeder fault). Indzed"the results 

presented in this Chapter proved that the I. P. survey succeeded in discrimi- 

nating between the riavridhia Fault mineralization which represents the feeder 

fault, and the Petra mineralization which occurred at sane point along the 

strike of the Mavridhia Fault. Fran the shapes of the I. P. anarialies it 

was possible not only to recognise the existence of mineralization with a 

different attitude, but also to locate the concentration with relative 

accuracy and to recognise variations in the concentrations of mineralization 

alcng the feeder fault itself. It is important to note that the grad(3, 

of ra alization involved in both cases were not high, and what was called 

above "mineralization" was salletimes propyl tised (altered) lava with pyritic 
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impra ations averaging 1% sulphur. Together with the I. P. survey the 

research project included an investigation of the Resistivity method over 

this envirorient. The results presented and discussed above clonstrated 

that this method is certainly capable to locate this type of cainera-lizaticn, 

but it cannot discriminate between the two different dispositions when even 

a all thickness of low grade mineralization in the feeder fault overlies 

the differently disposed concentration. This effect deronstrated the 

superiority of the I. P. method over the Resistivity method in mineral 

exploration in this type of geological environment. 
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CHAPTER NINE 

a1 THE GEOPHYSICAL IESUTS OF TE KAMPIA AREA 

I. I1rr11oDuCI'Ia1 

The Kaanbia area presents a typical exar le of a ninExaliz. ed zone 

occurring in the Lager Pillow Lava terrain. Its location is sham in 

Fig. 1. This zone, which in the region of the I. P. test is narrow, has 

been responsible for the fox a tion of the nearby I' , is Orebody. This is 

a tt o-n llion tans orebody which was partly exploited in 1952-1958 by 

opencast methods. The purpose of the presently described research project 

was to investigate the I. P. responses over this type of occurrence which 

as mentioned in earlier Chapters, is important in mineral Exploration in 

Cyprus. 

The chapter begins with a description of the geology of the area 

with Scm attention to the nearby Hairbia Pit which demonstrates a typical 

horst-type E: rplaoement. This is followed by the presentation of the geo-- 

physical results recorded over the area which include the Il. T. I, and the 

resistivity values. There is a discussion on the results of each parameter 

as carctpared with the geological information can the area based on the drilling 

results over the geophysical targets. 

/ II. THE 
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II. 711; crnrJOGY OF THE Y, AM: EA AFB 

The geology of the K nbia area is illustrated in Fig. 176. This 

shows the : bia Orebody in the southeast being in line with yin e . 
lcngateci 

gossan which occurs to the north ust of the orebody. The background 

consists of Lower Pillow Lavas with andesitic lava flows and intrusions. 

To the north of the mineralßz al zone there is a limited development of 

picrite basalts of the Upper Pillow Lava Series. 

Two different grades of mineralization may be distinguished 

in the Kambia Orebody.. The first type includes the weakly mineralized 

stocks rk type mineralization consisting of highly brecciated rocks irripre- 

gnatc3d with pyrite, together with sulphide and silica veining beten the 

breccias. The secorxl is the strcngly mineralized type which itself may 

be divided into the medium grade mineralization, similar to the stockwork 

type but with more intensive brecciation, stranger impregnations and 

sulphide veining, and the massive pyritic ore. 

The shape of the orebody has all the typical characteristics of 

a horst type structure as described in Chapter Two, Fig. 177 illustrates 

two sections across the orebody. Both show that the orebody is bounded 

by two major faults. These faults are very sharp and are clearly seen 

on the pit walls. 

The soot iestern boundary fault of the Mc m- is Orebody appears to 

extend to the northwest for a distance of about 100 r. tern beycrxl ttic; pit. 

ruraler northwest, about 200 meters from this point (see Fig. 176) , there is 

a strong and elongated gossan which is clearly defined between t parallel 

faults. In the area between this gossan and the extensicn of the southeastern 

fault there are two all patches of gos sanised material appearing through 

the cultivated fields in that area. For this it was suspected that the 

/ Rmbia 
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Karnbia Orebody structure extends to the northwest, reappearing on the strong 

gossan 200 maters to the north st and concealed in the space between the. 

As it will be demonstrated in the next section strong geophysical. sncm? ies 

were recorded in the area northwest of the Karrbia Orebody. On these 

anunalies a total of eight boreholes were sunk. The first to bare-holes 

, vpre drilled with the purpose of investigating the geophysical anarnalies 

and in addition to investigate the hypothesis that the southeastern boundary 

fault was a post mineralization structure which cut and displaced laterally 

to the northeast the 'º is orebody. Both these boreholes, Ica 32 and Ia) 33 

(Fig. 176) were negative. Their logs are shown on Fig. 173. All the 

oti r bore`noles were drilled solely on the basis of the geophysical results 

and all of thra intersected mineralization. Their location and logs are 

shown on Figs 176 and 178 respectively. 

From, the drilling results it was proved that the &-mbia rwi ne-ral.! z. cd 

zone indeed extends to the northwest covered only by a thin layer of roil 

of about two peters thick. The grade of this mineralization in -o-u# ; ur 

varies fron a few percent to values up to 30%. It is generally considered 

at, - averaging about 10%. The mineralization has also sa cor p-r e. -Id z iro 

vales. 

/III 
. TUE: 
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III. THE GEOPHYSICAL RESULTS 

The geophysical survey consisted of nine parallel lines crossing 

at right angles the suspected mnineraliz ed zone. The layout of these lines 

is sham on the geological map of Fig. 176. The line spacing was 50 maters 

with an equal electrode spacing. The survey was carried out with the pole- 

dipole configuration, and readings were taken at the n= 1-4 dipole separa- 

s, The period of the energizing current was 8 secs at an cap/off ratio 

equal to unity. The I. P. transient was recorded at four points along the 

tim axis, na rely at 55,130,280 and 580 msecs, The geophysical parmy--ters 

recorded and studied are the N. T. I. and resistivity. These results are 

presented and discussed below. 

A. The Nonnalised Tina Integral 

1. Presentation of Rosults. 

a. Line 1. 

The results for this lire are illustrated in Fig. 179. This line 

was surveyed only up to stake 8 because of the existence of dips from the 

opencast mining along its remaining part. Fran the first integral (Ms 1) 

it is evident that ananalous readings were recorded on the 4-5 dipole position. 

This arvanalous pattern is mire pronounced in the higher integrals. It is 

interesting to note that the readings corresponding to the transmitting 

pole position 5 are higher than the background vales. Together with the 

receiving dipole anomaly it fonng an asymcr trical "boomerang" shaped ancmaly, , 

huch stronger on the receiver dipole readings. Another important feature 

on this ananaly is that the anpliturie of the N. T. I. decreases with increasing 

dipole separation on both the receiver and transmitter a 11. 

/ b" Line 
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b. Line 2. 

The results for this line are illustrated in Fig. 180. The presence 

of an anomalous pattern is evident fraº1 the first integral and is c3s tra- 

ted more clearly in the higher integrals. The ananalous readings were 

taken on the receiving dipole 4-5 and less strcmgly on the 5-6. It is 

interestir to rots: that some increase in the integral values is evident 

on the readings taken with the transmitting pole at 5. This is more 

evident on the Msec 2 integral pseuc]osection. The resulting ananalous 

pattern is again one of a "boo t rang" shape but with a much stranger value 

on the receiver dipole readings. 

c. Line 3. 

The results for this line are illustrated in Fig. 181. "me presence 

of an anomalous pattern is evident again fron the first pseudosectional 

plotting. The ancmalcus values were recorded primarily on the 4-5 receiver 

dipole. Slightly lower values but still higher than background were 

recorded on the 5-6 receiving dipole. This ancm3lous pattern is titre 

pr ced in the higher integral values. Another feature of this pattern 

are the higher than bad%Tound values recorded on all separations of the trans- 

tting pole 5. This is evident on the last three normalised integral 

values. In general the ananaly is controlled by the 4-5 receiver dipole; 

readings. 

d. Line 4. 

The results for this line are illustrated in Fig. 182. The presence 

of anacmalaus readings is evident fron the pseudo sectional pattern on the 

first integral. The anomaly was recorded by the receiver dipoles 4-5 

and 3-4. In all the pseudesecticaial patterns it is also evident that the 

transmitting pole 4 gave rise to slightly higher values than background, 

xoducing 
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producing therefore a "bocerexang" shaped anomaly which, however, is much 

stronger on the side of the receiver dipoles. 

e. Line 5. 

The results for this line are illustrated in Fig. 183. The pseudo- 

sectional patterns of all integrals show very clearly &n asynmatrical 

"boomerang" shaped anomaly. The strong leg of this anomaly cor. -esponds 

to the receiver dipole 4-5 and to a lesser degree dipole 3-4, whereas the 

weak leg corresponds to the transmitting pole 4. It is worth noting that the 

readings which on the pseudosectional conventions of plotting occur 

directly under stake 4, have values which are much lower than the background 

values recorded in the rest part of the line. Fran the Msec 1 integral 

it appears that these low values are controlled by the receiver dipoles. 

f. Line 6. 

The results for this line are illustrated in Fig. 184. The psci - 

secticnal patterns shave in all integrals an asytmetrical "boamerang" shape 

aruinaly. The strong leg of this ancrnaly corresponds to the 4-5 and 3-4 

receiver dipole and the other leg to the transmitting pole 4. i3et 

these two legs the readings attain very low values. The mgnit des of these 

valui3s seta to decrease in the higher integrals. This is particularly 

. , 3ýdent in the ý1sec 4 where it is also obvious that the low responses arc- 

controlled by the receiving dipoles. 

Line 7. 

The results for this line are illustrated in Fig. 185. The psexio- 

sectional patterns of all integrals show that the 3-4 receiving dipole 

recorded ancmalcus values in all dipole separations. Another area with 

slightly higher values than background was recorded in the region of 

stakes 6 to 8. This anomaly is none apparent in the Msec 3a Mscc 4 

plottings. 
/ h. Line 
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n. Lim S. 

The results for this line are illustrated in Fig. 186. A weak 

anctaly was recorded on the 2-3 receiver dipole. This beoames evident 

in the high integral values. A second area of slightly ananaloas values, 

again more apparent on the Msec 3 and Msec 4, was recorded centered about 

the dipole 7-8. 

i. Line 9. 

The results for this line are illustrated in Fig. 187. A weak 

I. p, anctaly appears fron the first integral values beecx'ing clearer in the 

higher integrals. This is centered about the receiver dipole 2-3. Sam 

high values were also recorded in the northeastern half of the line, the 

most prominent being cn the 9-10 receiver dipole. 

2. DiscussiOn. 

The results presented above demonstrated that the I. P. survey carried 

cunt in the area delimited well defined anamlies cn all. lines. Almost all 

these anc t alles were subsequently drilled proving that indeed mineralization 

is located where it was suspected to exist. However, a number of important 

points regarding the location of the ancmalies with respect to mineralization 

call for discussion. 

The geological. study of the area carried out before the geophysical 

Vey proved that at least over liras 6 and 7 and possibly 5, there 

existed a mineralized body with very steep dip - perhaps vertical, and with 

a narrow width. This was indicated by the gossan in that area. mie first 

indi, catian which was presented by the geophysical survey was that this 

minaralizaticn extends between the gossan and the Kmbia Orebody. Further 

it proved that it terminates on the surface in the area between lines 7 and 8 

/and is 
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and is displaced to the south. The termination was also suspected fran 

the geology. The boreholes which were subsequently sunk, namely boreholes 

IB 34 to KB 39 (Figs 176 and 178) verified the above asst ticn based cn 

the geophysical results. Fran the negative results of borehole KB 32 

and KB 33 and the small thickness of mineralization encountered on borehole 

IB 36, as well as the shape of the exposed mineralization - the gossan, 

it was proved that the mineralized body had a marrow extent and an almost 

vertical dip. The average grads of this mineralization in sulphur was found 

to be about 10%. In sane places it had grades of over 20% sulphur. 

It is interesting to examine now the I. P. respcnses of this vertically 

standing and narrow body of mineralization with respect to its actual 

location both vertically and laterally. Frcm the results presented above 

it is possible to distinguish three types of geophysical anaralies. The 

first type includes those axunalies in which anana]ous values were recorded 

prinarily on a single receiving dipole. Emile of such anamlies are 

those of lines 7,8 and 9 (Fig.:.. 185,186 and 187 respectively), The second 

typo represents those anomalies which were recorded primarily on a single 

giving dipole and one transmitting pole (one of the two of the dipole) , 

exrrplifiea by lines I and 3 (Figs 179 and 181 respectively). The third 

type includes those anomalies which were recorded on two adjacent receiving 

dipoles and one transmitting pole, always the camxn pole of the two dipoles. 

F uples of these anctualies are lines 2,4,5 and 6 (Figs 180,182,183 

and 184 respectively). Certainly these different types of anomalies are 

not accidental but they are related with the position of the mineralized 

body with respect to the geophysical grid. 

The first type of anomalies were recorded can lines 7,8 and 9. 

