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Abstract 

Geophysical studies are carried out in Eastern Chalkidiki Peninsula. 
This area, geologicaly belongs to the Kerdylion and Vertiskos 
formations of the Serbomacedonian Massif. 

Helicopter magnetic data are used to delineate the shape and 
areal extent of the 5tratoni granodiorite which is intruded into the 
Kerdylion formation. Modelling is con1:rolled by geological information 
and the study of the physical properties of the intrusive body and 
surrounding lithologies. This geophYSical interpretation gives a ne~ 

insight to the spatial association of the intrUSion with the 
carbonate-hosted Pb-Zn (Au,Ag) mineralization in the area. 

Gravity and magnetiC anomalies in the area to the south of the 
Stratonl granodiorite (thiS area belongs to the Vertiskos formation 
and is separated from the area to the north by the E-W trending 
Stratoni-Varvara fault) are compatible with a common origin, a 
dismembered ophiolite overlying a non-magnetiC basement. 

Geological	 observations combined with the above interpretation 
are used to control the estimates of the regional gravity field in the 
area and deduce the continuation of the overall picture of the 
regional geology offshore. 

1.0 Introduction 

The area of study geologically belongs to the Vertiskos and 
Kerdylion formations of the 5erbomacedonian Massif (Fig I, Kockel et. 
al., 1977)' 

The Vertiskos formation consists of the tectoniC juxtaposition 
of rock assemblages which have originated at different settings. TheSe 
rock assemblages are represented primarily by Palaeozoic or older 
two-mica gneisses, amphibolites, Permotriasic metaVOlcaniC and 
metasediments and di~membered metamorphosed Ophiolites (Kockel et. 
al., 1977; Papanikolaou, 1984; Kalogeropoulos and Theodoroudis, 1988; 
Kalogeropoulos et. al., 1989). These rocks have been intruded along 
structural lineaments by Tertiary porphyry systems bearing Cu(Au) 
mineralization (Kockel et. aI., 1977; Kalogeropoulos et. aI., 1989>' 

The Kerdylion formation is a Cambrian or older heterogeneous 
assemblage of biotite hornblende/biotite-gneisses (locally 
migmatitized) as well as leucocratic gneisses, amphibolites and 
marbles. These rocks, in places, have been intruded during Tertiary 
times by the exposed StratOni granodiorite, calkalkaline lamprophyre 
dykes and a network of tonalitic-granitic pegmatites/aplites. The age 
of the Stratoni granodiorite is 29.6+1.4 Ma (PapadakiS, 1971; Alther 
et. aI., 1976; Frei, 1988 writ. comlll~). ThiS l1IagmatiC stock which is 
located approximately 0.5 km N-NW of the Stratoni Village and has a 
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Fig, 1 Si~plified geological map of 
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surface outcrop of about 3 km z uas intruded into the Kerdyllon 
formatiOn along uith mineralized and hydrothermally altered 
pegmatite/aplite dykes. The chemistry of this granodiorite is 
compatible with an origin from a calk-alkaline magma of hybrid nature 
consisting of predominantly mantle and also crust derlved components. 
It contains minor base metal sulfide veins and disseminations and is 
spatially associated uith the Madem Lakos and Havres Petres 
carbonate-hosted Pb-Zn (Au, Ag) masSive sulfide orebodies 
(Kalogeropoulos et. al., 3989). Kalogeropoulos et. al. (1989) in a 
study of the Eastern Chalkidiki massive sulfide ores suggest that the 
Tertiary magmatism that also produced the Stratoni granodiorite is 
also responsible for the concentration of ore elements into ore 
depOSits. 

The Kerdylion formation appears to be uplifted relative to the 
Vertiskos formation along a major E-W/NW-SE trending fault, the 
Stratoni-Varvara fault (Figl.; Dixon and Dimitriadis,- 1984; 
Kalogeropoulos and Theodoroudis, 1988). This fault, dipping at about 
30-45 degrees S/SW, controls the distributiDn of manganese and base 
metal ores in the area (I.G.M.E. on-gOing studies). 

