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Abstract
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A nﬁmber of geophysioal‘methods, including the variable
frequency- induced polarization, have been used by the writer .

whilst being'emplOYed by the Geolcgical Survey Department of

Cyprus for the'paat 12 years in mineral exploration in Cyprus.

The target of exploration has’ been medium to high grade

cupriferous sulphide mlnerallzatlon occurnnngmalnly in the pillow
lavas which form the upper part of the Troodos Izneous Complex.

The use for many'yeafs of conventional ground geophysical
methods, like graVity, magﬁetics, electromagnetics and self-
potential has not' been very successful mainly as a result of the -
peculiar propertles of the Cyprus sulphide orebodles and the
enclosing host rocke Such properties: 1ncluded low resistivity of
the lavas and high porosity (low bulk dens 1ty):and non-magnetic
nature of the sulphide orebodies, Other factors, such as

-geometry and depth of the orebodies also played an important role.

Sulphide mineralization is associated with tectonic zones
of variable width and len;th occur®inzs mainly in the form of

fracture fillings and disseminations. The massive, saucer

shaped, upper part of the largest known orebodies of Cyprus,

-formed in depressions of an ocean floor from hydrothermal solutions

by means of an exhalative - sedimentary procesc'may not have
been developed 1n all cases or may have oeen removed at a later
stage. '

The numerous problems associated with conventional geo-
physical methods and the- 1nab111uy of such methods to ‘respond

- positively to concealed occurrences of mineralization, compelled

the Geological Survey Department to resort to induel pdarization
as a better indicator of mineralization with depth penetration

"comparable to that of gravity and superlor t0 that of the
“electromagnetlc method,

s The induced polarization method, however, is not dev01d of
problems and llmltatlons. Response to mon-economic low "rade
mlnerallzatlon, membrane effects, electromagnetlc coupling and

-cultural effects are but some of the factors llmltlnb the depth
~ penetration end resolutlon of the method. Nevertheless the induced

polerization method proved a powerful geophysical tool.
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1. Introduction

_The rresent report describes briefly excmples of the
application of the variable frequency induced polarization
method in mineral'ekploration in Cyprus. These examples
include ayariety of geological énvirammnts and different modes -

of sulphide occurrence.

The responge of the variable freguency method under such
circeumstances is discuSSed in terms of the usual parameters,
i.e, frequency>effect; metal Tactor and’apparent-resistivity.
A number of problems which in effect limit the applicability'
and usefulness of the method are presented and discussed.

- Three examples of induced polarization surveys over
mineralized zones are presented. The first example is of a

- gurvey over a relatively narrow mineralized fault zone in the
~pillow lavag. The problem of large E.M. ccupling effects sets

& limit to the useful depth of investigation. The lack of
resistivity contrast between lavas and low to medium grade

- mineralization excludes the possibility of usingfthis parameter

in sulphide exploration over such rocks,

The secondfexample is from an area of Basal Group minera-
lization. E.M. ooﬁpling.effects over such rocks are minimal
owing to their high baclgrowmd resistivities. Mineralized zones
are usually associated with lower resistivities. The main
problem is that of the high background polarization caused by -
the widespread weale pyrite mineralization in Basal Group rocks.

The third example is of a survey over a wineralized zone
in gabbroic rocks. Large responses are obtained from this type

~ofjminerélizatign and background effects are generally low. A

moderate resistivity contrast also exists between mineralized .
and unmineralized gabbro.

» An example is given of the effect of‘topography on apparent
resistivity. VThe sulphide bearin  rocks of Cyprus weather {0 a
rugeed topography which affects the observed resistivities.As the
dipole~dipblejarray is particulafly affected by topography, such

“effects should be recognised and separated from true resistivity
© anomalies. | '

..0/2
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Examples are also given of a mise-a—la-masse survey and
of e modified pseudoaectional nlotting technique which enables
eshing of meakuremeutb obtained over the same 11ne w1th
dlffereni dlpole lengths.

The report also includes an account of the geology of
Cyprus with special emphasis on the sulphide bearing formations
and a short introduction into the history of geophysical activity

in Cyprus.
2. The Induced Polarization Method.
2.1, The Variable Frequency I.P. Meth@d.

- It has been obsérved that in-xocks‘cbntaining metallic

_ mlnerals and clays, r0810t1v1ty varies with the frequency of the
uapplled electnu,fleld This frequency dependence has been
“attributed mainly to electrode and membrane polarization phenomena.
Owing to build up of polarization With‘time the resistivity of a
polarlzed zone 1is found to decrease wwta increasing frequenoy.

The same behav1)u1 1 shown by the voltaoe or impedance across

‘8 polarlzed zone. S

In practice the I, P. phenomenon i1s measured by passing |
~a controlled inducing current through the earth and observing
‘resultant voltage changes with variations of inducing frequency.
Measurements in the- frequency domain are made in the fregucncy
spectrum of 0.1Hz to 10Hz, usuully at decade intervals, so tnat
comparison of measurements talen at different frequencies can
be readily made. o

2.2, Field Equipsent.

‘The'équipment'used by the writer is the'Mcfhar Induced
Polarizatibn System, Model P660, which operater in the frequency
.domain and is driven by a 2.5 kw geﬁerétor. Theequipment is
light and portable and has. facilitated the execntioh of surveys
in difficult térraih,which mighf o%herwise hécassitate the use
of ex tremely large lengths ofktransmitting cables.

The transmilter is e manually variable voltage source whose
output current is regulated and Lept constant for larpge load
and input voltage changes. |

eesl3
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The ~eceiver is of the potentiometer type where the

emplified and filtered gignal ig compared with a reference voltage.
"2.3. ‘" Survey Procedure.

- The dipole—dipole array of'I.P, gurveying hag been routinely
employed,throughout, The dipole leaght wag 60 1 fou the detailed
work ahd'TOG n for reconnaigsance or in cases where deeper
penetrationlwas required4 The dipole separation was ﬂsually in-
creﬁéed‘fromv1 to 4 ead more rarely fiom 1 to 6 for each receiver

atavion.

AThe transmitter was-céntrally pogitioned on the survey
line with an adjdbent current electrode and four or more electrodes
on either ¢ide. This treansmitter set up wasg traversed by the
receivér dipole in a way that allowed geveral checl readings
by interéhangevof receiver and tranémitter dipoles.

L
\

The penetration «ad resolution achieved with the dipole-~
~dipole array are quite good and Faformation about the depth of
conductors may be obtained qualitatively from the pseudogections.

The amount of survey wire is winimua with this array.

. ' The disadvantages of the system are the slow rate of coverage,
complex interpretation and topographic distortions of the resi-
gtivity data. -The signal to mcise ratio is also'poorvwith this

- ariay. R - |

2g4.'73aramete:s u$ed in Variable Freauency I.P. Surveying.

_ ‘:These'parameters are tae per cent"frequency_effect, the

" nmetal factor and the phase angle and are defined below, The de-
rivatiOn7¢f eléctrioal regigtivity is also given because thig
4parameﬁer‘is very useful elthough not directly related to rock
polarizetiom., . o

Per cent Freguency Effect, PFE,
This is defined as

PFE = pdc = pac.
pac

Aa
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where pdc is tbe resistivity measured with direct current and
pPac the re31st1v1tj measured with alternating current of a
certain frequency. Low frequency current is usually used instead
of direct current. The resistivities ave in fact apparent

resistivities.
The PFE is ustally given directly by the I.P., receiver.
Metal Factor, -MF,
This i defined as,

up =-R4C = P8¢ y 5 a, 402
_pde . pac ‘

end is expressed in units of conductivity., The 2m factor is
believed to have been derived prom the use of g/2m for expressing
resistivity. This factox was orlélnally used .but was later
,dropped by the wrlter.

,'Phase Angle, C ’ ‘\:V
i ' o : \\ )
This ‘is the phase lag between the input and output sini&~

soidal Waveforms.

Electrlcal Pe51stlv1ty P
the

‘In/case of the dlpole-dlpole qrraJ uhe resistivity is
given by -
oL T |
© T e n (n+1) (n+2) a
. I :
where V is ©t.e neasured voltase across the receiver electrodes,

I is the applLed current, a is the dipole length and n is the
dipole separatien. ' ' ’
For inhomogeneous eartn the measured reolst¢v1ty is apparent.
2 5 Data Reductlon and Presentatlon.
» The parameters, ner cent frequency effect, PFE,&metal'factor,‘
MI'y, and apparent resistivity, pa, have been computed and pre-

sented in conventional ps eudogectional faghlon at @ scale of
2em = 1 electrode spacing. '

ve/5
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Where lines or portions thereof have beén surveyed wivh-
different dipole lengths the data is presented both in the |
conventionar manner ‘and meshed in the modified psendosection
asg proposed"by Edwards (1977). The Edwards pseudosections have
the advantage of giving & better depth estimate of the source
of an anomaly, whilst the degree of meshlnb is an 1ndlcatlon
of the accuracy of the results. ' '

An- example of a ueohod pSLuQO°eCthn is shown on fig 2.
The measureielts come lrom a survey with 100 m and 50 m dipoles
over the pillow lavas in the Sha area. The conventional pseu-
ddsectional plots of the same measurements are shown on figs
3,4 and 5.‘_F¢Om the meshed pseudooec ion it isrevi.dent that
agreement between measurements taken witiy different dipole lengths
ig fairly good, although the 50 m dijole measuiements were talken
at a 1ater date. The significance of anomalous zones appears
to be appreciated better on the meshed pseudoseciion.

I.P. measurements have been comrected for E.M. coupling
-whenever necessary, generally assuming uwniform earth, and the
correctlons applied are shown on the pseudosections.. '

An aanOXLnaLe 1o arlthml, contour 1nterva1 has been
used in most cases, -

2.6, E.M. (Electromagnetic) Goupling.

