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A B S T R ACT 

The lack of pronounced geophysical contrast between the 
sulphide mineralization and the host volcanic rocks In the 
Troodos Ophiolite Complex, calls for a more systematic 
application of Geophysics in mineral exploration in Cyprus. This 
invol ves the conducting of regional studies with the 
interpretation of airborne aeromagnetic data for the mapping of 
the major tectonic zones and intrusive bodies responsible for the 
formation of the mineral deposits. Such studies could include 
also refraction seismic and gravity surveys. Having determined 
such broad targets areas, these are then mapped with TEM for a 
more detailed diagnosis of the distribution of the alteration 
phenomena. Subsequently, specific target areas are investigated 
with IP for the location of mineral deposits. 
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il E P I ~ H If H 

~OYW T~~ £AA€L~~s £VTOV~s 6la~opa~ ~€Ta~U TWV Y€W~UOlXWV 
xapaxT~pLoTlXWV T~~ 88l0UXOU ~€TaAAO~opLaS xal TWV ~~aLoTeLaxwv 

T[€Tpw~6TWV 110U T~V l1€PLXA€LOUV OTO 0~lOAL8lXO OU~T[A€y~a TOU 
Tp06DOU~, aT[alT€lTal ~la l1l0 ouoT~~aTlx~ e~ap~oy~ TWV Y€W~UOlXWV 

~e8oDwv OT~ ~eTaAAeuTlx~ ipeuva OT~V KUl1pO. E' aUT~ T~V 

T[POO£YYlO~ l1epLAa~~6v€Tal ~ DLe~aywy~ T[epl~epelaXwv ~eAeTwv ~e 

T~V eT[e~epyao(a aepo~ayv~TlxWV DeDo~£vwV Yla T~ xapToypa~~o~ TWV 
XUpLWV TexTovLxWV ~wvwv xaL DleLoDuoewv ~ay~aTlxwv OW~6TWV T[OU 
elval ul1€u8uva Yla T~ yiveo~ TWV 8elouxwv xOlTao~aTwv. T£Tol€s 
~eA£Te~ 8a ~T[opouoav va l1epL£XouV el1Lo~S oelo~lx£~ ~€86oous 

Dla8Aao~s Xal ~apUTO~€TPLXEs ipeuves. ExovTas xa8opLoel T£TOLOU~ 
eupel~ oT6xou~, e~ap~o~ovTal OT~ OUV€xela time-domain 
~AexTpo~ayv~Tlx£~ ~€80DOl (TEM) Yla T~ AeT[TO~ep€OTep~ ~eA£T~ T~s 
xaTavo~~~ TWV ~al vo~£vwv aAAOLWO€W~ TWV T[e:Tpw~aTwv A6yw T~s 

~€TaAAoy£veo~s. hT~ OUV£X€la, T[€PLOX£s ~€ €lOlXOUs OTOXOUs 
e:pe:uvwvTal ~e T~ ~£80oo 110AWO€WS Dl' €l1aywy~s (IP) ~€ OXOT[O TOV 
€VTOT[lO~6 xOlTao~aTwv. 
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INTRODUCTION 

Geophysical exploration for sulphide deposits in the Troodos 
Ophiolite in Cyprus is a difficult task because of the high 
conductivity of the host volcanic rocks and the small size of the 
deposits. The traditional methods have been found useful for the 
evaluation of the gossans and the environs of known deposits, 
but they are unable to locate new deeply seated targets. However, 
although the deposits themselves may be difficult to be observed 
geophysically (Busby et al., 1983), other major phenomena which 
controlled the genesis of these deposits are more easily 
identified in regional geophysical studies. Such phenomena are 
the major tectonic lineaments associated with the spreading 
centres and the intrusive bodies which sustained the circulating 
hydrothermal systems which produced the deposits. 

In view of the above, a properly conducted exploration 
program in Cyprus should aim first in identifying these major 
phenomena in a particular region, and then concentrate in their 
detailed investigation for the localization of sulphide bodies 
which may be associated with them. In this respect geophysics 
have a new and enlarged role to play which calls first for the 
confirmation of the major phenomena controlling the 
mineralization and the identification of broad target areas. 
Having established this, these areas are explored in detail using 
both geophysics and geochemistry. 

The purpose of this paper is to describe this approach as 
it is being applied in Cyprus by the Hellenic Mining Company Ltd. 
in collaboration with the Department of Geology of the University 
of Leicester, U. K.. The paper begins with an outline of the 
geology of the Troodos Ophiolite and the associated sulphide 
mineralization, and then describes the Regional and finally the 
Detailed geophysical studies. 

