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Abstract 

The Olympias tailings of NE Chalkidiki, Greece represent the mine wastes produced 

by the beneficiation of the Pb-Zn-Au-Ag ore deposit, which is hosted within the 

carbonate rocks of the Kerdylia Unit. In the present study X-Ray diffraction (XRD), 

scanning electron microscopy (SEM), optical microscopy, chemical analyses and pH 

measurements were conducted to determine the tailings mineralogy and chemical 

composition. The results indicated that they consist of gangue (quartz, rhodochrosite, 

calcite, dolomite, feldspars, micas, kaolinite and actinolite) and sulfide minerals 

(pyrite, arsenopyrite, sphalerite, chalcopyrite and galena), reflecting the source ore 

and its host rock composition, accompanied by traces of Fe-oxides (magnetite, 

hematite), Fe-oxyhydroxides (goethite) and Mn-oxides, often enriched in Zn and Pb 

and in some cases Fe, Sb and As. Secondary sulfates (gypsum, jarosite) and surface 

efflorescent salts (ferrohexahydrite, hexahydrite, halotrichite) have also been 

recognized. The Olympias tailings are generally unoxidized, generating an alkaline 

environment. However, variations in composition result in the formation of restricted 

separate phases, such as thin layers and lenses of oxidized material that generates an 

acidic environment. In terms of precious metals content, the Olympias tailings are 

enriched in Au (up to 12 g/t) and Ag (up to 20 g/t). 

Keywords: Mine wastes, secondary minerals, efflorescent salts. 

Περίληψη 

Τα τέλματα της Ολυμπιάδας στην ΒΑ Χαλκιδική, αποτελούν τα κατάλοιπα του 

εμπλουτισμού του κοιτάσματος Pb-Zn-Au-Ag που εντοπίζεται στα ανθρακικά 

πετρώματα της Ενότητας Κερδυλίων. Στην παρούσα εργασία, η ορυκτολογική σύσταση 

των τελμάτων προσδιορίστηκε με τη χρήση περιθλασιμετρίας ακτίνων-Χ (XRD), 

ηλεκτρονικής μικροσκοπίας σάρωσης (SEM) και οπτικής μικροσκοπίας, ενώ επιπλέον 

πραγματοποιήθηκαν χημικές αναλύσεις και μετρήσεις pH. Τα αποτελέσματα έδειξαν 

πως τα τέλματα συνίστανται από σύνδρομα ορυκτά (χαλαζίας, ροδοχρωσίτης, 

ασβεστίτης, άστριοι, μαρμαρυγίες, καολινίτης και ακτινόλιθος) και σουλφίδια 

(σιδηροπυρίτης, αρσενοπυρίτης, σφαλερίτης, χαλκοπυρίτης και γαληνίτης), κάτι που 

δείχνει ότι υπάρχει σχέση με την ορυκτολογική σύσταση της μεταλλοφορίας και των 

http://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at 23/03/2020 06:27:17 |

http://epublishing.ekt.gr


2089 

 

μητρικών πετρωμάτων. Επίσης, τα τέλματα αποτελούνται από ίχνη οξειδίων Fe 

(μαγνητίτης, αιματίτης), οξείδια-υδροξείδια Fe (γκαιτίτης) και οξείδια Mn, συχνά 

εμπλουτισμένα σε Zn και Pb και σε ορισμένες περιπτώσεις Fe, Sb και As. Επιπλέον 

εντοπίστηκαν δευτερογενή θειικά άλατα (γύψος, ιαροσίτης) και επανθίσματα θειικών 

αλάτων (σιδηροεξαϋδρίτης, εξαϋδρίτης, αλοτριχίτης). Τα τέλματα της Ολυμπιάδας είναι 

γενικά μη οξειδωμένα, δημιουργώντας ένα αλκαλικό περιβάλλον. Παρόλα αυτά, λόγω 

μεταβολών στη σύσταση, σχηματίζονται ξεχωριστές φάσεις περιορισμένης έκτασης, 

όπως λεπτές στρώσεις και φακοί οξειδωμένου υλικού, οι οποίες δημιουργούν όξινο 

περιβάλλον. Από την άποψη της περιεκτικότητας σε πολύτιμα μέταλλα, τα τέλματα της 

Ολυμπιάδας είναι εμπλουτισμένα σε Au (έως 12 g/t) και Ag (έως 20 g/t). 

Λέξεις κλειδιά: Στείρα μεταλλευτικά κατάλοιπα, δευτερογενή ορυκτά, επανθίσματα. 

1. Introduction 

Tailings constitute the residues of ore deposits beneficiation process and are generally located close 

to mine districts, being the most common mine wastes. They are usually used as backfill 

underground or stored in open pits, dried and stacked, or pumped into tailings impoundments 

(Hudson-Edwards et al., 2011). Today, due to the increased demand for precious metals and the 

availability of improved and more effective beneficiation methods, tailings are often re-assessed and 

treated as sources of raw materials. 