E.M.'ccupling3is the linkage of the transmitter and receiver
cireuits Lnrou"h electrouagnetic wave propagation. At low
.frequen01es, the B.M. coupling and the normal pularlzatlon effect
of theELbSdrfaCG materlal have SLmllar functiona’l behaviour
with respect to.the.yconducc¢v1uj of the half-space, and their

combined effect is recorded in an. induced polarizetion SUrvey.
To study the normal polarizability of a mineralized'body in its
true perspective, therefore, it is necessary to eliminate the |
effect of E.M«iooupling. ' ’

‘Expressions have been developed for computing the effects
~of E.M. coupllng of ‘collinear dipoles on & uniform half spece
(F.Millet,1967), at the surface of a two-layer earth (G.Hohmenn,
'1973) and over a multilayered earth (A.Dey and F.Morrison, 1973).

el
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Tables. nd nomsgramns have'aléo been published for the
correctidn of E.M. coupling, althouzh owing to uncertainty
usually involved in such a process it ‘would be preferable to
try and avoid E.M. coupling effects during a survey.

For‘a‘barticular rock resiﬂtivityg .py in order to decrease
E.M. coupling effects it is necessary to decrease the electrode
interval a, the electrode separatlon fac» r n, or the frequency
f. In general I.P. prospecLLng ohuulQ be ca““led witn a/6<\0 1
'where 6 ig the skin depth and is given by

502.43[ o ohm. metres
 (hz)

E.il, coupling is believed to have been one of the most
serious problems and in general a drawbacli in an extensive
application of the frequency domain method i. I.P. surveying
in Cyprus.  The reason is evidently the very low fesistivity'

of the pillow lavas, which generally Waries between.10 and 20 ohmeii. -
’ ) \ .

Frequencies of 0.3 Hz aud 5Hz were orlblndlly used wnich
produced large E.lM. coupling effects even for dipole leng ths of
60 m, The problem was most seriouvs at electrode separations

3 and 4} In order to avoid such problens the operating
~frequencies'in surveys over the 1avas were later fixed at O, 125'Hz
and 1.25 Hz which ensured conpling free measurementu in muUt
cases, even at n = 6. Use of lower ¢requen01es, howevef,
resulted in considerable reduction of the speed of the surveys
and in some 1nterference.from telluric noige. E.M.'coupllng
effects over the Basal Group and Gabbro are usually negligible
for dlpole lenbths of 60 m a:d an upper frequency of 5 Hz owmnf
to the higner registivities of these roc’ units.

With 100 m dlpole surveys, as huve been used for deeper
exploratlon, E.M. compling effects have geﬂerﬁllr been low to
moderate down to n=4 but ratiher excessive for larger electrode
,sepafation factors making measurements at_deepér levels
unreliable: ' ' '

.0./7
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The ¢orrezction for E.M. coupling has been based mainly
on the agsmmption of uniform eerth. This assumption appears
to be valid. in-caces where apparent resistivities vary by a
factor of 1@ g than two. In scme instances it seems more appro--

- priate to asswie a 1uJ0¢ea earth nodel although this would

_nece331tate_ada1tlonal work in order to establish the true

resistivity layering. According to G. Hohmenn (1973) the
simplified ascumption of uniform lnobeud of layered earth results
in an overestlmate of tle coup11n5 correctlon.'

Lateral changes 1n TeulotWVLLy huve also presented diffi-
culties in applying E.M. coupling correctiong, For some such
variations the .M. coupling effects have resulted in negative

frequency effects.
2.7, Cultural'Effects.a

" The presence of an artificial conductor in the earth

- causes Spur¢uﬂ0 Ip anomalle mainly bv leakbue currents betweon

tranumlucei and recelver circuitas, \

\,
\

‘In Cyprus‘such effects havefbeen produced by metal water

'pipes_and‘mlne‘dumps. Although these effects are usually reco-

gnized as such they are qtili Véry precoleme tlcal in IP ouTVQYlﬂl
becauqe ‘they are usually otruﬂg and may mask the effect of
sulphide m1nerallzatlon 100-200 m on either gide of the source,
Cultural effects are always shallow end cm beusually recognized
if the geology and mlnerallzatl>n of the area are taken into
consideration. |

\

The effects of linear conductors eah be minimized by

running traverses perpendicular to them or insulating them,

2.3, Dopo raphlc Efferu.

Apparent resistivity varies with topography, thig variation
dependlng on the paxr ticulay type of tonog raphlo feature and the
dlpole length with regspect to the wavelenguh of this feature
(Fox et_al, 1980). . Thus in rocks of uniform res 1stlv1ty a nill
will give rise to a resistivity high with flanking lows whilst
the .reverse iz observed in the case of a valley. In general
the terrain effect anomaly increases with increaging slope lengths
and reaches a maximum between three and six dipole 1cngth8{
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It is clear that such effects should be recognized in
order to aVoid confusién with true resistivity variations or
'anomalies. Duxlng I. P. surveying in Cyprus nmmerous re81sb1v1ty
anomalies have been recognlzcd as purely topobraphlcal in origin.
One such case is shown on the pseudosection of fig. & which is
from t:e Mathiatis N aréa, a short distiance to the west of
Mathiati mine. -Cn this pseudoseétiOn the registivity higsh with
the associated flanking lows between 1800 and 2200 appéars to be’
~due to the effect'of the hill that is present in the same area.
A gimilar effect is reflected on the metal factor. The apparent
-reéistivities of this profile have been corrected for topography
at the Institute of Geological Sciences in London and are
replotted on fig. 7. Most of the anomaly has disappearcd,
although higher than baékground values are still obtained undexr
the hill,_prObably owing ‘ to the non-pillowed-nature of the lavas.

Most topographlc efiects can be recognized gualitatively by
’-correlatlnb the observed rcs1st1v1ty patteru with uhe topographic
profile of the. sume survey line., Athough the plllow lava terrain
is generally hummocky to rugged and zis regponsgible. .- .07
for ﬁumerqus cases‘df topographic effects on resistivity; if is
“doubtful whether this can be & very serious drawbaclk because
.resistivity alone does not seem to be diagnostic of mineralizaticia
This 1s not the case, however, for surveys over the Basal Gvoup
and Gabbro where there appears to be definite relation between
r631stlv1ty and mlnerullzablua. -In the examples of I.P. surveys
over such rocks that/lncluded 1n this report it is shown that
regigtivity and memal faCuor can be of value in deflnlnv zones

-of mlnerallzaulon.~

"Topographj does not geaerally have any effect on the observed
frequency ef”ects except in cases of . ¢, ‘finite sources because
-of variations in the dlstanco botween the surfﬁce electrodes
and the source.

3. Geolugy of Cypruso‘

Cvprus is lelSlble, bopographlcally and geologically,
into four roughly. parallel belts which trend approximately east-
West‘and are gently concave to the north (see fig. 1).
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These belts are: a) The Kyrenia Range to the north, b) the
. Mesaoria Pldin in the certre, c))the Troodos Massif in the south,

‘and 4) the Southwestern Foothill Belt occupylng the extreme
southweotern part of the 1oland. ‘

The Kyrenia Range runs parallel to the north coast and rises
to elevations of 95 metres. It comprises four northdipping
thrust arcs (Moore, 1960)'of allochthonous Pepmian and Cretaceous
.1iméstones'flahked mainly by flysch deposits'of Midcdle Eccene to
‘Middle Miocene’age; -Other associated deposits comprise marls and
: arenites,'peiagic micrites and limestones. Two episodes of volcanic
dctivity have been recognized, one of Maestrichtian and another.
of Palaeocene age (Baroz, 19785., These two kinds of volcanism
‘have been congidered as comparable to island arc volcanism. The
,Kyrenla Range is considered as the most southerly expre581on of -
the Tauro—Dinarlc alpine belt '

'The MeSaoria Plain separateu the tectonically deformed
sedlmﬁnts of the Kyrenia Range from the contemporancouu undeformed
sediments flanklng the Troodos 1gneou§ massif, It is occupied
by“flat lying Plic-Pleistocene to Reéent marly and calcareous
sediments.,. Deep drilling for oil and gravity and magnetic studies
have shown that the Mesaoria Plain is floored by lavas of the
Troodos Igneous Conplex which are oeparated from the Kyrenla Range
by the I ythrea wrench fault '

The Troodos ﬂassif_formed mainly of basic and ultrabasic
igneous rocks of uppermost Cretaceous (Céﬁ@anian) age (Mantis, 4970) -
occuples a roughly' oval area of 3000 sg. km} ihcluding the
inliers of»the Akamas peninsula in the west and Troulli in the
east, it has an east-west extent of nearly 430 km and a width
in a north-south direction of about 35 km.

The Troodos Massif constitutes the main structural and
topographical féature of the island. The igneous rocks comprise
a conplete apd‘undeformed ophiolite sequence rangihg»downwardﬂ
from pillow lavas, overlain in places by ferrowmnsanoan sedlmenta<
through:a sheeted dyke complex to cumulate gabbros and perldotltes
~and to harzburglte tectonite,  Extensive late Tertiary differential
uplift, counled with a serpentinite diapiric intrusion through
an initially layered igneous sequence and concbmmitant deep
erosion are respon51ble for the present domal structure of the
”Troodos complex.



The original upward succesgion of pluténic rocks=-sheeted ccmplex¥
pillow lave is now arranged in an outward succession; from cen:
trally exposed plutonic rocks to shected dyk~ complex and peri-
pheral pillow lavas. ‘

‘To the north and south the Troodos igneous rocks are over-
lain by calcareogs sediments (chalks, chalky marls, limestones
and calc@-enite) of Maestrichtian to.Tertiary age. These
sédiments; wiich are thicker to the'OO”th have a gentle radial

inclination which has been 1mposed by the saume central uplift

that hag affered the massif.

The_mode‘of formation and emplacement of the Troodos

" ophiolite complex has been the subject of intensive research
for the last two decades, The most widely accepted view at the
present time is that the Troodos massif represeiits a Subaerfally
‘exposed slice of oceanic 1ithosphere end underlying upper mantle
~generated at a consuructive plate margin (Gass and llasson Smith.
1963, Gass 1963, lloores and Vine 1971).