THE GEOLOGY AND SULPHIDE MINERALIZATION OF THE TROODOS 
OPHIOLITE - AN OVERVIEW 

The Troodos Ophiolite is the most prominent geological 
feature of the island. It is a well preserved and well exposed 
complex which exhibits the typical ophiolitic suite which 
comprises a Plutonic Complex at the bottom, the Sheeted Dyke 
Complex, and at the top the Pillow Lava Sequence. The latter is 
divided into the Upper and Lower units and hosts the sulphide 
mineral deposits. 

Recent structural studies (Varga and Moores, 1985; 
Allerton and Vine, 1987) have identified three major graben 
structures which were named from west to east : the Solea, the 
Mitsero and the Larnaca Grabens, and postulated that these 
represent fossil axial valleys produced by the progressive 
eastward jump of a spreading centre. 

Typically, the Troodos sulphide deposits consist of a layer 
of massive sulphide ore, predominantly of pyrite with lesser 
amounts of chalcopyrite, which represents the exhalative part of 
the mineralization. This is underlain by a pipe-shaped stockwork 
zone consisting of veined sulphide ore in brecciated and altered 
and silicified rock (Adamides, 1984). Some of the major deposits 
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are found to follow more or less this model and they are 
considered to have been structurally controlled by faults 
associated with the major grabens and are hence located along old 
spreading axes. Stratigraphically they are positioned in the 
Lower unit of the pillow Lava sequence and are classified into 
the "Cyprus-type" sulphide deposits. 

In a number of localities the sulphide mineralization is 
related to the Upper Pillow Lava (UPL) sequence (Maliotis and 
Cooper, in preparation). The recognition that mineralization 
occurs with the UPL deviates much from the hitherto supported 
theories for the formation of the Troodos deposits, but is in 
agreement with recent independent observations by other workers 
(Varga and Moores, 1985). 

On the basis of the above, both the Cyprus-type and the 
UPL-hosted sulphide deposits must have been genetically 
associated with major fracture zones which provided the 
channelways of the mineralizing fluids. Such fracture zones must 
have been those related with the axial graben regions and the 
associated transcurrent faults and controlled the genesis of the 
Cyprus-type deposits. The second type of deposits, the UPL-hosted 
ones could have been formed in association with the already 
existing tectonic features, normal and transcurrent faul ts, which 
continued to exist after the spreading, as well as other tectonic 
lineaments which may have formed subsequently and generated by 
the rising high level intrusions. 

From the above it becomes evident that the first stage of 
mineral exploration should involve the identification of the 
major graben related tectonic lineaments and the identification 
of the high level intrusions, and the second stage should 
concentrate in localizing mineral occurrences within more limited 
areas. 

REGIONAL GEOPHYSICAL STUDIES 

Aeromagnetic Surveys 
The existing low altitude aeromagnetic data (Geological 

Survey Department, 1969), were re-examined over a limited area 
in the NE part of Troodos, Figure 1. From the analysis of the 
primary contour data and the study of the pseudorelief images, 
there became clear the sub-parallel NW trending anomaly belts. 
These are apparently displaced by NE oriented orthogonal 
lineaments. This interpretation appears to correspond to an 
extensional half graben and horst model distributed about two 
successive spreading axes. Such a model attributes the NW 
trending positive-negative anomaly belts to predominantly LPL 
thickness variations caused by block rotation during extrusion. 

Figure 2 illustrates the structural model derived from the 
above interpretation. The NNW trending Solea Axis lies outside 
and to the west of the area examined, but its eastern flanks are 
marked by rotated half grabens. The younger NW trending Larnaca 
Axis and the related half grabens lie to the east of the area. 
On the same figure there are plotted also the positions of the 
major sulphide deposits which are found in the area. It may be 
observed that many of them are in close proximity to the axial 
and the transcurrent faults. 
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Fig.I. Low altitude aeromagnetic data over north-north east 
Troodos. 

A high altitude aeromagnetic survey (Huntings, 1969) depicts 
some very prominent positive anomalies over the extrusive 
terrain, Figure 3. These anomalies were originally interpreted 
by Vine at al. (1973) as being areas with large thickness of the 
Lower Pillow Lava sequence. Having in mind the current ideas for 
the geological environment in axial regions, these highs have 
been interpreted by Maliotis and Cooper (in preparation) as 
representing major high level intrusive bodies which could have 
been emplaced either during or after the axial activity. This 
interpretation is supported by an earlier gravity survey which 
is described below. According to the current theories for the 
genesis of the mineral deposits, the existence of such intrusive 
bodies play a very decisive role in the formation and 
localization of mineral concentrations. In effect they are 
responsible for the driving of the circulation cells. They could 
also be responsible for the creation of a new structural pattern 
which results from the uplifting caused by the intrusion. 