L zminirig the extent of the mineralization on line 7 it is observed that this 

is located between stakes 3 and 4 node of than being located over the mirer3ij- 

zation.. The an nal es of lies 8 mid 9 are similar but the mineralization 

/ is not 
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is not exposed and not even looked for by drilling after its lateral dis- 

placei nt to the south. St what similar to this first type of anomaly 

is the second type represented by lines I and 3. These ancnalies were 

drilled on stakes 5 which on each line gave ancaatous values in the trans- 

mitting poles. These were boreholes KB 35 and KB 36. Fraa the drilling 

results which were in both cases positive, it was proven that these points 

were underlain by -ý alization at shallow depth. Borehole KB 32 which 

was located between stakes 4 and 5 was negative indicating that the minerali- 

zation does not exte much along this dipole although it has shown anomalous 

values. Borehole IB 36 proved that the mineralization does not extend rauen 

beyond stake 5. Fran the above data, this type of anuml y is interpreted 

as being caused by a mýineralizcd body which extends at most of its width 

between a certain dipole, that giving the anmalous values, and one of the 

poles being right ova r the mineralization. This is the pole which gave the 

encimalous readings when the ground was energised through it. Compared 

with the first type of anomaly it is observed that the first type of anomaly 

appears to correspond to mineralization located entirely within a dipole. 

The third type of I. P. ancmaly is that of lines 2,4,5 and 6 in 

which two adjacent dipoles gave almost equally ananalc&us responses. The 

ancrnaly of line 2 was not drilled. But those of lines 4,5 and 6 ware 

drilled, the bore: holes being numbered KB 34, KB 37 and Ka 33. This type of 

anc ly is interpreted as being caused by n iw ralizatien which extends partly 

cn one dipole and partly in the other. The ca: n stake when used as 1 

trans, itting pole gives anomalous values. It is expected that the dipole 

which encloses the greatest extent of mineralization is likely to recur; the 

highest I. P. respenses. Hom ver, this was not proved so f-w on the pr sently 

described targets. 

A questiai which can be raised regarding the anaº lour values recorded 

/ by the 
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by the transmitting pole is whether these were recorded because the pole 

overlies the mineralization, or the mineralization itself is very close to 

the surface. There is no sufficient information to answer this question 

at least in the area described in this Chapter. 

An important point which was proved by both the I. P. ancxnalies and 

the r. ralizatin regarding the representation of results in pseuciosectional 

plottings, is the fact that the ananalous results were mainly recorded when 

tha receiver dipole was in scm relationship with the mineralization. And on 

a pseedosectional plot this is de nstrated by the fact that the c mtourod 

patterns are always inclined and controlled by the receiving dipoles which 

are closer to the mineralization. An analogous phenarl ncn is observed for 

the transmitting pole anat lous readings. 

Another inportant point which was obse- veI on scene lines and parti- 

cularly line 6, is that when the receiver dipole was on the one side of the 

mjraiization and the transmitting on the other, none of than being over it, 

the i. p. responses were very tar indeed roach lower than those of the barren 

row, on the pseudosectional plotting this phencmencn is daxrtstrat by 

the "boamrang" shaped ancmalaus pattern, the concave part of which has these 

low values. 

3. Conclusion . 

Fran the preceding discussion it can be concluded that the I. P. 

survey carried out over the area to the northwest of the Xmbia Ordxdy, 

detected successfully the extension of the mineralized fracture zcne associated 

with that body into that area and its eonnectio i with a nearby gossan. The 

i. p. ancmalies were very well defined and sharp and were mainly record on 

receiver dipoles. On drilling these anomalies it appeared that the the 

mineralized body is narrow and almost vertically standing. 

Three 
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Three different shapes of anomalies were recognized each me 

corresponding to a certain relationship of the mineralization with the 

location of the receiving and transmitting poles. Fri the results presented 

and discussed above it can be concluded that when a narrow body of minerali- 

zation occurs within a certain dipole, significantly high I. P. values are 

recorded only on that dipole. If the mineralization extends over one of 

the poles of the dipole, then high readings are recorded on the two dipoles 

involved according to the degree of extent of this mineralizatic, and also 

on the transmitting pole corresponding to the position over the minerali- 

zation. There is not sufficient information frort this area that the trans- 

mitting pole can give high readings when the mineralization is not close to 

the surface. 

Another conclusion which can be drawn fron these results is the 

usefulness of the pseudosectional convention of plotting which danonstratcs 

clearly f ran which receiving dipole or transmitting pole each reading was 

reco. 

B. The Resistivity Results 

I. Presentation of Results. 

a. Line 1. 

The results for this line are illustrated in rig. 188 (a). This shows 

an increase in the resistivity values on the 5-6 receiver dipole with values 

of p/2n up to 3.15 ckrn-meters, whereas the barren rocks are, generally about 

1.25 oh rmeters. A cczt arison with the I. P. results (Fig. 179) shows that 

the two anomalies do not coincide, the I. P. anomaly was recorded with very 

strong values on the 4-5 receiver dipole together with a significant increase 

in valix-. s of the transmitting pole 5. 

/ b. Line 2. 
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b. Line 2. 

The results for this line are illustrated on Fig. 188 (b) . This link: 

shows no significant variations in the resistivity values. In general the 

background values are slightly higher than the previous line. These values 

increase in the northeastern half of the line; except for an area of lower 

values centered about the 7-8 receiver dipole. Cmpared with the I. P. results 

(Fig. 180) this resistivity section does not show any similarity with the 

I. P. pattern which has an area of anczialous values centered on thy: 4-5 amd 
5-6 receiver dipoles. 

c. Line 3. 

The results for this line are illustrated cap rig. 188 (c) . The resi- 

stivity values are generally low. The most significant feature of the pseudo- 

section is the low region recorded an the 7-8 receiver dipole which is 

surrounded an both sides by values generally above the background resisti- 

vity values. Carpared with the I. P. pattern (Fig. 181) there appears to be 

no ref lectian of the I. P. ancxnaly recorded can the 4-5 receiver dipole on the 

resistivity results. 

d. Line 4. 

The results for this line are illustrated on pig. 189 (a). The main 

feature of this pseudosection is a resistivity high area center about 

the receiver dipole 3-4, and to a lesser extent 4-5. To the northeast of 

this area in the region of stake 8 there is a well defined resistivity low 

followed by another region of slightly higher resistivity values at thc: end 

of the line. A comparison with the I. P. results along the saner line (Fig. 1U2) 

indicates that there is a certain correspondence between the I. P. ananaly 

centered on the receiver dipoles 3-4 and 4-, and the resistivity high about 

the 3-4 receiver dipole. 

/e. Line 
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e. Line 5. 

The results for this line are illustrates on Fig. 169(b). This line 

demnstrates a slight resistivity increase about the 3-4 and 4-5 receiver 

dipoles. Ccrc gare with the I. P. results it appears that the two anomalies 

co not coincide exactly. The I. P. anomaly was recorded mainly cri the 4-5 

receiver dipole.. Hover, anomalous values were also recorded on the 3-4 

dipole. 

f. Lines 6. 

The results for this line are illustrated on Fig. 189 (c) . This shcxjs 

a more canplicated Pattern than those of the previous lines. It appears that 

the receiver dipoles 3-4 and 5-6 recorded high resistivity values, thercas 

the 4-5 and 6-7 dipoles recordad low resistivity values, A caiarison with 

Fig. 184 which shows the I. P. results over this line, indicates that the 

highest I. P. responses were recorded on the 4-5 dipole. An nalous responses 

w re also recorded on the 3-4 receiver dipole and also on the transmitting 

pole 4. 

g. Lire 7. 

The results for this line are illustrated carp rig. 190(a). This line 

shows a relatively smooth pattern. The main features being a region of slightly 

i er values than elsewhere along the line, located about the receiver dipoles 

3-4 and 4-5. Another feature is a slight increase in the resistivity values 

in the area of the secticn inTWiately west of this low which is mainly 

defined by a single reading. A ccxarison with the I. P. results of thu- saazx: 

1i (Fig. 185) , which shrews the I. P. ananaly Centered on the 3-4 receiver 

dipole, suggests a poor eorrespon nce of the I. P. high values with the 

resistivity low. 

/ h. Ling 
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n. Line 8. 

The results for this line are illustrated on Fig. 190 (b) . The main 

feature on this psoudosecticn is an increase in the resistivity values centered 

about the receiver dipole 2-3. Another feature is a resistivity low area 

recorded on the 7-8 dipole. Caq) red with the I. P. results of this line 

(Fig. 186), it is observed that the resistivity high on the 2-3 dipole 

coincides with an I. P. ancnaly recorded on the saw- dipole. Further, cn the 

7-8 receiver dipole, where there is a decrease in the resistivity values, there 

is a slight increase in the. I. P. responses. 

i. Lire 9. 

The results for this line are illustrated an Fig. 190(c). This 

psaudosectßon shaws an increase in the 3-4 receiver dipole foil W by a 

cL: crease in the next dipole (2-3) . Further south under the regicri of stake 

3 the resistivity values are very low. Cca red with the I. P. results 

(Fig. 137) it is observed that there is a correspondence of thy: I. P. high 

values with the resistivity laws of the 2-3 rec. iver dipole. The resisti- 

vity law under stake 3 does ixt comes d to any significant variatio 

on the I. P. results. 

2. Discussion. 

Fran the results presented above it appears that the resistivity values 

(p/2n) recorded in the area are generally lcvw. Slight variatic s were 

observed in scare parts of the lines which in scit cases coincided with the 

nneralization known to exist in that area. These variations an., either 

slight increases or decreases of the background values. Belag there will be 

a short discussion on the significance of these variations in the resistivity 

valvu. =s " 

/ Fit 
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Fran the results over the different lines it appears that the resi- 

stivity values of the country rocks varies about a value of 1.5 x 2n ohm- 

n tern . The i axirýum and mininurz values recorded over the mineralization or 

in neighbouring dipoles were 3.54 and 1.09 x 2n otters. Frart these 

figures it is evident that the variations are indeed very low. However, 

very slight increases were observed on the resistivity values of scxa lines 

on aipoles tshich denanstrated high I. P. values and were proved to be related 

to mineralization, or adjacent to these. These resistivity highs are those 

recorded on the 5-6 dipole of line 1, the 3-4 and 5-6 dipoles of lines 4 and 

5, and the 3-4 dipole of line 6. Higher resistivities were also recorded 

on the 2-3 and 1-2 receiver dipoles of line 3, and the 3-4 dipole of lick 9. 

Lina 7 gave a slightly lower value over the mineralization only on the 

n4 dipole separation. Lines 2 and 3 show no variations at all on their 

resistivity values taken over the mineralization. 

Fraa the above it is apparent that the resistivity values recorded 

over the mineralization could either be equal to those of the country 

(barren) rocks or slightly above or below them. Certainly they do not 

attain significantly different values. Theoretically pyrite, or a massiv; 

pyritic ere is characterised by low resistivities. However,, in the present 

mineralization although the main mineral could be pyrite, the mineralization 

includes also other high resistivity minerals, such as silica originating 

frail the sar general phenat non as pyrite, which could act as an insulation 

between the pyrite grains. For this the mineralization in this area does not 

vppear to show any very low values as expected fron the theoretical resi- 

stivity of I-yrite, but sametines even slightly higher resistivities. however, 

one; thing which is certain fran these results is that the resistivity r, Lat i 

does not den onstrate amvineingiy the presence of min ralization. 

/ 3. Conclusions. 
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3. Conclusions. 

Fraa the results ani discussion presented above it can be concluded 

that the resistivity method failed to present convincingly strong evidence 

for the existence of any mineralization in the area. 7here are no signi- 

ficant differenc: s of the resistivity values over the mineralized gr mxi 

ccapared with those recorded over the barren rocks. 

/ IV " (O RAL 
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IV. HEAL cC7. SICZ IS 

The Y. Uia area together with its orebody represents an e} 1e 

of sulphide mineralization occurring' along a fracture zone, certainly the 

passageway of the irdneralizing fluids, which was locally concentrated forming 

the K: aubia orebody. It is suspected that this concentration of riinerali- 

zation was localised at an intersection of the Kairbia zone with another 

structure striking with an almost north-south trenl. The importance of this 

environn nt is evident. Econcunic concentration of sulphides could be found 

in both the mineralized zone itself and also at an intersection with 

another structure. In the area covered by the present survey the zone: has 

a relatively large width and it can form itself an eeoncmic concentration 

of sulphides. Fran the above it is obvious that this type of geological 

setting could be the subject of an exploration project. Such a project would 

aim in locating mineralized zones in the Lower Pillc w Lava terrain which 

could include econcraic concentrations either along their extent, or at 

other favourable locations related to the tectonic structure of the area 

as a whole. 