Y

- A three fold subdivision of the massif into the sheeted
intrusive cdmplex, the central.plutonic complex and the peri-.
pheral pillow,lavas has long been egtablished, '

Pillow Lavas

These form an irregular and ircomplete ring around the
peripiery ofwthe massif and have a thickness of 2-3 km. The
pillow lavas répresent¢the effugive phase of:the magma that
differentiated‘to form the plutonic rocks. . The rlllow lavas _
have been subdividéd.in.upward succeggilon into Basal Group, Lower
Pillow Lavas and Upper Pillow'Lavas. This subdigision was based
on geveral crite*ia, such as 1ocul unconformable contacts,

intrusive~extriusive abundance ratlou and prlmar an¢ secondary
petrological, mineralogical and chemlcal differences. .

4 The Basal Group, representing the earliest extrusive

phase, cbmsists of a host rock of pillow lavag which have been
‘intruded by dykes. In its lower part the Basal Group, which
_contains4abqut'10% pillowg, has suffered greénschist.facies metamor-
phism, In its upper part fhe Basal Group, with about 30% pillows,
has suffered widespread hydrothernal alteration including silicifi-
cation, argillizétibn, chloritization and epidotization and weak
pyrite mineralization.



-1 =

+The Lower Pillow Lavas consist'mainly-of gsubmarine
flows of oversaturated basalts with an ‘'equal proportion of
‘dykes ‘and’ sills formed contemporaneously or after the extru81ves
The Lower Pillow L@vau are 1n uncopformable contact witih the
'underlyingnBasal Group. The primary minerals include plaglon
clase, clinopyroxeﬁékand magnetite. The'lavas show a downwaxrd
increase,in‘metandrphism from zeolite to greenschist fabies
(Smewinsz 1975, Gass and Smewing 1973, with minerals such as
1zteites, g.een celadonite, chalcedonic silica and montmori-
1lonite). | |

The Upper Pillow‘Lavas consist mostly of well formed
piliows dominantly olivine basalts with limburgites and'picrites
and<1ie unconformablj on the'Lower Pillow Lavas. Quite 01ten
they are found lying ‘directly over the Basal Group. Prlmary
miherals include plagioclase, clinopyroxene, olivine and magne-
tite. The lavaé have suffered. low grade zeolite facies
" metamorphism with the praductlun of zeolites, montmorillonite
and calcite. IFeeder dykesusually acqount for less than 10%

of outcrop. o

The Sheeted Intrusive Complex.

The Sheeted Intrusive Compleh, representing the greater
;part’ofAthe magsif, consists of a dense dyke swarm of 100%
dykes. The dykes are nearly vertical and trend in a general
north—south directidnu They range in thlckneso from less than
one metre to five metres and are of basic to andesitic
composmtion. Several phases of dyke intrusion have been
recognized. The Sheeted Intrusive Complex has been subjected
to greenschist facies metamorphism. The fransition from
Sheeted Intrusive Complex t0 the undeiying gabbro is guite
rapid, although the gab%ro immediately bel@v is  cut by dyles
which form 10 ~ 15% of the rocl '

The Plutonic Complex

The Plutonic Complex of the Troodoo ophlollte con31sts
of two pairts, one occupying the central core of the Troodos messift
and another in the L;massol Forest area to the southeast of the
mein massif. Rocks of the Plutonic Complex renge in'COMpOSLtlun
from the base upwards from harzburgite and dumite through wehrlite
and pvroxenite to eabbro and -lagioeranites. - |
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The harzburgite is considered ag the regidue ¢f partin
fu°1on of rlabioclﬂ e lherZolite mentle from which besaltic
liquid has been extracted (Greenbaum 1972)+ . The harzburgite
is mostly gerpentinized and contv ns economlc chrysotlle

" agbestos depogits.

The harzburgite is followed in upward succession br a
cunulate sequence of chromitite, dunite, W@hr]ite, pyroxenite .
ana gebbro, the pruductﬁ of fracticneal cry3b81117ﬂt10n and

negmatic edlmeQLau¢on of bagsaltic magma.

‘Higher up .in the plutonic sequence are the high-level
intrusives. constl suting the extreme products of fractional

crystalllzatlon.‘ Thegse are mainly trondhjemiteé and tonalites
.collectively termed plagiogramites.- Theyvafe exposed marsinally

in some .arcas between tne zabbro and the Sheeted Insrusive Complex,

" The Southern Foothill Belv in the southwé tern part cf
the‘islénd con 1ots essentially of gently fclded Upper Cretaceous
to Middle Miocene'calcareous‘sedlmeqts also containing large
jinliers'of“the allochthonous Mamenia Complex, The Mamonia Conplex
consists -of : andstomeﬁ’ shaleg and limcstones with an associated
volcanic suite of alkaline ”Lilnltleo cf Triassic to Mid. Creta-
ceous age. ‘TheAMamonla Complex wag brought into juxtaposition
against Upper‘vretaceoku oceanic crust which now Torms the
Troodos Complex (Swarbrick 19797, The final deformation events

involved the extrasicn of massive serpentinite along major faulis.
Structure of the Trocdos Massif,

The Troodos ophioiite ig characterized by theee promianent
gtructural features, i.e. block faulting, gravity slide faulting
and thrﬁsting (Searle and Panaviotou, 1979). The last two
phenomena. are characteristic of the southern Troodos zbne_and
are absent from the northern flanl,

The presenf structural patfern has resulted principally
from the effecte of block faultiﬁg aud late normal faults and
"the subsequent:tilting of the fault blocks. The Basal Group
shows steeper dips, often in a different direction compared
with later lavas,. Fault>directions aligined at 290° and 60°
represent the earliest deformasiocn and are asgsociated with
massive gulphide mineralizaticn.
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Later north-south faults intersect all previous structures.
In en account of the form and fo¢mat10n of the orebodies of
the Kalavasos mining distric of southern Cyprus, .Adamides
(1979) concludes that the minerallzlnd fluids occupied north-
easterl"'fraetures and faults whose orientatioh indicates that
they are dlrectly related to the evolutlon of the Lower Pillow
Lavas and Basal Group. These Taults are congloered as being
originally parallel to and dipping towarda the spreading aX1s.

of a mid~ocean ridge.

Gravity slide fdultjng in tne southerh Troodos - zone has
developed from npthlustlnb of the Troodos and the slldlng of
large fault blocks to the south and southwest,

4} Minerélization Agsociated with the Troodos Ophiolite
4.1, Mineralization Agsociated with the Trocdos Plutonic Rocks

The mout well Pnown occurrences. of mi nerallzauloﬁ in
these rocks ere those of asbestos in the 1ﬂuense1 ‘serpeantinized
ultramafics and the economic chromite deposits in the dunite.
near its contact with the underlying harzburgite. Less well lnown
are the sporadic oécurrenses of iron~copper-cobalt~nickel sulphide
nineralization in the Serpentihized ultramafics of the Limassol
Forest Plutonic Complex (Panayiotou1977)and fhe gulphide minera-
lization in the gabbros hetween Ayios Ioane_e and Acros in the

I

APitsilia reg ,Jﬁ of central Cyprus (Vokes and Constantinou 1964,

Econmm1c chrysotlle asbestoo dep031Ls occur over the castern:
part of the serpentivized ultremafics (harzburgite) where the
qerpentlnlzablog has been more intense. The eerpentinization
has been brought about by the act.on on ultramafic rocks of larse
~anounts of"%ater, probably of mefteoric origin (Magaritz and Taylor,
1974 at_evve:y low temperature in a near surface environment.

- Chromite is an accessory mineral in several olivine rich
ultremafic rocks, although economic depogits are found in dunite
close to its contact with the harzburgite. These deposits are
of the podiform type and are considered as produsts of segregafion
of the mogma that also bleauced the roc s of the Troodos
Ophlollte Cumpleu.

/1 n
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-The sulphide mineralization in the gabbros,'the nost
well known occurrence of which is located in the Ayios Ioennis-
Agros area, is in the form of fracture fillings, sulphide veins
and quartz sulphide velns and is associated Nlbh h]drotnernal
alteration controlled by faults and fracture zones in the gabbroic
rocks. The predominant sulphide mineral'is pyrrhotite with
subordinate amounts of chalcopyrite, gphalerite, pyrite and
marcasite.' The. hydrothermal alteration also included extensive
'CthTlulzatl)ﬂ aJd q111c1flcatloa of the host.rocks.

4.2.- Mlnerallzgtlon Asy 001at ed w1th the Tro odos PlllOW Lavasg,

_ The‘Troodos 01llow 1ava have formed the hogt rock for the
'foimatioh of masgsive and disseminated oulphldc orebodies most of
‘which have been known and worked since oncient times. The Cyprug
sulphide‘deposits are small'by‘world standérds, the largest
being thet of Mavrovouni of 15 million tons, with average -
golphur and copper convents of 40%iand'4ﬁ‘respectively.u Most
of the other sulphide deposgiss of Cﬁprus, which occur in clusters
of four Of more in five mining districts over the pillow lave.
outcrop, -are ﬁenerally much smaller in size, the second largest

heinhg that of Skour 1ot13 =) Wluuré mllllOP tons

A map with the most ‘important mines of Cyprus is shown

on fig;>8.
4.3, Modc of Occurrence and Genesis of Sulphide Deposits.

The Cyprus massive sulphide deposits have been considered
~as type ewample” of orebodies occurying . in accretional ophiolite
. suites (Constautlguu 19727, They are characterl ed by distinct
ve;tlca1 zon1ng'w1rh' upper zone of massive ore with more vhan

40% 8 underlain by a zone of sulphide with quartz with 30-40%
and a stockwcrk zone underneath containing less than 30%S

The magsive ore consists in many ore deposits of blocks
of 'solid sulpnlde eirbedded in a maitrixz of sandy, fricble. and
hlghly porous ores  'he predominant mlneral-is‘pyrite.
Marcasite is hlﬂnly variable and nay be'completely absentv.
“Chalc opyrlte is 1nvarlubl\ preoert, particularly in the upper
- paris of soine deposits, whilst phalerlte, “ltnou zh legs common

than chalcopyrltc is lnvdLlablj prnoeut.



