
3. Regional soil geochemistry

One of the principal exploration tasks is sampling of the horizon B of the soil profile and assaying for major and trace elements; hence 
soil geochemistry is a powerful tool for Exploration. Soil samples in a 200 m grid over the poorly exposed porphyry system proved a 
great tool to map the hydrothermal alteration and combined with geochemistry provided insight for the hydrothermal footprint. 

Hellas Gold Exploration group conducted a systematic soil sampling in a 200 x 200 m (Figure 6) grid focused mainly on the south 
sector of the concessions where porphyry targets are more abundant and their alteration footprint is easier to identify. In key areas 
such as over the world class Skouries Au-Cu deposit a 100 x 100 m and 50 x 50 m sampling grid was conducted. Nonetheless, no soils 
were collected over the mineralized Stratoni Fault corridor (Area A in Figure 6) (except its western extension to Piavitsa and Varvara 
South) that hosts the Mavres Petres mine. 

Soils distribution map is overlaid by airborne reduced to pole (RTP) geophysics where a NE-SW trending zone of magnetic highs was 
identified. The magnetic highs correspond to a series of Oligocene to Miocene porphyry intrusions (Siron et al., 2016) that    occur 
mainly as clusters. Other significant porphyry style propsects in the region is Tsikara, the dioritic in composition Fisoka porphyry and 
the Stratoni Granodiorite on the NE which is considered to be the source of the mineralizing fluids that Madem  Lakkos and Mavres 
Petres were formed. 
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Figure 3. Mavres Petres orebody shape planview 

Figure 4. Simplified ore-genetic model for the fault-controlled carbonate-
replacement mineralisation along the Stratoni-Varvara fault system 
(European Goldfields, 2009) 

Figure 1. Geodynamic-metallogenic map of the Western Tethyan Metallogenic 
belt (WTM project, MDRU, UBC) 

Figure 2. Regional lithology map of NE Halkidiki. 

Figure 5. Schematic cross-section A-B (southwest to northeast, see figure 3.1) through the depleted Madem Lakkos deposit on the  footwall 
of the Stratoni-Varvara normal fault (scale 1:5000, ERA-Maptec, 1998). The latter is a former thrust fault of at least Mesozoic age that was 
inverted during Tertiary extensional tectonics. Note the inverted listric thrust splays and syn- and antithetic branch faults in the Kerdilion 
Formation. 

Figure 6: Regional soils collected over the hanging wall of the Stratoni Fault mineralized corridor overlaid by airborne RTP geophysics. 
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4. Geophysics data
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Figure 7 a-b). Airborne geophysical surveys conducted in 2007. These include Electromagnetics (left picture), Radiometrics (right image), 
and Magnetics 

In 2007 a regional geophysical survey was conducted in the license area that included airborne geophysics. Magnetics 
(reduced to pole, RTP) was focused in the south from the Stratoni Fault area where porphyry intrusions are more abundant. 
Sulphide rich deposits and targets occur mainly along the Stratoni Fault corridor and to the footwall hence electric, 
electromagnetics and radiometrics were applied. 

5. Challenges & Actions
Over the years, Exploration and Geology teams in Halkidiki have created large and diversified datasets which  include 
maps, rock, soil and stream geochemistry and regional scale  geophysics. Exploration drilling from surface and 
underground has been very efficient, providing an essential amount of information related to drillcore logs and assays.   

The proposed area for X-Mine 3D/4D geo-model applications and pilot-scale XRF/XRT drillcore analysis, is Mavres Petres 
Au-rich carbonate replacement deposit where structure is a controlling factor to mineralization. Collection and evaluation 
of existing geochemical, geophysical and geological data, along with exploration drilling carried out and available related 
drillcores, but also structural geology and mineralogy updates, will be integrated into regional/near-mine and in-mine 3D 
models and will improve the performance of XRF/XRT drillcore analyser. 

“This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant 
agreement No 730270” 