The I. P. survey carried out over the Ka nbia area, together with the 

lZesistivity survey, both being applied in a routine I. P. field progra mac, 

dýronstrated their applicability in the search for such zones of mine-rali- 

zation. It nust be admitted, fiver, that at most of its extent the presently 

surveyed area exhibited the mineralization at a very favourable condition, 

i. e. at very shallow depth. From the results presented and discussed in 

the previous sections of this Chapter, it can be concluded that the I. P. 

survey as applied in the field is capable in locating such zoms, not only 

when nearly exposed but also when concealed unier fresh volcanic rocks. Fra 

these results, which were investigated by consequent drilling, it was 

ccnclu&d that the actual location of this zone; with respect to the geophysical 

/ grid 
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grid can be decided with relative accuracy. In general it can be concluded 

that the I. P. nethod is capable to locate such narrow rnirnxalized targets. 

on the other hand the resistivity r et od appears to offer very little in this 

respect. The results obtained over the mineralization were nDt conclusive, 

suggesting that this method could not be applied in mineral exploration for 

such targets as a primary method but only in association with a more 

reliable one such as the I. P. methcd. 

/ rER 
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CHAPTER TEN 

THE APPLICABILITY AND LIMITATIaJS 
OF MFS INDUCED POLARIZATION I-Wn JO 

I. IN LROIX=i 1 

The purpose of the present Thesis is to investigate the applicability 

of the I. P. ra thod over the Cyprus sulphide mineralized zeroes all of which 

occurred within the Lower Pillow Lava Series. The preceding Chapters 

described the geophysical results over a nunber of areas where this minerali- 

zation is fourxl. In all cases it was desirable to exan&Ip the method 

over sitr)le geological envirc nts avoiding in this way other geological 

coax itions which could produce other geophysical cc licatiens . The 

Mathiatis area was an exaa le of high grade mineralization very close to 

the surface arxI partly exposed, together with a parallel blirul lc. r grade 

disseminated mineralization. The Klirou mineralization was an exposed 1CM 

grade mineralization, together with two other high grade blind zones, one 

at a depth of about 10 meters and the other at about 100 meters . The 

yj os mineralization was an exposed lcM-medium grade mineralized 

=1L.. At Vrechia the mineralization was in an exposed low grade body and a 

shallow slightly deeper body of high grade. The Petra area was an example of 

mineralization at the intersection of two major tectonic structures, one 

being the feeder of the mineralizing fluids, and the other being a fracture 

nornral to it. At this locality the lavas were partly overlain by younger 

cretaceous marls. The Kwbia area was a typical exm ple of a mineralized 

fault which in fact was the feeder for a nearby massive pyrite dexa, it and 

could be traced for a long distance to the northwest up to the upper Pillow 

Lava outcrop which is beyond the area of interest. The Agrck1pia B Orebody 

/ which 
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which was surveyed geophysically during the orientation study, was an example 

of a deeply seated sulphide body. 

Cn the basis of the results presented and discussed in the previous 

Chapters, it will be attarpted in the present one to discuss the applica- 

bility and limitations of the I. P. method in sulphide exploration in Cyprus. 

The Chapter begins with a study of the I. P. method as an exploration tool 

applied for the location of mineralized zones. This is followed by a 

discussion on the I. P. decay curve and the behaviour of the different para- 

meters which describe its shape, and their potentialities to give inlications 

of the grades of mineralization. Finally there is a brief discussion on 

the applicability and limitations of the resistivity methods since this is 

a no=aal oanpanion of the I. P. in field surveys. 

/ II. THE 
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II. TUE APPLICC7 BILITY OF I. P. IN MIT L EXPLOWiTIOU 

A. Introduction 

In all areas described in the previous chapters there was an extensive 

aco mt of ghat was considered as routine I. P. exploration. This included 

mainly the recording,, presentation and interpretation of simple par= tens 

describing the I. P. phenoanon, in this case the N. T. I. In this section 

thert: will be a thorough discussion on the results obtained in the different 

area,. This begins with an investigation of the magnitude of the I. P. 

responses over the different lithologies - mineralized and umujner ", eä 

rocks. This is followed by an investigation of the effect of depth on 

the values of these responses. Further, there is a thorough discussion can 

the effect of the size of the polarising body on these responses and its 

relationship with the electrode spacing applied. This is followLd by a 

discussion on the shapes of the anc i aloes patterns obtained on the pseu&). 

sectional convention of plotting. Finally there is an investigation of the 

effect of Mineral grade on the rignitude of the I. P. responses. 

Before entering into discussion it is pertinent to I ntion that all 

geophysical results were obtained under similar field auditions. The pole- 

dipole electrcde configuration with an electrode spacing of 50 meters was 

used throughout the survey. The period of energising current was kept 

oanst t at 8 sacs (2 cri, 2 off) at an c n/off ratio equal to unity. Further 

theu. T. I. wasbeing recorded at the smna tim, intervals in all cases, as 

described in Fig. 26. 

B. Tne Magnitixlo of the I. P. Responses 

In all areas where sulpýido mineralization was kmwn to t, 

irrespectivc of its grade, this was well indi catea by the I. p, results, In 

I aäditicn 
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addition no r mi: neralizxed bodies were discovered in some of the areas, the 

most table being the northern mineralization of the Klirou area. Thu I. P. 

p ienaremn was revarciea and studied at four different N . T. 1, values. Fran 

the analytical discussions presented in each Chapter, it generally appeared 

that the I. P. ancuk-il. i es were obvious from the lowest integral value Msec 1. 

fi ver, in many cases it was conclulod that the shape of the anomaly was 

becoming nore clearly defined with increasing integration tires. Ana in 

r ny cases the highest integral Mac 4 was referred to in the discussions, 

As a whole the values of this integral, Msec 4, were found to vary 

considerably throughout the presently described research. Evidently 

of this variation is related to the geological ocnditions in which each 

n ralization is found, such as whether exposed or in depth, and to what 

degree it is covered by uncmineralized rocks. In discussing therefore t ho 

gni of these responses, the geological envircnrmnt will be taken into 

account. Considering first the exposed mineralized bodies which were surveye ci 

- in all cases covered with a thin oxidic cap - these include the Klirou 

wr: stern mineralization, the Kokkinavounarc)s mineralization (lines 1,3 and 4), 

the , eastern mineralization at Vrechia, and lines 6 and 7 of the Kambia area. 

in the first area (Klirou) , the MMsec 4 values over the exposed ininerali- 

zation (Figs 98 to 102) vary fron a few hundred up to sixteen hux iced. In 

the Kokkinavcunares area (lines 1,3 and 4, Figs 122 , 124 and 125) the Msec 4 

values are much lower not exceeding the nine hundred. Slightly higher values 

but in general below the one thousand were recorded in the eastern minerali- 

zation in the Vrechia Area (Figs 154,155 and 156) 
.C the Ka rbia lines 

(6 and 71 Figs 134 and 185) the Msec 4 values are much jowl r just exeefxding 

the sLven hundred. As it will be discussed below this could be due to the 

fact that no electrodes were put into the mineralization, or even on its 

gossanised capping. 

/ For a 
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For a better un rstanding of these figures it is pertinent to examine 

also N. T. I. responses of the barren rocks in the Msec 4 integral. The KlirLm 

area barren rocks are generally characterised by maxinum values which range 

fron less than one hundred in the shall dipole separations to less than 

two hundred acid fifty in areas away from mineralization on the large dipole 

separations. In the Kokkinovounaros area, heuer, these values are gcTerally 

higher being in all dipole separations almost equal and generally higher 

than two hundred, exceeding in scan cases the three hundred. In the Vrechia 

area it is difficult to assign any values to the barren rocks since the lines 

were too short to have surveyed barren rocks far away fran mineralized ground. 

However, the lowest recorded Msec 4 integral values are aver three hundred. 

In the. K nbia area the situation is rather similar to that of Ko - 

naros. It raust be noted that the two areas are close to each othex. Eln= 

the above, it is evident that the I. P. responses obtained over apparently 

similarly mineralized grounds could be different. Similarly, it appears 

that the respaises obtained over barren rocks from different areas can also 

characterised by different litudes. It is interesting to note here 

the similarity of the Msec 4 values of the Kokkinwownaros and Y, ambia area. 

. In the latter, on those lines where electrodes were put on the thin cover of 

the mineralization, for example lines 4 and 5 (Figs 182 and 163) , the t'sec 4 

values are equal to those of the Kokkinavcunaros lines menticaied above. 

Further, it is interesting to note that the two areas wore surveyed at 

aif ferent periods of the year, the Kokkinovounaros in June; under hot and dry 

oanditions and the Nambia in early winter (Novunber and Dec er) under 

vet conditions. Most important, however, is the fact that the two minerali. 

zations are parts of the sarre mineralized zone and the barren rocks are 

similar as they fall in the saw region. Another important thing to have 

in mirxi is the fact that there does not appear to be a general shift of the 

values of the mineralized arxl uri ninerali zedground in the sr dizectic 
. 

(The possibility of instrumental effects raust be totally excluded because 

/ the instru : nts 
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the instru cr nts are calibrated with om-istant signals), 

F=, t the above discussion it is apparent that the degree with which 

a mineralization will be indicated by a field survey could depexl not cnly 

on obvious factors such as its depth and size, but also on the relative 

contrast of the values from the mineralized and unminc: ralized rocks. In the 

Klirou area where the background consists of volcanic rocks of the higher 

parts of the Lower Pillow Lavas, or the lower parts of the Upper Pillcz 

Lavas (lithologically this was not yet clarified).. the exposed mineralization 

is In)re clearly defined than in the Kokkinovounaros and K is areas. 

Although there are clearly differences between the I. P. amplitudes of the 

barren rocks, it is difficult to attest to cone to any conclusion regarding 

the values of the mineralized zones since their sizes are not catparable. 

in of er words it is assumed that the polarization of the mineralization 

will be nrci stronger if this has a larger extent than in the case: of a 

smaller mineralized body. This will be discussed in a further part of this 

section. 

C. The Effect of Depth an the I .P. Responses 

Fran the small ratio of the anomalous to bacl: grcxd values recorcted 

in the exposed mineralization of the '=bis and Kokkirkwounaros, areas, it 

is justified to question 1u such a mineralizaticn, particularly. a thin 

mineralized fault like the K is target will appear, if not exposed cap 

the surface, beirr covered by unmineraliz©d rocks. The in ortance of these 

structures rest not be underestimated. Their responses urxier a very thin 

cover of one to twO Meters of soil and drift is demonstrated by the results 

of lines 3,4 and 5 (Kaarrbia area, Figs 181,182 and 183). In the first the 

inineralization is indicated by only slightly lower values than those of lire 

6, and a]itost equal to those of line 7, 
r where the electrodes were not ply 

over the mineralization or its cmidised capping. A more drastic decrease 

/ in the 
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in the Msec 4 integral values appeals on lines U and 9 of the KamUia area 

(Figs 186 and 187) where the minerali zad zone is displaced and downthrown, 

covered only by barren rocks. Although there are not as yet any drilling 

results over these lines (8 and 9), wndaibtly the mineralized fault extends 

under these lines as proved by subsequent geo1iysical results northwest 

of this area. Irrespective of the above, it is observed that there is a 

substantial decrease in the values of the Msec 4 integral, the ananaly 

being defined by values less than one and a half times those of the enclosing 

rocks. Would such an anomaly be ignored in a different survey, after it 

is known that in this particular case it is related with a two million tons 

, piiide body, the Kz is orebcdy, five hundred meters away? A similar 

decrease in the N. T. I. values is also observed on lines 6 and 7 of the 

g; ýinovounaros area (Figs 127 and 128). 

The investigation of the effect of d, -Tth m the I. P. responses 

-u% in other areas such as at Mathiatis western mineralization, 
can be 
the ylircu southern mineralization and the Vrechia main mineralization. 

the first case, in the Mathiatis lines I and 2 (Figs 66 and 67) where the 

mineralization is at a depth of 9 and 20 meters respectively, it is observed 

that the responses are about equal, their maxima being just under five hundred 

in the 14sec 4 integral. It is noted that the respective values of the host 

rocks are relatively low. Armre correct indication is given by lines 4 

and 5 (Figs 69 and 70) of the sane area where it is cbser-ve4 that thZ are 

about one hundred and fifty in the Msec 4. On line 2 where the depth to 

the top of the mineralization increases by twice, the responses do not appear 

to decrease significantly at all. There is however, scar change in the pattern 

but this is related to the position of the electrodes with respect to the 

n , zed body which is discussed later in this section. The Klirou 

. soxlthe n mineralization gras recorded by lines 1 and 2 (Figs 98 and 99) . 

In the first it lies at ac th of about 15 meters, and in the secxvd 8m : ters 

/ under 
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under fresh volcanics. It is observed that the responses are generally 

the sane in both lines ranging fran nine hundred to over one thous on 

the n= 2-4 dipole separations. The first dipole separation reading is 

slightly higher in the first line than in the seccnd , contrary to the 

differences in the thickness of the overlying fresh rocks. 

Exsmining the responses on the Vrechia lines, first on lines 2 ar1 

3 (Figs 155 and 156) , it is cabserved that the anplitudes of the Msec s 

integrals do not differ significantly when the mineralization is at a depth 

ranging frcm less than a rater to as much as twenty meters. Ccx aring the 

readings of the receiver dipoles 9-10 and 10-11 of line 2, where in the 

first the mineralization ranges f ram ten to twenty peters in depth and in 

the second starts fron less than half a meter under a soil cover (stake; 11), 

it is observed that their values are almost equal. Similar amplitudes were 

recorded on the 9-10 dipole of line 3 (Fig. 156) with the mineralization 

ranging from about twelve to twenty meters, and slightly lower on the 10-11 

dipole of the s line with the mineralization being at about a depth of 

eight to eighteen meters. 

