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Pb sulphosalts and native silver. The second pulse (Q2)
is characterized by colloform/crustiform banded quartz-
carbonate with minor fluorite. Third pulse (Q3) is 
represented by white coarse comb textured quartz in 
veins, veinlets and minor breccias. 

The majority of the veins present complex 
relationships involving the sulphide-rich and quartz rich 
pulses. The late quartz-rich veins used the same 
fractures occupied by the previous sulphide-rich veins, 
therefore most of Pingüino veins exhibit a superimposed 
paragenesis; “pure” sulphide veins (e.g. Ivonne) and 
pure Quartz-rich vein (e.g. Marta Sur and Marta Norte) 
are less frequent. Dominant sulphide-veins considered 
in this contribution are Marta Centro (MC), Ivonne 
(IVO), Ivonne Sur (IVS), Ivonne Norte (IVN), Savary 
(SAV), Kasia (KAS), Karina (KAR) and Sonia (SON), 
tending to be hosted in NNW direction (N330° azimut) 
faults, while dominant quartz-veins rich are Marta 
Noroeste (MNW), Marta Norte (MN), Marta Este (ME), 
Tranquilo (TR) and Marta Sur (MS), that are mainly 
hosted in NW direction (N300° azimut) faults.  

The aim of this study is to define the geochemical 
characteristics of each vein, in order to group them 
according to similar geochemical behavior. Also, it is 
pretended to make some interpretation about the 
characteristics of the hydrothermal fluids and to 
elaborate a hypothesis of the fluid paths. This 
information could be important for the metallurgy of the 
several Pingüino veins. 

2 Methodology 

Statistical analyses of the geochemistry data of veins 
were performed. Samples from 422 DDH, 225 RC drill 
holes and 551 trenches were considered and more than 
50,000 ICP analyses were used. Only the samples 
corresponding to veins were selected for further analysis. 
To perform this selection, each sample was identified 
with VM (vein mineralization), DM (disseminated 
mineralization or stockwork halo) and HR (host rock) 
according to geological logs and cross section 
interpretation. The studied elements were Au, Ag, In, Cu, 
Pb, Zn, As, Cd and Mn. Several ratios were analysed, but 
two (Ag/Au and As/In) were defined as the best for this 
study. The interception lengths of the VM and VM + DM 
were calculated from every drill hole or trench. 

Analyzed veins were MC, ME, TR, MN, KAS, 
MNW, IVO, MS, SON, IVS, SAV, IVN, KAR, Colita de 
Savary (CSV), Kalia (KAL), Isla (ISL), Marta Oeste 
(MW), Luna (LUN), and Fantasma (FAN). Some of 
them are conformed by one single vein, but others 
present several splays (in the hanging or the footwall), 
but to perform this study, only the main vein was used. 

From each vein, media, standard deviation and 
maximum values were calculated. For further analysis, 
VM+DM (i.e. vein and halo mineralization) data was 
used to have a higher number of samples for statistical 
purpose. This is even more important in those veins with 
few drills and/or trenches. 

3 Geochemical Analysis 

3.1 In–Au–Ag 
Indium values are very variable in Pingüino project 
veins. The vein with the maximum media values is MC. 
Other veins with high In values are, in order of In 
content: IVN, SAV, IVO, IVS and KAS Distribution of 
In content in plan view shows a restricted area with high 
concentrations near MC vein, that elongates to the SSE 
in the 330° direction to KAL vein. 

Gold shows the maximum average value in MNW 
vein; veins with high Au values are: IVN, SAV, IVO, 
ME and ISL. In plan view Au values are concentrated in 
the IVN-SAV veins area, and extend to the NW (N300°) 
direction to FAN vein. An isolated increase of Au mean 
value was registered in ISL vein.  

Silver exhibits the maximum average value in MNW 
and ME. Veins with high Ag values are MN, TR, SAV, 
LUN, CVS FAN and KAL. In plan view, Ag values 
elongate to NNW and NW directions, and also extends 
to the WSW to TR vein. 