- 15 =

The stockwor.: zone consists in its upper part of minera-
‘lized and hydrothermally brecclated lava grading downwerds into
pillow lava which is nimilarlv'altered. The stockwork zone,
~which represenbs the channelway through Wthh the mineralizing
‘soluul\ns'reached the surface of the ocean floor is generally
much moéore extensive than the as0001eted massive ore and extends
to depths in OACGSS of those reached in ex (ploration drilling. In
the stockwork zone the mineralization is y in the form cf sulphide
and quartz-sulphide veing the thickness and proportion of which
decrease with depth. Copper and zinc are rather erratic bvut

generally decrease downwards.

The massive parts of the deposits usually have a saucer
vshape disposifion which hae been interpreted/as indieating
formation in fault contrqlled bathynetric depressions at the
site of an oceanic ridge. The mode of formation has been
envisaged ag exhalative - 0edlmentarv by the interaction between
sea—wauer and hydro thernql solub1u s\reac11ng the sea floor

through iracture zones. - X

. The deposits]ﬁe on hydrothermally altered lavas and  on
many occasions are overlain by unminera lized Upper Pillow Lavas.
They are also- 1nurudea by later unmineralized dykes, feeders to
the Upper Plllow Lavas. Usuallj there ig an. iron-rich ochreus
sediment that may be associated with cherts, wuffs and siliceous
]1meotone, int erposed between the maseive sulphides and the over-
lying Upper PlllOW Lavas. = This sediment has been interpreted |
as the broducf of oxidation and leaching of the underlylng
suiphides Constantlnou and Govett, 1972).

. The strat 1graphy, relavive age and genesis of the sulphide
, orebodies has confounded Cyprus economic geology for meny years.
In the 11r8u-notable study of the sulphlae erOultS by Cullis
and Edge (1927) it wau_concludea that these were later than the
sedimentery cover‘of4the'lavae (Ifiocene) and that the sediments
acted.as a barrier to'the ascending minerelizing hydrothermal
solutions which were censidered<t0'have, formed the orebodies
by replacement of the lavas, These ideas prevailed'until the
U0 F. (United Nations Special Fund) project between 1963 and
1968 with 4he attendant research wor on sulphide dep031ts shed
considerable 1l ht on tne matter.
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The sulphide mineralization was unequivocally congidered as
gynvolcanic and non-replacive except probably at the lower
levels of the stockwork zone, There isrstill, hoWever, a
difference of'opinion asvto the exact position of the massive
mineralization within the lava sequence. Coastantinou and “
Govett (1972) and Constantinou (1972) consider the Lynrus
sulphlde d@poswt as belng deposited in caldera-like depressions
during a pause in volcqnlclty before a final olivine basalt
phase, Searle (1972) on the other hand suggested that the

" gulphide mineralization occuxredduring the interval between
Basal Group and Lower Pillow Lava'voloanicity. These views
evidently‘have considerable bearin: on exploration.

Tie eloncaued saucer shaped massive zones which are
typlcal of the larger orebodies, such as ifevrovouni and
Skourlotlssa, have not been developed in all cases of known
Qrebodies.b In all‘cases, however, it is now certain trat
lbcalization of the deposits was épntrolled by longitudinal
 fIacuuTes which formed part of the Tift valley of a mid-ocean
ridge. Rccent SbudleS by Heaton and Sheppart (1976, and Spooner
J197u) have.shown that deep circulating sea water is the mein
mineralizing fluid. Thc ore soiutions, whilst pervasive and
diffuse in nature in the lower parts of the'volcanic'sequence,
becohe,more localized in tlhe longitudinal fractures upon
reaching the ocean floor, |

In gcophJ31cal and in generLl in mineral exploration fox
gsulphide deposits Lnomledge of the mode of formetion and
Qccurrénce‘of'ﬁhese deposits is of peramount importance as any
programme of exploration will have to be based on such previous
knowledgse. - | ' '

It is now well known that the size of the targes sough

is,genérally small and probably less than one million tons.
This, tozether with a mumber of other variable factors, such
es grade'of'eXpected mineralization, thickness of post minera-

lizatibn volcanics and sediments, width and longitudinal extent
'of‘minefaliZed fracture zones and shepe and geometry of orebody
will determine the choice of geophysical methods and techniques
~ to be employed in exploraticn., '

taer
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D Application of Geophysics in Mineral.Exploration in Cyprus.

The ppllcatlon of oeophy81cal methods in mlneral explo-
ration in Cyprus dates back to tiae 19208 when the mining industry
of Cypfus'was revived after many centuries of dormaacy. The
principal mining companies of Cyprus, including the Cyprus Mines
Corporation, the Hellenic Mining Co cnd the Cyprus Sulphur and
Copper Co carried out at various times geophysical surveys over
tﬁeir concessionS enploying various'geophysical methods. A geeat
deal of This geophysical worl was carried out by ‘contracting
companles including McPhar. GQOpﬂYglCo, Newmont Bxploratlon,
‘Lea—Cross Geopinysical Co and Huntin °Gevlogv and Geophysics.

Originally the primary purposec of the‘geophysical woik Was
 .the,eva1uation of mineralized occurrences, including numero:s
gossans."The »eophysical methods used were ﬁainly,the self-
‘potentiael and equipotential. The scope of exploration was later
fextenqed to the digcovery of blind orebodles with the application
of the gravity, magnetic, electromagnetlc and 1nducod polarization
methods, “

‘ A sound basig for votemwtlc geophysical exploratlon in
Cyprus, however, was 1ald down during tne U.N.S.F. project

between 1963 and 1968 with the introduction of the main geophy-
sical mefhode and %he training of local personnel. The Hellenic
Mjning Co also started in. 1970 systematic geophysical exploration
~with exten31ve anplication of the time-domain indiiceéd’ polarization
‘method. (Maliotis 1978),

From'the resUits of the apnlication of geophysical methods in
mineral exploration in Cyprus for tie past 20 years it can not
be claimed thatthié‘applicatiqn has, been very successful. In
most cases there have been serious limit aticns imposed b the
properties of the orebodies and the enclosing host rocks, the
geometry and size of the orebodies and the cover of post minera-.
lization vblcanies and sediments. | '

A short account is given below. of the appllcatlon of
each - geophysical meunod.

10-0/18



5e1e.  Magnetics

This is-a cheap ahd quick methed and lLias been employed
extensively by the Geological Survey Departient. The magnetic
varlometer orlglﬂailg used by U.N.S.T'se project was loter replaced
by & Geometrlcu G8/prvton p1ecess1on Llstrumeqt.

The sulphide orebodies of Cyprus are generally’non—magnetic
and this ig mainly attributed to sulphurization of magnetite in
the mineralized lavas. In fact mineralized zones were expected

0 be dssoc1a ed hlth mag netlc lows

Although the magnetic gusceptibilities of the three lava
units are about theesame these units diffef-in the amount of
remanent magnevization, with tihe Basal Group showing the smallest
inten°ify and the Uppef Pillow Lavas the‘hi@heﬂt. This property
has been employed for 11th010510a1 dlscrlllnaclun'and gtructural

deflﬂlblOn. : _ N

Alteration of the lavas results' in decreaised values of both
the induced and remanent megnetization so that alteration zones,
~which may be related to mineralization are marked by magnetic

lows,
5.2, Gravity.

Althoﬁgh OCQasiOn&11y applied by mining companies tais
method was essentially introduced by the U.N.S.F. project during
which 1t was used exten31valy. Itsusercontinued after the
uermlnatlon of the project in 1968 although to a smaller extent.
'The equipment Jsed s1nce 1965 1°,the Worden Prospector.

lee the magnetlc metnod it has serious 15mitations owing
to Lhe small density contrast between the highly porous (Consten~
'tlnou 1972 Cyprus sulphide deposits and the enclosing lavas and
to»cértain other factors, such as interference from high density
intrusives with~specifi’ gravities of about 2.5. The Basal Group
mlch its uneven subsuirface topography has also beea respons1ble
for numerouu gravity -anomalies that have been considered as being

assoc1ated with mlnerallzatlon.

e o-‘o./‘] 9
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In subh‘caSes,additional geophysical invéstigations with other
methods are normally required in order to obtain more informetion
‘rnrthe'natﬁre of the anomalous bodies.. In géneral the aensities
of the 1ava3'increase?with the amount of intrusive material.

Although of limited vuluc in the alrect detectlon of
sulphides the grav1uy method has found appllcatlon in the deter-
mination of the reglonul structure of an area. '

5.3 -Electromagnetlcs

Electromagnetic methods have been used at various times
by the’mining companies, bul extvensive use of the method heas
‘been made by the U.N.S.F, progect and the Geological Survey
Department.. The technlque mainly used is thie Swedish Turam.

The Surveyé carried out at the outsel of the U.N.S.T.
eyploratlon programme OvVew knowi noar—surface orebodies showed
dlstlnctlve E,l{. response. Further w orl, however, showed that

not only the suLphldes but also non-commcr01al electrolytic
“conductors: caused bj increas ed porosity and salinity of inter-
‘Stltla] water w1th1a the lavas, agrillaceous alteration and faults
were/soé}cp of the vast majority of E.M. anomalies. Separation

of anOHaWLes 1n most cag es may be moade only through comparlson
with other LDeOph;ys1cal or ieolosical methods.,

Worl: by the Geological Survey Department has shown that
sufficient conductivity contrast between sulphide mineralization
and host rock is usually found for occurrences in the Basal Group
whose conductivities usually vary from C.02 to 0,01 mhos/metre.
'AIu the case of plllow lavas with muc higher conductivities
(0.02 =~ 0.1 mhos/metre) sufficient conductivity contrast exists
only when tqe SU¢WhHI content oi *be nlnerallzgulon ig in excess
of 30%. |

The Pulse E,M. method, applied extensively by Norande
Exploration (Cypras)kLtd during taoeir exploration for sulphldes
between 1976 and 1&78‘seems to suffer from the same inherent
prleems.és other E.M,'methods.‘ '

oon/2o
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5.4, Self Potential.