From the above discussion for parts of the Mlathiatis, Klirou and 

Vrechi. a ieraI izations, it appears that the mineralization could be indicated 

by different aavvlitudes in each area. With respect to the depth to the top 

of the mineralization, however, in a particular area there does not appear 

to be a significant variation in the N. T. I. amplitudes with increasing depth 

once the mineralization is covered by barren rocks, provided that this depth 

d, ars not exceed by match a certain value. This value is certainly crucial 

and sca idea of its magnitude is certainly desirable. This brings the 

discussion into the effects of an increasing depth to the top of the minerali-- 

zation. R---turning to the Vrechia main mineralizaticm it is noted that 

in the area of line I it is found at a depth of thirtyfc*ir to fortyb o 

/ meters 
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meters under dipole 10-11 (Fig. 153) , and at a depth of f if tythree rn 2tc rs 

under dipole 9-10, although there is strcng evidence of an uplifting of the 

rai. neralization in the region of stakes 9 to 8. Ex of ning the -Mplitucles of 

the 14sec 4 integrals for this line (Fig. 154) , it is observed that they 

differ fron those of lines 2 and 3 mentioned above being laver by as Hauch 

as thirty percent. This could indicate perhaps that the I. P. responses 

begin to decrease drastically when the depth of the mineralization approaches 

and exceeds the length of the dipole, in the present case about fifsty inters. 

The Klirou northern mineralization is a stage further in the 

discussion at the effect of depth. Assuming that its amplitudes when very 

close to the surface are not ich different fran those of the southern 

n ralization (Figs 98 and 99): it is observed that on lines 4 and 5 (Figs 

101 and 102) where it was intersected at a depth of about one hundred maters, 

the ? sec 4 amplitudes are as low as thirty to forty percent of those of 

tha southern mineralization. The Agrokipia B Orebody occurs at about the 

same depth under fresh volcanics. Although the magnitude of the Msec 4i 

integral in mooch shalla r positions is not kn » n, it is ebservea (Fig. 50) 

that the highest values are not nach different than those of the Klirou 

northern mineralization. Those of the korst rocks,, however, appear to be 

slightly lower than the respective ones at Klirau. In this way the ananaly 
is cad. 

v. The Effect of the Size of the Body ari the Electrode , acing 
A. P. IesponsOS 

The preceding discussion concentrated on the variation of te 

values of the I. P. responses under conditions of exposed I lization and 

investigated their decrease with increasing depth. As was mentioned 

during the above discussion, the amplitudes of these responses could also 

be affected by other conditions such as the size of the mirx: raliz od body, 

together perhaps with its grade. nie location of the electrodes with 

/ respect 
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respect to the mineralization is also important as mantianed in an :r of 

occasions in the individual Chapters. It is understood that this is related 

with the size, particularly the width of the neralizati n. This will be the 

subject of the discussion which follows below. 

Considering first the responses fran an used narrow mineralization, 

the best ei le is offered by the Karbia area. By narrow we certainly 

imply a relationship with the electrode spacing applied. In the case of 

the Y., bia mineralization this does not exceed the electrode spacing of fifty 

nxters. Its minirmzn width appears on the surface to be fifteen teeters. 

In discussing the responses fran this mineralization in tempter Nine, three 

different types of anomalies were recognised corresponding to the position 

of the receiving and transmitting electrodes with respect to the zone. 

In the first type, 10W I. P. )litudes are recorded in the case where the 

mineralization is much narrowX than the electrode spacing and falls between 

two electrodes, as on line 7 (Fig. 185) . In this the first electrode 

Separation reading is very low c cable with the litudes of the surround- 

ing rocks, the other responses (n = 2-4) not being significantly higher. On 

line 6 (Fig. 184) , however, where one of the electrodes is located directly 

cn the mineralizatian, the responses of the receiving dipoles increase with 

respect to the previous line. Sir; lar responses are shown by lines 5,4 and 

3 (Figs 183,182 and 181) . 'g' is is the third type of ancnaly recognized 

in Chapter dine. An ir. ýortant feature of this ananaly is the fact that 

the transmitting pole also plays an important role in the detection of the 

mind-ralization. When the current is transmitted through a pole locate 

into the mineralization, high I. P. amplitudes arg� zo eri on t co3 ig 

recoiver readings. This is exxar lified by lines 4,5 and 6 (Figs 182,1133 

and 184), Fiat" the above an m. erlies and the corresponding mixk: ralizaticn 

which gave rise to than, it is cobserved that anomalous values are recor i 

cn both the receiving dipoles which have a catccn pole on the mineralization, 

/ ibowever, 
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However, bygthe responses of lines 1and3181),, 

it is Observed that in these cases the mineralization, although narrow, 

is shown very strongly on one receiving dipole only. This dipole is that 

which includes most of the width of the rnineralized zone. In zdditian 

higher responses are given by the corresponding tranrt. tting pole. 

Fran the above discussion it is evident that the relationship of 

the mineralization with the electrodes, even at conditions where the first 

is almost exposed, plays an iriportant role in the amplitude and shape of 

an anomaly. An important conclusion fron this discussion can be drawn by 

referring for exaa le to the results of line 1 (Fig. 179) of the Katbia 

area. Borehole KB 35 located on stake 5 intersected minralization at a 

depth of five meters and terminated within it at a depth of fifty maters 

(Fig. 178). However, anum1ous responses were recorded by the 4-5 receiving 

dipole only and almost no anomaly was recorded on the adjacent 6-5 dipole. 

This is a very important observation as it assists trc-rzendously in the 

precise location of the mineralization with respect to the electrode; positions. 

On the other hand, howwaver, it points out the possible limitations of an 

I. P. survey when applied under certain field corr3itions aiming at this type 

of mineral targets. This matter was alluded in the discussion which 

folic d the different Chapters and it will be discussed extensively below. 

Evidently it falls in the main subject of the present discussion which is 

the effect of the size of the mineralization and its relationship with 

respect to the geophysical grid. 

In the following lines the responses from other exposed and wid(= 

bodies of mineralization will be examined. In the Kokkinavounaros area 

lins 3,4 and 5 (Figs 124,125 and 126) cross at about right angles the 

mineralization which in the area has a width of 100 to 140 mt; t rs. On lino 3 

(Fig. 124) the highest values were recorded on the 8-9 riving dipole 

/whom 

d 



302 - 

where both the electrodes are over the r. eraliz ed ground. Similarly. 

Lower but anomalous values were reaordea on the 7-8 dipole. On line 4 

(Fig. 125) ancanalous responses were recorded by the 7-8 and to a lesser 

extent by the 6-7 receiving dipoles. A similar picture is sr ým by the 

results of line 5 (Fig. 126) where the ananalous responses were recorded 

by the 6-7 and 5-6 receiving dipoles. It is noted that in all three lines 

these electrodes were located within the boundaries of the mineralization 

or the two parallel bounding faults which enclose the mineralizaticn (Fig. 120). 

pace an electrode of a receiving dipole is located outside these t :x faults , 

the responses drop significantly and in scarce cases are dafinitely non- 

encmalous. This phenamenon is shown better in the eastern dipoles there 

there are no effects fron the transmitting poles whe.. i placed in th'., minerali- 

zation. On line 3 (Fig. 124) the receiving dipole 9-10 slams only a slight 

increase from the background values. On line 4 (Fig. 125) the receiving 

dipole 8-9 recorded results which cannot be considered ancnalous. Sim larly 

the 7-8 dipole of line 5 (Fig. 126). Fron this discussion it is verified 

that ancmalous responses are attained only when both the receiving poles 

of a certain dipole are in the mineralization. 

Before continuing the discussion into the effects of overlying 

Unrainexalized rocks, there will be an exaominaticn of the risponses f rca mich 

wax exposed bodies of mineralization with refererc-3 to the Klircu w; stern 

moralization and the Vrechia eastern mineralization. In the fingt which 

, extznds fraa 250 to over 350 meters in width (Fig. 96) , it is observed that 

., ], though the eastern boundary is well defined by an a]. m s vertical fault, 

, iromlous responses were recorded on all dipoles which cross these 

boundaries , see lines 1,2 ,3 and 4, dipoles 12-13.. on the first thm%a lines 

d 13-14 on the last line (4) (Figs 98,99,100 ad 101). In the Vrechia 

,a the e gxosed eastern mineralization is known to hnzve an extent to the 

cast exceeding the 200 miters. On all lines it was inthrcectec3 by the 

/ receiver 
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receiver dipoles 6-5 (Fig. 152) . Fran the results of these lines, 1,2 and 

3 (Figs 154,155 and 156), it is observed that the I. P. responses are equally 

aalous on the said dipoles as on the other dipoles situated within the 

mineralized zone. It is interesting to note, however, that cn line 1 

(Fig. 154) where stake 6 is a few meters to the west of the mineralization, 

the 5-6 dipole gives the highest responses, whereas the 6-7 dipole next to 

it shows a significant drop. Fran this discussion it appears that in the 

case of wide zones of mineralization the I. P. responses do not drop signi- 

ficantly to lower values once a pole of the receiver dipole is on barren 

ground, but it does when both poles are outside the mineralization. The 

significance of this as compared with that of the mooch narrcpler zones is 

evident and it will be discussed further below as it is very ir ortant in 

exploration. Usually an exploration programs does not get involved in 

ser mineralizations. However, the findings of this discussion for 

these conditions can be useful in understanding the effects in the cases 

of buried mineralized bodies. 

Fran the preceding discussion it appears that the narrow n+inerali- 

zations, such as those of Karnbia art Kokkinovounaros, are characterised by 

lower I. P. responses than those of the bigger bodies, such as tlv: Klircu 

and vrechia. Certainly this was expected to be so, but it appears to b 

an explanation of the fact that a receiving dipole crossing the Lxxnlary 

of such a body gives lower responses fron dipoles within the body, t 

; mount depending on its size. For the examination of these effects urxk r 

a thin layer of overlying unmineralized rocks the Mathiatis area offers the 

first ex les. Line 1 intersected the mineralization at a depth of 8 

=ters under fresh volcanics (Fig. 64) , and stake 7 is observed to be almost 

in the middle of this mineralized block whose width in this area is about 

45 metLrs. The I. P. survey over this ling: (1, Fig. GG) reed an ous 

vaj. Ues on both dipoles adjacent to stake 7, i. e. 6-7 and 7-8 , with almost 

equal 
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oqual amplitudes. On line 2 this picture is shifted to 20 rzr--ters below 

the surface and the nineralizaticn is mostly concentrated in the region 

of the 6-7 dipole (Fig. 64) . Turning to the results of the survey wer 

this line (Fig. 67),? it is observed that only this dipole gave: significantly 

anomalous responses equal to those of line 1. The 7-8 dipole gave much 

lower responses -which, however, can still be considered ananalous. The gaý- 

logical section over line 3 of Mathiatis shown again in Fig. 64, demustrates 

an increase in the depth of the mineralization to abcxut 35-40 meters. But 

the i. P. survey failed to give any definite ananalous responses wer ti m 

structure. Neither the 6-5 nor the 6-7 receiving dipoles gave any responses. 

! Iiiis observation is easily explained fron the effects discussed on the previous 

lines of Nathiatis (lines 1 and 2). And although the explanation is easy, 

the results seem to be disappointing. 

The Karrbia mineralization also offers some exarrples of this type 

of structure although the targets were not drilled aix the depth and thickness 

ü, the mineralization is not known. These examples are offered by lines 

j3 and 9 (Fig. 176) which intersected the minaraliz d zone after it was 

displaced to the south and dcwnthrown, covered by fresh volcanics. The only 

indication which exists for the depth to the top of this mineralization is 

the fact that there does not afar fron the tectonics of the area to k� any 

major structure with a Considerable vertical displaeament in the area, except 

the one shown on the map. Figs 186 and 187 show the I. P. results along these 

, ch ... S are theso lines (8 and 9) . It is observed on both that the I, P. respo 

gerierally very low not even exceeding by twice the values of the res rises 

j. n the enclosing rocks. Line 8 shows these values on t%qo receiving dipoles 

(1-2 and 2-3) and line 9 on only o: dipole (2-3). The continuation of this 

ralized fault to the northwest was proved by mapping and geophysics in 

the adjacent area. However, no drilling started as yet on these ananali. es. 

/' Ya irou 
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The Klirou southern mineralization is another exanple of a narrow and 

concealed conductor. The geological sections along lines I and 2 of the 

Klirou area (Fig. 97) d mnstrate the relationship of the southern minerali- 

zation with the position of the electrodes. The highest anplitudes on 

lim 1 were recorded cn the 9-10 receiving dipole (Fig. 98) which as sho; fm 

cn the geological section includes the highest parts of the mineralization. 

