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prof. RNDr. Martin Mihaljevič, CSc. 
Vice-dean for Geology Institutes  

Every meeting of scientists brings new information, initiatives and ideas. I am convinced that this 

conference will be similarly productive. The earth sciences are receiving increasing attention in 

response to the deficit of raw materials and water and the uncontrolled accumulation of some 

kinds of waste. Geologists have effective instruments for dealing with these problems. 

I wish this meeting a pleasant atmosphere and many stimulating ideas. 

 

Mgr. Michal Roll 
Chairman 

The idea of new student conference was brought into the light because of my own struggle to 

find a convenient conference, where I could present my research. So I asked my schoolmates 

and friends for help and we started to build something brand new. Conference is focused on 

mineral deposits as representative of traditional field of research in geology and it’s also focused 

on geochemistry, which is nowadays considered as the fastest and most widely developing field 

among all geology. I’m really proud that this conference is organised by students, for students in 

all levels of education, either it’s Bc, MSc or PhD studies. I hope you will find many interesting 

topics during this weekend and I pray for lots of experiences and new friendships across our 

science. 
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NOVEMBER 7, 2019 

THURSDAY 

 

 

 

 

 

FIRST-COMERS 

(18:30) 

ICE-BREAKER PARTY 

(19:00) 
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NOVEMBER 8, 2019 

FRIDAY 

 

 

OPENNING CEREMONY 

(9:45-10:00) 

10:00-10:40  1st Key-note lecture:  

RNDr. Karel Breiter, DSc: Geological model of the world-class Li-deposit Cínovec 

10:40-12:00  1st Talk session  

Viktor Bertrandsson Erlandsson: The Sediment-Hosted Cu-Co Dolostone Ore 

Formation Mineralization – A Continuation Of The Central African Copperbelt Or A New 

Mineralization Process In Northwestern Namibia? 

Pavlína Radková: New type of carbonate-hosted Au mineralization at Dúbrava near 

Rochovce, Western Carpathians 

Lidbert Alarcón Laime: Mineralogical analysis in orogenic gold deposit, Ccatca, Cusco-

Peru 

Micol Bussolesi: PGE distribution and mobility within ophiolite chromitites: case studies 

from Iran and Greece 

REFRESHMENT 

(12:00-13:00) 

13:00-13:40  Stable and Radiogenic Isotope Research Laboratory – short excursion 

13:30-14:10 2nd Key-note lecture:  

Mgr. Michal Roll: Sandstone uranium deposits in Madagascar 

14:10-15:10  2nd Talk session 

Milos Velojic: Trace elements in different veins by LA-ICP-MS in Chukaru Peki high 

sulfidation deposit, Serbia 

Krzysztof Foltyn: Indium in strata Kamenica schists belt, Poland – insight from LA-ICP-

MS study 

Aleš Šoster: Establishing a genetic model of Zn-Pb-Cu ore deposit Bashibos in SE North 

Macedonia 

COFFEE BREAK 

(15:10-15:30) 

15:30-16:50  3rd Talk session 

  Barbora Píšová: Clasification of garnet from ultrabasic rocks 

Richárd Zoltan Papp: Andorite-series sulphosalts from the Meleg-hill, Velence Mts., 

Hungary 

Sławomir Mederski: Bismuth mineralization in the central Kosovo 

Szczepan Bal: Nickel mineralization in hydrothermally altered serpentinites (listwaenites) 

in the broad area of Stan Terg mine, Vardar Zone, Kosovo 

GIUDED TOUR 

(17:00) 
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NOVEMBER 9, 2019 

SATURDAY 

 

 

 

10:00-10:40  3rd Key-note lecture:  

RNDr. Jan Borovička, PhD: Arsenic in geomycological studies 

10:40-12:00  4th Talk session 

Lívia Majoros: Origin of graphite in black schists from Szendrő Mts (NE-Hungary) 

Medet Junussov: Petrography and geochemistry of late paleozoic black shales of 

Meseck and Bakyrchik mineral deposits 

Marcin Wojsław: Chemical characteristic of gersdorffite solid solutions in Stan Terg area, 

Kosovo 

Ndiye Kebonye: Zirconium suitability for normalization procedure in estimating soil 

contamination in treated wastewater discharge vicinity 

REFRESHMENT 

(12:00-13:00) 

13:00-13:40  4th Key-note lecture:  

doc. RNDr. Tomáš Navrátil, PhD: Deciphering atmospheric releases of mercury from ore 

mining and processing operations 

13:40-13:50  „2 minutes of fame“ presentations 

13:50-15:30  Poster session 

Michaela Gajdošová: Mineral and chemical composition of carbonatites from Evate 

deposit (Mozambique) 

Iva Jurković: Geochemistry of the Vrshnik Cu mineralization, the Buchim deposit, 

Republic of North Macedonia 

Ivor Perković: Hydrothermal alterations in the Vršnik ore body of the Bučim Cu porphyry 

deposit, North Macedonia 

Matěj Němec: The Voltýřov metamorphosed orogenic gold deposit - Bohemian Massif: 

mineralogy, fluid inclusions, and stable isotope constraints on the deposit formation 

Eleni Michailidou: Zeolitization of the volcanic glass in the volcaniclastic rocks of Petrota 

region, Evros Prefecture, Northeastern Greece 

Prince Chapman Agyeman: Prediction of potential toxic elements using digital soil 

mapping approach 

Matea Marenković: Evolution of ore-forming fluids at the Mežica Pb-Zn deposit, Slovenia 

COFFEE BREAK 

(15:30-15:45) 

CLOSING CEREMONY 

(15:45-16:00) 
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THE SEDIMENT-HOSTED CU-CO DOLOSTONE ORE 

FORMATION MINERALIZATION – A CONTINUATION OF THE 

CENTRAL AFRICAN COPPERBELT OR A NEW 

MINERALIZATION PROCESS IN NORTHWESTERN NAMIBIA?  

Viktor Bertrandsson Erlandsson1, Daniela Wallner1, Rainer Ellmies2,  

Frank Melcher1 & Johann Raith1 

1Montanuniversität Leoben, Department Applied Geosciences and Geophysics, Peter-Tunner-Straße 5, 8700 Leoben, 

Austria, viktor.erlandsson@unileoben.ac.at & daniela.wallner@unileoben.ac.at 

2Gecko Namibia, Sinclair Street 8, 81307 Windhoek, Namibia  

Key words:  sediment-hosted, stratiform, chalcopyrite, cobalt, sulfides, diagenetic, hydrothermal  

INTRODUCTION 

The Dolostone Ore Formation (DOF) is 

located in the Kunene region, northwestern 

Namibia, ~600 km northwest of Windhoek. 

Exploration and resource evaluation is 

currently being carried out by the 

exploration company Gecko Namibia. 

Sediment-hosted Cu-Co deposits are found 

in abundance within the Central African 

Copperbelt (CAC) where they are hosted 

within a Neoproterozoic, transgressional 

active rift sedimentary succession (Miller, 

2013), similar to the DOF mineralization. 

Even though several sediment-hosted Cu 

deposits have been recognized in Namibia 

(Jennings & Bells 2010), the DOF is the first 

recognition of Co mineralization. 

GEOLOGICAL SETTING 

Regional rocks are weakly metamorphosed 

(white mica-chlorite facies) as the locality is 

situated within the Eastern Zone (FIGURE 1) of 

the Kaoko Belt, the northern branch of the 

Damaran Orogen in Namibia (Miller et al., 

2008). 

The DOF ore horizon is situated within the 

middle section of the Ombombo Subgroup. 

The Ombombo Subgroup is the lowest 

subgroup of the Otavi Group in the Damaran 

Supergroup. The Damaran Supergroup 

represents a transition from clastic rift 

sediments into marine calcareous shales and 

carbonates, and ends with groups of glacial 

sediments (Miller et al., 2008). 

 

FIGURE 1: Location of the DOF mineralization within 

the Eastern Zone of the Kaoko Belt. From Celsius 

Resources (2018), modified from Miller et al. (2008). 
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MINERALIZATION DESCRIPTION 

The DOF mineralized horizon is defined by 

Cu, Co, Zn, Ni, Fe and Mn enrichment. The 

DOF orebody is stratiform, but does not 

seem stratabound as the mineralization 

occurs in shales, carbonates and marlstones. 

Ore grades have a sharp footwall contact, 

whilst the grades gradually decrease 

upwards into the hanging wall. 

The dominating sulfides of the DOF horizon 

are pyrite, pyrrhotite, chalcopyrite, and 

sphalerite. SEM-EDS analyses show the Co 

resides within three different mineral phases, 

within the Co-Ni-As-S system, dominated by 

linnaeite-siegenite with minor cobaltite.  

Sulfides occur in five different styles of 

mineralization within the DOF horizon: 

disseminations, nodules, veins, breccias, and 

slump-like structures (FIGURE 2). Both 

diagenetic and epigenetic sulfide textures are 

observed. 

 

FIGURE 2: The five styles of sulfide mineralization 

found within the DOF ore horizon. A) Dissemination. 

B) Nodules. C) Vein. D) Breccia. E) Slump-like. 

 

DISCUSSION  

There are several key differences between 

the DOF and the sediment-hosted deposits of 

the CAC, one of the major differences being 

the absence of evaporites in the Namibian 

stratigraphy. Evaporites are considered to 

have played a vital role in the formation of 

the mineralizing fluids in the CAC.  

Furthermore, several of the CAC deposits 

are hosted within the lowermost reductive 

shales of the sedimentary succession (e.g. 

Hitzman et al., 2005). This is not the case of 

the DOF, where black shales are found 

below the mineralization horizon.  

DOF sulfides display both diagenetic and 

epigenetic textures. Similar genetic 

conundrums occur in the CAC. Several CAC 

deposits have experienced both diagenetic 

and epigenetic mineralizing stages. The ore-

forming processes of the DOF may also have 

been a multi-stage event, reminiscent of the 

CAC. Details of the mineralizing stages 

must be investigated further. 

REFERENCES 

Celsius Resources (2018). ASX Press Release, 25 

May 2018, celsiusresources.com .na, 7. 

Hitzman, M., Kirkham, R., Broughton, D., Thorson, 

J., & Selley, D. (2005). The sediment-hosted 

stratiform copper ore system. Economic Geology, 

100. 

Jennings, S., Bell, R. C. (2010). Technical Report on 

Recent Exploration at the Kaoko Copper-Silver 

Property in Northwest Namibia. INV Metals. 