In Olympias, which is part of the “Kassandra mining district” in NE Chalkidiki, Greece, the tailings 

impoundments are under removal and retreatment (Figure 1a), since 2012, for the production of 

gold-bearing pyrite-arsenopyrite concentrate by the company Hellas Gold, 95% owned by Eldorado 

Gold. After the complete removal, the area, which was used to host the tailing pond and then the 

tailings impoundments in Olympias, will be returned to its natural greenfield state after replanting 

(Forward et al., 2011; Alifragkis et al., 2012a, b). The re-process and beneficiation of Olympias 

tailings in the local concentrator will produce fine tailings, which will be filter-pressed at Olympias 

and disposed on the existing tailings management facilities in Stratoni, 10 km southeastern, whereas 

the coarse residues will initially be sold as aggregates (Forward et al., 2011). The current study is 

part of a research project for the reclamation of disturbed lands in the wider area of Kassandra mining 

district, providing an insight in the mineralogical and geochemical composition of the mine tailings. 

The study was conducted at the Olympias mine tailings, where planting experiments by the Faculty 

of Forestry and Natural Environment of the Aristotle University of Thessaloniki are in progress, 

investigating remedial practices on these materials by chemical stabilization using a material rich in 

Fe-Mn oxides and phytoremediation (Alifragkis et al., 2012a, b) (Figure 1b). 

The exposure of mine wastes to the atmosphere and hydrosphere along with the action of 

microorganisms generates drainage that may be acid and rich in dissolved metals and sulfates 

(Jamieson, 2011). However, the chemical reactivity and the mobility of heavy metals can be 

controlled by the mineralogical composition of the tailings. Jamieson (2011) states that in the 

presence of sufficiently high amounts of carbonate minerals, such as calcite and/or dolomite, the 

acid drainage may be neutralized. Furthermore, tailings usually contain secondary oxyhydroxides, 

oxides, sulfates, sulfides, carbonates and silicates (Alpers et al., 1994; Lottermoser, 2010), many of 

which are fine grained, exhibiting a high capacity for adsorption of potentially toxic metals 

(Jamieson, 2011). At the surface of the tailings impoundments, secondary minerals are precipitated 

in the form of soluble sulfate salts after the evaporation of cycling water, caused by the heat produced 

either by the strongly exothermic reaction of pyrite oxidation or the intense sunlight.  
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Figure 1 - Olympias mine tailings in NE Chalkidiki. (a) Tailings impoundments in the stage 

of removal, (b) Planting experiments on the tailings impoundments by the Faculty of 

Forestry and Natural Environment of the Aristotle University of Thessaloniki. 

These minerals are known in the literature as “efflorescent salts” and common examples are 

melanterite, rozenite, szomolnokite, copiapite, rhomboclase, halotrichite and chalcanthite 

(Nordstrom, 2011). In this paper we attempt to examine the mineralogy and geochemistry of these 

materials, for the understanding of tailings mineralogical and chemical composition, theassociation 

with the primary ore and the host rocks and the nature of secondary mineral phases formed under 

weathering conditions. 

2. Regional geology and ore deposits in NE Chalkidiki 

The Olympias mining district is part of the broader Kassandra mining district at the NE Chalkidiki 

Peninsula of northern Greece and geotectonically lies to the Greek part of the Serbo-Macedonian 

massif (SMM). The SMM is subdivided in two major lithostratigraphic units; the predominant 

Vertiskos Unit in the northwest and the Kerdylia Unit in the east (Kockel et al., 1977; Burg et al., 

1995; Himmerkus et al., 2009). The SMM has been subjected to a metamorphism that reaches upper 

amphibolite facies (Kilias et al., 1999) and the Kerdylia Unit, where Olympias and the local 

orebodies are situated, is composed of migmatitic biotite gneisses with intercalations of hornblende 

gneisses, amphibolite lenses and marbles (upper, intermediate and lower horizon) (Kockel et al., 

1977) (Figure 2). 

Regarding the igneous activity, the region of NE Chalkidiki is characterized by a post-orogenic acid 

magmatism with intrusions of porphyry calc-alkaline to shosonitic igneous rocks in SMM during 

Tertiary (Kockel et al., 1975; Kockel et al., 1977; Fytikas et al., 1984; Tompouloglou et al., 1986; 

Gilg and Frei, 1994). In the Kassandra mining district, three major Tertiary magmatic rocks have 

been distinguished by Gilg and Frei (1994); the Stratoni granodiorite (27.9 ±1.2 Ma, U/Pb on 

zircons), the phyllically altered granodioritic to quartz-dioritic porphyry dikes and stocks (minimum 

age span of 25.4 ±0.6 to 24.4 ±0.6 Ma, biotite K/Ar) between Fisoka and Aspra Chomata, including 

Skouries porphyry, and the latest andesite porphyry dikes (19.1 ±0.6, K/Ar biotite-whole rock 

isochrones) at Stratoni region. 