The adjacent dipoles gave rauch lower, though still anomalous values. The 

results of line 2 (Fig. 99) illustrate again that the highest responses were 

r riled on the 9-10 receiver dipole and lower on the adjacent ones. (Perhaps 

it is appropriate to question: how would these ananalies be if boreholes 

HIü, 7 on line 1 and KKL 17 on line 2 (Fig. 97) were negative? ). 

in this context it is pertinent to discuss also the ressemses ovcx 

the Petra mineralization. Although these ancit lies were examined thoroughly 

in the relevant Chapter (Eight), it will be interesting to investigate 

the ar; -plituJes of these responses and their relationship with the receiving 

dipoles. Hewever, this mineralization was not drilled sufficiently to obtain 

a satisfactory picture of its shape. This is known only relatively well 

along the geophysical lines 2,3 and 4 (Fig. 167) and is illustrated on the 

geological sections of Fig. 168. The responses of line 2 (Wig. 170) sbow 

high readings fron the beginning of the receiver dipole (Le, e. n= 1) . This 

could be either due to the shallc7w mineralization or the nearby t lavridhia 

it which in places is weakly mineralized. In the larger dipole separa- 

tions which are considered as correspending to the main mineralized body 

bc, ginning to agpear from the depth of 40 miters, the responses due to the 

ß ralizatic n are generally law exceeding by only a small percentage 

those of the surrounding dipoles. A rather similar situation is 
. ved 

ten, line 3 (Fig. 171) where the I. P. responses are low in the n=I separation 

3 increase, though very slightly, in the larger ones. Frort the geological 

sn it is observed that the main mineralization in this area is estimated 

/ to begin 
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to begin from about 60 to 65 r: ; fers . Line 4 shows higher values than the ._ 

previous lines although the minimum depth of the mineral izatien in borehole 

A414 is 70 I ters . This implies that the highest part of the minerali- 

zation is justified to be looked for by drilling a few nester,: to the west 

of borehole MM14. On all three lines mentioned above it is observed that 

the receiving dipoles adjacent to those which include the rrdneralizaticn 

have generally low values. ! mother important observation is the fact that 

the responses due to the mineralization are generally law enough to Hake 

sc body ignore these anomalies. But still they eorrespor to a body which 

mould very well be of eooricmic significance. 

This brings the discussion to wider and deeper seater mineralized 

Zones. The Vrechia main mineralization along line 1 is the first ei le. 

A geological section of this line is shown in Fig. 153, illustrating that 

the mineralization occurs at a depth of 34 to 42 meters in the region of 

dipole 10-11 and at a depth of 53 meters in borehole: CH 12 in the dipole 

9-10. Fra1 the responses of lines 2 aryl 3 where the mineralization is 

Very shallow, it is evident that there is a significant crop in the 

responses (Figs 153,155 aril 156). However, the ancxr ly is very well 

defined. Although the raineralization does not appear to terminate on 

borehole C, 2 near stake: 11, it is observed that the 11-12 dipole gave 

non-aiu alous responses. This illustrates that the I. P. responses are 

not ancr. alous unless both the receiving electrodes are over the r&tnerali- 

zation, as discussc i in other cases above. 

The alirc7u northern mineralization is the next exarºple of a &A(: ply 

sr, at, ed mineralization with large lateral extent. This has a later extend 

of over : 00 rn-ters as sham in the geological section of Fig. 97. -The I. P. 

/ results 
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results over this line are shown in Fig. 101. Fran the drilling evidence 

there is little doubt that the I. P. respcnses are due to the deeply seated 

mineralization at an average depth of about 100 peters under fresh volcanics. 

These responses are observed in Fig. 101 to extend to the west fran the region 

imirediately east of the anomalous readings due to the exposed minerali- 

zation. These, however, could be attributed to the nearby exposed western, 

mineralization, and the northern mineralization apparently begins frcan the 

receiving dipole 7-8 and extends to the east up to the region of the 

receiving dipole 3-4, or even beyond increasing also in depth in the sam 

direction. Fran this discussion it is evident that the Klirou minerali- 

zaticn is indicated by relatively low arplitu e respenses because of the 

depth at which it lies. But certainly these responses are higher than 

at they would be for an equally placed mineralization but with smaller 

lateral extent. This leads to the question: Would that mineralization 

been detected if it had half the lateral extent? 

The last mineralization to examine in this discussion is the i"gro- 

kipia B Orebody surveyed during the orientation study. A geological section 

along the surveyed line is shown in Fig. 48 and the I. P. results in Fig. 50. 

Fran these two figures it is observed that the top of the 1 okipia Orebody 

occurs at a depth of 125 meters below the surface and the I. P. responses 

which were measured over it have generally low litdes. An important 

observation which can be made on these results is the fact that the anomalous 

readings are not controlled by the receiving or transmitting electrodes,, 

but on the pseuaosecticnal plotting they coincide well with the actual 

location of the mineralization. 

Tree 
Of 

of the 2 ncmalous Patterns on the Pseudosecticna], Convcnt j 

Throughout the field surveys presented and discussed in the present 

Thesis there was used only orte electrode configuration, the Pole-dipole with a 
/ constant 
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constant electrode spacing of 50 meters. The purpose of this was sirrply 

to study an rstarr3 the behaviour of the Cypriot targets first under one 

particular e©nr iticm before getting involved into more variables. For this 

purpose it is considered pertinent to discuss the shapes of the anmalenus 

patterns as they appear on the conventional pseudosectional plotting, recorded 

by this particular configuration over the different müdes of occurrence: 

of the mineralization. 

Beginning with the exposed mineralized bodies, it was observed arxi 

nticnad in many occasions that the highest values were rccord 1 cn the 

receiver dipoles which were said to "control" the shape of the Üncr,.. a .y on 

the pseucioseetional contours giving the impression of 45° dipping am naloas 

patterns. Fx les of these ananalies are lines 1-7 of the Kania area 

(Figs 179 to 183) , lines 3 to 6 of Kokkinovounaros area (Figs 124 to 127) , 

all lines over the western mineralization at Klirou (lines 1-5, Fies 98 

to 102), and all lines of the Vrechia area over the exposed eastern mi nerali- 

zaticn (lines 1-3, Figs 154 to 156) . In the cases of the narrow r: irp_rtti^cx1 

bodies such as the one at Kairbia, the ancmaly is very sharply clef ined in 

one or two receiving dipoles. In the case of the rauch wider rrinerali- ed 

zones this definition is not so sharp. This was mentioned befcze as being 

to the higher responses due to the increased size of the mineraliz 1 

bCdY * 

With regard to the transstitting electrodes it was cbserved that 

these also show same effects on the I. P. responses but only when lcczt«1 

over exposed or gossan covered mineralization, as seen for exatrple in sure. 

of the Kambia and Kckkinovounaros lines. In these cases, the offcct ci the 

-ansmitting pole results. in the formation of "boar rang-shape-4'i paj: t. r: 

which 
in the pole-dipole t ffiguration are generally asymmetrical, r,, ing stronger 

Cr, the receiver dipole readings. An interesting feagure of these n Ins 

/iste 
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is the recording of very low responses in the concave parts of these 

patterns as for exi le of the, Karrbia lines 5 and 6 (Figs 183 and 184). Frnt 

these two exarr les it is cbserved that these low values appear to be relatxx i 

to the receiver readings. It must be r rber that then these readings arg: 

taken the mineralization is located between the receiving dipole and the 

transmitting pole and irplies that the polarization of the rocks is reduced 

to a minimum. 

Extending our investigation in the shallav seated but nevertheless 

ccncealed mineralizations, as for exarle the Mathiatis western mineralization 

cm lies 1 and 2 (Figs 66 and 67) and the Klirou Southern mineralizaticxl 

on lines 1 and 2 (Figs 98 and 99) , it is observed that the anaralous readings 

are recorded only on the receiving dipoles with no effects on the readings 

c; or-responding to the transmitting poles. This control of te anamaly by 

the receiver readings is also observed in the rather deeper seatc4 minerali- 

zation of line 1 at Vrechia (Fig. 154). And as in the previous cases, the 

ctnnalous patterns attain a 45° inclination due to the conventional plotting. 

, vi, ciently, when drilling such an ananaly the best location is within the 

dipole (s) which gave the high receiver readings. 

Over the rich deeper mineralized bodies of the Klirou northern mindrali- 

zation, and the Agrokipia B Orebody (Figs 101 and 50 respectively) , it 

appears that the anomalous responses are not controlled by the receiving 

dipoles. At least this is not shown by the contoured values. And by examining 

the actual location of the mineralization as indicated by the geological 

S'ctj, or along those lines (Figs 97 and 48 respectively) it is observed 

that it appears to be a certain correspondence of the psedosectional. 

plot with the geology. it is noted that this is more apparent in the deeper 

t Agrokipia B Ore body than the Klirou mineralization. In the latter 

it "c- s to be sane controlling effect by the 7--8 dipole (Fig. 101) 
. 

/ It should 
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It should be rEt bered that on this side the mineralization is shallower, 

see Fig. 97. 

The realization of the above phencmem regarding the shape of the 

anomalous patterns as they appear on the pseudosectional cconv ration, is very 

irrprtant in the interpretation of the anomalies and the location of the 

cxploratory borexeles. Further, the fact that the ananalous pattern is 

controlled or not by the receiving dipole(s) is an indication of depth. 

It is clear from the above discussion that the more, the pattern depends 

cn the receiver dipole readings, the, closer the mineralization is to the 

surface. 

The above discussion pointed out one mire important observation. 

nis is the usefulness of the pseudosectional plotting. once it is realised 

that it is nothing but a pseudo(false) section, it is very useful in that 

it c 'L trates the position of the electrodes with which a certain reading 

was obtained. If this is replaced by normal graphs where will each rea4in3 

be assigned? The discussicn presented above suggests that the point of 

assignment depends on the depth of the mineralization. If it is shallow 

this is in the mid-point of the receiving dipole. But if it is deep, then 

the position of the transmitting pole mast be taken into ocnsicbration as 

well* 

F, The Effect of Mineral Grade on the I. P. R, esponSes 

An inportant problem a gecphysicist faces when attarqýting to interpret 

an Y. P, anaxnaly is whether it could be the result of a high or low grade 

trtineralization. This brings the discussion into the subject of acting 

the grade of the mineralization fragt the I. P. responses. With a particui; r 

response the only variation it could have is in its magnitude. me of c)rv .r 
if there are any effects on the N. T. I. by the change of the m ral grade, 

/ these 
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these rust be looked for in the variations of its values. i waver, after 

all the discussion which investigated the different phenanena which oa ild 

effect significantly the values of the N . T. I ., it mul d be considered as 

too demanding to attest to relate such variations with changes in the 

suiptiide content. 

In the discussion which followed the presentation of the N. T. I. results 

in each Chapter, there was r, ýade in sate cases a reference to possible effects 

of the grade on the I. P. responses. At Mathiatis for exanple, the higher 

a litudes of the eastern mineralization oamlared with the western one were 

tentatively attributed to their differences in mineral grade. However,, 

4pparently they also differ substantially in their size and this appears 

to be a rare reasonable explanation. 

In the Klirou western mineralization it was recognised that both 

the poor and rich d i. ss¬ni nations in this area show high I. p. responses but 

those of the rich dissaninations appear to be of higher anplitucL3. The 

last area where sane attempt to differentiate between grades was made, was 

at Vrechia where it was concluded that the richer raun mineralization gave 

higher responses than the poorer eastern mineralization. From the above short 

discussion it can be stated that there does not appear to be any variation 

of the N. T. I. values which can be assigned even with a very small degree of 

certainty to the relative sulphide content. Even if there is proof to be 

a variation on the N. T. I. responses due to a difference in mineral ccntent, 

this will be of very little help in the field since these values are vumnralo 

to any other phuna . 

/ III. THE 



-312- 

III . TIM SHAPE OF TUE TRANSMIT DE MY AS I I11DIC1 TOR OF THE MINERAL GRADE 

A. Introduction 

As it was pointed Out by previous workers, for ei le Grant (1971) 

and Quick (1973) , the shape of the I. P. decay could disclose information 

out the nature of the polarizing radium e. g. whether the polarization is 

r, %mt cane or electrode. One of the main objects of the present research was 

the investigation of this shape to take this thinking a stage further with 

an attest to establish, if there exist, criteria which wauld enable the 

distinction between disscninated and massive mineralization. This will 

clearly improve the value of the method in the assessment of the deposits 

of Cyprus. The Mathiatis, Klirou, Kokkixr)vounaros and Vrechia areas were 

selected because there was a considerable amount of drilling information 

either fran, past or subsequent drilling, regarding the grade of the mi. nerali- 

atih,, which would enable the investigation to be carried out. 