Miller, R. McG. (2008). The geology of Namibia. In 

3 volumes, Geological Survey of Namibia, p. 1564. 
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NEW TYPE OF AU MINERALIZATION ASSOCIATED WITH LEAD 

ARSENATES HOSTED BY ALTERED CARBONATES NEAR 

ROCHOVCE, WESTERN CARPATHIANS 

Pavlína Radková1, Tomáš Mikuš2 

1 Department of Geology of Mineral Deposits, Faculty of Natural Sciences, Comenius University, Ilkovičova 6, 842 

15 Bratislava, Slovakia; pavlina@rodinia.sk 

2 Earth Science Institute, Slovak Academy of Sciences, Ďumbierska 1, 974 01 Banská Bystrica, Slovakia; 

mikus@savbb.sk 

Key words: Western Carpathians, Rochovce granite, gold, aurostibite, adelite group minerals, 

roméite group minerals, mimetite, segnitite 

INTRODUCTION 

A unique metallogenic type of Au and Pb-

Zn-Sb-As ± Cu mineralization was 

discovered at the Dúbrava hill near 

Rochovce. It is hosted by Mesozoic 

carbonates belonging to Bôrka nappe 

(Plašienka et al., 1997). The studied area is 

adjacent to the contact zone of the Lubeník-

Margecany line (LML), located between the 

Veporic and Gemeric units. Well-known 

occurrence of the Late Cretaceous granite 

intrusion here is unique in the Western 

Carpathians (Kohút et al. 2013). Widespread 

alterations indicate an extensive 

hydrothermal activity along the LML 

together with gold and base metal 

occurrences known in the area (Grecula 

1995). In this study, preliminary results of 

exploration activities from the proximity of 

the Rochovce intrusion carried out by 

Rodinia company are reported. 

CHARACTER OF THE 

MINERALIZATION 

Structurally controlled mineralization at 

Dúbrava (FIGURE 1) evolved during several 

stages of Alpine deformation. Host rock 

marbles are intensively dolomitized and 

locally contain sericite and pyrite. 

Silicification is just minor, associated to the  

contact zone between marbles and metabasic 

tuffs.  

 

FIGURE 1: Geological settings at Dúbrava with 

mineralized structures. Lidar base map shows the 

historic workings. 

The earlier period of Au mineralization is 

linked to N-S structures, hosting coarse-

grained zonal gold with aurostibite 

inclusions (FIGURE 2). Three different Au-Ag 
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alloys were identified. Later Pb-Zn-Sb-As ± 

Cu mineralization is related to the NE-SW 

faults cutting the Au-bearing structures. 

Various assemblages of Pb-Zn-Sb-As ± Cu 

secondary minerals are present at later stage 

NE-SW structures (FIGURE 2). They are 

represented by segnitite, mimetite, 

oxyplumboroméite, arsendescloizite and 

austinite. 

 

FIGURE 1:  BSE images of mineralization at the 

Dúbrava deposit. a – Allotriomorphic aggregate of 

gold (white) associated with Fe-oxihydroxides (grey), 

representing pseudomorphoses after pyrite. b –

Intragranular texture and chemical heterogeneity of 

gold grains. c – Inclusion of aurostibite (AuSb2) 

associated with dolomite (Dol) in gold (Au III). d – 

Fracture in dolomite I (Dol I) filled with zoned 

crystals of dolomite II (Dol II), corroded by Fe oxi-

hydroxides (white). The latest phase is calcite II (Cal 

II). e – Zonal aggregates of mimetite (Mim) 

associated with segnitite (Seg). f – Detail of radial 

crystalline aggregates of prismatic crystals of adelite 

group minerals. 

CONCLUSIONS 

New occurrence of Au mineralization at the 

Dúbrava hill is unique in Western 

Carpathians by its character, mineral 

composition, association of secondary 

minerals in oxidation zone and specific 

alteration of carbonates. 

Aurostibite and zonal textures of gold with 

inward diffusion of Ag are the result of 

sulfur deficient environment, as the late Ag-

rich fluid was not able to precipitate Ag-rich 

sulphides and sulphosalts. The character of 

primary mineralization at younger NE-SW 

structures is unknown, but the secondary 

minerals association suggests an As-rich Pb, 

Zn, Sb ± Cu ore. The unusual assemblage of 

secondary minerals in carbonate host rock is 

probably related to slightly acidic waters 

resulting from widespread pyrite oxidation. 

The genesis of the Dúbrava deposit can be 

related either to magmatic-hydrothermal 

fluids, escaping from the Ochtiná intrusive 

center, and/or deeply circulating meteoric 

fluids, driven by the heat of the intrusive 

center and buffered by favorable host rocks. 

REFERENCES 
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MINERALOGICAL ANALYSIS IN OROGENIC GOLD DEPOSIT, 

CCATCA, CUSCO-PERU 

Lidbert Alarcón Laime1, Máté Zsigmond Leskó1 

1Institute of Mineralogy and Geology, University of Miskolc, Miskolc-Egyetemváros, H3515 Miskolc, Hungary 

mining.geologist.lal@gmail.com 

Key words: orogenic, vein, manto, gold 

Gold-bearing quartz veins are frequent to 

find in the metamorphic rocks (schist, slite, 

gneiss) in the Eastern Cordillera of Peru, and 

most of the them contain high grade gold in 

situ and placers. However is necessary to 

analyze the ore and gangue mineralogy in 

veins and mantos (parallel structures with 

the rock schistosity), because there is not 

enough exploration, unknow size of gold 

release in the milling process, intergrowths 

and paragenesis sequence in the deposit. The 

gangue and ore mineralogy were analyzed 

macroscopically and under polarized light 

microscope with reflected light on eight 

polished sections. Manto type mineralized 

bodies are associated with gray quartz with 

gold content and first generation 

arsenopyrite, in this stage, gold inclusions 

were found in the crystal structure of quartz. 

The main stage of mineralization is 

associated with whitish quartz veins with 

gold, pyrite, arsenopyrite, pyrrhotite, galena 

and interstitial chalcopyrite. Gold-bearing 

veins and mantos has a release size of 50 

µm. The study area has a good potencial for 

future exploration activities, because some 

mineralized structured contains high grade 

gold. 

RESULTS 

Paragenetic sequence: 

Stage 1: Possibly the main source for gold 

mineralization in manto structures, were the  

FIGURE 1: Polished section LA-1E. Left=crossed 

nicols; righ= parallel nicols. Qz = quartz, Po = 

pyrrhotite, Au = gold, Gn = galena. 

metamorphic fluids from the amphibolite 

facies that released fluids with gold content, 

migrating through structural conduits (faults, 

fractures), where greenschist facies rocks, 

diagenetic pyrite-bearing slate, controlled 

the deposition  of these fluids. Large et al. 

(2012), they made a study of pyrites as a 

source of metals in orogenic gold deposits in 

the Otago-New Zealand shales, concluded 

that there is presence of gold in pyrites 

according to the laser ablation inductively 

coupled plasma mass spectrometry (LA-ICP-

MS), and the results showed that the 

turbidites were fertile sources of gold and 

arsenic in orogenic gold deposits. In 

addition, it indicates that the transition from 

pyrite to pyrrhotite in the facies of the 

greenschists was probably the most effective 

in the reaction and mobilization of As and 

Au. 
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Stage 2: Initial stage of formation of manto 

type mineralized bodies, associated with 

gray quartz with first generation of gold and 

arsenopyrite, the gold in this stage has a size 

less than 100 µm and is presented as 

inclusions in quartz as well as arsenopyrite. 

The alteration in this stage is a moderate 

sericitization. 

Stage 3: Main stage of mineralization, 

associated with whitish quartz veins, the 

main alteration is a moderate to strong 

sericitization. In the wall rock there was a 

greater development of pyrite, probably 

because the fluids brought more sulfur to 

form pyrite in schists and slates that contain 

greater Fe in their composition. The second 

pyrite, gold, pyrrhotite, galena, arsenopyrite 

generation, are found as interstitial 

microfracture fillings in this stage. 

Stage 4: Last stage, primary sulfides 

oxidation such as pyrite, pyrrhotite, and 

chalcopyrite. In the field and laboratory, the 

alteration of chalcopyrite to hematite and 

pyrite to jarosite-goethite have been 

observed. 

CONCLUSIONS 

Mineralogically the formation of manto type 

mineralized bodies are associated with gray 

quartz with gold content and first generation 

of arsenopyrite; the gold in this stage has a 

size smaller than 100 µm and is presented as 

inclusions in the crystal structure of quartz. 

The main stage of mineralization are 

associated with whitish quartz veins 

structures with gold mineralization, pyrite, 

arsenopyrite, pyrrhotite, galena and 

chalcopyrite, these are found as interstitial 

fillings. The gold release size in mantos and 

veins are 50 µm. 

FIGURE 2: Paragenetic sequence of the orogenic gold 

deposit in Ccatca district, Cusco, Peru. 
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PGE DISTRIBUTION AND MOBILITY WITHIN OPHIOLITE 

CHROMITITES: CASE STUDIES FROM GREECE AND IRAN 

Micol Bussolesi1, Giovanni Grieco1, Federica Zaccarini2, Alireza Eslami3,4, Evangelos Tzamos5 
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INTRODUCTION 

Platinum Group Elements (PGEs) in 

ophiolite chromitites are mainly hosted 

within Platinum Group Minerals (PGMs), 

and to a lesser extent within Base Metal 

Minerals (BMMs). PGMs can be found in 

three main textural positions: as inclusions in 

unaltered chromite, in altered chromite (e.g. 

ferrian chromite, fractured zones) or in the 

silicate matrix. Primary PGM-BMM 

assemblages can be modified both in 

mineralogy and mineral chemistry, as a 

consequence of post-magmatic alteration 

events. Desulfurization during 

serpentinization or chloritization is the main 

process that can modifiy the primary 

assemblage, remobilizing metals. 

Mineralogy, mineral chemistry and texture 

can record remobilization of the precious 

metals. The aim of this work is to study 

remobilization processes during alteration 

events in two different ophiolites: Gomati 

Ophiolite (Northern Greece) and Abdasht-

Soghan Complex (Southern Iran).   

PGE DISTRIBUTION IN GOMATI AND 

ABDASHT-SOGHAN CHROMITITES 

PGEs in Gomati and Abdasht-Soghan 

chromitites are hosted within PGMs. The 

PGM assemblage within Gomati is 

dominated by laurite (RuS2), present either 

in unaltered chromite as euhedral grains, or 

in the ferrian-chromite rims as subhedral 

grains, and characterized by a homogeneous 

composition (FIGURE 1). The primary nature 

of the PGM assemblage and the 

homogeneity of laurite composition seem at 

odds with the strong alteration shown by 

chromites, silicates (completely transformed 

into chlorites) and BMMs (secondary Ni-Fe 

sulfides, arsenides and antimonides). 

Mineralogical and chemical variability of the 

PGM and BMM assemblages in the 

Abdasht-Soghan chromitites is higher than 

in Gomati. Primary PGMs (laurite and 

irarsite) show clear evidences of alteration, 

not only in texture but also in the mineral 

chemistry. The typical alteration pattern 

involves a desulfurization, by which the 

sulfides lose their S content and are  

gradually transformed into PGE alloys 

(FIGURE 1), accompanied by a much higher 

variability of Os to Ru ratio in laurite. A 

strong desulfurization is shown also by 

BMMs. Primary pentlandite is almost 

completely replaced by a sulfur-poor 
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assemblage, comprising millerite, 

heazlewoodite, godlevskite, awaruite and 

native Ni. 