The economically most important mineral resources in NE Chalkidiki were/are the Pb-Zn (Au-Ag) 

carbonate-replacement deposits of Madem Lakkos, Mavres Petres, Olympias and the porphyry Cu-

Au mineralization in Skouries. The Olympias Pb-Zn-Au-Ag ore deposit, which is intrusion related 

(e.g. Kalogeropoulos et al., 1989; Gilg and Frei, 1994) and associated to our study, is a stratabound 

(manto) and locally stratiform or fracture controlled sulfide mineralization, hosted mainly within the 

lower marble horizon of the Kerdylia Unit and along the contact with the overlying biotite gneiss 

(Kalogeropoulos et al., 1989). The main host rock of the mineralization is a calcitic and 

rhodochrosite- and/or Mn calcite-bearing marble. 
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Figure 2 - Simplified geological map of the Kassandra mining district in NE Chalkidiki, 

Greece (modified after Kockel et al., 1978a, b and Nebel et al., 1991). 

Kalogeropoulos et al. (1989), report that the Olympias orebodies consist mainly of pyrite, sphalerite, 

galena and arsenopyrite, accompanied by sulfides and sulfosalts such as chalcopyrite, tetrahedrite, 

boulangerite, bournonite, pyrrhotite, marcasite, geocronite and enargite, whereas the gangue 

minerals consist mainly of quartz, rhodochrosite and calcite. According to Chryssoulis and Cabri 

(1990), the bulk of the gold in Olympias is “invisible” and is predominantly carried by arsenopyrite 

and arsenian pyrite. 

The broader region of NE Chalkidiki is a historic mining center, as the exploitation of mineral 

resources for lead and silver started during the archaic period (Vavelidis et al., 1983). Mining, along 

with gold and silver metallurgy continued during the Byzantine and Ottoman times (Vavelidis and 

Melfos, 2012). In the modern history, the exploration in the Olympias area commenced in 1954, 

whereas full production in the Olympias ore deposit started in 1970. It is estimated that 3.64 Mt of 

mixed sulfide ore were mined between 1976 and 1995, since production stopped, for the production 
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of concentrates of galena, sphalerite and pyrite-arsenopyrite, after beneficiation in the local facilities 

by crushing, milling and differential flotation processes (Papagrigoriou et al., 2010; Forward et al., 

2011). Separation of the minerals was achieved in the Olympias concentrator plant through a 

combination of pH control and conventional reagents for the depression and activation of the various 

mineral species (Papagrigoriou et al., 2010; Forward et al., 2011). 

The waste residuals, exclusively derived from the Olympias deposit and partially free of the four 

separated minerals, were discharged in the tailing pond, 500 m north of the beneficiation facilities 

in Olympias (Papagrigoriou et al., 2010). Today, the Olympias mine tailings represent the residuals 

from the former local tailing pond, which cover a geographic area of 26.5 hectares, upon Quaternary 

sediments (Figure 2). 

According to Papagrigoriou et al. (2010) and Forward et al. (2011), apart from the remaining 

underground resources in Olympias, the operation and development project includes the re-milling 

and re-processing of the historic tailings in the Olympias concentrator in a rate of 720,000 dry tonnes 

per annum, for the production of payable gold in concentrate. Forward et al. (2011) report that a 

drilling campaign of 83 holes indicated a total tonnage of 2,408,403 tonnes, with concentrations of 

3.42 g/t Au and 14.25 g/t Ag. 

3. Materials and Methods 

The samples used in the current study, are derived from the Olympias tailings disposal area 

(40°36'28.31"N, 23°44'51.70"E). The mineralogical composition of tailings was determined by X-

ray diffraction (XRD) (9 samples), scanning electron microscopy (SEM) and reflected-light optical 

microscopy (5 samples). 

The X-ray diffraction analyses were carried out at the Physics Department and the School of 

Geology, Department of Mineralogy-Petrology-Economic Geology, Aristotle University of 

Thessaloniki, using a Rigaku Ultima+ and a Philips PW1710 X-ray diffractometer, respectively, 

both with CuKa radiation, 1.54056 Å wave length and Ni filter. Scanning electron microscopy (SEM, 

JEOL JSM-840A) with associated energy dispersive spectroscopy (EDS, Link AN10000) was 

performed at the Laboratory of Scanning Electron Microscopy of the Aristotle University of 

Thessaloniki. Optical microscopy was performed at the School of Geology, Department of 

Mineralogy-Petrology-Economic Geology of Aristotle University of Thessaloniki using a Leitz 

Laborlux 11 Pol S polarized- and reflected-light microscope. 