For the purpose of studying and thus ca ring the transient shapes 

three different groups of parmnethrs were ccrl&uted and . investigated. 2' se 

were first the parameters which express the decay as a series of exponential 

functions of the form Aec't, originally suggested by Hutchins (1971). The 

sind group is related to the first and represents the quotients of the 

, above functions at zero t divided the corresponding resistivity value. 

r is second group was a modification by the present author of two functions 

suggested by Baron and Loeb (1974). The third group included a number of 

paraters suggested by the present author which egress the shape of the 

=. p. decay when plotted cep a loge tim axis. These last par: teas were 

devised after the observation that the I. P. decay when plotted ce ia log, tim3 

-vcjs appears to consist of two different oatponents. And the said partrs 

express the characteristics of each of these campcnents and t hair 

, relation* / B.: 
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13. The Decay Factors 

These factors were defined in an earlier Chapter of this Thesis 

as describing the transient decay in terms of exponential eanponents. In 

the present research the number of exponential ecnpcnents was taken to be 

only two, since the sampling period did not extend beyond 0.78 secs in all 

cases. fIcxaever, it was rarely observed that two cc r onents did not suffice 

because of high electranagnetic ccr anents. To facilitate ca rison3, all 

tlip, observations were made with the s current energising period and 

the decay curve sled at the s times. It was found that the magnittx: e 

of the energising current had no effect on the shape of the curve by investi. 

gations carried out initially on the possible variations of the receiver 

readings with increasing current. This was in agreemnt with similar 

cbsexvat-. icns, made by other researchers (Scott and West, 1969). The Agrokipia 

13 e : rin nts showed that variations were only observed with changes of the 

erging period and the on/off ratio. It should also be noted that throughout 

the field work the energizing current was usually greater than 2.0 Amps, 

to obtain the necessary depth of penetration in this low resistivity envircn. 

ment. 

Fran the results obtained in the different areas it was always found 

that the A, B and P-factors could indicate the presence of mineralizaticn 

and in sate cases, particularly the B-factor, could discriminate between 

the disseminated aryl the higher grade mineralization. In this se tion there 

will be a general discussion on the significance of these different factors 

irlicated by the results from the areas as a whole. she results thtaineý 

in the different areas are suw, xiz rd in Table 80. This table groups to then 

the areas with relatively high grade of sulphide r ralizatiorL, those with 

]fir grade &»zn to the disseminated values, and the barren rocks. 

With regard to the A-factor, the first to be thsezved f ran Table 80 

/ is that 
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is that there is no overlap between the values of the barren rocks and those 

of the mineralized ground. The barren rocks have values ranging from 0.5 

to 2.0 whereas the mineralization in general is, characterised by values 

ranging frail 2.0 to 7.6. Tian these figures it is evident that the A-factor 

can generally be used as a parameter which could discriminate between minerali- 

zed and unminerali. z-d ground. Careering the values fran the different 

grades of mineralization it is observed that the higher grade ranges fron 

2.0 to 4.3, whereas the low grade mineralization which inclixles the richly 

cjisseninated grades such as those of Klirou and Vrechia eastern mineraliza- 

tion, have values ranging fran 2.3 to 7.6. Fran these figures it appears 

that the A-factor could attain generally higher values over the disseminated 

mineralization than over the higher grade mineralization. However, there 

is a significant overlap between these ranges. And it is observed that 

the high value in A (7.6) was recorded at Klircxu where the mineralization 

is extensive ccrLl)ared with other areas. 

The B-factor mars in general to show high values over the . ali- 

zation than over the barren rocks , although for exan le the barren rocks 

in the Vrechia area have shcxm higher B-values than the ? Hathiatis high cJracir 

mineralization. The ranges of values for these two broad groups ar i 0,3 

to 1.4 for the barren rocks and 1.0 to 4.0 for the mineralized rocks. 

Caparing between the two groups of mineralization, it is observW that 

the higher grade has B--values ranging fron 1.0 to 2.0 and the dissuiithated 

Mineralization values falling in the range 1.5 to 4.0. This excluý3es the 

part of the Kliroa mineralization with a grade of sulphur bc; low 1%. Fran 

these figures it is evident that the B-factor generally attains high, =- 

values over the richly dissa ated grzrles of mineralization anti lair 

over the higher, but there is a certain overlap between the ranges. 

The P-factor is generally higher over the mineralized ground 

/ over 
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over the barren rocks. In the latter it ranges fran 0.02 to 0.45, whereas 

in the mºineralizaticn its value ranges from 0.3 to 1.22. There is again a 

small overlap in these ranges. Ca-paring the two main grades of minerali- 

zation, it is observed that the P-values do not differ substantially except 

for the Klima rich dins atiais where it attains its highest value. 

The remaining factors, a and i3, always sb 1 inconclusive results 

over the different lines crossing mineralized rocks. In general the profiles 

of these two factors do show sore variations and in particular in positions 

adjacent to the mineralization. However, no conclusive ramrks could be 

drawn frc the present research. 

The factoration of the decay curve into these cat ents was based 

cn the assn ption that the decay, as measured in the field, is the stern 

of a nu aber of exponential functions. wer, Phillips and Richards (1974) 

who considered these functions and studied thrni over a mineralized zone, 

dressed serious doubts on the validity of this assertion. They factored 

the curve into three components and based the above conclusion can the fact 

that the second and third ewpments (at t= 0) almost parallel each other 

indicating that they were both arising fran the same source, the polarization 

it duced within the mineralization. 

Another ar, urnt against this asstpticn which is based on the results 

of the present research, is the fact that the a and 13-factors snawad a very 

wide range of values in all cases over both the mineralizzd and um-dru ralized 

ground. It must be ram r©d that these factors are the reciprocals of tho. 

relaxation tinEs of the xxnpments of the decay curves. an the ocuiputations 

of the exponential functions it was inked found that the first czar ent had 

a short relaxation tirrv-N and the sad a much larger one. But fron tlic: 

profiles of these functions along lines crossing the r alizaticn, it was 

, Ver found that they exhibited any significant variation which would imUcate 

/ different 
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different relaxation times over the different gross lithologies, i. e. the 

barren and mineralized rocks. The only observation which applies in all areas 

is that the relaxation times along surveyed lines showed smooth profiles 

when over barren rocks and irregular profiles over tose lines which incltxLi 

mineralization. This effect was also observed on Phillips and Richards' (1974) 

results over a mineralized zone. As it was pointed out, in sc : lins, 

as for exmPle in the Mathiatis area, the a-factor appeared to attain high 

va »s on one side and low values on the other side of the mninaralizaticn, 

resembling an electraaagnetic anamaly with the mineralization on the 

crossover. Evidently this phencrosnon, or even simply the fact that there is 

a variation on the profiles crossing mineralization, calls for further research 

with particular attention on this matter. 

Regardless of the above ]. imitations of these factors and the doubts 

. nts expressed on the representatim of the decay curve in this form, the cxcr an,, 

at t=0, i. e. factors A and B, can be useful in discriminating between 

ralizecl and uninineralized ground. There were indicatims that they could 

offer saw assistance In discriminating between massive and disseminated 

mineralization as expected f ra n the theory of the method. Fron the field 

results no firm conclusions can be drawn as there are no ideal situations 

where there exists massive mineralization without any lower grades in 

association with it. Obviously such a situaticn, which is what occurs in 

natý:, would mask in some degree phenomena with lower litu, 3, s. Therefore, 

before the application of these findings in the field , it would urldcubt ly be 

essential to verify than in the laboratory. Throughout the study of th so 

functions attentim was also paid czi the P-factor. This is singly a rº asure 

of the anputude of the I. P. transient at a particular tim;, in this case 1.75 

Sys, related to the function of the intro lt USQ3. Being such a parartc; r, 

j 
., q. an egressirm of the I. P., it was always considered. 

I c. nia 



- 317 - 

C. The Bertin and Lceb's (modified) FUncticns 

Bertin and Loeb (1974) studied the shape of the I. P. transient decay 

with the factoration into two exponential oaresents of long I. P. discharges 

fran 1 to 20 sacs. They introduced the parameters Al and A2 as equal to 

the values of the first and second exponential ccxº x nents at t=0 divided 

by the corresponding prirury voltage. It was assumed by the present author 

that they kept a constant energizing current and they introduced a correction 

fcr the prirmry voltage which would involve the geometry of the electrode 

ccnfiguration. To overca: this, and particularly in order to introduce into 

the investigation of the transient decay the effect of resistivity, the 

present author mxlif ied these functions by dividing by the respective p/2n 

value and not the primary voltage. 

Basically the functions considered in the present research differ 

tick fron the original ones of Bertin and Loeb (1974) . These authors ignored 

the transient decay before the first second and c sider it from 1 to 20 secs, 

yeas in the present work than last point on the decay curve was at 0.78 

mss. This is the rast important nt x if icaticn of these two functions and 

perhaps it was unfortunate they were termd as "Bertin and L xb's (madifi©d) 

functions" and not su thing else. However, fron the few examples they 

presented, for ei le rig, 4 of Bertin and Loeb (1974), they suggest that 

the mineralization was characterised by high values in both their two functions, 

, arxI their ratio increased over mineralized ground. In their conclusions they 

attributed the first function, Al, to rapid discharges identified with 

ta]. lic I. P. Of conductive minerals, and the second function, A2, represm- 

t ng slCMC. r discharges as being due to the electrolytic I. P. of the country 

rte. Below there will be a discussion on the results obtained in the present 

research over the mineralized grounds of Mathiatis, Klirou, K, okkinovaurkvos 

d Vrechia, and attenpt to establish whether these modified functioazs can 

/ offer 
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offer any infonnation regarding the relative metallic content of the minerali- 

zation. It is understood that these functions are strongly influenced by 

the resistivity values. Before examining the values of these parare rs in 

ger ral, there will be a discussion on the conclusions drawn fran each indi- 

vidual area. Table 80 sun =rises the results fron the different areas. 

In the riathiatis area where there are two zones of mineralization, 

the eastern with disseminated pyrite with a sulphur grade of less than 2%, 

and the western with higher grades, it was concluded that the functions in 

question attain substantially different values over the two targets. In the 

first (eastern) the values of all three parar eters, including their ratio, 

were law not differring from those of the enclosing rocks. in the we . ern 

mineralization, however, the three parameters attained significantly hierher 

values. on the basis of this it was concluded that these parcin tors .: re 

indicative of the grace of mineralization. In the study of the resistivity 

results over these two bodies of mineralization, it was fob that they 

attained very high values over the eastern mineralization. This im. Iiately 

explains the low values of the functions in question., 

In the Klirou area, these functions were again fotn d to be able to 

discriminate between the different grades of mineralization encounteral in 

the area. The highest values were again o ted for the high grade southern 

mineralization on both the Al and A2 functions, and lower in the dissciainatcd 

mineralizations. Further, between the two mineralizations it zppe re 

to be a difference with higher values in the richly disseminate] than in the 

poorly disscxninated mineralization. Some differences, apparently insignificant 

though, apj>earea on the values of the Al /A2 ratio. With regard to tY 

resistivity values of these different mi neralizaticns, they were not found to 

differ as much as in the Mathiatis area. However, the southern rtiineral. izi ticn 

was characterised by the lowest values ad the poorly dis, inat the 

/ highest 
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teigest values mcng the mineralized bodies. This was in agreement with 

the observations regarding the Al and A2 functions mentioned above. 

in the Kokkinovaunaros area the situation was different in that 

these functions had difficulties even in distinguishing clearly between 

mineralized and urvineralized rocks. This was attributed to the fact that 

tie mineralization was boded by significantly large fault structures which 

affected the resistivity values in their viscinity. 

In the Vrechia area the Al and A2 functions were found to di.. scrimi- 

nate well between mineralized and barren rocks with much higher values over 

the first, but there could be no distinction between the high grade main 

rnineralizatian and the lower grade eastern r. iineralizatian. 

Fran, the above discussion it is evident that iii the individual areas the 

functions in question are usually capable in discriminating between minerali- 

zed and barren rocks. Regarding the grade of the mineralization, it 

appeared that in sane cases like rsathiatis and Kliroti, there were differences 

in the values of the different graves. These, however,, were found to 

reflect variations in the resistivity values recorded over the different 

mineralizations. 

D. The Logt Plotted Decay Factors 

The transient decay curves recorded throughout the present research 

were plotted on a Logetime axis and linear potential axis, and a nuctr of 

pararmters were determined which described the shapes of the transients 

when plotted in this way. It was always found that this mode of plotting 

Ciem nstrated a two o xrpon nt curve which consisted of an early and rapid 

decaying linear c artponent, a rd a slower decaying curved oanconent. Figs 191(a, b) 

give exaples of such plottings fron the Mathiatis, Klirr Kokkinovomax. Le 

and 'Vrechia areas. Fig. 30 defines the various parameters which describe. 

this 
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this shape and which were investigated during the present research. 3'he se 

parameters were studied in the Mathiatis, Klirou, Kokkinovounaros arid 

Vrechia areas, and attention was paid not only in their usefulness in 

distinguishing between barren and mineralized rocks, but in discriminating 

between disseminatcd and higher grade mineralization. In the Mathiatis 

area it was concluded that in most of these paraireters there were significant 

differences between their values over the barren aal mineralized rocks. 