 

FIGURE 1: Composition of Laurite-Erlichmanite and 

PGE-alloys of Gomati (blue) and Abdasht-Soghan 

(green and red). 

 

DISCUSSION 

The differences in mineralogical assemblage 

and mineral chemistry shown by chromitites 

in Gomati and Abdasht-Soghan can be 

mainly attributed to variability of fS2 

conditions. At Gomati, chromitites 

underwent intense chloritization at unusual 

high fS2, as witnessed by the absence of 

alloy phases such as awaruite or native 

metals. At these conditions, laurite is stable 

and PGEs remobilization is very limited. On 

the contrary, Abdasht-Soghan chromitites 

underwent serpentinization at low fS2 as 

shown by the abundance of PGE and base 

metal alloys. In these highly reduced 

conditions, laurite was destabilized and 

PGEs were released to the fluid phase and 

later partially recrystallized as alloys. 
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TRACE ELEMENTS IN DIFFERENT VEINS BY LA-ICP-MS IN 

CHUKARU PEKI HIGH SULFIDATION DEPOSIT, SERBIA 

Milos Velojic1, Viktor Bertrandsson Erlandsson 2  

1Faculty of Mining and Geology, Djusina 5, Belgrade, Serbia, milos.velojic@rgf.bg.ac.rs 

2 Montanuniversität Leoben, Department Applied Geosciences and Geophysics, Peter-Tunner-Straße 5, Leoben, 

Austria 

Key words: pyrite, enargite, gold, germanium, la-icp-ms 

INTRODUCTION 

Chukaru Peki is a recently discovered 

porphyry- epithermal ore deposit located 

5km south of Bor mine in Serbia. 

(Jelenkovic, 2014). It was discovered by 

Rakita exploration in 2011 at depth between 

400 and 2000 m below the surface. 

Three styles of mineralization can be 

distinguished in Chukaru Peki system: high-

sulfidation type with massive sulfides 

(named Upper zone), porphyry type (named 

Lower zone) and transition type, between 

porphyries and massive sulfides (Jelenkovic 

et al., 2016) (FIGURE 1) 

 
 
FIGURE 1: Cross section through Chukaru-Peki ore 

deposit modeled in Leapfrog software; orange part 

marks porphyry part (lower zone) and brown zone 

marks copper-rich high-sulfhidation part (upper 

zone). UA= upper andesite, LA= lower andesite 

 

Several different stages of mineralization in 

upper zone were distinguished by ore 

microscopy investigations of samples from 

Chukaru Peki (in chronological order): 

1) Quartz-alunite veins: These veins 

contain small amounts of pyrite, chalcopyrite 

and rutile. 

2) Py1 pyrite:  Fine-grained pyrite 

replacing altered andesite and forming 

massive sulphides. 

3)   Pyrite-enargite veins: These veins 

contain mixed pyrite and enargite with a lot 

of quartz.  

4) Pyrite-covellite veins: These veins 

are probably the most important ore-bearing 

veins in upper zone, since they contain the 

highest amount of covellite and enargite.  

5) Marcasite veins: They contain 

colloform marcasite, arsenopyrite and 

sphalerite and are probably later than main 

mineralization events.  

ANALYSIS 

Analysis was conducted on 8 samples from 

high-sulphidation zone of Chukaru Peki: 

cp012, cp018,  cp028, cp038a, cp041, cp073, 

cp097 and cp126. The trace element 

analyses were carried out at the  Department 

of Applied Geosciences and Geophysics, 

Montanuniversität Leoben, Austria, utilizing 

mailto:milos.velojic@rgf.bg.ac.rs
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an ESI NWR213 Nd:YAG laser ablation 

system coupled to an Agilent 8800 QQQ 

ICP-MS.  

The matrix-matched sintered pressed powder 

pellet reference material MUL-ZnS 1 (Onuk 

et al., 2017) was used for quantification of 

the element content and the USGS powder 

pressed polysulfide reference material 

MASS-1 (Wilson et al., 2002) was used for 

quality control of the analyses.  Data 

reduction was done using the Iolite V3.1 

software. (Woodhead et al., 2007, Paton et 

al., 2011) 

CONCLUSIONS 

These measurements imply that 

distinguished veins in this system contain 

different concentrations of trace elements: 

1) Py1 pyrite: contains more cobalt and 

nickel.  

2) Pyrite-enargite: pyrite doesn’t have 

increased amounts of trace elements, but 

enargite contains higher concentrations 

of germanium. (FIGURE 2) 

  
FIGURE 2: Average concentrations of germanium in 

different analyzed sulfides 

 

3) Pyrite-covellite: pyrite contains higher 

concentrations of gold, silver and lead 

than other sulfides. (FIGURE 3)  

4) Marcasite veins: marcasite  contains 

increased concentrations of manganese 

and arsenopyrite contains increased 

concentrations of antimony. 

 
 FIGURE 3: Average concentrations of gold in 

different analyzed sulfides 
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INTRODUCTION 

The Karkonosze–Izera Massif (KIM) is a 

tectonic unit in the West Sudetes on the NE 

margin of the Bohemian Massif, located in 

Poland and Czech Republic. The KIM 

consist of the Karkonosze Granite intrusion 

and its metamorphic envelope. The northern 

part of the metamorphic envelope, Izera 

Gneisses, contains three schist belts: the 

northern Złotniki Lubańskie, the central 

Stara Kamienica and the southern Szklarska 

Poręba. They are composed mainly of mica 

schists and were metamorphosed under the 

conditions of upper greenschist and lower 

amphibolite facies.  

Low-grade tin deposit in the Stara 

Kamienica Schist Belt is accompanied by 

polymetallic sulfide/sulfosalt assemblage 

and form a stratabound body in the middle 

part of a chlorite–mica–quartz schist suite 

rich in garnets. Extensive description of ore 

minerals from this locality has been done by 

Mochnacka and Piestrzyński (2003) and 

Michniewicz (2003). The origin of this tin 

deposit is still a matter of discussion and 

there are several models for its formation. 

Hydrothermal origin is generally accepted 

but some authors attribute it to the 

Ordovician, granitic protolith of the Izera 

Gneisses while others to the Variscan 

Karkonosze Granite (Michniewicz, 2003, 

Mochnacka et al., 2015).  

METHODS 

Archival samples, containing 

macroscopically visible sphalerite and 

chalcopyrite, has been selected for LA-ICP-

MS study. Trace element analyses were 

carried out at the Department of Applied 

Geosciences and Geophysics, 

Montanuniversität Leoben, Austria, using an 

ESI NWR213 Nd:YAG laser ablation 

system coupled to an Agilent 8800® triple 

quadrupole ICP-MS. Helium was used as 

carrier gas with a flow rate of 0.75 L/min. 

Fluency was set between 2-3 J/cm2. For 

sphalerite and chalcopyrite analyses, the 

matrix-matched sintered pressed powder 

pellet reference material MUL-ZnS 1 (Onuk 

et al., 2017) was used for quantification of 

the element content and the USGS powder 

pressed polysulfide reference material 

MASS-1 was used for quality control of the 

analyses.  

 RESULTS 

Analyses confirmed that sphalerite hosts 

indium (up to 433 µg/g) but also show that 

chalcopyrite contains increased 

concentrations of this element (up to 117 

µg/g). This results indicate that also 

chalcopyrite is an important host of indium, 

especially when we take into account that 

it’s more abundant than sphalerite in the 

deposit. The ablation profiles for indium are 

smooth and display flat profiles (FIGURE 1 & 2) 
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indicating occurrence of these element in 

solid solution or as homogenously 

distributed nano-inclusions rather than 

microinclusions or In-bearing minerals. 

 

 

FIGURE 1: Representative single-spot LA-ICP-MS 

spectra for selected elements in chalcopyrite. 

 

 

FIGURE 2: Representative single-spot LA-ICP-MS 

spectra for selected elements in sphalerite. 
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INTRODUCTION 

The Serbomacedonian massif (SMM) is a 

heterogenous basement block, forming a 

NW-SE oriented belt extending from the 

Aegean Sea in the south to the Pannonian 

basin in the north. The western perimeter of 

the SMM in the NE Republic of North 

Macedonia comprises low-grade 

metasedimentary and metavolcanic rocks of 

which the age, provenance and depositional 

tectonic setting are entirely unresolved. 

The Bashibos-Bajrambos area 

metasedimentary suite extends from Doiran 

to Strumica basin, forming a ca. 50 km long 

and 3 km wide NW-SE oriented belt, parallel 

to the SMM. The metallogenic potential of 

the unit was first explored after the end of 

World War I, after entrenchments revealed 

high concentrations of secondary Cu 

minerals. However, the exploration was 

dropped due to low-grade fine-grained 

character of the mineralization.  

THE METASEDIMENTARY SEQUENCE 

In the year 2013, three exploration boreholes 

were drilled, hitting a heterogeneous and 

ductile deformed sequence consisting of 

mm- to cm-scale intercalations of 

metapelitic mica-rich phyllites and schists, 

chlorite-rich phyllites, marbles, and rare 

quartzites. Optical microscopy revealed 

muscovite or biotite dominated lepidoblastic 

framework of the rock interbedded by 

granoblastic quartz domains. Samples 

displayed mineral assemblages typical for 

greenschist facies metamorphism. 

Representative samples of metasedimentary 

rocks were analyzed by ICP-MS to constrain 

the provenance and depositional tectonic 

setting of the lithological sequence. 

GEOCHEMISTRY 

Geochemical analysis of the 

metasedimentary samples display variable 

concentrations of major element oxides, 

exhibiting a  slight depletion in SiO2 and 

Fetot, an enrichment of CaO, Na2O, and 

TiO2, while the concentrations of Al2O3 

and MgO correspond with values of the 

Upper continental crust (UCC; Rudnick & 

Gao, 2003). The values of Chemical index of 

alteration (CIA; Nesbitt & Young, 1982), 

suggests weak to moderate degree of the 

chemical weathering, while SiO2/Al2O3 

indicates variable degree of sediment 

maturation. Transition metals associated 

with mafic mineralogy (Ni, Cr, Sc, V) are 

generally depleted or in accordance with the 

UCC. The suite of elements susceptible to 

secondary redistribution by fluids, e.g. Cs, 

Rb, Ba, K and Sr (LILE), are almost all two 

fold enriched, implying a significant 

hydrothermal overprint, such as K-

metasomatism. Concentrations of immobile 

elements (HFSE; Th, U, Zr, Hf, Nb, Ta, Y) 
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strongly resemble those of the UCC. The 

chondrite normalized (McDough & Sun, 

1995) plot of the REE, indicates high 

fractionation of LREE, negative Eu-

anomaly, and relatively flat pattern of the 

HREE. 