.This method appears to hove found wide application only
during the eaIlV days mainly for the CV&lthlﬁn of shallow
mineral indications and gossanse It is used today in favourable

circumstances, supplementary tc other geophysical methods.

5.5. . Induced Polarization.

Before 197C this method was employed occasionally by the
mining companies(for_sulphide exploration over their concessions.
The first survey was carried out by McPhar Geophysics for tae
Cyprus Mines Corporation in 1962. There is not much information
about thls gurvey but there is mofe information about anothexr
- survey carried out in 1968 by Huntings Geolo: -y and Geophysies
'Ffor the Cyprus Sulphur eand Copper Co. The radlent array was
used throughout this latter survey.

Because of discouraging results of'thesé‘early geophysical
surveys tihe U.N.S.F, project did nof\apply the induced polari~
- zation method, although it was thought that this method might
prove effective if it supplemented gravity and electromagnetics.

TheAGeological Survey Department, fellowing t:e recommen-
dation of the UDN°SsF: project purchased in 1970 a McPhar P660
variable frequency induced polarization system which, however,

- was 1nfrequent1v uoed until in 1975 the writer took charge ﬂnd
l<started an - 1ntenolve programme, This programme, alcho%gn aiming

mainly at dlscoverlnb economic sulphides, also almed/%stabllshln
. the elecbrlcal ond induced polarization propertles of all the
rock types lnvolved. V

The Hellenic Mining Co in cooperation with Leicester
UniVersity';nitiated in 1970 an induced polarizatioh project
which was ~expanded in 1972 and put on avrovtine bagis., The
frequency domaln method was originally used but it wag replaced
:'latel by the tlme domain method mbking use“&f vowerful generators.
The Hellenic Mlnlub Co has carried out since then cmtensive survevs
some of which have 1ed to the dlsooveryAbf economic sulphides.,

.0 oo/21 .



5.6 BoreholejGeophysics,

Use has been made 1aLelf,.by both the Geological Survey
Department and the Hellenlc Mining Co of borehole geophysical
methods. The-Geongipal Survey Department iSQéooperafing with
the BRGM (Bureau de Recherches Geologiques et Minieres) of
Frahce in the application of two methods, the mise~-a-la-nasse
or applied potential method and the IP mise-a~la-masce method
which.ds an adaptﬁtlon of the first ome. In ﬁhis‘latter method

the current electrode that is earthed in a borehole does not
have to lie in conducting vre whilst the other current electrode
is placed as usual at infinity. MeaéUrements are taken of the

electric field.and frequency effect in two perpendicular dire-

ctionswith a ‘short receiving dipole along lines parallel to the

transmitting dipole. Values of apparent resistivity ard resul-
taht frequency effect are computed for each station from
 meamurements in two orthogonal directions. .

These methods appear to offer certain advantages over
gimilar ground methods, particularly in cases oi orcbodies
lying at depths severel times their diameters.

An example of a mise~a—la-masse,$urvey ig shown on figs
9 end 10. The example comes from a survey in the Sha area on
the eastern flanks of the Troodos massif. In this survey one
current electrode was earthed in borehole RFB/%O whi ch
encountered md581ve m;nerallzatlon from 57 to 63 metres and +th
other current electrode at iunfinity. Cne potential electrode
bwas alSa'placed at infinityvin a direction opposite to that

r

of the current electrode.

Hig 9 is a aap of the surface potentlals obtained with
the curront electrode at 50 m depth, i.e, above the massive
ineralization. Station spa01ng was 25 m and line spac1ng
50 m. The equipotentials are nearly cifcular indicating almost
e]ectrlcally isotropic earth., Except for the 100 mV equipotential
the rest are nearly centred around the epicentre of the curreﬂt
elecirode.
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. Fig 10 is & map of the Gurface potentials obtained with
the current electrode at 59 m, iece in’the mwséive mineralization.
o Station end line gpacing wag reduced to 5 m. Thevequipotentials
= ' are now'definitélyvelongated, approaching an elliptical shape
which refle@ts in some measure the geometry of the ébnducting
body. The major axis of the ellipse 1ndﬂcateo ‘the approximate

strike. direction of the orebody.

The extenu of the massive ore is not .probably determined
from the mlse—a~la—masse survey ulone. It is evident, however,
that bdrehole RF9/81 which intercepted about 4m of massive
mineralization coincides with the 87 m V equlpotentlul whilst

_ borehole_RFj 80 Wlth about 6 m of nassive ore is associated with
:Atthef88.5 n V equipotential. ‘

. The ébove exdmple indicates the usefulness of borehole
geophy31cs 1n providing information’ re~ard1ng not only the presence
but also the extent of an orebody. Surface induced polarization
'falled to reveal the- presence of the orebody, probably because
it occurs in a- Huch more extensive zone of altered and wea]ly
n¢nerallzed volcanlcs ang pxobably becnlse of itse reletively
small volukv.' ' '

6. Examples of the Application of the Variable Frequency Iﬂduced
Polarlzatlon Method in Mineral Exploration. '

6.1, 'Geophysical Survey of the Avdellero Area. -
6olals Introduction

The Avdellero‘area occupieé the south western corner of
the Troulli Inlier where rocks belonging to the Troodos pillow

lava serleg are exposed.

There is é‘long gogsanized zone in this areé (seé fig 11)
lying about 400 m to the southeast of Avdellcro village whiCh
has attracted atiention from tine to time. Cyprus lines
Corporatlon sani ‘several cexploratory boreholes and plts over the
,western part of the gossan whicihh encountered disseminated
pyrite and‘prbpylite with maximun sulphur content of 5% .‘

o
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Pért.of»the area was surveyed in 1967 during the U.N,S.F,

- project by u.eans of'Turam which,‘however, failed to reveal

any worthwhile aiiomalies.

TheApreseht-induced polarizafion gurvey of the Avdellero
area was initiated‘in'19783nd formed part of a more extensive
geophysical survey which also included gravity, magnevics and
electromagnetics and covered a lorge part of the Troulli inlier.
In cooperationhWith the BRGM of France part of the Avdellero
area'was also surveyed in 1980 by the Max-Min electromagnetic
nethod and_borehole 1P,

The geophysical worl was follewed by a drilling programne
which included sic boreholeg sited on the basis of various |
geophysical anomalies. Borehole MR/P47/80 was drilled on a
gravity anomaly, whilst bofehole MR/P66/80 was drilled on a Max-

Min anomaly. The rest of the borehsles were located on IP anomaliles,

6.1,2. Geology of the Avdellexo Areg;\

The Avdellero area forms part of the Troulli igneous inlierx
with the outcropping‘rocks belonging to the Upper and Lower
Pillow Lavas (fig 11). The main structursl feature is a near
east-west trending fault zone which . downthrows theﬁUpperlPillow
Lavas to the south. o '

The zone is mineralized and .a notable goBBan is observed
over a considerable part of its exposcd length. The minerali-
zation, which is restricted to the Lower Pillow Lavas, is of
the stockwork type, ie.e. in the form of Ffracture fillings end
disseminations., The rineralized zone appears to be narrow and

typical of similar longitudinal mineralized fractures wnich are

. common in the Basal Group and Lower Pillow Lavas of Cyprus.

To the west toward Avdellero village a later northeasterly trending
fault seems}tc.haveacaused a.reversal in the dip of the structurec.

B The aim of the geqphysiCal workgin‘fhis area was to Jocate
concentrations of mineralization in the vicinity of the exposed
mineralized structure and in partic.lar under the cover of
fresh Upper Pillow Luvas. ‘ ’

F Xa W)
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The sulphide mineralization in the form of veinlets, fracture
- fillings and disseminations does not appear to contribute .
towards lovver:mfr appafent resig t1v1ty.

Topography does no: appear to have affected seriously
the observed apparenf‘resistivity as the relief of the area is
relatively gentle. The only notable. effect is seen on line
113 where a marked feqistivjty h{gh between - 180 and - 360
appears to be due, at least pwrblv,to a nhill with a wavelength’

of about 4 dlpole 1enguhs.
‘Frequency Effept.' 

The Uppef~Pillow Lavas are génerally'characterized by
percent frequency effect of 1-2%. The Lower Plllow Lavas are
also characterized on the mai:i by PFE falling in the ra&ge of
- 1-2% althoubh.con81stent deviations outolao thisg range are
apparent on'sevéral occasions. Thus PFE smaller than 1% are
' obtalned over the extreme northeaste: n\pertlons of most of the
lines whilst values in excess of 2% and approaching 3% are obtained
over tne central parts of lines 117-1271 down t0 a . dipole separa-
tion n=2. Tt is believed that these variations in PFE reflect
_variations in the llthology of(thé Lower Pillow Lavas,.

PFE. over the mineralized zone are generally higher *than
2%, reaohiﬁg values of 5.4%. The highest values are obtained
-on lines 111-125 where the mineralization anpears to be maluly

boreholes

concentrated., Sulphur distribution dlﬂgramo/dr111ed over this
. part of the zone are shwon on fig 19. It is evident that &a peak
,‘_PFE“df'4;8% on line 119 corresponds to_5.4p sulphur and a peak
value of 5.4% on line 121 to 16% sulphur, Membrane effects from
the clay within the minéralized feult zone may also be respon-
sible for part of the observed anomalous PFE response.

Metal Factor (MF) .