The numerous mineral occurences of different ore depOSit types 
in the study area and their aSSOCiation to pertinent geological and 
structural features as reffered to above can be delineated further by 
studying the geophySical characteristics of the latter. In the present 
study graVity and magnetiC methods are employed for thiS purpose, 
together with some studies of the phYSical properties of the main 
lithologies. This approach might also contribute touards a more 
refined deSign of mineral exploration programmes in thiS area. 

2. GeophYSical Dataset 

A terrain-corrected Bouguer graVity map (Lagios, pers. comm.) is shoun 
in Fig. 2. The contour interval is 50 gu and Bouguer denSity 2.67 
T/m"'. 

Aeromagnetic maps fDr the area (flight height abDve ground 275~ 

75 m, flight line spaCing 800 m, cDrrected fDr diurnal variations and 
geDmagnetic field gradient within Greece), were produced by ABEll 
Elektrisk l'!almetning, StockhDlm during 1966. Helicopter magnetiC maps 
(at the mean altitude above ground of 50 m, flight line spaCing 200 Ill, 

IGRF and time variatiDn reductiDn (Sengpiel and Ostwald, 1983)) are 
also available. Both (aeromagnetic and helicopter-magnetic) datasets 
terminate along the coastline of the Chalkidiki Peninsula. Due to the 
different flying parameters and corrections applied to the above 
datasets not a simple relation eXists between their amplitudes, even 
when ~he helicopter-magnetic data are continued upwards to the level 
of the aeromagne'tic dataset. As an example, the helicopter magnetiC 
anomaly of the Stratoni granodiorite (Fig. 3) when uplolard continued 
(Fig. 4J relates to the aeromagnetiC anomaly ill the same area (thiS 
anomaly has a peak tD trough ampl itude of 180 nT) (Anomaly A in 
Fig. 5) only in shape. In thiS study, the helicopter magnetiC map in 
the area Df the Stratoni granodiorite is used in t.he 3D magnetiC 
modelling of thiS body whereas regional geophySical aspects aTe 
discussed With reference to the aeromagnetiC map of the area. 

3. PhYSical Properties of Principal Lithologies 

Rock sampling of the main lithologies loIas carried out in the field. A 

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



I 
""

..
..

..
..

 
I 

\ 
7

"
 

~
 

c::
::: 

I 
4

0
0

3
5

'

I 

4
0

°3
0

' 

w
 

W
 

ID
 

2
3

°4
0

' 
2

4
°0

0
' 

F
ig

.2
 

B
o

u
g

u
e
r 

a
n

o
m

a
ly

 
g

ra
v

it
y

 
m

ap
. 

C
o

n
to

u
r 

in
te

r
v

a
l 

5
0

 
g

u
o

 

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



.400 31' 

-so 

500 m t 
N 
I 

23°49' 

Fig.3 Helicopter magnetic anomaly in the area of the Stratonl 
granodiorite. Flight height 50m. Contour interval 100 nT. 
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Fig.4 Helicopter-magnetic anomaly of the Stratoni granodiorite (Fig.3J 
continued upwards by 200 m. Contour interval 20 nT. 
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Fig.5 Aeromagne~ic map. 
The square area has been selec~ed for pseudogravlty 

transforma~ions. Con~our i n~erval 100 nT. To i ~s nor~h ~he l1Iap is 
ex~ended ~o include the aeromagnetic anomaly of the S~ra~oni 

granodiori~e (anomaly Al. The 240 nT con~our is also included in ~hiS 

part. 
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number of or,ented cyl,~drical samples were collected by USing a 
portable drill and a co~e orientation table (Tarling, 1983). Standard 
palaeomagnetic specimens of approximate height of 2.5 cm, uere 
subsequently prepared f~~m the collected field cores. A number of 
unoriented samples uas also collected from the surface outcrops. A 
loCation map uith all sa~pling siteS is shown in Fig.6. 