PROVENANCE AND TECTONIC 

SETTING 

A combination of geochemical indices, 

elemental ratios, and discrimination 

diagrams was used to constrain the 

provenance and tectonic setting.  

Provenance. The use of ratios, such as  

Al2O3/TiO2 (=29.60), Th/Sc (=1.30), La/Sc 

(=3.10), Eu/Eu* (=0.56) and La/Th vs. Hf 

diagram, suggest derivation of the detrital 

material from a felsic volcanic source. On 

the other hand, an increased average ratio of 

Zr/Sc (=24.50), suggests sedimentary 

recycling and possible addition of older 

crustal material. Proxies for mafic material 

input, e.g. Cr/V, Y/Ni, and Cr/Ni preclude 

mafic-ultramafic sources in the source area.  

Tectonic setting. Trace element composition 

of studied metasediments were plotted 

against Th-Sc-Zr/10 and La-Th-Sc ternary 

diagrams. Trace element results were also 

compared to reference values for sediments 

deposited in particular geological setting 

(Bhatia, 1985). Geochemical discrimination 

indicated deposition in Continental arc 

tectonic setting (FIGURE 1). 

CONCLUSIONS 

Geochemical characterization of the 

metasedimentary sequence, hosting Bashibos 

Zn-Pb-Cu(±Ag, Au) ore deposit, suggests 

deposition in a basin adjacent to a 

continental arc tectonic setting, such as fore- 

or back-arc basin. The detrital material 

originated mainly from felsic volcanic 

sources with the addition of recycled older 

upper crustal material.  

 

FIGURE 1: Illustration of suggested tectonic settings of 

the Bashibos-Bajrambos area metasedimentary suite. 
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INTRODUCTION 

Numerous Pb-Zn occurrences are known in 

Triassic sediments of the Eastern and 

Southern Alps as well as along the 

Periadriatic Lineament (e.g. Topla, Bleiberg, 

Mežica) but the origin of these deposits is 

still somewhat controversial. They have been 

explained as products of either syngenetic 

(Štrucl, 1984) or diagenetic/epigenetic 

processes (Grafenauer, 1958).  

The Mežica Pb-Zn ore deposit (19 Mt of ore 

at 5.3 wt % Pb and 2.7 wt % Zn) represents a 

classic example for this type of 

mineralization (Spangenberg & Herlec, 

2006). The deposit is located in the Northern 

Karavanke geotectonic unit of the Eastern 

Alps in Slovenia. The mineralization is 

hosted by Triassic platform carbonates of the 

Ladinian to early Carnian stage. The deposit 

was formed in Late Triassic to Early Jurassic 

by thermally driven fluid flow during the 

crustal extension (Kuhlemann et al., 2001). 

Galena and sphalerite are the main ore 

minerals while calcite and dolomite are the 

most common gangue minerals. A mixture 

od anglesite, smithsonite, cerussite, 

wulfenite and calcite  represents a supergene 

alteration assemblage.  

FLUID INCLUSIONS STUDY 

Fluid inclusions were studied in sphalerite, 

wulfenite and syn-ore, post-ore and 

supergene carbonates. All measured 

inclusions were two-phase (liquid + vapor). 

The recorded eutectic temperatures around -

52°C suggest that mineralizing fluids were 

NaCl-CaCl2 aqueous solutions. 

Fluid inclusions hosted by sphalerite and 

syn-ore carbonates have overlapping 

salinities in the range between 16.4 and 23.1 

wt% NaCl equ. Homogenization into the 

liquid phase was recorded in temperature 

intervals between 101° and 181°C for syn-

ore carbonates and between 102° and 150°C 

for sphalerite. Post-ore carbonates occur in 

the form of veins that cross-cut syn-ore 

carbonates and the sulphide mineralization. 

They host fluid inclusions of variable 

salinities (11.1 - 22.4 wt% NaCl equ.) and 

homogenization temperatures (Th) between 

108° - 205°C.  
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Obtained fluid inclusion data (FIGURE 1) 

suggest that the main mechanism for 

formation of the carbonate-hosted Pb-Zn 

Mežica deposit is mixing of metal-bearing 

brines with deluted fluids of presuamably 

meteoric origin. The decreased salinity 

destabilized metal-chloride complexes and 

reduced the fluid capacity to transport base 

metals: 

PbCl2 (aq) + H2S (aq) ↔ PbS + 2H+ + 2Cl- 

ZnCl2 (aq) + H2S (aq) ↔ ZnS + 2H+ + 2Cl- 

According to previously published studies 

(Spangenberg & Herlec, 2006; Herlec et al., 

2010) the main source of sulfur is bacterially 

reduced Middle to Upper Triassic seawater 

sulfate.  Post-ore carbonates formed under 

an influence of CO2 originating from 

oxidation of organic matter (Spangenberg & 

Herlec, 2006) indicating that organic matter 

from host dolomite might have contributed 

to reductive conditions in the system.  

The supergene alteration processes 

controlled by infiltration of oxygen-rich 

meteoric water mobilized Mo from organic-

rich country rocks. Descending oxidizing 

fluids rich in MoO42- partly replaced galena 

with wulfenite: 

PbS + MO4
2- + 4H2O ↔ PbMoO4 + SO4

2- + 8H+ 

Fluid inclusions data obtained from 

wulfenite and supergene carbonates revealed 

that the descending fluids were deluted hot 

water (~0 wt.% NaCl equ.; Th = 61-250°C). 

 

FIGURE 1: Graph showing the relationship between 

temperature of homogenization and salinity of fluid 

inclusions hosted by the syn-ore, post-ore and supergene 

mineralization. 
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Major and minor element contents were 

determined by EPMA and LA-ICP-MS in 

loose grains of garnets from localities 

Linhorka, Malý Syslík, Chrášťany and 

Žejdlík in the České středohoří Mts. These 

garnets are believed to be hosted by mantle 

peridotites and eclogites brought to the 

surface by the Cenozoic volcanic rocks 

originally and subsequently weathered and 

deposited in young sediments. Further, 

Raman spectra were used to characterize 

molecular structure and powder X-ray 

diffraction to determine crystal structure 

parameters. Inclusions in garnets were 

identified by optical microscopy and 

characterized by SEM-EDS and EPMA, 

their mineral composition was inferred from 

Raman spectra.  

Garnets are compositionally homogenous 

and their composition corresponds to solid 

solution containing 65-71 mol. % pyrope 

end-member, other end-members present in 

significant amount include almandine, 

uvarovite and grossular. Inclusions in 

garnets are quite often polyphase and 

chemical composition is consistent with 

presence of amphiboles, spinel group 

mineral, barium-bearing mica, carbonates, 

apatite, and sulphides.  

Powder X-ray diffraction patterns were 

processed by the Rietveld method to extract 

basic crystal structure parameters. These 

were subsequently used to calculate volumes 

of individual polyhedral and their 

deformations. These data generally agree 

with formerly published values (GREW et 

al., 2013) and substantiate the crucial role of 

substituting atoms in variability of the garnet 

crystal structure, i.e., increasing content of 

Ca results in expansion of the unit cell of the 

pyrope. Equally important measure of 

changes in the garnet crystal structures are 

the shifts in positions of the Raman bands. 

Major bands observed in the Raman spectra 

are shifted to lower wavenumbers compared 

to those of pure pyrope (Kolesov & Geiger, 

1998). Obviously, these differences are due 

to the substitution of Ca for Mg at the 

dodecahedral sites of the structure. 

Chemical composition of garnets provided a 

tool to estimate both p,T-conditions under 

which garnets had crystallized and evaluate 

potential presence of diamonds associated 

with them. The methods used to estimate the 

temperature included those of (Creighton, 

2009; Cookenboo & Grütter, 2010) and 

constrained it to 1100 – 1200 °C pressure 

determination was based on the methods of 

(Cookenboo & Grütter, 2010) at 15 – 20 

kbar for 55 mW/m2 geotherm. The 

provenance classification schemes used in 

diamond prospection (Cookenboo & Grütter, 

2010 and references therein) identified the 

garnets as mantle-sourced being derived 

mostly from lherzolites or megacrysts and 

exceptionaly from eclogite. In addition, the 

results of both classifications indicate that 

the occurrence of macroscopic diamonds in 

the region is rather unlikely. 
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INTRODUCTION 

The aim of our work was to study the 

sulphosalt minerals of the Meleg-hill 

location in Hungary. Numerous ore samples 

were collected from the deposit and were 

studied with a Plasma Focused Ion Beam 

Scanning Electron Microscope (PFIB-SEM) 

for high resolution images and Electron 

Microprobe Analysis (EMPA) for proper 

chemical analysis. 

Several different sulphosalt minerals were 

identified at the location and in this work we 

focused on the andorite series minerals. 

GEOLOGY 

The Meleg-hill is located at a Paleogene 

andesite stratovolcanic unit in Western 

Hungary in the Velence Mountains. It is 

located above a subvolcanic diorite intrusion 

lying on the dominant Variscian granite of 

the Velence Mts.  

In this area several different alteration zones 

(illite-sericite, argillic, pyrophyllite 

alterations) can be observed due to a massive 

epithermal-hydrothermal system (Oligocene) 

which is related to the formation of the 

andesite. (Szakáll et. al. 2016) 

ANALYTICAL METHODS 

The analytical measurements (EMPA and 

PFIB-SEM) were made at the Department of 

Mineralogy and Geology and at the 3D LAB 

at the University of Miskolc. 

The electron microprobe measurements were 

performed on a JEOL JXA-8600 Superprobe 

with upgraded SAMX software, 15-20 kV 

acceleration voltage and 10-20 nA beam 

current, and the high resolution images were 

made with a Thermo Scientific Helios G4 

PFIB CXe Instrument with 15-20 kV 

acceleration voltage and 1.6-13 nA beam 

current. 

ANDORITE SERIES DIFFERENTIATION 

Andorite is one of the end member of the 

andorite-fizelyite series and the Sb-rich 

members of the lillianite hometypic series. 

They are usually crystallized in the final 

stage after the precipitation of stibnite (Pršek 

et al., 2009). 

To properly identify the specimens several 

calculations were used, based on the work of 

Makovicky (2018) and Makovicky and 

Karup-Moller (1977). The original 

classification explained the specify of the 

lillianite series and based on the lillianite 

homologoue, the molar fraction and the 

substitution percentage of the phases. 

Our calculations were published in former 

publications (Papp and Zajzon, 2018). 

mailto:askprz@uni-miskolc.hu
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The andorite series comprise only a few 

well-defined minerals with limited 

composition ranges and uptake of specific 

minor elements. The composition range of 

the roschinite is And~112–118.75, the andorite 

IV is And93.75–And99; the andorite VI is 

And102–And~110, the arsenquatrandorite is 

And~105–And~112; the fizelyite And~62.5 and 

the range of the ramdohrite is And~68.75 

(Moëlo et al. 2008, Topa et al. 2013). 