Backg"ound MF for the Upper Pillow Lavas are 50-150 end
‘for the Lower Pillow Lavas 50=200. Over ‘he mineralized zomne
the NP is'genérally’higher,than 20C althoush lower values are
' obtained'on.ceftain lines where'high apparent resistivities
axe elso obtained,. ' '
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'The fact that the resistivity of mineralized. zones n the Lower
he stlphide content buv rat y
Pillow LavaJ‘ls not determined” by/other factoru, such as
arglll;zat;on.ﬂnd 31110111cat1un_dlmenlsheg the_effectsveness_
of thevM.F.‘aS'an indicator of mineral content. Any variations
in apparent resigtivity, either lithological or topographical N
" are also reflected on the M ¥, and considerable care should be

taken When deallﬁé with thls parameter.
’vbThe Form of,the‘IP Anomaly.

' PFE is ev1de&t1y the most dlﬂﬂnostlc parameter of mlnerell—
zation. Althouoh in many casee r051st1v1uv is not indicative
of mlnerallzetlon 1t is stlll a useful paraneter partlculurlf

\\“_//when used in conguuctlon w1th PFE

Ehe'PFE enomalies obtained along the Avdellero hineralized
" zone are'generally narrow, of‘the order of one to two dipole
- lengths @nd‘quife'shalloW'with.qnomaTbnc values appearing on -

- .n=1, Most ofatne anomalies are symmetrical with anomalous
'b‘values obtalneu when both the transmitting and receiving dipoles
traverse the mmnerqllzed ground. The PFE pattern obtained on
MOsteof the ‘lines is that of & central low with'flanking highs
which most probably indicates a limited debth extent of the
source, This pattern is typioallydeveloped on lines 101,119

vand-121._ ' ' ' o

Reuults of Other Geophys1cal Methods.

| Borehole MR/P47/80 was drilled on the only 1mportant
gravity. anomaly that appeared in the Avdellero area, The borehole
encountered only traces of pyrlte but intercepted a thlck
basaltlc 1ntruolve below 12 m w1tn gpecific gravity of 2.2 to 2a 5,

The Turem and Max-Min revealed nunerou s, generally shallow
anomalles, which are mostly related to electrolytlc and clayey )
conductors. Borehole MR/P66/80 dr;lled on a strong Mex-Min
anomaly did nbt-encounter any,miAeralizatiOn.- Except for the
top 12m of weathered and slightly oxidised Lower Pillow Lave, the
rest of fhe_intercepted rock 1is relativelj'freeh. 'The Max-Min
profiles qu“line 125 are shown on fig 20,

C ‘ AWEY,
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6.1,4..Conqlusisns}‘

From the geophysicql fesults from the Avdellerc area it
is clear that I¥ in contrast to other beophy icel methods, is
the only method whose anomalies are gssentially- ass001ated with

svlpn de mlneraljzation even of very low grades.,

Gravity, magnetics and eleotrom“”notics are more respons1ve
to sburces other than the sulphide minerclization. Higher
dengity intrusives affect the gravity field,whilst electrolJuio

- and clayey conductors are mostly the sources of the numerous

anomalies usually obtained witii the electromagnetic method.

On the other hand, however, it is doubtful whether mine-
ralization of tie grade encountered at Avdellero has sufficient

'density and resistivity contrast to the ehblosin" host rock

melie it detectable by means of gx dVity and electromagnetics,.
FProm the re81st1v1ty results of the IP surver it is at leéexnst

' ev1dent thau there is not usually suffiCient r031st1v1ty contrast
.and that in sone cases the mineralizayion is of higher resistivity

than the host rocL.

The draWback of the IP method is probably that it responds
even to very low concentrations of sgulphides and tuat no estimate

of thelgrade of mineraligation can be made from the IP parametcrs

50 that many boveloles drilled on IP anomalies encounter

~ uneconomic gulphides. It appears, nevert..eless that an increase

1n.grade should be expectod with increase in PPE for shallow

'1y1ng soarces.-

A serious limitetion of IP surveying over low resistivity

. pillow lavas is’ that of the large E.NM. coupling effects. For

- dipole lengths up to 60m this'problem.is_eliminated'with the
‘use qf-theylpwest possible frequencies of ‘0.%25 Hz and 1.25 Hz.
- Fox larger dipole iengths, hoWever, there is no way of‘avnidiﬁc

E M. couplihg with the result that penetration 1u limited by
thls effect ‘particularly rather then by thc power and sensi-
t1v1ty of the eqvioment. '

6.2, Geophys10L1 Survey of the Lythrodhondi (LakX1aes tou

sPenetLou) Area.

.../28
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i ﬂpart of area,

6.2,1. Introduction

The Lyuhrodhonda (Lakzlaes to Pencttor.) area lles on 1he

.eastern foothills of ‘the Troodos igneous. m3331¢, about 3km
t0 weqt soathwcst’vf the village of Lythrodhenda (ilg 21).

A utrong gogsam, richly. co]oufed m1th limonite, JarO”LtL,

'hemaulte and frlable silica attracted attention and the .
'Hephaestus Jlnln&.Co which had the prospect for some time
“drilled in 19561 ten boreholes (AB1-AB10) and carried out investi-

gations including geologicel mapping end e gelf-potential survey.
The borehdles were reputed to have outlined a zone of minera-
lization containing 1.7 million tons of sulphides with an

averaze sulphur content of 24%.

The areca Was'resurveyed in 1968 during the U;N.S;F._'
proaeot when it formed part of a more exten31ve survey area
by means of magnetlcs and gravity. No _response Vies obtained
over the mlneralléatlon. Twio bolenoles (MR/7/69 and MR/16/69,
were also drllled over a smell gOSSdﬂ t0 the east of the main
one which, after ‘a thin cover of oxidized volcanice intercepted
about 100 metres of- silicified and brL001ated Basal Group
contalnlng rare pyrlte.

'Thé-Geological Survey Depsrtment, in an attempt to
completely evaluate the prospect carried out in 1978 an IP
survey and drilled in 1979 amd 1980 seven additional boreholes:

g*(’fig, 21). Both the IP and drilling results showed that the mine-
 .ralization 'did not extend beyond the limits orl"lnally outllned
by the HephaeSDus Mlnlng Co. ’

632,2. Gebldgj‘of the Lythrodhonda Area,

The‘outcrooping rocks belong exclusively to the Basel Group{
They are 1nva“1ab1y iron stalned and thick zel soils have been

° deve1oped at placeg. They have been gubaected to w¢desprea6
vhydrother1al alteratlon 1nclud1ng silicification, argllllzatlon

and epidotization and wesk nyrlte mineralization.

Low to medium rTrqcie sulphide mineralization‘in'thé forn
of velns and fracture fillings has developed in the southe¢

‘.,.,./294



Wlthlﬂ each zone there are smaller va ¢1aulons due to changes
in 11thology and grade of mlue¢&1Lzaulon.

: The northevn zone is characterized by res1Su1V1r1es varylng
between 100 and 80C ohm.onetres, with the hi: hest values
appeerlng over the western part of the zone.,

Over the'mineralizedvzope‘much lower registivities are
obtained which generally vary between 20:and-200vohm, metres,
-~ The Lowest values appear on lines 9 and: 11 where the minerali-
zation is‘of highest grade. The variations in’vesistivity due
to mineralization afe superimposed on a regional change which
indicates increasge in resistivigy to the west, This 1atter"
varlatlon appears to reflect lltnolgglcal changes particularly

yhe gtate of ar-illization and silicification.

The zone to the south is characterized by values varying
between 70 and 270 ohm. metres thch algo indicate a general

increase to the west. SN

The resistivity field in the Lythrodhonda area has revealed
two importent facts, a) that Basal Group rocks, unlike theA0vere
- dying. plllOW lavas, geﬁerallj have riuch higher 1"e*JJ.su:Lv:Lt:Les
owing to W1despread gilicification and large proportlon of
intrusive mateérial and b) that mineralized zones within the
Basel Group with 25-30% sulphur hove resistivities as low as
20 ohm., metres.*'A lar e resistivity -contrasy may thus exist
“between mineralized.and unrineralized Basal G¥oup rocks, rcude—
"“ring the resistiv;ty method an efficient eophyaloal tool.».
»This'phenomehon is not usually obserVed over +he plllOW lavas

)

whete both the ninervalized ‘and unminerelized rocks usually have
.,81m119r res1st1v1t1eue« ’ '

_ TOhography has probably affected appareﬂu res 1stivi%y,
’ﬂlthough tle exbeﬁt of such effect cannot be known before a -
'theoretlcal evalvatlon is made. TOpographlca]ly the survey

area 18 avalley Wlt slope an;leo generally in excess of 10°

and slope len::ths equal to 3-4 dlpole lengtihs, According to Frox
et al (1980) topographic effects reach maximum values under Juch
.condltluns° The res:s11v1ty anomaly px oduced bJ a leley is that

of a ceqtral_low_~flanded4by highs, -
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Frequency'Effect.

The frequency effect field, like resistivity,~also shows
e similar theeefold subdivision into three zones. The northern
zone nas values varying . betWeen 2% and 5%. The highest values
are obtained on lines 5-13 ﬁnd partlcularl] in the area adjacent
‘to the nmore intense mlnerallzatlon. The PFE- obtclned over this
zone appearlto partlv exceed the background values expected from
-Basal Group, but cwing to the abscnce of any boreholes in thlu

area the reason for this is not obvisus.

The southern zone 1s characberized by zenerally lower ¥alues
between 1% and 3m, whlch are typical background valuwes for

Basal Group.

The mineralized zone is characterized by PFE which are
-generally higher. than 3% and as large as 8.7%. The highest _
values are‘obtalned on llneq 7,9 and 11 where the highest ér xdes
of mineraliiatlon>have been found toloccur;" ‘

The mlnerallzauﬂon 1s‘wenerdllj shallow, lyan at an- Cvcrqbo
| depth of about 10m below a limonitic gossan. On line 7 mediuw
-grade mine-alizstion with sul ~hur contento of 20-30% occurs
‘dO’J to depths of about 85m in the area betweeu borecholes ABZ
and AB3, ‘whilst borehole AB7 'is mostly negatlve with only a thin
zoile of minerelization. The horizontal extent of the mineraliza~

- tion islequivalenf 4o one dipole length.