The denSity of tc.e collected set of samples uas obtained by 
laborato~y measurements. 

MagnetiC properties (susceptibility, NRH intensity) were 
measured for each sample, USing a susceptibility bridge and the Digico 
fluxgate magnetometer, at the Palaeomagnetic laboratory of the 
University of Southampton. The direction of the remanent component of 
magnetization has also been obtained for the set of oriented samples. 
Table 1 lists the values of the measured phYSical propertieS and the 
Koeningsberger ratiO (0) which is the ratio of the amplitudes of the 
remanent to the induced component of magnetiZation for each sample. 

The susceptibilltY and NRM values of the gneisses In the 
vicinity of the granod,orite are hIghly variable, even between samples 
from the same borehole. This is due to the variable degree of 
hydrothe~mal alteration and the associated mineraliZatIon. Due to the 
presence of paramagnetIc minerals these values cannot be used to 
characterize the body and surrounding formations in terms of expected 
magnetiC properties. Therefore some very high sUSCeptibility and NRM 
values measured for some of the gneisses are conSidered to be of local 
Significance only dis~rlbuted in the immediate vicinity of the 
granodiorite. 

The measured magnetiC properties of the Stratoni granodiorite 
are grouped in (al those with high susceptibility and NRM values 
(sites 1, 4, 5, 6 and. 10) and (b) a second group with lower 
susceptib,lity and NRM values (sites 2 and 31. For subsequent 
calculatlons the average values of the magnetiC propertleS calculated 
for the majOrity of the Sites (group a) are used. 

When the average 0 value for the samples from the first group IS 
calculated thiS is found to be 0.34 and if ue except one anomalously 
high value the average q value becomes 0.16. These low Q values 
suggest the dominance of the induced component of magnetiZation. 

For the same group of samples the average susceptibility value 
is found to be 21056X10-e SI 1=1676XI0-e eGS), Th,s value is of the 
same order of magnitude with the sUSCeptibility values measured for 
Tertiary granites in the Rhodope area, such as the Xanthi granite 
(42500X10-e SI and the Leptokarya granite (38500XI0-e 51) (Spais, 
1987; Maltezou and Brooks, 1988). 

Mean denSity for the Stratoni granodiOrite is only by 3% less 
than the dens'ty of the gneisses. Only detailed graVity sampling might 
reveal a low-amplitude negative anomaly whiCh Is otherwise overprinted 
by the regional graVity values resulting from the coursely sampled 
grav,ty field within the Kerdyllon formation. 

4.0 Modelling of magnetlC and graVity anornalles. 

The heliCopter-magnet'c anomaly in the area of the Stratoni 
granod,orite uas isolated for subsequent modelling. The anomaly, uhen 
smoothed by upward COntinuat,on (fig. 4) was found to have a shape 
similar to that of the aeromagnetiC anomaly in the same area. (Fig. 
SI. 3D foruard magnetiC modelling uas carrIed out by uSlng the method 
of Taluani (1965). As ~ starting point during modelling, the surface 
perlphery of the gran,te uas adjusted to the dimenSions of the actual 
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Fig.S Location map showing sampling sites in the area of the Stratoni 
granodiorite. 
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TABLE I 