RESULTS AND COLCLUSION 

The andorite series minerals usually occurs 

as 1–50 µm big crystals with several 

different chemical composition the Meleg-

hill. The crystals can be found as intergrown 

groups of four different andorite specimens: 

(1) roschinite; (2) andorite VI; (3) 

arsenquatrandorite; (4) unidentified andorite 

series mineral (FIGURE 1).  

 

FIGURE 1: Intergown andorite series minerals from the 

Meleg-Hill. 1: roschinite, 2: andorite VI, 3: 

arsenquatrandorite, 4: unidentified andorite series 

mineral 

The paragenesis of the mineralization 

contains different As-Ag-Sb-Pb sulfosalts 

(enargite, plagionite, sorbyite, veenite and 

zinkenite), sulphides (antimonite, galena, 

pyrite, sphalerite and chalcopyrite) and 

quartz as gangue mineral. 

The substitution parameter (x) and the 

chemical composition, of the interested 

specimens are:  

• roschinite: (x) = And113.75–118.03; 

Ag0.96–1.17As0.29–0.37Cu0.00–0.06Sb2.17–2.58Bi0.25–

0.37Pb0.62–0.72S6 

• andorite: (x) = And102.65–107.76; Ag0.99–

1.13As0.29–0.34Cu0.02–0.04Sb2.32–2.43Bi0.00–

0.24Pb0.79–1.00S6 

• arsenquatrandorite: (x) = And109.22–

110.94; Ag17.18–17.54As7.49–8.18Cu0.44–0.89Sb38.17–

39.20Bi1.64–1.86Pb11.40–11.83S96 

The fourth composition cannot be measured 

properly due to the really small grainsize 

(~1–3 µm). 

SUMMARY 

With EMPA measurement the exact 

chemical composition were defined of the 

andorite crystals at the Meleg-hill and 

Mátraszentimre locations. The andorite 

homologue (N), the molar fraction (mol%) 

and the substitution parameters (x) were 

calculated from the given data and three 

types of andorite were distinguished. 
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The study area is situated in the central part 

of the Kosovo, 9 km southeast  

of Prishtina within Vardar Zone. The area of 

interest is located in the eastern and southern 

part of the Hajvalia-Badovc-Kizhnica ore 

field. The Hajvalia-Badovc-Kizhnica ore 

field is dominated  

by Paleozoic and Mesozoic magmatic, 

metamorphic (serpentinites, gneisses) and 

sedimentary rocks (flysch), Neogene 

volcanic rocks (two generations  

of andesites), and Pliocene sediments. 

Numerous mineralization styles including: 

veins, irregular metasomatic orebodies, 

stockwork-impregnation, skarns and 

listwaenites are observed within the ore 

field. Polymetallic mineralization are 

genetically related to the hydrothermal 

activity. 

Within the Trepça Mineral Belt  

Bi mineralization were previously described 

only at the Stan Terg deposit by Terzić et al. 

(1974), Kołodziejczyk et al. (2015; 2017) 

and Mazhiq area - close  

to the Stan Terg mine (Mederski et al., 2018; 

Węgrzynowicz et al., 2019). Additionally, 

presence of native bismuth and bismuthinite 

associated with base metals sulphides and 

tellurides were reported in Slivovo Gold – 

Silver Project to the east of the Kizhnica 

deposit (Buerger & Giroux, 2016). The 

objective of this study was describe new 

occurrences  

of bismuth minerals from the Kizhnica-

Janjevo area, considering chemical 

composition as well as mineral paragenesis. 

The bismuth minerals were investigated by 

reflected light and EPMA analyses. 

Bismuth minerals occur in polymetallic 

veins in Kizhnica andesite quarry close  

to the Kizhnica Pb-Zn-Ag deposit. Members 

of bismuthinite-aikinite series are associated 

with chalcopyrite tetrahedrite, pyrite and 

hematite and form aggregates up to 200 µm. 

Minerals from bismuthinite – aikinite series 

are represented by aikinite (naik=96.66-

84.07), krupkaite (naik=59.99-46.00), paarite 

(naik=41.92-41.97) and lindströmite 

(naik=65.00-64.21: above lindströmite field) 

(cf. Topa et al. 2002). 

Bi-mineralization occurrence was 

recognized also in the eastern part of the 

orefield, close to the Kizhnica andesite 

quarry. Material for this study (mineralized 

hornfels drillcore) came from the contact 

between andesite and flysh series. Host rock 

consists of Mg-Fe amphiboles (mainly 

tremolite), calcite, quartz, potassium 

feldspar, quartz and apatite  

as well as ore minerals. Bismuth minerals 

(native Bi, bismuthinite, galenobismutite and 

eclarite) are associated with chalcopyrite, 

pyrrhotite, arsenopyrite, cobaltite, 

gersdorffite, native Au and form aggregates 

up to 300 µm dispersed  

in carbonate zones. Co-enrichment  

in gersdorffite and arsenopyrite aggregates 

indicates high temperature of crystallization 
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(up to 600°C). Bismuthinite (naik=2.26-6.06; 

cf. Topa et al. 2002) is the most abundant Bi 

mineral in the rock and is characterized by 

homogenous chemical composition. 

Galenobismutite (PbBi2S4) occur as separate 

needle-like form aggregates. Eclarite with 

ideal formulae Pb9Cu0.5Fe2+
0.5Bi12S28 is 

typical  

Bi-sulphosalt from Au-rich systems. Eclarite 

from Kizhnica-Janjevo area  

is characterized by various chemical 

composition: Bi - 11.84-12.37 apfu, Pb - 

9.06-10.17 apfu, Cu - 0.01-0.20 apfu, Fe - 0-

0.64 apfu. However, native bismuth forms 

separate grains up to 10 µm. 

Current investigations confirm presence  

of bismuth sulphosalts with native-Bi,  

arsenopyrite löllingite, galena, chalcopyrite, 

tetrahedrite and Ag minerals in other parts of 

Janjevo area, which may confirm large scale 

mineral zonation  

in hydrothermal system of the Hajvalia-

Badovc-Kizhnica ore field. 
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INTRODUCTION AND THESIS 

Presence of Ni mineralization in Kosovo is 

known only from the listwaenite occurrences 

close to Crnac deposit in Rogozna 

Mountains, Northern Kosovo or from the 

weathered and hydrothermally altered 

serpentinites in schists of Veles series in 

Donje Ljupce. In Stan Terg area only base-

metal mineralization with precious metal 

epithermal mineralization occur without any 

known nickel phase. The aim of my research 

is to characterize nickel mineralization in the 

broad Stan Terg mine area in Kopaonik 

Mountains, Vardar Zone, Kosovo.  

 

FIGURE 1: Geological map of Trepça Mineral Belt 

(from Hyseni et al. 2010). 

METHODOLOGY OF THE CONDUCTED 

RESEARCH 

Samples with nickel mineralization were 

collected from outcrops of altered 

listwaenites with visible disseminated 

mineralization (Vllahi, Melenica), from 

carbonate veins with ore mineralization 

(Selac) as well as from weathered ore 

(Mazhiq, Vllahi). Main part of research was 

reflected light microscope describing. 

Chemical analyses were carried out by 

electron micro probe analyzer (EPMA) 

JEOL Super Probe JXA-8230 at the Critical 

Elements Laboratory AGH-KGHM at AGH-

UST University in Kraków, Poland.  

RESULTS 

Ore minerals which was identified in the 

samples are: pyrite, galena, chalcopyrite, 

marcasite, arsenopyrite, sphalerite, Pb-Sb 

and Bi sulfosalts, hematite, Cr-bearing 

spinels and quartz, carbonates and Cr-

bearing micas.  

Ni minerals identified in the paragenesis 

were: niccolite, maucherite, rammelsbergite, 

krutovite, violarite, siegenite, polydymite, 

gersdorffite and millerite. Mineralization is 

usually disseminated, sometimes thin 

sulphides veinlets or small sulphide nests 

occur. Ore mineralization in listwaenites was 

formed at least in two stages. The older stage 

(included Ni)  is represented by sulphides, 
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sulphoarsenides and arsenides of Fe-Ni-Co. 

The younger phase is typical by presence of 

base-metal mineralization. Ore minerals 

usually occur as small individual grains or 

intergrowths of different size – from 50 up to 

500 µm. They rarely could reach few cm in 

size.  

Ni minerals have different chemical 

compositions. Often they are enriched in Fe, 

Co or Sb. Gersdorffite is the main Ni-

bearing phase. On the base of chemical 

analysis we could distinguished several 

different types of gersdorffite: gersdorffite, 

Fe-bearing gersdorffite, Sb-bearing 

gersdorffite, gersdorffite-ullmannite solid 

solution and gersdorffite-krutovite solid 

solution. Pure, low Fe gersdorffite is the 

most common phase. 

 

FIGURE 1: Chemical variation of Ni mineralization in 

Stan Terg area as a function of a ternary plot in terms 

of S, As+Sb, Fe+Ni+Co. (R – rammelsbergite (n=20), 

Ml – millerite (n=17), G – gersdorffite (n=53), N – 

niccolite (n=30), G-K – gersdorffite-krutovite (n=10), 

G-U – gersdorffite-ullmannite (n=47), Fe G – Fe 

bearing gersdorffite (n=13), P – polydymite (n=1), S 

– siegenite (n=8), V – violarite (n=7), Ma – 

maucherite (n=57)).  

CONCLUSIONS 

Our research gives information about 

composition, structures, textures, 

relationship between nickel bearing phases 

and other ore minerals. Nickel 

mineralization identified in the area has 

broad diversity in mineral as well as 

chemical composition. Nickel minerals form 

specified paragenesis and association. 

Similar paragenesis and association were 

identified in the other part of Kosovo in the 

same listwaenite type of mineralization.  

From all published data is clearly seen that 

nickel mineralization in the listwaenite rocks 

is practically identical with similar trend in 

chemical composition of main phases.   
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INTRODUCTION 

Graphite, the hexagonal polymorphic form 

of carbon, has become a widely used raw 

material of nowadays due to its particular 

physical-chemical attributes (Dill, 2010). 

Furthermore, it is also included on the list of 

Critical Raw Materials for the EU (Critical 

Raw Materials, 2017). In Hungary, graphite 

is not a common mineral, the graphite-

bearing rocks can be found mainly in the 

mountainous regions with metamorphic 

rocks. In our study, black schists were 

examined in detail from Szendrőlád 

(Szendrő Mts, NE-Hungary) in order to get 

information about the petrogenesis and 

formation conditions. 

MATERIALS AND METHODS 

The examined drill core samples were from 

278-295 m depth from the Szendrőlád-6 

borehole. The graphite bearing rocks were 

black phyllites (Szendrőlád Limestone 

Formation, middle-late Devonian, shelf-

basin facies) (Fülöp, 1994). The samples 

were investigated with polarizing 

petrographic and ore microscopy, scanning 

electron microscopy with energy dispersive 

spectrometry (SEM-EDS), X-ray powder 

diffraction (XRD), X-ray fluorescence 

spectrometry (XRF) and Raman 

spectroscopy. 