Gravity Surveys 

As a regional exploration tool Gravity surveys have a dual 
role to play. The first is as a complementary method to the Low 
Altitude Aeromagnetic survey in the unravelling of the tectonic 
structure and the localization of the major tectonic lineaments 
which could host mineral deposits. In this respect gravity 
surveys are carried out in areas of suspected major lineaments. 

The second role of the Gravity surveys has a more regional 
character and intends to confirm the existence of the high level 
intrusive bodies which are considered responsible for the origin 

187 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



38
90

00
0 

~
 

I

~
I

 
, 

! N
 

j 
-
-
=

-
-
-
­

(.1
 

./
' 

.....
 

co
 

co
 

'<
 

1 
• 

2 
+

 

c
=

J
 

<:
> g iii
 

" "
 " "" 

"" 
C

YP
R

U
S-

TY
PE

 
~ 

SU
LP

HI
DE

 
DE

PO
SI

TS
 

U
PL

 
-

TY
PE

 
~ 

OR
 

O
CC

UR
RE

NC
ES

 

AX
 IA

L 
LI

NE
AM

EN
T 

S1
RU

CT
UR

AL
 

LI
NE

AM
EN

T 

DY
KE

 
O

RI
EN

TA
TI

O
N 

(M
EA

N
) 

EX
TR

US
IV

E 
O

UT
CR

O
P 

HA
LF

 
G

RA
BE

N 
C

l -+
-'

--
-'

-
SE

iS
M

IC
 

U
N

ES
 

g 
_

_
_

 ,
,
_
~
_
A
O
O
O
O

 :g
 

TH
E 

SU
LP

H
ID

E 
DE

PO
SI

TS
 

1 2 
AY

IO
S 

YE
O

RG
IO

S 
Al

ES
TO

S 
5 6 

KO
KK

IN
O

PE
ZO

U
lA

 
AG

RO
KI

PI
A 

(A
,B

) 
9 

PE
RI

S
lE

R
KA

 
1

2
 

KO
KK

IN
O

NE
RO

 
[5

 
16

 
M

A 
lH

IA
TI

5 
Al

PE
 N

 R
O

SE
 

I 9
 

2
0

 
AY

IO
) 

EF
TY

KI
11

0S
 

NE
W

 
SH

IA
 

3 
M

rM
I 

7 
Kl

iR
O

U
 

LO
 

M
AV

RI
 

13
 

KO
KK

IN
O

VO
UN

AR
O

S 
1

7
 

ST
RO

NG
YL

I 
21

 
SH

IA
 

4 
KO

KK
IN

O
YI

A 
8 

PY
TH

AR
O

KH
O

M
A 

11
 

KA
PE

O
HE

S 
1'

1 
l Y

TH
RO

DH
O

ND
AS

 
[8

 
S

IR
O

N
G

A
O

S
 

2
2

 
DE

UK
IP

O
S 

F
ig

.2
_

 
T

h
e 

s
tr

u
c
tu

ra
l 

in
te

rp
re

ta
ti

o
n

 
o

f 
th

e
 

lo
w

 
a
lt

it
u

d
e
 

a
e
ro

m
a
g

n
e
ti

c
 

d
a
ta

 
o

v
e
r 

n
o

rt
h

-n
o

rt
h

 
e
a
s
t 

T
ro

o
d

o
s.

 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



of the UPL-hosted deposits. As such there has been completed so 
far only a limited study for this purpose which concentrated over 
the high altitude aeromagnetic anomaly in the Shia area (see 
Figure 3). The results of this study are shown in Figure 4 and 
confirm the existence of a high level intrusive body in the area. 

~ 
""""'I 

Fig.3. High altitude aeromagnetic data over north-north east 
Troodos. 

Seismic Surveys 
A Seismic Refraction survey has been carried out within the 

framework of the investigation of the proposed Larnaca 
extensional structure in the NE part of the Troodos Ophiolite. 
This survey intended to examine the validity of the low altitude 
aeromagnetic interpretation and identify with a better precision 
the position of the suspected major structures. The survey 
location is shown in Figure 2 and comprised four refraction 
lines, A, B, C and D, oriented parallel and perpendicular to the 
proposed NNW structural strike. All lines extended beyond the 
ophiolite - sedimentary boundary. 