3.2 Cu-Pb-Zn: 

Highest Cu average values are located at IVN, TR and 
IVO veins. In plan view copper shows a wide 
distribution with a WSW elongated shape related to TR 
and LUN veins.  

The highest Pb average values are in SAV vein, and 
also is concentrated in MC, ME, KAL, KAS and CSV. 
Plan view shows a wide distribution of Pb values with a 
center in SAV, MC and ME and a general extend NW to 
MN, LUN and KAL.  

The vein with the maximum media Zn values is MC, 
but other veins with high Zn values are IVS, SAV and 
KAS. Distribution in plan view is reduced in area 
concentrated in MC and with a trend to SSE to KAL 
vein and to the WSW to TR vein. 

3.3  As-Cd-Mn: 

Arsenic has the highest average value in IVN vein, and 
elevated values were registered in IVS, IVO, SAV and 
ME. High arsenic values are centered in IVO with a 
NW-SE trend, and also extends to the WSW to LUN 
vein. 

MC is the vein with the highest average Cd value, 
followed by SAV, ME, KAS and IVS. In a plan view Cd 
distribution is similar to Zn. 

The highest Mn average values are in ISL, KAL, TR, 
and MC veins. The Mn distribution is opposite to 
previous showing the lower values in the central sector 
of the project. 

3.4  Ag/Au ratio 

The Pingüino project Ag/Au ratio, considering the 19 
veins studied, has an average value of 883. This ratio is 
elevated compared with others epithermal deposits of the 
Deseado Massif (Fernández et al. 2008). But, this ratio is 
highly variable when considering the different vein 
types. While the dominant sulphide-rich veins (MC, 
IVO, IVS, IVN, SAV, KAS, KAR and SON) shows an 
average Ag/Au ratio of 307; the dominant quartz-rich 
veins (MNW, MN, ME, TR, MS), presents a higher 
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Pb sulphosalts and native silver. The second pulse (Q2)
is characterized by colloform/crustiform banded quartz-
carbonate with minor fluorite. Third pulse (Q3) is 
represented by white coarse comb textured quartz in 
veins, veinlets and minor breccias. 

The majority of the veins present complex 
relationships involving the sulphide-rich and quartz rich 
pulses. The late quartz-rich veins used the same 
fractures occupied by the previous sulphide-rich veins, 
therefore most of Pingüino veins exhibit a superimposed 
paragenesis; “pure” sulphide veins (e.g. Ivonne) and 
pure Quartz-rich vein (e.g. Marta Sur and Marta Norte) 
are less frequent. Dominant sulphide-veins considered 
in this contribution are Marta Centro (MC), Ivonne 
(IVO), Ivonne Sur (IVS), Ivonne Norte (IVN), Savary 
(SAV), Kasia (KAS), Karina (KAR) and Sonia (SON), 
tending to be hosted in NNW direction (N330° azimut) 
faults, while dominant quartz-veins rich are Marta 
Noroeste (MNW), Marta Norte (MN), Marta Este (ME), 
Tranquilo (TR) and Marta Sur (MS), that are mainly 
hosted in NW direction (N300° azimut) faults.  

The aim of this study is to define the geochemical 
characteristics of each vein, in order to group them 
according to similar geochemical behavior. Also, it is 
pretended to make some interpretation about the 
characteristics of the hydrothermal fluids and to 
elaborate a hypothesis of the fluid paths. This 
information could be important for the metallurgy of the 
several Pingüino veins. 

2 Methodology 

Statistical analyses of the geochemistry data of veins 
were performed. Samples from 422 DDH, 225 RC drill 
holes and 551 trenches were considered and more than 
50,000 ICP analyses were used. Only the samples 
corresponding to veins were selected for further analysis. 
To perform this selection, each sample was identified 
with VM (vein mineralization), DM (disseminated 
mineralization or stockwork halo) and HR (host rock) 
according to geological logs and cross section 
interpretation. The studied elements were Au, Ag, In, Cu, 
Pb, Zn, As, Cd and Mn. Several ratios were analysed, but 
two (Ag/Au and As/In) were defined as the best for this 
study. The interception lengths of the VM and VM + DM 
were calculated from every drill hole or trench. 