RESULTS 

According to our results, the matrix of the 

samples is built up mainly by V-bearing 

muscovite, calcite and quartz. The graphite 

flakes, rarely with low S content, could be 

found in 20-50 μm size, which are arranged 

in >300 μm aggregates (Majoros, 2018). The 

Raman measurements also indicated the 

presence of a graphitized material beside the 

graphite, which did not reach the graphite 

crystallinity grade. Graphite could not be 

directly identified on the XRD 

diffractograms, mainly due to the heavy 

peak overlapping with quartz peaks. 

However, by Rietveld refinement its peaks 

were observed on the difference curve, 

allowing direct quantification.  

As accessory minerals, pyrite, chalcopyrite, 

sphalerite, TiO2 (anatase and rutile, both 

with Nb and V content), REE-carbonates 

(bastnäsite-parisite mixed phases) and Pb-

sulphosalts were detected. 
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FIGURE 1: Graphitic aggregates forming microfolds. 

BSE image 

DISCUSSION AND CONCLUSIONS 

Based on our results, the graphite found in 

the black schists is epigenetic and it has 

organic material origin due to the observed S 

content. The quantity of graphite, calculated 

by Rietveld refinement, was 1.5-3 weight% 

in the samples (Majoros, 2019). As the 

studied area, the Szendrő Mts. went through 

on very low – lower middle grade of 

metamorphism (Fülöp, 1994), the graphite 

was formed by the regional metamorphism 

of the organic matter rich shales. Using 

Raman spectroscopy results, the formation 

temperature can be estimated by the formula 

of Beyssac et al. (2002). According to the 

calculations, the formation may occured at 

~410°C (±30°C), but this formula does not 

take into account any existing strain. As the 

investigated samples obviously had 

metamorphic textures with marks of 

shearing deformations, thus graphite was 

certainly formed in the shear zones. The 

observed sulphide minerals and REE-

carbonates have either diagenetic or 

hydrothermal origin. 
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INTRODUCTION AND METHODS 

Present paper focuses on petrographic 

observations of organic-inorganic materials 

(bitumen, rock and ore minerals) for finding 

out their paragenetic relations by means of a 

geochemical method (separate analysis) for 

determining concentrations of organic 

carbon, carbonate carbon and sulfur in two 

samples. The samples are of black shale 

genesis from stratabound deposits of 

uranium ores in Mecsek (Southwest 

Hungary) and gold in Bakyrchik (Northeast 

Kazakhstan). Uranium ores of Mecsek have 

high Cr, V, As, Se, Pb, Zn values and 

organic rich layers include +10 ppm Au 

(Foldessy, 1998). The Bakyrchik has a 

colloidal gold between 0.1 – 0.4 ppm in 

arsenic-bearing sulfide minerals (Junussov et 

al., 2018, Junussov et al., 2019). The studied 

samples have no uranium and gold 

inclusions under optical observations, but 

base metal rich sulfide minerals are detected 

in fine-grained sandstone (Mecsek) and 

siltstone (Bakyrchik) with mostly authigenic 

minerals of felsic provenance and organic 

matter of bitumen types. The sample of 

Mecsek was collected from the borehole 

WH2 in Upper Permian formations of a part 

of Western Mecsek at depth 883 meter 

labeling as Mcs 073. The sample of 

Bakyrchik with label Bak 2.2 was collected 

from Upper-Middle Carbonaceous 

formations in a mining area (FIGURE 1). The 

paragenetic relationships between organic 

and inorganic materials were analyzed in 

polished samples under reflected light 

microscopy in oil immersion (using PPl, 

XPL and fluorescence light); mineralogical 

and chemical composition were measured 

using XRPD and XRF; and separate analyses 

were made for total carbon and carbon in 

carbonate carbon using 10% HCl treatment 

and organic elemental analyzer, then the 

total organic carbon (TOC) was calculated 

by taking the difference between total carbon 

and carbonate carbon. 

  
FIGURE 1: Sample overview: Mcs 073 - very coarse-

grained sandstone with very thin rhythmical organic 

material impregnations; Minerals: muscovite, albite, 

quartz, microcline, illite, dolomite, yrite and 

clinochlore. Bak 2.2 – carbonaceous siltstone with 

high sulfide minerals; Minerals: albite, quartz, 

arsenopyrite, illite, ankerite, pyrite. 
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FIGURE 2: Petrographic micrographs (left-PPl, 

medium-XPL, right-flurescence): (1) bitumen 

(medium fluorescence) impregnated in wide space 

between quartz grains with pyrite fraimboids; (2) 

solid bitumen impregnations in cracks and vicinity of 

cubic pyrite. 
 
TABLE 1: Chemical compositions of the samples of the 

mineral deposits with selective elements, based on 

WDXRF (RIGAKU Supermini 200, Pd source, 50 

kV-4 mA). Unit in ppm. 

Samples Elemental concentrations 

Cu Zn Pb As Th 

Mcs 073 32 241 117 532 53 

Bak 2.2 39 29 11 35185 - 

 
TABLE 2: Organic elemental analyzer measurement 

Samples 

Organic elements 

Carbonate 

C% 
TOC % S% 

Bak 2.2 0.419 0.475 40.78 

Mcs 073 2.227 1.006 2.080 

 

RESULTS AND CONCLUSION 

The organic petrography includes basic 

observations on organic matter and minerals 

characteristics. These are organic facies and 

ore minerals textures characteristics and 

environmental depositions which can be 

given much more informative concepts in 

genesis. While the organic geochemistry can 

reveal elemental concentrations in 

bituminous matters for predicting 

implications of organic materials in 

geological processes such as sedimentation, 

digenesis and hydrothermal. The 

petrographic and geochemical results 

indicate (FIGURE 1,2 & TABLE 1,2) that the 

sample from Mecsek has 1% TOC and 

medium fluorescence bituminous coals 

impregnated in pore space of mostly quartz 

and carbonate minerals. The sample from 

Bakyrchik contains 0.5% TOC and no 

fluorescence solid bitumen included in 

fractures of quartz. The organic matter has 

post-mineralization origin in the both 

deposits, because it impregnates fissure 

spaces before cementation. Therefore the 

bituminous materials have fracture- and 

volid-filling textures in the both deposits. 

The Mecsek deposit likely formed of limnic 

sediments (due to low sulfur content 2% and 

relatively more TOC) while in Bakyrchik it 

was formed of pelagic sediments (41% 

sulfur and lower TOC) produced by frequent 

volcanic eruptions. Black shale seams of 

Mecsek and Bakyrchik were deposited 

probably under anoxic conditions, because 

of the presence of framboidal pyrites in both 

deposits. In summary, may conclude that the 

both mineral deposits have almost similar 

genetic structures in organic matters 

(bituminous materials) and ore–rock 

mineralogy (sulfidic and felsic provenances) 

and differences in geological settings such as 

depositional environment and hydrothermal 

influence.  
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INTRODUCTION 

A listwaenite-hosted Ni-As-Sb-S assemblage 

occurs in a Stan Terg Zn-Pb(Ag) district 

within a Vardar Zone structure is closely 

related to Neogene calc-alkaline and 

volcanic-intrusive complex. In this project, 

results of gersdorffite reflected-light 

microscopy study and  chemical analyses 

performed using electron microprobe 

analysis from  Vllahi, Melenica and Mazhiq 

is presented. 

GEOLOGICAL SETTINGS 

The Vardar Zone by itself, is a elonageted 

NW-SE regional suture between Serbo-

Macedonian Massif to the east and the 

Dinarides to the west. The regional junction 

comprises part of ophiolite complex 

(serpentinized ultramafic rocks e.g gabbros, 

diabases), which is assumed as probable 

source of metals. They were mobilied during 

collisional magmatism event. Nickel 

mineralization is hosted mainly in 

listwaenites rocks, developed within contact 

between hanging wall serpentinites and 

footwall volcanic- intrusive rocks (Hyseni et 

al., 2010). 

ANALYTICAL SAMPLES 

Samples of Ni-As-Sb-S mineralization were 

collected from debris and outcrops from 

three localities in Stan Terg region. Vllahi is 

porous and deformed breccia and volcanic 

tuff, showing strong silicification (layered 

chalcedony). Galena and sphalerite is 

accompanied with quartz, calcite and barite.  

Melenica’s samples are brecciated 

listwaenites exhibiting strong quartz and 

calcite alteration. Sulphides occur as 

irregular aggregates or veinlets within 

listwaenites clasts cemented with carbonates 

and silica in the strongly silicified zones. 

Mazhiq’s specimens are deformed 

listwaenites with massive gersdorffite 

impregnations accompanied by pyrite and 

needles of sulphosalts. 

MINERALOGY OF GERSDORFFITE 

Gersdorffite recognized in Mazhiq 

constituents the major ore mineral, occur as 

follows: a) irregular masses rimming 

euhedral crystals of arsenopyrite or pyrite or  

b) intergrown of euhedral to subhedral 

square or hexagonal zonal crystals. 

Tetrahedrite often replaces or fill up cracks 

or crystalize along band within zoned 

gersdorffite crystals. On BSE images 

crystals of gersdorffite are zoned with 

clearly visible bands which followings the 

forms of crystal, which may be caused by 

variability in Fe content as well as As-Sb 

content. Mazhiq gersdorffite exibits 

enrichment in Sb up to 47 wt.%, which led 

to the deposition of Sb-bearing gersdorffite. 

Based on textural relations, the following 

crystallization sequence was suggested: 1) 

arsenopyrite, pyrite 2) gersdorffite 3) Sb-

bearing gersdorffite.  
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Melenica gersdorffite replaces violarite, 

millerite or siegenite. Ni or Ni-Co sulphides 

form cores of the Ni bearing mineral 

aggregates and they are replacing by Sb-

gersdorffite or gersdorffite. Mentioned 

above transformation of sulphides to 

sulphoarsenides exhibit slight drop in 

sulphur fugacity and slight increase in 

arsenic fugacity. 

Gersdorffite occurs in Vllahia as small 

irregular inclusion enclosed in galena. Micro 

analyses does not exhibit any chemical 

variability. It is associated with violarite, 

rammersbergite, millerite and pyrite. 

RESULTS AND CONCLUSIONS 

Chemical analyses of gersdorffite from 

Mazhiq and Melenica occurring in Stan Terg 

area ploted on binary diagram Co+Ni vs Fe 

(FIGURE 1B) reveals almost perfect linear 

correalaction (R=0.9),which is a result of 

substitution of Ni by small amount of Co and 

both elements by Fe. In addition to that, the 

gersdorffite from Mazhiq and Melenica 

shows strong negative correlation between 

Sb and As (R=0.97 and R=0.9 respectively) 

(FIGURE 1A). That is indicative for mutual 

substitution between Sb and As, which leds 

to crystalization of intermediate members of 

gersdorffite – ullmanite solid solution.        