The forward model interpretation for the four lines together 
is summarised in Figure 5. This demonstrates at least three half 
graben blocks which are progressively downthrown to the east 
(Line B). Lines A, C and D illustrate the progressive downthrow 
of the ophiolite sequence to the NW by major tectonic structures 
which appear to run transcurrently to the axial direction. 

DETAILED STUDIES 

The Transient Electromagnetic Method (TEM) 
An investigation into the applicability of TEM in Cyprus 

proved that the method is incapable to distinguish between the 
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Fig.4. The gravity survey over the high level intrusive in the 
Shia area . 
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Fig.5. The interpretation of the seismic refraction lines. 

mineralised and non mineralised ground because of the lack of 
resistivity contrast between the altered and silicified 
mineralization, and the altered pillow lava host rocks (Cooper, 
1993). However, the method was found to be a very useful tool in 
the structural mapping of limited target areas and the 
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localization of possible mineral bearing structures. In a 
detailed TEM survey over the area between Mathiatis and Shia 
which measures nearly seven square kilometres, by employing an 
100 meters coincident loop configuration, it was established that 
it was possible to map resistivity contrasts at depths of 350 to 
400 meters. By compiling from successive inversion models the 
inverted one-dimensional sounding for successive stations, there 
are obtained pseudo-two-dimensional geoelectric images for each 
line which enable the identification of the major faults and the 
estimation of their throws. Figure 6 shows the example of Line 
12. Furthermore, the inverted interface depths, after topographic 
correction, are plotted on an x,y grid to simulate lateral 
variation of structural interfaces. 

SSW NNE 

ELEV 
m 

5200 m 7 
' I 

9 11 13 15 17 19 21 

100 

200 

300 

100 

UPPER PILLOW LAVAS ALTERED PILLOW LAVAS 
(30 - 40 Ohm.m) (10 - 16 Ohm.m) 0 ~ 
LOWER PILLOW LAVAS BASAL G.~OUP BASEMENT0 (FRESH 6 - 12 Ohm.m) [J... (> 50 Ohm.m) D (WEATHERED 12 - 20 Ohm.m) 

Fig.6. The tern pseudosection of line 12 in the Shia area. 

One such interface which is of great interest in mineral 
exploration is the one which marks the top of the altered LPL and 
is produced by the silicic alteration caused by the 
mineralization. A structural interpretation based on the relative 
elevation of this interface from the one dimensional results in 
the Mathiatis - Shia area is shown in Figure 7. This shows the 
continuous elevation of that interface along the major Alpen Rose 
Fault which is considered to be related with the Shia, New Shia 
and Mathiatis deposits and the Alpen Rose mineral prospect. A 
similar but less prominent feature is observed to cut at right 
angles the Alpen Rose structure and be associated with the 
smaller Strongyli deposit. 

The Induced Polarization Method (IP) 
This method proved to be a reliable tool for the detailed 

investigation of prospect areas. Its applicability in Cyprus has 
been described previously by Maliotis and Khan (1980) and Busby 
et alia (1983). It has been used extensively since 1970 for the 
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Fig.? The TEM map of the altered lava interface. 

evaluation of gossans and the investigation of the environs of 
known deposits. At present, and in combination with the 
previously discussed methods, it is used for the investigation 
of specific mineral target areas such as major tectonic 
lineaments which are expected to host mineral deposits along 
their strike. One such example is the discovery of the New Shia 
deposit; Figure 8 shows the IP anomaly along Line 3 which runs 
across the Alpen Rose Fault mapped with the TEM survey described 
above. 
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Fig.8. The IP results over the New Shia deposit. 
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CONCLUSIONS 

The interpretation of the available aeromagnetic data over 
the northeastern Troodos Ophiolite, carried out in the light of 
the modern concepts for the genesis of the sulfide mineralization 
in Cyprus, lead to the identification of two suites of 
extensional and transcurrent faul ts which belong to the Solea and 
the Larnaca axial graben domains. Furthermore, there were 
identified areas which are believed to be underlain by high level 
intrusive bodies. These findings were verif ied by subsequent 
refraction seismic and gravity surveys. This structural and 
intrusive pattern explains the distribution of the known major 
deposits in the region and determines the areas for searching for 
new ones. This search is greatly facilitated by TEM surveys which 
succeed in the mapping of the alteration zones which in their 
turn are surveyed in detail by IP. 
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