_ On iine 9 minerelization with sulphur contents of 20~30%
occurs between boreholes AB1 ond MR/17/79 as showvn on fig 264
Mineralizatioh'of this grade ig found down,to-BOm and:over a
horizontal distance of‘about.70m, i.e, nearly 1.5 times the dipole'
length;__The grade of mineralization falls off sherply to the north .
‘and south as revealed by the results of boreholes AB3, MR/9, 79
and AB9. Borehole MR/9/79 ﬁave»in average sulphur coutent of
"5% down to 52m Wullst boreholes AB3 and AB9 were con31dered b
the- Hephaeatus Mlnlnb Co as barren. -

s

The grade of mineralization also falls off to the east
. towards. line 11. This is evident from the results of ooreholeu
__MR/31/78 (avera»e S 11%) %nd hR/9/79 (averqne S 5m,.. ”
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_Bofehole AB10 which falls quite close to line 11 did not encounter

any economic mineralization and was considered as barren. The

o horizonual extent of t.e mineralization on line 11 is not EKuCtlj
known but 1 nﬂt expected to exceed one dipole length.

A sharp,fall off in the grade of mineralization is ilso

'évident to the west Qf line 7. Borehole ABG6 sti11 gives 20-30%

sulphur down to a deptli of 40m but boreholes MR/8/T9 and MR/16/79
are much poorer mveragin? less then 5% sulphur.

From‘the abOvc discvmsion it is evident that the PFE is
proportional in a rather crude manner to the grade of mineralization.
The rather high PFE obtained on line 11 relative to the grade of
mineralization may be partly due to gide effects from higher

. grade mineralizaticn occurring to the west.

Cn linés_1;5'and 13-15 ‘the PFE of the mineralized zone

“only glightly exceed the background values of the weakly

mineralized: Bﬁsal Group and appear tq 1nd1cate u]1 shtly highei

‘grades of minevﬂlizatlon.

Metal Pa ctoi.

The MF does not indicate iny differances between the zones

"north and south of the mineraliz ation, both of which are
‘characterized by similar values waich vary between 15 and 200,
The zone of medium grade mineralizacion between lines 7 and 11

is characterized by values which are rreat#r than 200 and execeed
3000 on lineA9. Lower MF values are obtained‘ovor the rest of
the'MiﬁeraliZed zone and like PFE they appear to follow the
grade'of minerdlization. | | o

In 1P expiorati 0 in Cypru° the value of MP as an indicator

."of miner alizgtion 1aiusuallv very limited except in cases like
" this where the 3 egistiv1ty of the nost rock is higher than that

of mineralization. . This is typical of Basal Group mineralization.

'The typical 0hap'oof bpth the PFE and MP anomalves over the mine~

" ralization is the "pant-leg" consisting of two anomalous limbs
and a central, deép low. The anomalies are rather
agsvmetrical, . o ' '
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Anomelous velues are obtained on n=1, indicating the shallowness

of the SOULCQ« Although tho higzhest valucs are obtained when

the tr: nsmittidoor “eceiVlﬂb dipoies are over the nineralization

it is ev1dent that unomalouo measurements are alsgo obtained

'when both - dipolee are at oonc dlS auce from 1t on either 51de.

The resistivity anonaly ig rather simpler in shepe
being essentially a zone of lower values, A emall deeper

high is usuallv as 5001uted with this zoneo-

6.2.4, Conclusions.

_vThefIPimethed appears to be quite effective in sulphide
exploration over Basal Group rocks. In the»Lythrodhonda'
area it has defined an area of MinerﬂliZation with an average
sulphur content'of'25% whero the grav1ty wp ‘magnecic methods
had previously failed. It is probably a case wherc the electro-
meznetic method could give d%fagnostic results.

~

Definite PEPE and IF anomalies are obtcined over the

medium grade mineralizaticn, but where the sulphur content

fellefbelow about 5% the anomalies are not as definite. The
background PFL are-eenerally'higher then those obtained for
lavas becauge of wideepread weak pyrite minera 1ization within
the Bes“l Gioup.

The apparent registivities of the Basal Group are ceneru17v
much higher ‘than those of the Lower and Upper Pillow Lavas
as a result of wides pread silicificetion and larger proportien

'"uf'intru sive material. ‘Much lower res1st1v1p1es are, however,
obtained over minerulized zones, a property that facilitates
,fheir detection. . In pillow lavas, mineralization of this grade
does not ueually‘have_any resistivity;contrast to the host rock.

6.3."Geophysica1 Surﬁey sf the Ayios Toannis (4gros) Area.

C6.3.1, Intreduetion.'

‘The Ayios Toannis area lies between the -villages of Ayios
loannis and*Agros'in the Pitsilia region of central Cyprue,
ebout 28 miles vo the southwest of Nicosia end;16 miles north
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Conpef'bearing minerelization within this area has attracted
attention since ancient times as evidenced by old gelleries
~ found in the village of Ayios Ioannis.

In recent years prospecting in the area started by sinking
a nunber of pits'along nineralized zones which revealed some
high assays fbr Cu, Au énd Ag. These assays, coupled with the
general geology of the area,‘were considered sufficiently
éncouraging for the U.N.S.F. project to initiate in 1564 a
programme of detailed'geological napping With the aimvof_:
obtaining additional information regarding the mineralization.
The geolo;;ical mapping was followed by a self-potential survey
énd the drilling of owne borehole (A.I.1.) which, however, for
technicel réasons,idid not reach the anticipated depth’
(Constantinou 1954, Vokes 1964). Another borehole, MR/15/70,
was drilled in 1970 by the Geological Survey'Depaftment and
in 1977 Noranda Exploration (Cyprus) Ltd; which acquired
interest in the ares, carried out an IP survey and drilled one
borehole.'fTheilPtSurvey1WQS‘carried“out by the writer whilst
in'gmployment vy the Geological Survey Department. The prospect
“wasilater-released'by Noranda and at the present time t.e Geolo-
gicdl'SurVey»Departmant is carrying out a drilling programne '
" based -on the IP work with the aim to evaluete the potentialites
-, of the area., ) B ‘

' 6.3.2. Geology (seelfig 31).

A‘detailéd'acqoﬁnt of the geclogy ana mineralization

“of the Ayios Toannis area can be found in Constantinou (1964)
"'and Vokesﬂ(1964). According o these authors the Ayios Ioannis
:-afea.lies'on the southern border of « large area of gabbro
 fwhich1£retche8northwards to Agros end has an east-west width
of'about.1;5 miles. The gabbré is medium groined with varying
patches of coarse - grained to pagmatitic gabbro and is cut by
dykes of microgabbro and microdioriﬁe which meinly strike
north-east., .

Following:the~intrusion of these dykes the gabbroib-rocks
were subjected {o a phase of chloritization by solutions escending
through fractures and low-angle feult planes. Thig resulted in
 the formation of extremely irregular bodies,‘dark to light green
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Contemporaneously with the chloriiization or a short tiae

aftervards, sulphides and quartz were introduced along the same

openin@; f"rmln{ replacemeat bodies and vein like £illings.

L”he quartz is mostlv confined to the chloritic bodies where it

usually occurs in the form of sulphide bearing veins along the
centres of dyke—like’forms,offthe chloritic rocks and 1s found

to much less‘exten% in the gabbroic rocks,

‘The ulphLdns occur both within the vein Quartz-zonesvand
in the chloritic rocks. -In the quartsz veins,they occur in the
form of gralas, veins or irrezular bodies. Ia the chloritic
rocks they are found in the form4of disseminations, The'minera—
lization consists mainly of errhOulte WLuh less common
chalcopvrlte aad spha lerite.

- The sulphides weather on thé surface to a browﬁ-yellow
limonitic gossan which conmonly exhibits-a-ﬁell developed ‘
box~-work texture, 'In outcrop, also, the quartz velilas are
extremely weathered, rusty and porous due to ox tidatvion of *he
sulphides which'they'invariably carry.

The culoritic rocks with which the sulphide mineralization

ig intimately asgoclated form very irregular bands or zones

in outcrop. Vlevod as a whole, however, the: chluviulc bodies

'are contalnec w1th1m a zone nore thwn 1.2 km long, ﬁrending

north—SUuth aad Gtretching from uhL v1lluhe of Ayios Ioannis
to the AJlOS YOOT&LO ~locality. The zone dips to tle southmeﬂt

uat about 40

‘6.3.3. The Geophysical Results,

'}QhekIP'cqvérage‘of the Ayios Ioannis area included nine
lines placed at regular 4CC f% intervals and trending east-west,

’ ’i.e,'pérpendicular‘to'tpe norvh-south mineralized zone of CblOr]tlb

‘7erCks (see map. fig 31) - The d1p01e~d1polo ccafiguration was
ftemployed with a dipole length of ZQO 1 and dipole separations

"‘n= 1-4, The Opefating'frequehcies were 0.31 Hz and 5 Hz.

E. M. coupling effects have encrally been negligible becavoe

cof the 1"e]at:urely dl&h background IeSlSuLVltleS.
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The IP recults are discussed below w1th reference 0
four repreuentaulve pseudosec ions for llnes 128 43,4N and 128
shown on figs 32-35. Thesze results show the presence of &

‘ frequency effect and metal factor linear anomaly Wh1ch extends
',northwards from Ayios loannis v1llage and coincides w1th the

prlnc1pal zone of cnlorltlzatlon (see fig 31). Over 1ts

.stroageet part the anomely coincides with low apparent reolct1VLu¢es.