With regard to the two different mineralizations it was found that the 

dissninatea (eastern) had generally higher values, and particularly in 

those parameters which described the deviation of the secca oaj: )onent 

fran the first. In the Klirou area it was found again that sue distinction 

could be male between the different grades of mineralization on the basis of 

these values. There were significant differences between the twj grades of 

the western mineralization, the richer one being characterised in general by 

higher values. The southern mineralization was found to have int nrW- - iate 

values. Significant differences between the values from these three minerali- 

zations were noted on the parameters measuring the deviation of the sect nd 

axiponent from the first. In the }okkinovounaros area it was again 

ckii nstrated that these parameters could discriminate very clearly between 

niineralized and barren rocks . Similarly, in the Vrechia area these par tors 

had higher values over the mineralized c cir aced with those over the barren 

rocks. It was att ted to discriminate between the different mineralizati ores 

occurring in this area on the basis of these factors. Ik vicr, it wa: 3 

ccncluded that no definite conclusions could be drawn, aal this was attributed 

to the fact that the graces of the two mineralizations were not rtuch different 

fron each other. 

, Hftex this summary of the results fron each area and the realization 

that at least sa: of these parameters could offer sate assistance in cliscri. 

urinating between grades, each parareter is discussed individually below, Till 
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results obtained fran all the areas are surmarized in Table ö1. 

The X21-factor over the barren rocks ranges fran 1.2 to 2.0, whereas 

in the mineralized ground it is generally highes ranging from 1.5 to 5.3. 

In general this factor appears to distinguish clearly between mineralization 

and barren rocks. Regarding the different grades of mineralization, although 

in sate areas it was found to show different values in differring grades 

(Mathiatis and Klirou), this cannot be generalized. 

The IR2-factor over the barren rocks ranges fresn 0.1 to 1.6, whereas 

the n ralized rocks attain values ranging frczt 1.0 to 4.1, indicating 

therefore a possible distinction between these two lithologies on the basis 

of this factor. With regard to the grades of mineralization again although 

there are sane differences in individual areas (Mathiatis and (lirou) 

this cannot be generalized for all areas. 

The R1 /R2 ratio does not appear to discriminate clearly Ix twoen 

barren and . alized rocks. In the first, it can be considerrJ as loving 

generally high values ranging fran 1.2 to 3.2, whereas in the secc xi (minerali- 

zation) is lower falling within the range of 1.1 to 2.0. hca, j ver, tllcx-,,, 

is a considerable overlap in these two ranges not allowing for any gam.! rali_ 

zation. 

The vd par titer seen to present different ranges of values over 

the two general lithologies. In the barren rocks this is 0.7 to 2.4 and in 

the mineralized rocks it has values fron 1.9 to 7.5. In genc: rai although 

there is scrae ovorlap, it appears to be a difference x-1tween the two ranges. 

With regard to the grack of the mineralization, it appears that in gc . ai 

there are no significant diffc rences. It is noted, howrwer, that the 1cwest 

values were caiputed In the higher grades and the highest in the richly 

diss&ninat ci mineralizations. 
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r1he remaining parameters are those which give a nvasura of the 

deviation of the second component fran the first. These were ccrtiputed at 

a number of values according to the amplitudes of the transient curves in 

an attest to avoid long extrapolations. It is noted that the par eter td 

thich is defined as the time corresponding to the Vd value, was Omitted 

since in all cases it was found to show inconclusive results. Taking each 

deviation parameter separately, it is noted that in general it has low 

values in the barren rocks and high over the mineralization. In the d (O. 5) 

parameter, excluding the Kokkinovounaros results which are very high in 

both cases, it is noted that the ranges of values are 30 to 630 and 800 to 

6000 respectively. The Kokkinovounaros results also show differences between 

than. With regard to the grade of mineralization it is observad that the 

high grade r, tineralizations, such as the Mathiatis western and I{lirou 

southern, are characterised by lower values than the disseminated minerali- 

zati, ons in these two areas with the exception of the poorly dissurinatcd 

(. c1 %S) mineralization at Klircu. 

The d(1.0) par eter, even with the inclusion of the } ckkinovoanaros 

results, shows distinctly different values on the barren and mineralizLd 

rocks being respectively 0 to 300 and 130 to 2300. With regard to the grade 

of mineralization it is observed that the richly disscninated mineralizations 

such as those of Mathiatis eastern and Klirou 1-5%S mineralization, and even 

possibly the Kokkinavounaros mineralization, are generally characterised by 

higher deviation values than the higher grade Mathiatis western and Klirou 

southern mineralizations e 

Sam indication of different ranges of values in these two general 

grade,, are also shown by the d (ß " 5) parmet r which was ccgmted only for 

mthiatis line 2 and the Vrechia area because of the high alitude of the 

decay curves. Considering each area individually the higher grade tha 
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lowest values. This is clear in the Mathiatis area but in the Vrechia 

iriineralizations there is saxe overlap, which could be attributed to the fact 

that the two grades in that area do not differ as nach as they do in the 

Mathiatis area. The same effect for the Vrechia area is also observed in 

the d (2. O) values. 

Fran the above discussion it is evident that the psramters in 

question attain different values over the barren and mineralized rocks. 

jiowever, their values over the different grades, although in sane cases 

they do show saw: differences, cannot be considered to be diagnostic except 

for those pararc: ters which describe the arrnmt of deviation of the second 

cxxr ponent fran the first at given potential values. These deviation 

ra r tern darristrate that in the low grade mineralization the second 

cxa orient of the transient decays slowly. It could also be argued that 

this is due to the higher wrplitbude of the decay curve in general over 

this mineralization. However, this did not became apparent in the other 

paraIm ters which iteasure the anlitvde itself. Irrespective of which 

explanation is the correct ore, the deviation parameters could be considered 

as offering soma assistance on the crude differentiation of the rainwral 

grams. at is certain about them, is that their behaviour must be 

investigated in detail by laboratory studies after the indications as to 

their usefulness which were concluded from the present field research. 

/ 
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IV. THE RBSIS ýTL r AS A a(Iý1PANI of m I. P. 
"'" suxvENs 

An I. P. field survey is normally acccn anied by a Resistivity 

survey which is carried out sim taneously with the saw apparatus and 

electrodes. For this, in all areas studied in the present Thesis sazr 

attention was also paid on their resistivity results. In general it appears 

that this rcethod cannot ocntribute substantially to a general survey for 

sulphide mini-=alizaticn under the conditions described in the different 

areas. Hawever, it can disclose useful information which can assist in 

the successful interpretation of an I. P. survey. 

The Mathiatis area illustrated both the advantages and disadvantages 

of the Resistivity method. It was found that the low grade eastern m , rali- 

zati cn had very high resistivity values, whereas the western mineralization 

could not be distinguished fran the country rocks. Another important finding 

iri the Mathiatis area was that high resistivities were recorded very clearly 

in areas where the effects of mineralization are considered to be final, 

probably in the fora of silicification and not pyritization, which are 

therefore undetectable with the I. P. method. 

In the ilirou area the different mineralizations v pre ford to have 

generally higher resistivities than the enclosing rocks, An iiortant ohcxva- 

tion was that the resistivity values were found to increase with decreasing 

tilphide content. This is in agreennt with observations r, de on synthetic 

rock samples (Scott and West, 1969, tadel, et alia 1957, and t, at alia 

1959) arx! also on natural samples (Parkhawxko, 1967). 

High resistivity values were also four to characterise the mineral i- 

zatic n in the Kdkki=rcxmaros area compared with those of the co=try rocjc3. 

AM)ther observation made at Kokkirsovounaros was that high resistivity valuers 

could 
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could possibly be attained by structural features which were related to tha 

overall. , al. izing activity. 

The Vrechia area showed a more confusing pick in that there could 

be no discrimination between the r. ralized and unmineralized rocks in the 

area. On the basis of the resistivity values in both cases their results 

ranged widely. This perhaps could be explainad from the fact that the Vreehia 

mineralization is found stratigraphically very low in the lauer Pilic», 

Lavas, close to the Basal Group, where the rocks are expected to be widely 

affected by the mineralizing effects. This is supported by the widespread 

iron staining found in the area together with evidence of silicification. 

In the Petra area the mineralization was also found to be shown by 

high resistivity values can pared with the comtry rocks. Where the vertically 

standing Petra mir ralization was not overlain by the Mavridhia Fault mýinerali- 

zaticn, the first was demonstrated sufficiently by the resistivity results. 

otherwise it was masked by the high values of the Mavridhia Fault minL?, raii- 

zaticn. 

In the cart is area the resistivity method seumc to be almost 

totally incapable of discriminating between mineralization and barren rodw, 

although their relationship in the area is very well defi i by the structural 

control of the mineralization. 

ýY'he deeply seated Agrokipia B Orebody was also farad to be ahmst 

unrletxctable with the resistivity method. The readings which correspond to 

high i. p. values, most. certainly due to the mineralization, shomd only a 

wry slight increase in the resistivity values. 

Fran the preceding discussion it is evident that the resistivity 

met d by itself can offer little in the search for sulphida mjn(, r ttcn 

in Cyprus. However, if it is CZ ined with the I. P. it could be: of sa 

/ assistance 
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assistance in the interpretation of field results. High resistivity values 

associated with high I. P. responses could be i xiicative of low grade mine rali- 

zaticn. Also high resistivity values which could be associated with I. P. 

anaMl. ies elscwht: re in the area, could indicate extensions of the structural 

lineament which aeocxc dated the sulphides and other associated ra nerals 

(silicification). It may similarly be concluded that if an I. P. at 31y is 

not aoc pied by any high resistivity values car p-ared with those of 

enclosing rocks, then the mineralization causing the I. P. arxxnaly would 

be of a higher grade. This was denxonstrated in almost all areas where the 

=. p. anomalies responded to high grade raineralization, n : ly at Mathiatis 

`�gestern mineralization, Klirou southern and northern mineralizations, thy: 

y, ýAý , the vrechia and the Kaanbia mineralization,? and the J'gro- 

kipia B Orebody. 

/ V. aaac mucus 
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V. CC[ cwsia s 

From the preceding discussion a number of important conclusions 

can be drawn which express both the applicability and the limitations of 

the I. P. nwthod over the salghide mineralization in the modes it occurs in 

Cyprus 

The first conclusion is that indeed the I. P. method can give 

significantly high responses particularly when the mineralization is exposed 

(always covered by an cxidis©d layer). In this case the responses an,, 

generally higher, the bigger the size of the mineralized body. A significant 

drap in these responses appears when the mineralization is covered by even 

a small thickness of unmi neralized rocks. It appeared fra n the previous 

discussion that up to a certain depth which was found enperically not to 

ex d the electrode spacing, this decrease in the I. P. responses ram, 31ns 

constant. Below this depth, however, it appears that the responses ruf fox 

frau a further decease in their etudes. This is an irportant observa- 

tion and it requires further investigation. 

The indication of the existence of mineralization particularly 

when this is deeply seated, is certainly related with the nrdgnituuä : of this 

respcrises of the enclosing rocks. Fran the preceding discussion it can W. 

concluded that these could differ from c ne area to the other or rmre correctly 

fram a certain stratigraphic layer to the other within the volcanic succes aon. 

Fran the discussion on the variation in the width of a mjnaral ized 

zerg with respect to the position ar i spacing of the electrodes along tho 

geophysical lines, it can be generally concluded that their relationship is 

very in ortant. For exposed narrow zones, anc l ous valt :s are re c r&d 

j, f both the electrodes of the receiving dipole are over the nth ralization. 

Significant decrease in their magnit x1es are thserv©d when one of thc., eo tWO 

/ electrodes 
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electrodes is in the barren rocks. In cases where the other ae is not well 

within the mineralized zone, then the responses could be low enough not to be 

considered as anti alous. Under the saiee conditions (exposoa n ner lization) , 

the transmitting electrode also affects the amplitude of the I. P. values 

when placed in the mineralization. 

The above behaviour of the receiving dipole appears to apply also 

for concealed mineralizations. Fran the above discussion it can be ooneluded 

that a narrow mineralized zone can only be indicated when it is included 

within a receiving dipole, and to a lesser extent when it is very shallow 

and a large part of the dipole length overlies the mineralized body. Ikmaver, 

for depths e<ran smaller than the electrode separation, there does not appear 

to be any anotlcis response when only one electrode is over the .z alization. 

This is evidently a serious limitation and it Implies that a survey can 

very well fail to record any ancnalies over relatively shallow seated and 

r , arrow bodies of rLd ralizaticn, as for example over the Mathiatis liix3 3. 

This limitation does not apply when the conoealed miineralized zcrA., 

is wide enough to be covered by a number of dipoles. The only limitaticn 

is that it will appear cn th : anccaalies as having a smaller width. Fran this 

it can be vancludExi that the wider the mineralization, the more likely is 

to be detected by I. P. Two phenamwia contribute positively in this cases 

the size of the mineralization which will give higher responses, and the 

extant which will enable its detection by as many dipoles as possible. 

With regard to the pseu+desecticnal ecnvcnticr of plotting, frm do 

preceding discussion it can be concluded that provided tho geophysicist 

is aware that this is a "false section" , this can be a very us eý ul way of 

, splaying the results as it imediately &Stcnstrates the positiv of the 

different electro &s which gave a particular reading* Further, fran thy: 

pattern of the contours, the exact location of the polarising body can be 

/ irxitcatod 
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: Lndicated together with a suggestion of the depth at which it occurs. 