I
 
I
 

STRGR: GRANODIORITE 
STRGN: GNEISS 
STRAM: AMPHIBOL!T~ 

SI J. Rll (10- 3 ) SI 

118.33 
4.23 

85.71 
20.80 
65.08 
88.53 

103.83 
10 ~. 03 
83.56 
77.22 
79.35 

147.40 
84.68 

14.93 
22.49 
3.90 
0.36 
0.46 
0.44 
0.55 

1704.76 
926.78 
131.32 
553. 10
 

16.81 
10.27 
41.75 
52.83 
6.74 

10.34 
5.21 

102.03 

1. 38
 
603.27 

9.80 
17.10 
36.33 

123.37 
233.93 
688.81 

11.64 
10.66 
10.34 
25.53 
33.56 
33.37 
44.30 
57.43 

34S 

0° 

108.9 
107.0 
209.4 
195.8 
117.5 

-
-
-
-

132.8 
140.7 
204.0 
213.4 

339.2 
12.7 

298.2 
352.5 
279.5 
246.4 
298.2 

Ie 

41.9 
66.3 
18.0 
45.4 
23.6 

-
-

28.8 
6.8 

66.1 
53. 1
 

-44.1 
-25.9 
-51.6 
-86.2 
-66.5 
-73.8 
-76.9 ­

a 

O. 19
 
0.06 
0.00 
0.15 
0.03 
O. 12
 
0.39 
2.56 
0.70 
0.07 
0.07 
0.08 
0.05 

0.41 
0.60 
0.09 
1. 22
 
0.86 
1. 29
 
3. 14
 

0.87 
0.76 
0.43 
1.17 
1. 98
 
3.31 
0.39 
1. 18
 
0.07 
0.69 
0.77 
0.71 

0.04 
0.10 
O. 13
 
0.12 
0.08 
0.31 
0.18 
0.53 
0.21 
0.20 
0.26 
0.30 
0.14 
0.38 
0.05 
O. 18
 

p (11m 3 ) 

2.78 
2.74 
2.63 
2.61 
2.73 
2.64 
2.67 
2.69 
2.28 
2.71 
2.74 
2.62 
2.65 

2.70 
2.67 
2.73 
2.54 
2.57 
2.63 
2.54 

2.90 
2.83 
2.82 
2.88 
2.78 
2.66 
2.89 
2.79 
2.71 
2.61 
2.65 
2.73 

3. 18
 
3.24 
2.95 
2.83 
2.87 
3.05 
3.00 
2.79 
2.77 
2.62 
2.74 
2.56 
2.94 
2.85 
2.92 
2.96 

Sample 

STRGR 
STRGR 
STRGR 
STRGR 
STRGR 
SUGR 
STiGR 
STRGR 
STRGR 
STRGR 
STRGR 
STRGR 
STRGR 

STRGR 
STRGR 
STRGR 
STRGR 
STRGR 
STRGR 
STRGR 

STRGN 
STRGN 
STRGN 
STRGN 
STRGN 
STRGN 
STRGN 
STRGN 
STRGN 
STRGN 
STRGN 
STRGN 

STRAM 
STRAM 
STRAM 
STRAH 
5TRAH 
STRAH 
STRAM 
STRAM 
STRAM 
STRAH 
STRAM 
STRAM 
STRAM 
STRAM 
STRAM 
STRAM 

code 

1.1 
1.2 
1. 3. 1
 
1.3.2 
4. 1
 
5.0.1 
5.0.2 
6. 1. 1
 
6. 1. 2 

10. 1. 1
 
10.1.2 
10.2.1 
10.2.2 

2. I. I
 
2.1.2 
2.2 
3. 1. 1
 
3. 1. 2 
3.2.1 
3.2.2 

6.2.1 
6.2.3 
6.3. I
 
6.3.2 
6.4. J 
6.4.2 
6.5.1 
6.5.2 

11. 1. I
 
11.1.2 
11. 2
 
11.3 

8.1 
8.2 
8.3.1 
6.3.2 
8.4. 1
 
8.4.2 
8.5.1 
6.5.2 
8.6.1 
6.6.2 
8.7.1 
8.7.2 
9.1.1 
8.1.2 
8.2. I
 
8.2.2 

K (x 10-6 I
 

15582
 

- 1664
 
5328
 
3393
 

55116
 
19314
 
6663
 

995
 
2982
 

28062
 
29895
 
43869
 
39803
 

925
 
940
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9
 
4
 

49474
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7726
 

11835
 
212
 

78
 
2732
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240
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3632
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150708
 

1920
 
3614
 

10820
 
10113
 
32660
 
32886
 

1382
 
1363
 
1035
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21809
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granite outcrop as shown on the geological map of the area. Induced 
magnetization was assumed, as suggested by the low Q value~ and the 
suSCe?tibility value yas fixed to the average measured susceptibility 
value (see section 3). 