Analyzed veins were MC, ME, TR, MN, KAS, 
MNW, IVO, MS, SON, IVS, SAV, IVN, KAR, Colita de 
Savary (CSV), Kalia (KAL), Isla (ISL), Marta Oeste 
(MW), Luna (LUN), and Fantasma (FAN). Some of 
them are conformed by one single vein, but others 
present several splays (in the hanging or the footwall), 
but to perform this study, only the main vein was used. 

From each vein, media, standard deviation and 
maximum values were calculated. For further analysis, 
VM+DM (i.e. vein and halo mineralization) data was 
used to have a higher number of samples for statistical 
purpose. This is even more important in those veins with 
few drills and/or trenches. 

3 Geochemical Analysis 

3.1 In–Au–Ag 
Indium values are very variable in Pingüino project 
veins. The vein with the maximum media values is MC. 
Other veins with high In values are, in order of In 
content: IVN, SAV, IVO, IVS and KAS Distribution of 
In content in plan view shows a restricted area with high 
concentrations near MC vein, that elongates to the SSE 
in the 330° direction to KAL vein. 

Gold shows the maximum average value in MNW 
vein; veins with high Au values are: IVN, SAV, IVO, 
ME and ISL. In plan view Au values are concentrated in 
the IVN-SAV veins area, and extend to the NW (N300°) 
direction to FAN vein. An isolated increase of Au mean 
value was registered in ISL vein.  

Silver exhibits the maximum average value in MNW 
and ME. Veins with high Ag values are MN, TR, SAV, 
LUN, CVS FAN and KAL. In plan view, Ag values 
elongate to NNW and NW directions, and also extends 
to the WSW to TR vein. 

3.2 Cu-Pb-Zn: 

Highest Cu average values are located at IVN, TR and 
IVO veins. In plan view copper shows a wide 
distribution with a WSW elongated shape related to TR 
and LUN veins.  

The highest Pb average values are in SAV vein, and 
also is concentrated in MC, ME, KAL, KAS and CSV. 
Plan view shows a wide distribution of Pb values with a 
center in SAV, MC and ME and a general extend NW to 
MN, LUN and KAL.  

The vein with the maximum media Zn values is MC, 
but other veins with high Zn values are IVS, SAV and 
KAS. Distribution in plan view is reduced in area 
concentrated in MC and with a trend to SSE to KAL 
vein and to the WSW to TR vein. 

3.3  As-Cd-Mn: 

Arsenic has the highest average value in IVN vein, and 
elevated values were registered in IVS, IVO, SAV and 
ME. High arsenic values are centered in IVO with a 
NW-SE trend, and also extends to the WSW to LUN 
vein. 

MC is the vein with the highest average Cd value, 
followed by SAV, ME, KAS and IVS. In a plan view Cd 
distribution is similar to Zn. 

The highest Mn average values are in ISL, KAL, TR, 
and MC veins. The Mn distribution is opposite to 
previous showing the lower values in the central sector 
of the project. 