With regard to an indication of the grade of the mineralizaticn it 

may be concluded that thE; re can be no assistance fron the ti. T. I. valix . 

These represent amplitudes of a certain response at a certain tim, - period. 

If there is any information inherited in the I. P. responses regarding the 

sulphide content, this must be looked for in a spectrtnn of such values, 

in this case the I. P. transient decay. This was investigated thoroughly 

by considering a nkr of parameters which express the I. P. decays as an 

exponential decay and as at wo-CCXT C lent Loge time: decay. Fron the study of 

these parameters it can be concluded that no definite distinction bctw z 

dissr iinated and higher grade mineralization could be m d;: based on time 

per tens. There is an indication that the second ocxt ponent of the loget 

I. P. decay, decays more slowly over the disseminated than over the higher 

grade mineralization. This is an interesting observation, but the present 

author feels that it should be verified in the laboratory and with snzfl( r 

spacing werk over areas of known grade, as for exanplc opencast benches, 

before it is applied with urrare certainty in the field. 

Although the question of gra& distinction is very crucial, and txý 

firm conclusions were drawn fron the I. P. transient shap2 itself r tha present 

research indicated that a more reliable irxlicator of the sulphide axitent 

is the resistivity of the rocks. Indeed it was des strated with litUo 

doubt that if an I. P. anamly is accaranied by high resistivity values, it 

is certainly caused by diss3ninated mineralization. on the other hard, if 

the resistivity is very low approaching that of tha enclosing rocks, thm tM 

mineralization is mre likely to be of higher grade. 

/ aH1 J Vat 
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CHAPTER ELEVEN 

SU RY MD MICLUSIOOS 

I. sullu Y 

The p : ose of the present Thesis was to investigate the applicability 

aril limitations of the I. P. . ethod in the search for sulzt deposits in 

Cyjrus. After a general review of the I. P. method p-xesented in chapter 

Two, there was given a description of the sulphide raineralization with 

particular attention to its nKXIe of oecurrmce. This occurs in minaralt_ 

Zed fracture zones of variable width and longitudinal extent. High grade 

concentrations could be found at any place in these zones deeding on local 

conditions. Most eanronly this occurs in the higher parts, either in the 

forra of an exhalative deposit which was fc=W in those cases where the zone 

reached the surface, or as a sulphide concentration at the cal of a 

fracture zone where the mineralizing fluids could not travel any further. 

Evidently, these zones could be either exposed or blind within thy; volcanic 

succession. 

'one present research intený? ed to investigate the I., P. method over 

this type of environment. The primary objectives were to establish that t ho 

different names where the sulphide mineralization is found, could be 

detected with the I. P. method. EUrther it intend%4 to establish thy: 

ocmciitions of locating these different targets in the field, particularly 

those with small width but nevertheless of great importance in mineral 

exploration. pother important objective was the establishx t of critLlria 

for the interpretation of the I. P. =nalies, by tl ; study of te field 

results over mineralized bcxlies of known geometry. The 1ukxpose of this wa3 
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essentially to enable the determination, on the basis of the field results, 

of the exact position of these narrow zones of mineralization, together 

with an indication of their depth. Finally, the ? resent research investi- 

gat, 4 the responses over the different grades of mineralization with the 

intention of establishing criteria which woala enable the distinction 

between dissemi nabxi (generally uneconinic) amxi higher grade mineralization. 

re achieve all these objectives, the I. P. method together with 

its field c aapanion the Resistivity method, were applied over a nurrbor 

of areas which included sulphide mineralization in the different aril 

ocLawnest =des of occurrence it is looked for in a mineral exý)loration 

project. The responses over exposed mineralization sire examined in the 

Kl. irou, lruk dnovounaros and Vrechia areas, where mineralized zones of 

variable width are exposed on the surface. Concealed m neralization 

responses were cbtained in a nuanber of areas. The Ka bia area pros tod 

an ex Vle of a mineralized fault zone occurring in most part almost near 

the surface. The Mathiatis (western).. Klircu (southern) and Vrechia (rain) 

mineralizations were ex les of shallow seated mineral deposits. The 

Petra area was an example of a concealed deposit occurring at a ck.: tx: r, 

level. The Klirou (northern) and the Agrokin ia B Orebociy, enabled the 

study of the responses over large sulr ie deposits at &Tths exceeding 

the ozie hundred peters. 
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II. CC cwsia s 

The first conclusion which can be drawn fron the present research 

is that the different modes of occurrence of the sulphide mineralization 

in the Cyprus volcanic series can be detected by the I. P. method. He r, 

the I. P. method behaves differently over the various modes. She highest 

rlitudes are recorded of course in those cases where the mineralization 

is exposed. Considerable decrease in the I. P. responses takes place whc3n 

the mineralization is concealed even under a small thickness of umineraliz©d 

rocks. 3kie arrplituIes of the I. P. responses depend also on the size of 

the mineralization being evidently higher the larger the size of the body. 

With regard to the barren rocks, it can be concluded that these responses 

are generally low, but they show sccae variations within the volcanic 

succession. 

Satie important conclusions can also be drawn on the limitations of 

the Y. P. method in the search for narrow mineralized zones. Their detection 

is greatly influenced not only by their size and depth, }gut also by their 

relationsUp with the gem iysical grid. Ananalcas readings in this case 

can only be recorded when the target is located within a receiving dillole. 

If it is located over a single stake there is a great possibility, with 

increasing depth aryl decreasing size, that no ananaLous responses would 

be recorded. Fran the above, it can be concluded that the met1x d suffers 

free serious lhAtations in the search for narrow mineralized zones or 

line=ents any i perhaps up to a certain extent in depth, this cannot be 

applied at all. 

With regard to the applicability of the t .: thud over large arnd c' cply 

seated deposits, it can be concluded that these can be shown relatively 

satisfactory in an I. P. survey. The factors which control the d tecticn 

/ of such 
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of such bodies are their size and depth in relation to the electrode spacing 

applied. It is understool that the larger the electrode spacing the deeper 

the penetration, but also the greater the possibility of missing a body of 

mineralization. For this it can be concluded that the increase in the 

depth of penetration nagst be attercpted with increasing the number of 

electrode separations ajlied, than the electrode spacing itself. 

With regard to the presentation of the I.?. results , it is cx nclined 

that the psEudosectional plotting can be useful in showing the exact loca- 

tion of the polarizing body. Shallow seated bodies of mineralization are 

located within the receiver dipole (s) which gave the anaý3lcous responses, 

and not necessarily where the ancrialous responses fall on the conventional 

plotting. In deeper mineralizations the conventional pseudosectional, 

plotting is found to correspond very closely to the actual location of the 

polarizing body. Fran the above it can also be conchided that the shares 

of the anaaalous patterns on the pseudosectional plots are indicative 

of the location, depth and size of the mineralization. 

The I. P. transient was recorded over a number of rtineralizod bodies 

with the intention of investigating the possibility of distinguishirn 

jtween lisse zated anr3 higher grades on the basis of the transient sha£a. 

The transients were factored in the form of two ex ponentials plus a constant 

related to the receiving inst ., t. Fran the study of these e on: ntial 

f actors at t=0, it is concluded that although they show higher values 

over the n ralization ocx pared with those over the barren rocks, they do 

not attain different values over the disseminated and higher grY1e minerali- 

zation. An inrprtant observation made during the present research was 

that on a logaritl anic time axis and linear potential axis, the I. P. transient 

appears to consist of two o Ir Donents, an early, fast decaying and lire ore, 

and a later slower and curved ©aq-jonent. Fran the cony rison of thy; various 
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paramters which describe this shape, it was found that mineralized ground 

shows in general higher values ca ared with those of the barren rocks. 

Regarding the grade of the mineralization,, fron, the various results it 

can be stated that the parat oters w. Aiich describe the deviation of the scooxLi 

ozxtrpnent frcm the first, appear in general to attain higher values over 

the disseminated rairieralization. The conclusion which can be drawn on 

this phenamenen is that it suggests a possible distinction of the mineral 

grade on the basis of the decay curve shape and calls for further inve-stiga- 

tion particularly uzxI r laboratory con3i. ticns. 

Together with the I. P., the present research e=- mined also the 

a licability of the Resistivity method. The conclusions which can be 

drawn regarding this method is that it can offer very little when applied 

by itself , since the resistivity values of the mineralization coo not always 

differ f rccn those of the c cxmtry rocks. Low grace dis scnjLnated min, ral. i- 

zation is always characterised by very high resistivity values, whereas 

higher grade mineralization has lvwex resistivities approaching those of 

the enclosing rocks. r ran the above it can be concluded that the IZe3isti.. 

vity method can be very useful when applied together with the I. P. method. 

uiigh I. P. responses with high resistivity values indicate low gr : aisscml. 

nated mineralization, whereas high I. P. responses ac ccrpanied with low 

resistivity values are indicative of higher grade mineralization. 

/ III. FURTul 
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III. FUXMM RESE, AR i 

Fran the results of the present research program and the discussion 

which followed, it becomes evident that some aspects regarding the ap plica- 

bility of the I. P. method require' further investigation. These can be 

divided broadly into two categories. The first includes those asjx cts 

which are concerned with the applicability of the n thud as an explora- 

tion tool in the search for mineralized bodies of the type fotnxi in Cyprus. 

The second category includes all those aspects which are cccccrnEx3 with 

the variation of the transient shape with respect to the mineral gr, 

and generally the mineralogy and texture of the rocks. These are discussed 

in detail in the following paragraphs. 

The prasent research concluded on the applicability of the I. p. 

method for the search for mineralized zones, but it also pointed out its 

limitations, particularly in the detection of deeply burried and narrow 

bodies. For this, it is of at most importance to investigate further the 

clicability of the method under such conditions and especially the 

limitations in the detection of a narrow body resulting from te electrode 

spacing and the location of the grid with respect to it. Such reseorch 

should include an investigation of the applicability of mi ä Profiling 

or the repeating of the geophysical lines with the sarge configuration but 

with a shift of the grid by a fraction (e. g. a half) of the elect 

spacing. Such a procedure would achieve a more thorough survey along a 

particular line. For this purpose sate form of nadelling, both Car te=r 

and laboratory, would be required. In addition this can be investigatW 

in the field over targets of known gecrostry. 

As pointed out earlier, there was an Indication that the 1. p. 

responses (N. T. I. ) vary within the lava succession. This requires further 
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investigation in order to establish the different values which nest be 

expected in a certain area in the Pillow Lava Series. Such an investigation 

could be carried out by taking readings using short electrode separations 

over the different parts of the succession. 

Another subject which merits investigation is the possibility of 

variations of the I. P. responses with weather conditions. For this, it 

is essential to establish a standard line which can be surveyed periodically 

taking into consideration the temperature and rainfall. Such a litre should 

certainly run over a concealed mineralization with sufficient infonnaticn 

on its gast try and grade. 

The pseu&osectional convention of plotting was found to show sane 

variations in its patterns which are indicative of te depth and gecm; try 

of the mineralized body. This should be investigated further as it c i1; 1 

convey useful information particularly on the depth of the target. Mixed 
plotting could also be exper z nt d with. Such investigations cc uld be 

ac xx lished with the utilization of the computer and nma]elling moults 

ir, entioned earlier in this section. 

The present research caricentrated mainly in the Loder Pi, llvw Lava 

terrain and investigated the responses of shallow seated mineralization at 

am drraun depth of 125 meters. There is no doubt that mineralized bodies 

should exist at much deeper levels covered by post mineralization volcanics 

and younger saiirz nts . Their mode of occurrence would y not differ 

from those e=ninec1 in the present research, but their detectjrj would be 

subjected to various . lications mainly due to their depth and the ovcXlying 

rocks. For this, scare other form of deep penetration geophysics must b 

investigated, in particular I. P. measurements in b reholes. 

The I. P. decay shape was investigated both as an exponential , nc, 
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as a loge titre decay. In both cases it was fond that the factors which 

describe these two shapes varied and in se of then, these variations 

appeared to be related to the mineral grade. This observation calls for 

further research on this subject under laboratory ca Bitions . IZegardincj 

in same areas that the electrccnagnetic the exponential decay it ap 

and true chargeability c Ixnents are related to the mineral grade. In 

addition, the relaxation time of the electromagnetic c cnent danonstratod 

in sons cases an interesting behaviour which calls for further investigation. 

The present research demonstrated that the transient decay is not 

linear on a loche tirip, axis but it consists of two vents. Further, 

a rnuaber of areex tens which describe this shape were found to attain 

different values over disseminated and higher gra3e mineralization. 

Particular attention needs to be paid on the deviation paraneters. In 

addition the values of all these param titers must be treated statistically, 

in order to define their significance, with the study of more exarples, 

Finally, another subject which requires research is the investigation of 

the values of these paraaneters and also the resistivity, with regard to 

the mineralogy arte texture of the rocks. 
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