2. Geology of Mavres Petres – Stratoni  deposits

The carbonate-replacement mineralisation in the study area is fault-controlled and stratabound with stratiform (manto), 
irregularly shaped (disseminated ore) and pipe-like (chimney, breccias) ore bodies (Figure 3 & 4). Two separate horizons of 
calcite marble are the host rocks for the mineralisation which is lithologically controlled as it is mainly located at the contact 
between gneisses (country rock) and marbles (Gilg, 1993; Arvanitidis et.al. 2015). The lower marble is host to the 
mineralisation at Olympias and Mavres Petres. The upper marble is host to the Mavres Petres deposit and the Piavitsa 
exploration target along the Stratoni-Varvara fault. Both marble horizons represent tectonically dismembered segments of 
the same marble unit which are now arranged in a stacked and imbricated duplex structure (Figure 5; ERA-Maptec 1998). 
Tectono- stratigraphic interpretations identify the Stratoni-Varvara normal fault as an inverted thrust fault. The current 
resources of the Stratoni mine are contained within the Mavres Petres ore body which extends east-west as a stratabound 
lens within the upper marble horizon adjacent to the Stratoni-Varvara fault or, more rarely, fault-controlled in the footwall 
(Figure 4 and 5). The Mavres Petres ore body lies 2 km away from Madem Lakkos, measures some 500 m in strike      length 
and 100 to 340 m in dip direction which is 30° to the south (Forward and Francis, 2008). The true width of this orebody is 
on average 25 m. The depleted Madem Lakkos mine lies to the East of the spatially and genetically related Mavres Petres 
deposit in the axis of an antiform within the lower marble horizon (Figure   5). 
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1. Introduction and regional  geology

The Serbomacedonian-Vardar metallogenic sector is a high grade metamorphic sequence which is considered part of the Western 
Tethyan Metallogenic belt (Figure 1). This belt extends from the Balkans, to Turkey, then SE to Pakistan and Iran hosting a number    of 
significant Au and base metal porphyry, epithermal and carbonate replacement deposits. The Kassandra district of Chalkidiki, North 
Greece in the southern extension of this Serbomacedonian-Vardar sector which is the study area of this project (Figure 1 and 2). The 
polymetallic mine district is host to diverse styles of magmatic-hydrothermal mineralisation that is related to an Oligocene- Miocene 
magmatic cycle between 28 Ma and 19 Ma. Plutonic to subvolcanic bodies and stocks of granite to monzonite intruded      the Upper 
Allochthon (Vertiskos Formation) (Coloured Green in Figure 2) and Middle Allochthon (Kerdilion  Formation)  (Coloured Purple in 
Figure 2) of the Rhodope metamorphic province. Some authors consider the normal fault, which divides the metamorphic basement 
into a hanging wall and footwall block, to be an extension of the Kerdilion detachment that controlled the Southern Rhodope core 
complex exhumation (Brun and Sokoutis,   2007). 

Stratiform Zn-Pb (Ag, Au) carbonate-replacement sulphide deposits at Madem Lakkos (13.5 Mt of Ag-Pb-Zn ore, Forward et al. 2011), 
Mavres Petres (1.1 Mt @ 210 g/t Ag, 7.9% Pb, 10.5% Zn) and Piavitsa (10.5 Mt @ 5,7 g/t Au, inferred resources Eldorado Gold Corp.) are 
located in the footwall of the fault and are considered as proximal to distal parts of a fault-controlled skarn-type system, centred on 
nearby intrusions (Kalogeropoulos et al., 1989; Gilg and Frei, 1994; Kilias et al., 1996). Associated are sub-economic exoskarn and vein 
mineralisation around the i n t ru s io ns . 

A NW-trending series of Au-Cu porphyry deposits and occurrences are located along the Serbo-Macedonian Massif including Skouries 
(283.6 Mt @ 0.6 g/t Au, 0.43% Cu), Fisoka, Tsikara and Stratoni intrusions (Figure 2). The Au-Cu porphyry deposit in The Skouries Au-
Cu porphyry, located 8 km south of the Stratonifault and approximately 1 km to the north of the Gomatifault, is    hosted in quartzo-
feldspathic biotite gneisses and schists interpreted to be part of the Kerdilion unit. The stock is a pencil-shaped intrusion consisting of 
multiple quartzmonzonite porphyry phases that intrude the S-dipping axis of  a  regional  F3  antiform. Zircon U-Pb geochronology 
defined two distinct magmatic episodes in the late Oligocene (27-25 Ma) and early Miocene (20-19 Ma) (Siron et al., 2016). The Fisoka 
Cu±Au porphyry is located 5 km NE of the Skouries Au-Cu porphyry deposit and 2 km south of the Stratoni fault that hosts the Mavres 
Petres mine, the mined out and the Piavitsa Au-Ag-Pb-Zn deposits of the Kassandra mining district in Halkidiki, Greece (Figure 2) 

Mineralisation in the Kassandra district post-dates the regional Eocene plutonism on Chalkidiki (55-44 Ma), which is linked to 
synextensional arc magmatism during slab roll-back (De Wet et al., 1989; Christofides et al., 1990; Frei, 1992; Bébien et al., 2001; Jolivet 
and Brun, 2010). A sub-economic shear zonehosted Cu-Au-Bi prospect at Stanos, in the vicinity of the district, is interpreted as 
synmetamorphic orogenic gold  mineralisation. 
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