3.4  Ag/Au ratio 

The Pingüino project Ag/Au ratio, considering the 19 
veins studied, has an average value of 883. This ratio is 
elevated compared with others epithermal deposits of the 
Deseado Massif (Fernández et al. 2008). But, this ratio is 
highly variable when considering the different vein 
types. While the dominant sulphide-rich veins (MC, 
IVO, IVS, IVN, SAV, KAS, KAR and SON) shows an 
average Ag/Au ratio of 307; the dominant quartz-rich 
veins (MNW, MN, ME, TR, MS), presents a higher 
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Intrusion-Alteration-Mineralization Relationships from 
the Porphyry Cu-Au Deposit at Kiseljak, Serbia  
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Abstract. The Tulare ore field (Lece Magmatic Complex, 
southern Serbia) hosts porphyry Cu-Au and epithermal 
Au-Ag-Pb-Zn-Cu vein deposits centred on dioritic 
subvolcanic intrusions of Oligocene age. The most 
explored prospect within the Tulare ore field is the 
Kiseljak porphyry Cu-Au deposit, where recent 
exploration by Dunav Resources Ltd. has outlined a NI 
43-101 compliant inferred resource of 300 Mt grading an 
average of 0.27% copper and 0.26g/t gold. This study 
presents new field relationships, petrology, mineralogy 
and geochemical data acquired during the recent 
resource drilling campaign. These results define the 
geochemical, spatial and temporal evolution of the 
intrusive and alteration processes and the scale of the 
porphyry mineralization system at Kiseljak. 
 
Keywords. Serbo-Macedonian-Rhodope province, Lece 
Magmatic Complex, Oligocene, Kiseljak porphyry Cu-Au 

 

1 Regional Geology 
 
The Kiseljak porphyry Cu-Au deposit is located in the 

southwestern part of the Lece Magmatic Complex 

(LMC) in southern Serbia. The LMC is part of the 

Serbo-Macedonian-Rhodope province of the Tethyan 

Metallogenic Belt (Fig. 1). Beginning in the Cretaceous, 

the region has been a part of the convergent margin of 

the Eurasian plate, experiencing a series of Late 

Cretaceous to Miocene subduction and collision events 

interspersed with syn- and post-orogenic extension. 

The basement to the Eocene-Oligocene magmatic 

rocks in southern Serbia is formed by the Serbo-

Macedonian Massif, which is a NW-SE-oriented tectonic 

block situated between the Carpatho-Balkanides in the 

east and the Vardar Suture Zone in the west (Schmid et al., 

2008). The currently northwest-trending Serbo-

Macedonian-Rhodope province is characterized by mostly 

Pb-Zn-Ag-Cu-Sb deposits consisting of Pb-Zn 

replacement, fracture-controlled Sb-vein, porphyry 

Cu±Au±Mo, and stratiform volcano-sedimentary deposits 

extending across several geotectonic units from Hungary 

through Serbia and Macedonia to southern Bulgaria, 

northern Greece and western Turkey where it connects to 

the Anatolian metallogenic province. The porphyry Cu-Au 

systems are well known in northern Greece and 

Macedonia where the world class Skouries porphyry Cu-

Au deposit (Frei, 1995; Kroll et al., 2002) or the operating 

Buchim mine (Serafimovski et al., 2010) share many 

similarities with the Kiseljak porphyry deposit. 

 
Figure 1. The location of the Paleocene-Oligocene Serbo-

Macedonian-Rhodope segment of the Western Tethyan 

Metallogenic belt and the major ore deposits in the area. 

The Lece Magmatic Compex (LMC) is a northerly 

elongate, 45 km long and 25 km wide belt of predominantly 

andesitic volcanic rocks intruded by diorite porphyries. The 

LMC is made up by Eocene to Oligocene volcanic-

sedimentary and sub-volcanic dioritic intrusions. These 

units overlie and intrude the metamorphic Serbo-

Macedonian Massif basement along the Vardar suture zone 

(Karamata and Krstic, 1996; Schmid et al., 2008). The 

volcanic rocks include lavas, pyroclastic breccias and lapilli 

tuffs with andesitic to dacitic composition. Volcanic vents, 

and three ring structures interpreted to be caldera margins, 

have been proposed initially (Gajtan, Djavolja Varos and 

Tulare calderas; Pešut, 1976), but now the field is 

considered to consist of numerous smaller calderas and 

volcanic vents (Serafimovski, 1990). The igneous and 

basement rocks in the LMC are locally hydrothermally 

altered and host metal concentrations in seven distinguished 

ore fields (Fig. 1): I) Lece ore field, II) Brajsor ore field, III) 
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