As a result of the modelling detell11ination of the shape and 
thickness of the body ~ave been obtained: The granite, to the south 
terminates abruptly against the Stratoni-Varvara fault, which also 
marks the contact between the Kerdylion and Verti~kos formations of 
the Serbomacedonian Massif. Towards N-NW, and for about 3.5 km, the 
body extends under the gneisses with outward sloping contacts 
(Fig.7). This is consistent with the extent of the metamorphic aurole 
as shown on the 1:50000 scale geological map of the region (Kockel et. 
aI., 1977) (Fig.l). 

Localised aeromagnetic anomalies are present throughout the 
area to the south of the 5tratoni-Varvara fault, appearing to be the 
components of a regional aeromagnetic anomaly in thiS area of high 
magnetiC relief. 

Over the sallle area, a regional graVity high is observed in the 
Bouguer anomaly map. Pseudogravity transformations of the aeromagnetic 
field (interpolated on a 1 km grid) closely match the graVity anomaly 
over the same area when a constant(regional)value of 500 gu is removed 
from the observed graVity values (Figs.S and 2). The assumption made 
is that arophibolites are lying over a non-magnetic ba~eroent conSisting 
of gneisses with a denSity contrast of +0.3 T/m~. Th~ suscepLibility 
value used is 32500XI0- e 51 which is comp3tible ~ith the values 
measured for arophibolites south of the Stratoni-Varvara fault and also 
within the range of values used for other ophiolite complexes (Telford 
et. aI., 1976). 

In the southern part of thiS area, a mass of variably 
serpentinized peridotites and dunites, occupy an area of about 14 km~. 

ThiS mass, known as the Gomati ultrabasic body, together w}th twO 
other basic-ultrabasic complexes (the Volvi and Therma complexes) 
within the Vertiskos formation and close to the boundary with the 
Kerdylion formation, constitute the Therma VolVi - Gomati complex, 
tentatively interpreted as a dismembered ophlolite (Dimltriadis, 1980 
as cited In Dixon and Dimitrlad,s, 1984). 

A more detailed ass~ssment of the aeromagnetiC field in thiS area 
reveals that an aero~agnetic anomaly With a peak to trough amplitude 
of 1500 nT (anomaly B in Fig.S) appears to be assoclated With the 
Gomati ultramafic body. Magnetic anomaly C in the area Kakavos 
corresponds to a sub-outcroping ultramafic body known from field 
observations whereas magne"ic anomaly D is present in the area Kabos, 
where the outcroping lithologies consist mainly of Tertiary sedi~ents. 

Although lack of aeromagnetiC data to the east of thiS area, due to 
termination of the aeromagnetiC survey along the coastline of the 
Chalkidiki peninsula, does not allow for Similar observations in the 
Ierissos Bay, some information can be obtained from ~he graVity field 
in thiS area. A negative graVity anomaly in the Ierissos bay is 
flanked by the t~o regional highs of 700 gu and 690 gu to the west and 
east, respectively (Fig.2). An analytical regional, reSidual is 
calculated by 1st degree polynomials for the graVity map of Fig.2. The 
analytical regional gives a general idea about graVity ~rends but its 
values have been influenced by the pre~ence of the Tertiary sediments 
in the Ierissos Bay IFig 9). A Con~ltant graVity level of approximately 
700 gu is taken to represent the level of the regional graVity field 
in thiS area controlled by geological observations The observed 
graVity anomaly wah an amplitude of appro)(lmately -130 8u is 
compatible With the anomaly calculated by a sedimentary pile of about 
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I 