The 

oscillatory variations in As, Sb, Ni, Fe and 

Co content of individual zones observed 

massive gersdorffite suggest physical or 

chemical fluctuations within the bulk system 

and disequilibrium in the ore fluids The 

measurement analyses of gersdorffite from 

Stan Terg area were plotted on ternary 

diagram of Ni-Co-Fe system (FIGURE 1C) 

confirm substitution of mixture of Ni and Co 

by Fe. What is more, gersdorffite is strongly 

depleted in Co and constituent Fe-poor 

region. Huge miscisibilty gap between 

gersdorffite and arsenopyrite based on 

(Klemm, 1965) may point to epithermal 

temperature of crystallization between 300-

400oC. 
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The suitability of a reference element or 

normalizer used in assessing soil 

contamination levels using enrichment factor 

(EF) is important for soil quality assessment 

and monitoring. This study evaluated the 

results of using three reference elements Ti, 

Fe, and Zr for EF determination of Rb and Sr 

in soils within treated wastewater discharge 

vicinity, Central Botswana.  

The upper continental crust (UCC), world 

average values (WAV), and the local 

background values (LBV) were used in EF 

assessment of eight pedons. The elemental 

concentrations of the soils were determined 

with portable   X-ray fluorescence (pXRF) 

analyzer. Relationships between the 

elements were strongly significant between 

Rb and Ti (r = 0.600, p < 0.01), Rb and Fe (r 

= 0.735, p < 0.01), Sr and Ti (r = 0.545, p < 

0.01), and Sr and Fe (r = 0.841, p < 0.01). 

Second level correlation analysis between 

contamination factor (CF) and EF levels 

showed Zr as the best reference element for 

Rb and Sr in the soils.  

Results from this study provide baseline 

knowledge necessary for contamination 

assessment and monitoring of soils with 

similar environmental conditions.  

 
 



 

  - 40 - 

INERALOGICAL AND CHEMICAL COMPOSITION OF EVATE 

CARBONATITE DEPOSIT (MOZAMBIQUE) 

Michaela Gajdošová1, Monika Huraiová1, Vratislav Hurai2 

1Department of Mineralogy and Petrology, Comenius University, Ilkovičova 6, Bratislava, Slovakia 

misa.gajdos@gmail.com 

2Earth Science Institute, Slovak Academy of Sciences, Dúbravska cesta 9, Bratislava, Slovakia 

Key words: carbonatite, Evate, whole-rock composition 

The Evate deposit represents the largest 

source of apatite in southeast Africa. The 

deposit has elongated shape with 3 km 

length and 850 m width. Apatite is 

accumulated in a 100 m wide magnetite-

carbonate-apatite layer surrounded by 

granulite gneiss of the Monapo structure. No 

comprehensive research has been carried out 

in the Evate deposit yet and also the views 

on its genesis are contradictory.  

 
FIGURE 1: Recrystallization of early baddeleyite(bdy)-

spinel(sp)-magnetite(mt) aggregate to later 

zirconolite(zrc) and fine-grained zircon(zrn) 

intergrown with later magnetite. Anh denotes 

anhydrite. 

The main minerals are calcite and dolomite 

accompanied by apatite, olivine, amphibole, 

phlogophite, magnetite, ilmenite and spinel. 

Accessory minerals are represented by 

monazite, zircon, baddeleyite, thorianite, 

zirconolite, allanite, cerianite, sulphides 

(pyrite, pyrrhotite, chalcopyrite, 

molybdenite, galena), graphite and sulphates 

(anhydrite, gypsum, celestine, barite) (FIGURE 

1).  

Some accessory minerals are rich in rare 

earth elements and were also used for 

radiometric age determinations. Published 

data show that early zircon and baddeleyite 

crystallized at around 590 Ma during 

Ediacaran, whereas formation of zirconolite, 

monazite and thorianite took place at 445-

490 Ma during Cambrian and Ordovician 

(Hurai et al. 2017; 2018). Based on chemical 

composition, carbonatites from the Evate 

deposit correspond to calcio-carbonatites and 

ferrouginous calcio-carbonatites with CaO 

and FeO+Fe2O3+MnO contents of 38.5-54.1 

wt. %, 0.7-22.3 wt. % respectively (FIGURE 2).  

 
FIGURE 2: Classification of carbonatites (Woolley and 

Kempe, 1989). 

 

P2O5 content in carbonatite, typically around 

1 wt. %, is up to 12.3 wt. % in our samples, 

therefore the deposit is prepared to be 
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mining as the phosphate source of fertilizers. 

LOI content (volatile components – H2O, 

CO2, F a Cl) is also high, from 28.8 to 38.1 

wt. %. The 

CaO/(CaO+MgO+FeO+Fe2O3+MnO) ratio 

is between 0.88 and 0.94. Normalized values 

of rare earth elements showed the decreasing 

trend typical for carbonatites from other 

areas. La (109-255 ppm), Ce (265-613 ppm) 

and Nd (151-357 ppm) contents are 

relatively low compared to typical 

carbonatites from Khibina, Sallanlatvi or 

Wicheeda. The spider diagram showed low 

Cs, Rb, K and in some samples also Nb, Zr, 

Hf and Ti contents (FIGURE 3).  

 
FIGURE 3: Normalized spider diagram of Evate 

carbonatites. 

 

Carbonatites are SiO2 undersaturated 

plutonic rocks with normative olivine, 

nepheline, leucite and kaliophylite. 

Normative calcite, apatite, magnesite, 

anhydrite, orthoclase, albite and magnetite 

were also calculated. The normative 

composition follows the modal composition 

of rocks, which consist mainly of calcite, 

apatite, olivine, magnetite, ilmenite and 

geikielite. Along with accessories, such as 

zircon, zirconolite and baddeleyite, they 

resemble to magmatic phoscorites; closely 

genetically and spatially associated with 

carbonatites and mafic and ultramafic rocks. 
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GEOLOGICAL SETTING 

The Buchim porphyry Cu deposit (41.7° N, 

22.3° E) is located in the contact zone 

between the Serbo-Macedonian Massif and 

the Vardar Zone approximately 90 km south-

east from Skopje, Republic of North 

Macedonia. The total ore reserves have been 

estimated at 120 million metric tons with 0.3 

% Cu and 0.3-0.5 g/t Au (SERAFIMOVSKI 

et al., 2016). The mineralization is spatially 

and temporary related to subvolcanic 

intrusions of the latitic and latitic-andesitic 

composition that intruded Precambrian 

gneisses, mica-schists and amphibolites of 

the Serbo-Macedonian Massif. The U–Pb 

zircon dating yielded the intrusion age 

between 24.19 ± 0.62 Ma and 24.51 ± 0.89 

Ma (Lehmann et al., 2013). The Buchim Cu 

deposit hosts 4 ore bodies: 1. Vrshnik; 2. 

Bunardzik; 3. Central ore body and 4. 

Chukar. The Cu mineralization at the 

Vrshnik ore body is predominantly hosted by 

the andesitic intrusion along its contact with 

the Precambrian gneisses. The 

mineralization occurs in forms of  

disseminations and stockworks. The main 

ore mineral is chalcopyrite accompanied 

with variable amounts of pyrite, magnetite, 

hematite and quartz. 

FLUID INCLUSION STUDY 

The ongoing fluid inclusion study revealed 

that syn-ore quartz may host several 

generations  of fluid inclusions indicating a 

complex evolution of hydrothermal fluids in 

the Buchim Cu-Au porphyry deposit. 

According to their petrographic 

characteristics at room temperature, the 

following types of fluid inclusions have been 

recognized: Type 1) Two-phase, L-rich 

inclusions (L+V) with the degree of fill 

around 0.8,; Type 2) Two-phase, V-rich 

inclusions (V+L) with the degree of fill 

around 0.2;  Type 3) Three-phase inclusions 

that consist of liquid, vapor and a transparent 

isotropic solid phase (L+V+S); Type 4) 

Four-phase inclusions that consist of liquid, 

vapor and two transparent isotropic solid 

phases (L+V+S1+S2); Type 5) Four-phase 

inclusions that contain liquid, vapor, a 

transparent isotropic solid phase and an 

opaque solid phase (L+V+S+O); Type 6) 

Polyphase inclusions with liquid, vapor, two 

transparent isotropic solids and an opaque 

solid phase (L+V+S1+S2+O); and Type 7) 

Polyphase inclusions with liquid, vapor, two 

transparent isotropic solids, a transparent 

anisotropic solid phase and an opaque solid 

phase (L+V+S1+S2+ S3+O), where L stands 

for liquid, V for vapor, S for transparent 
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solid and O for opaque phase (FIGURE 1 & 2). 

The inclusions with opaque minerals (Types 

5-7) have been interpreted as entrapped ore-

forming fluids. They are characterized by 

high homogenization temperatures (380-

680ºC) and high salinities (26.9-74 wt.% 

NaCl equiv.). A broad range of 

homogenization temperatures and salinities 

indicates that mixing with colder and diluted 

fluids affected deposition of the Cu-Au 

mineralization. The main ore-forming phase 

was followed with several barren 

hydrothermal overprints (Types 1-4). 

Comparing to the ore-bearing inclusions, the 

homogenization temperatures of the barren 

L+V+S inclusions are somewhat lower (260-

600 ºC) as well as their salinities (30.8-54.5 

wt.% NaCl equiv.). The L+V inclusions are 

characterized by the lowest recorded 

temperatures of homogenization (218-420 

ºC) and salinities (6.5-29 wt.% NaCl equiv) 

(Jurković et. al.,2019). 

 

 
FIGURE 1: Graph showing all measured temperature of 

homogenization of different types of inclusions. 

 

 

FIGURE 2: Graph showing all calculated salinity of 

different types of inclusions. 
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DEPOSIT OVERVIEW  

The Buchim Cu porphyry deposit is situated 

approximatelly 80 km SE from Skopje, 

Republic of North Macedonia (FIGURE 1) in 

the contact zone of the Serbo-Macedonian 

Massif and the Vardar zone. 

 

FIGURE 1: Location of Buchim deposit 

(https://www.google.com/maps)  

The deposit represents a part of the Lece-

Chalkidiki metallogenic belt (Serafimovski 

et al., 2016). The genesis of the deposit is 

associated with several intrusions of latitic 

and latitic andesitic composition, which 

intruded mica-schists, gneisses, and 

amphibolites of the Precambrian Serbo-

Macedonian Massif. The U-Pb ages obtained 

from zircons isolated from the intrusions 

range from 24.04±0.77 to 24.51±0.89 

(Lehman et al., 2013).  