The. beh1v101r of the three paraAeters,l e. apparent
reeist1v1ty, percent frequeacy effect (PFE, and metal factor

' (MF), corregponding to the unaltered and mlncraleed rocks

1s brlefly dlscussed below.
Apparent.Resistivity;

‘The apparent resistivity of the unaltered gabbroic rocks

is hlghly varlable with values of 120 to over 1000 ohm. ft/2m
- (230~ 19150hm. metreu). ’

The s&me range of values 1is obtained for chloritic rocks

‘which are either devoid of any sulphide mineralization or in
:Whlch the mineralization is in the form of disseminations. This
~is the case for llnes 165,128, 12N and 161 along wn.ch the

chlorltlc rocks, whose presence is apparent from geology &nd from
sllgntly abovc,beckground frequency et Aeets, are not a38001eted
with differentvapparent regigtivities, '

The mineralized zone between lines 85 and 8§ is associated

with much lower resistivities which vary between 30 and 300

ohm.ft/27n (57-570 ohm. metres). It appears that the sulphide

mineralization, in the form of interconneciing veins is mainly

reSpon81b1e for the observed decrease in res 1st1v1uy.

The tqpography of the'area is quite rugged and is expected

etO'have influenced the'resistivity field to-a certain extent.

Pereent:Frequency Effect. L.

It appears that.a three-fold separation of the rocks of
theAAyios'Ioanﬁis area can be mede on the basis of the observed
PFE, i.e. the gabbro, the chloritic gabbro and the mineralized
chloritic gabbro. | ' ' '
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The gabbeo is chalacterlzed by values of O¢1 =~ 2 0% e
Although I lntlvelf unaffect .4 by hydrothermal alteratlon

the gabbro hﬂo suffere( deep woabherﬂbf whicn probablv acoouats
for comne of the observod Varlatlou“ in PFE., OQther factors,

such as amaunt of intrus 1ve materlal and m1neralopical differences

such as presence. or absence of 011v1ne 11y also be respon31b1c

for poldrlzablvn dlfference

‘The chloritic gabbro appears to be associated with PFE
values of 2~3.%%. These above background vuluee"lay be due

to the 1nur1n°Lc membrane polquza ion of culorlte and partly

to electrode polarization from disseminations of sulphides
within the chloritic rocks. Examples of such occurrences can

':vbe gseen on line 128 between stations 4E and 8E, on line 48

between,stations'9E-and 12E and’oniline 12N betveen the base
line (BL)-and station 3E. . '

The zone of miheralized ehlori§ic gabbro isﬁcharacterized‘

By PFE velueS'in'the range of 5—18%.\ The zone is sharp and

partlcularly stroné on lines 35 to 4N weakening rapidly on line

8N with PFE generally belowhS%.' It appears that the observed
'polarizatjonyis overhed'mainlv by the metallic sulphides

pyrrhotlte and chalcopy31te which the cihloritic rocks contalh.
The mugnltude of the response 1s also partly determined by the

:-Hshallowness of the source.  Borehole A.I.1, close to line O,

encountered mlnerajlzatlon from 21m %0 29m depth (bottom of the

_fhole/ which averqged 0. 5m coppers Slmllarly borenole MR/1)/7U_
’e'lqtercepted weak sulphide mineralizetion in .the form of veins
‘*}-and dlssem1natlons below a depth of 1bm. o '

‘ue f Metal Factor‘”

‘The MF valves, l Le the PFE fall into three ranges Wthh

B appedr to - correspond to different 1¢bnolog1ca1 types. ‘The
-;;gabbro ig characterlved by values of 1~-70, the chlorltlc Oebbro

by . values of 50 160 and the mineralized gabbwo by 120 to over

5ii EOuO v There is éOOd correspondence between PFii and MF although
| ~the latter paraneuer tends to folWOW rather the fluetua+1ons of
f"‘appa rent res1st*v1ty. ‘ '
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The Ayios. Ioannls IP survey, unlike similar surveys over
the pillow lavas shows that the MF nmy'be gquite useful in
delineating mineralized zones. The exact relation of MF to
‘mineralizetion'is, however;frather diffioult to determine at.
the present owing to insuffioient‘borehole infdrmetion.

lee re81st1v1ty the metal factor qppear» to be qulte

sensitive to topopraphy.

The shape of the frequoncy effect anomaly over the minera=..
,11zed zone, although 8lightly different from line to line gene-—
rally' conforms to the "pant-leg" type. The anomalies are gene-
rally asynmetricel; with the eastern limb rather better defined.
“-The'anomalies'ere:sharply'Qefined and are several times the

‘ backgfound values in magnitude. From the shape and extent of the
Qnomalies"it is deduced that the source is generally shallow,
of the order of one dipole length in’ w1dth and rather steeply
,dlpplng to the weot '

The MR and resistivity anomalies are generally more corplex
in form. The MF anomalies are sharply defined, with large ‘
Oontrast ‘to background values, but their shapes vary, being in

general zones of higher values.

*The,resistivity anomalies.are not as shrply defined and
anomalous values may only be 2-3 times lower than background.

6‘3.u; Conclusions. B o
It appears that the IP method responds positively to
. Narrow zones of veined and'diSSeminated sulphide minefalizatioh
in gabbroic rooks. This_response is accentuated bV'the‘rather
esubdued reSponse of the gabbroic host rock, although another
" reason for thls may . be the. shallowness of the source.

is’
The res1st1v1ty of the gdbbr01c rooks/generally hlgh and

a large re81st1v1ty contrast is observed between mlneralized and -
'unmlnera117ed Zones, o ‘

7. uunmary and Conclu81ons.

Three exau@les of the appllcetion of the variable frequency
IfP_ method in sulphide exploration in Cyprus have been presented.,
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~The examples cover three different‘geological environments,i.e.
pillow lavaq,'Basel Group rocks - -and gabbro in which silphide
mineralization has developed. In all three cases the mode of
occurrence is similar, i.e. in the form of veins, fracture ’
fillings and disseminations along narrow structural zones, The
denth of mineralization is senerally-ﬂhallow and in any case not
greater than about 5C metres. The grade of’ mineralization can

be consldered as 1ow to medlum with sul>hur contents of 2% to 30%.

An example is also given of a mise-a—la—masse survey for
the delineation of & small (approx. 40m X 20n X 6m) orebody, as
well as of a nodified pseudosectional plotting technique which
enables meshino:of measurements obtained with different dipole
lengths and which has a true vertical oCdle that pernlts more-
-accurate estlmate of the depth of I. P. sources.

The’I P. survey over the lavas in_the Avdellero area hag
shown that tie I.P. method resnonds positively to sulphide

fminerallzablen even of low crades and that anomalous responses
due t01SOurees other than sulphides are generally absent. This
‘_isAebgreat:advantage over o0ther geophysical methods like grav;ty
“and eleetrhmagneficswhich have failed to show the mineralization
. but heave preduced numerous anomalies some of which have been
 tested by | drllllng and found to be, due to contrasts in denslty
. or conductlvlty in the hosb roch.

‘ Problems in the unprohibited appdication of the IP methug

onerAthe plllOW lavas result malnly from the low resistivities

‘-of these rocks (10-15 ohm. | metres) which match those of low to
‘1hmed1um grade mlnerullzatlon.- Low resistivities increase E.M.
/ 'couplln“ wnLch lsmlts effectlve penetrailon to depths generally ‘
““'11ess than 10C metres. Penetration is also limited by skin effects
“partioularly at higher‘frequenc1es. Rcs1st1v1ty is generally
non~-diagnostic oWihb to lack of contrasc between mineralization
.and ‘host rock.  Metal factor also is not helpful.

-Deepex seated occurrences of mineralization then “the one
' survemaiat Avdellero have given generally low: {o subtle TP, res~
ponges which, however, owing to the low background response from
the lavas, can usually be recugnlzed. Thls shows thdt a cover of

- unmineralized levas usually d1m1n1shes the I.P. response.
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- Owing to several problems associated wwth I.P. surveylng
over the pillow lavas it ig-believed that the I.P. method should
be used in conjuncition with other geological and geophysical
methods‘inléfder té discard ancmalies due,to'ﬁneconomic sulphides
or to other sources. Borehclel.P. appears to offer certain advan-
tages, parulcularlr reg ardlnb depth of 1nvest1gatlon and size
of source dn relutlun to its depth. ' ‘

The I.P,° method has also proved successful 1n the detection
of low to mediun gradeﬁminerallzaulun in Basal Group rocks,
which the gravity and magnetic methods had previously failed to
indicate; From similar examples in c¢iher areas it appears that
the E.M. method can -also provide diagnostic results., ’

Resistivity 1s also & useful parameter as mineralized
ocecurrences usually have a large contrast to the quite resistive
hast rock. The usefulness of this method is, however, diminished
owing to effécts from the rather rugged topography of Basal
~ Group outcrops. . ' ' B

The main p?oblem of I.P. surveying over. the Basal Group .
is'that of the largé background frequency effecvs which are |
due to wid- speead weak sulphide mineralization. This effect
mnay be larger or comparable to that expected from sources wiilhin
the laves and ig quite troublesone, particularly considering
the fact that meny mineralized occureences involve rocks. of
both the Basal Group and the- plllOW lavas, The large effect
from Basal Group may mask the effect from sulphides in adaacent
- pillow lavas. Also the effect of Basal Group from under a cover
of lavas may béVCOnﬁused wifh that of sulphide mineralizetion.
Fgrtunately; in maeny cases the presence of Basal Group is recogni-
zed owing to its'generally'higher resistivity although occasidns
of BasalfGroup.outcrOps3with apparent resistivities close %o
'those'of pillow lavas have also been encountered. The gravity snd )
: magnetlc metliods may alss be used pruf;tablv for the clarification
'of such cases ow1nG $o the higher density and lower magnetization
- of- the Basal Group rocks. '

I.P. responge from shallow sulphide occurrences in gabbroic

ggf (S %ﬁnﬂﬁﬁﬁfally hich whalst background effects are low. Resisti-
a2
vity of’mlnerallzetlon, although the rugged topowraphy of gabbro

~:‘:outcrops is responsible for dlstortlons of the ‘resigtivity field.

7M1r1@1"€;11:|_zefq occurrences in 0abbro:Lc 1001 apreagr to be rather
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