Fig.S Pseudogravity anomaly of the aeromagnetic map of the square area 
of Fig.5. Contour interval 40 guo 
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400 m on the assumption chat this is overlYing predorninancly 
aophibolitic rocks. ThiS information together with the observation 
that near the area Cape Arapis (Fig. 1) outcroping ultramafic -rocks 
appear to be the cause of the higb regional gravity level (690 gu) and 
the aerornagnet ic ano~c.ly over the same area (ABEI'l, 1966), are 
interpreted to suggest the continuation of rocks belonging to the 
Vertiskos amphibolitic-ophio1itic sUite towards east. 

DiScussion 

Geophysical data in the area of the Stratoni granodiorite reveal a 
shape of this body compatible with its surface outcrop but occupying a 
much larger volume at depth extending further towards N-NW. To the 
south, it terminates abruptly against the Stratoni-Varvara fault. The 
abudant distribution of sulfide andl or manganese mineralizations 
along this fault and the nearby marbles, in the vicinity of the 
Stratoni granodiorite, together with the presence of si~ilar 

mineralization ~ithin che intrusive body itself underline the 
significance of the concomitant presence of these features to ~ineral 

exploration in the area. 
The presence of outcroping NW-SE trending marble occurences 

which are located 3-5 km N 315 degrees from the SE corner of the 
intrusive body cOincides in space with the in depth ( 750 m) extension 
of the Stratoni granodiorite (Fig- 10). NW/SE and NE/SW intensive fault 
systems (Tsompos and Karmis, 1988) are also present in this area WhiCh 
is rated to be of prime importance to exploration for Pb-Zn (Au,Ag) 
sulfide ores. 

Exploration priority for manganese, base metal and gold is in 
the area along the Stratoni-Varvara fault and the area where the 
latter meets the Stratoni granodiorite and the group of Fisoka-Alatina 
porphyries. . 

Gravity and magnetic data in the area to the south of the 
Stratoni-Varvara fault appear to be compatible with a common origin 
that is an ophiolite from Which the amphibolites and the ultramafic 
rocks in this area appear to be some of its dlssmembered components 
overlying a non-magnetiC basement consisting of gneisses. ThiS 
regional picture is further refined by field observations revealing 
the presence of most likely imbricate thrusts into which two-mica 
gneisses occur alternating with amphibolites. The Gomati body in thiS 
area possibly represents a thicker piece of old oceanic thrust. The 
tectoniC emplacement into it~ present position possibly involved more 
~han one stages of thrusting eVidenced by its contact zones with 
country rocks (Christodoulou and Hirst, 1985). Geophysical 
interpretation ?uggests a Similar regional geological picture for tne 
area under the sediments of the Ierissos bay. ThiS is also supported 
by ~he rock assemblage outcroping in the area of cape ArapiS in the 
easternmost part of the bay. 

The above interpretation is compatible with a geological model 
suggested for 'the Vertiskos formation (model C of Dixon and 
DimitriadiS (1984); Sengor et. aI., (1984)) Which i!llplies tectonic and 
metamorphic discontinuities between an ophiolitiC complex and the 
-basement" part of the envelope. 
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Fig.10 Modelling of the Stratoni granodiorite on the basis of 
aeromagnet,c and field data. Upper and bottom outlines of the body 
are given. The bottom outline occurs at an estimated depth of 750 m. 
The NW-SE and NE-SW faults shown on map are from Heliborne EM (HEM) 
and remote sensing data (Karmis, 1987; Tsompos and Karmis, 1988). 
Marbles are from the 1:50000 scale map of Kockel et,al. (1977). The 
concomitant presence of the Tertiary granodiorite) marbles and faulting 
give high priority for exploration to the area at and near to the 
north~est end of the Stratont granodiorite. The area to the south of 
this body where the Stratoni-Varvara fault, the Alatina-Fisoka 
porphyries and the Madero-Lakos marble converge is another area of 
exploration significance. 
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