 
FIGURE 2: Geological map of showing the spatial 

distribution of four main ore bodies at theBuchim Cu 

porphyry deposit (Serafimovski et al., 2016) 

Vrshnik ore body represents one of four ore 

bodies at the Buchim deposit (FIGURE 2). The 

hypogene mineralization at the Buchim 

deposit mostly occurs along contacts of the 

intrusions and their host rocks but the 

mineralized intrusion of the Vrshnik ore 

body represents an exception. The 

mineralization is comprised of stockworks 

and disseminations with chalcopyrite, 

bornite, and cubanite, as the most common 

Cu ore minerals. The ore mineralization is 

associated with pyrite, magnetite, hematite, 

and minor amounts of native Au 

(Serafimovski et al., 2008).  

ALTERATION ZONES IN THE VRSHNIK 

ORE BODY 

Analyzed samples were collected from the 

Vrshnik open-pit (FIGURE 3). X-ray powder 

https://www.google.com/maps


 

  - 45 - 

diffraction (XRPD) analyses, together with 

preliminary petrographic and ore 

microscopic analyses of the collected 

samples, revealed presence of four 

hydrothermal alteration zones: potassic, 

phyllic, propylitic and argillic alteration 

zones  (FIGURE 3 & 4). 

 

FIGURE 3: Satellite view of the Vrshnik ore body and 

location of analyzed samples. Red - potassic 

alteration, yellow - phyllic alteration, green - 

propylitic alteration, grey - argillic alteration 

Potassic alteration is characterized by a 

distinctive reddish color of the rock and 

abundant presence of K-feldspars. 

Microscopical and XRPD analyses revealed 

the presence of hydrothermal (“jagged”) 

biotite, hydrothermal K-feldspar (adularia), 

extensive albitization and sericitization of 

plagioclase. Chalcopyrite and bornite are the 

most common ore minerals within the zone 

of potassic alterations. In the outcrop, a 

transition from the potassic to phyllic 

alteration zone is marked by a color change 

from reddish to grey-greenish tint. The 

phyllic alteration zone is characterized by 

complete sericitization of plagioclases and 

predomination of pyrite over other sulphides. 

Chlorites, hematite, and magnetite veins are 

also present. Propylitic alteration envelopes 

a large portion of andesite in the Vrshnik ore 

body. It is characterized by an abundance of 

chlorite and pyrite, and the presence of 

carbonate veins, mostly composed of siderite 

and calcite.

 

FIGURE 4: XRPD diffractograms - from top to bottom: 

argillic alteration, propylitic alteration, phyllic 

alteration, potassic alteration; ab - albite, bt - biotite, 

chl – chlorite group, dol – dolomite, kln – kaolinite 

group, ms – muscovite, mag – magnetite, or – 

orthoclase 

Some features of argillic alteration were 

observed, especially in the upper parts of the 

ore body, where clay minerals (kaolinite, 

illite)  are present, and somewhat abundant. 

More research is needed to determine 

whether such parts belong to argillic or 

phyllic alteration. In some propylitised parts 

of the intrusion, covelline and cuprite were 

determined, indicating the presence of 

cementation zone.  
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Bohemian Massif evolved during the 

Variscan continental collision of Gondwana 

and Laurasia (Schulmann et al., 2009), 

Complex tectonic and hydrothermal 

procesess formed orogenic gold deposits all 

along the collision line, spanning from 

portuguees Armorican Massif, across the 

french Massif Central to eastern Carpathians. 

Bohemian Massif hosts several large Au 

deposits developed during the main Variscan 

gold period (348-338 Ma, Němec et al., 

2017)). Some of them were mined since 

mediaval times. The total gold reserves are 

estimated at over 350 tons.  

 
FIGURE 1: Geological map of the Voltýřov Deposit 

area  

Localy, three types of Au deposits are 

distinguished (Bernard et al., 1983). Early 

high fineness gold deposits asociated with 

As, Bi, Te, W and Mo elements - Voltýřov, 

Jílové, Kašperské Hory, Petráčkova Hora 

and Mokrsko. Later high fineness Au-Sb 

deposits - Krásná Hora, Příčovy and 

Milešov. And late Au-Ag-arsenopyrite 

(aspy) type represented by the Roudný 

deposit. 

Voltýřov Au deposit is situated at the SV 

margine of the Central Bohemian Plutonic 

Complex (CBPC) at the tectonic/intrusive 

contact of metasedimentary sequences of the 

Krásná Hora – Kozárovice Methamorphic 

Islet, the roof pendant of proterozoic Teplá 

Barandian unit and  the early CBPC 

intrusion derived Staré sedlo-Mirotice gneiss 

and the Sázava pluton granite (FIGURE 1).  

 
FIGURE 2: Vertical quartz vein pipe system in granite 

The deposit consist of quartz veins  

asociated with the vertical pipe system 
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(FIGURE 2) developed near the contact in 

granite and silicified gneiss and 

metasedimentary rocks with S1 foliation 

following paralel quartz veinlet system. 

Metamorphic foliation following 

mineralization is also developed in  

sheerzones in granite. 

The recrystalized vein quartz is associated 

mainly with aspy, pyrite and minor Au-Bi-

Te mineral formation postdating the aspy 

mineralization. Gold, tellurium and bismuth 

minerals (bismutinite, tetradymite, josseite, 

hedleyite) are present as fine particle swarms  

(10-500 µm). Crystal grains exhibit eutectic 

structure or mineral intergrows as evidence 

of rapid cooling and precipitation. 

Bismutinite or tellurides scavenged gold 

occurres (FIGURE 3). Fine microscopic 

tetradymite coutings are filling the 

recrystalized euhedral quartz intergranular 

void.  

 
FIGURE 3: Complex Au + Bi, Te ore grain          

Frequent heterogenous assamblages of H2O-

CO2 and H2O fluid inclusions in quartz 

implicates fluid unmixing at temperatures of 

~320 ⁰C to ~420 ⁰C. The dramatic pressure 

and temperature drop led to precipitation of 

arsenopyrite-quartz veins. Further 

temperature drop, sulphur fugacity lowering 

and strong oxygen acitivity, led to 

precipitation of gold and Bi,Te minerals. 

Overal heat static recrystalization of quartz 

was possibly driven by nearby emplacement 

of Čertovo břemeno pluton (~343 ± 6 Ma, 

Janoušek et al., 2010). 
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INTRODUCTION 

The purpose of this study is to describe the 

zeolitization process in volcaniclastic rocks 

and address the impact of argillic alteration 

during that phase. The zeolitized 

volcaniclastic samples presented in the 

current study were collected from the 

broader area of Petrota village, located in the 

northwesternmost part of the Greek regional 

unit of Evros, near the Greek-Bulgarian 

borders.  

The zeolite-rich tuffs are considered to be 

associated with the Paleogene Sheinovets 

caldera, which is located on the southeastern 

part of the Rhodope massif, and belongs to 

the Maritsa group volcanoes (Ivanova, 

2005). 

ANALYTICAL TECHNIQUES 

In order to study the mineralogical 

assemblage of the acidic volcaniclastic 

rocks, five (5) thin-polished sections of 

representative samples were prepared. The 

sections were observed under a Carl Zeiss 

Axioscop 40 light-polarizing microscope, 

using objective magnification 5x, 10x and 

20x, and further observation was performed 

using a JEOL JSM-840A Scanning Electron 

Microscope (SEM) connected to an Energy 

Dispersive Spectrometer INCA 300 (SEM-

EDS). The analytical techniques were 

conducted in the laboratory facilities of the  

Department of Mineralogy, Petrology and 

Economic Geology of Aristotle University 

of Thessaloniki. 

RESULTS 

After the eruptive event that caused the 

genesis of great amounts of acidic products 

in the Rhodope massif during the Rupelian 

(Ivanova, 2005), the deposited volcanic ash 

was transferred to its current location by 

water, and the diagenetic phase initiated 

under open hydrological conditions. This 

caused the high-porosity tuffaceous deposits 

to interact both with percolating meteoric 

water and groundwater, resulting in the 

extensive zeolitized volcaniclastic 

formations (Stamatakis et al., 1998). Recent 

studies on the corresponding zeolite-rich 

volcaniclastic formations in the Bulgarian 

portion of the Rhodope massif, suggest that 

the acidic pyroclastic products of the 

Paleogene volcanism were deposited in 

marine environment (Yanev et al., 2006). 

According to previous studies (Deffeyes, 

1959; Hay, 1986; Hall, 1998; Leggo et al., 

2001; Sheppard & Hay, 2001; Ivanova & 

Gier, 2006), the role of temperature and pH 

is critical for the geochemical equilibrium 

between zeolitization and argillic alteration. 

It should therefore be taken into account that 

mailto:elenimichailidou@yahoo.gr
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in areas covered by volcanic ash, the highly 

acidic physiochemical conditions prevent the 

formation of zeolites. On the contrary, acidic 

conditions are conducive to the 

crystallization of clay minerals, which form 

fine aggregations on the surface of the 

altered glass shards, or create a peripheral 

zone of thin clay-coating (FIGURE 1E). As the 

environment becomes more alkaline, the 

formation of zeolites is viable and the 

volcanic glass shards are pseudomorhically 

replaced, in that case by clinoptilolite.  

As indicated in FIGURE 1, the initial form of 

the glass shard is preserved, but extensive 

zeolitization leaves the innermost part of the 

shard empty (a), offering enough space for 

the tabular clinoptilolitic crystals to be 

projected inwards, creating a euhedral zone 

(b). The outer zone (c) represents a radial 

clinoptilolitic formation. The clay minerals, 

that were formed as a result of the argillic 

alteration, are usually celadonite, and they 

appear scattered on the surface of the zeolitic 

formation (e) (Leggo et al., 2001).  

 
FIGURE 1: SEM microphotograph of a fully zeolitized 

glass shard from Skafida region (sample EVR49). (a) 

void space, (b) tabular clinoptilolite, (c) radial 

clinoptilolitic formation, (d) fine clay-coating (e) clay 

minerals (Leggo et al., 2001). 
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The rising and continuous pollution of the 

soil from anthropogenic activities is of great 

concern to soil scientists, different 

stakeholders, end users and all human in the 

world. Owing to this concern, the advent of 

digital soil mapping (DSM) has been a tool 

that soil scientists use in this era to predict 

the potentially toxic elements (PTEs) in the 

soil. The purpose of this paper was to 

conduct review and meta-analysis of articles, 

summarize and analyze spatial prediction of 

potentially toxic elements, determine and 

compare model’s usage as well as their 

performance overtime.  

Through Scopus, the Web of Science and 

Google Scholar we collected papers between 

the years 2001 to the first quarter of 2019, 

which were focused on spatial prediction of 

potentially toxic elements using digital soil 

mapping approaches.  

The results indicated that soil pollution 

emanates from diverse sources as well as 

provided us a cogent reason for an author to 

investigate a piece of land or area, 

highlighting the uncertainties in mapping, 

publications per journal and continental 

efforts to research published on trending 

issues regarding digital soil mapping. This 

paper reveals the complementary role 

machine-learning algorithms and the 

geostatistical models play in digital soil 

mapping. Nevertheless, geostatitics 

approaches remain the most used model 

compared to machine learning algorithms.  

 