Sixteen chemical analyses were carried out for the determination of major and trace elements at the 

Quality Control Laboratory of Hellas Gold S.A. (Stratoni, Chalkidiki) and the ACME Analytical 

Laboratories Ltd. (Vancouver, Canada). In the first laboratory the analyses of base and trace 

elements were carried out by inductively coupled plasma atomic emission spectrometry (ICP-AES) 

and atomic absorption spectroscopy (AAS), Au by fire-assay, Ag by fire-assay/AAS and total S by 

LECO furnace, whereas in the latter, base and trace elements were also analyzed by inductively 

coupled plasma atomic emission spectrometry (ICP-AES). The samples were examined for their pH 

value at the School of Geology, Department of Mineralogy-Petrology-Economic Geology, Aristotle 

University of Thessaloniki, using a digital pH meter (pH301 HANNA Instruments). The pH was 

measured by glass-calomel electrode in water: sample pastes (McLean, 1982) of 1:1 ratio (20 g: 20 

ml), whereas samples of small quantity measured in 1:5 ratio (5 g: 25 ml). 

4. Results and Discussion 

4.1 Structure and features of the Olympias mine wastes 

The gradual removal of tailings from the depositional site resulted in the exposure of vertical 

sections (Figure 1a), giving access for sampling from a depth up to 2 m in average, but also an 

opportunity for the observation of deeper levels. The Olympias mine tailings consist of parallel 
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layers with a thickness of up to 30 cm, often with lenticular intercalations with variant compositions. 

There are no indications for rhythmical precipitation or graded bedding; in fact it seems that the 

stratigraphic features were determined by the random disposal of beneficiation residuals from the 

local concentrator plant. The Olympias tailings are generally unoxidized, exhibiting a light-grey to 

grey and greyish-yellow to greyish-olive color. However, variations in composition result in the 

formation of separate oxidized phases, in the form of yellow to brown lenses and thin layers of very 

limited extend. The texture of the tailings is mainly classified as sandy-silt and silty-sand, while it 

seems that the coarser components are mainly concentrated at the outer part of the impoundments, 

close to the termination points of the disposal pipes (Zaimis, 2013). This can be explained by the 

early precipitation of larger particles and heavier minerals at the margins of the pond, where was the 

end of the feeding tubes. At the surface of tailings impoundments, secondary minerals are 

precipitated in the form of white botryoidal aggregates consist of soluble sulfate salts. 

4.2 Mineralogy and mineral chemistry 

The examination of the Olympias tailings indicated that the mineralogical composition in the whole 

disposal area exhibits a significant resemblance. They mainly consist of gangue minerals (quartz, 

rhodochrosite, calcite, dolomite, feldspars, micas, actinolite and kaolinite), which are accompanied 

by sulfides (pyrite, arsenopyrite, chalcopyrite, sphalerite and galena) from the primary ore 

mineralization, Fe oxides (magnetite, hematite), Fe oxyhydroxides (goethite), Mn oxides, sulfates 

(gypsum, jarosite) and efflorescent salts (ferrohexahydrite, halotrichite, hexahydrite), formed at the 

surface of the impoundments. The oxidized tailings are distinguished from the fresh unoxidized, as 

they represent the materials that contain high amounts of iron sulfates, such as jarosite, formed by 

the oxidation of the sulfides, providing a characteristic yellow to brown color to the material. 

As indicated by the current study, the mineralogy of the Olympias orebody and its host rocks 

(Kalogeropoulos et al., 1989) is strongly reflected on the Olympias tailings, which contain both 

primary and secondary minerals. The formation of secondary minerals in Olympias tailings is 

predominantly associated with the weathering of the included sulfides and the dissolution of primary 

carbonates. However, the use of CaO and /or Ca(OH)2 during the ore beneficiation process may have 

had an important contribution in the formation of certain secondary phases, such as gypsum. 

The Olympias tailings are dominated by quartz (17 to 44 wt.%) and carbonate minerals, which 

consist of rhodochrosite (up to 25 wt.%), calcite (up to 23 wt.%) and dolomite (up to 17 wt.%). 

Feldspars, mainly albite (up to 11 wt.%) and microcline (up to 10 wt.%) have also been observed. 

Mica flakes consist mainly of muscovite (up to 10 wt.%) and biotite (up to 10 wt.%). Minor amounts 

of kaolinite have only been determined by XRD (up to 5 wt.%), whereas from the amphibole group, 

Ca-Mg-amphibole has been identified by XRD in traces, only in one sample. 

Pyrite is the dominant sulfide mineral in the tailings (up to 9 wt.%), containing 46.71 to 46.92 wt.% 

Fe. Pyrite occurs either in the form of separate grains or incorporated with carbonates or silicates 

and/or other sulfides, such as sphalerite and galena. In the oxidized tailings, the alteration of pyrite 

is more extensive than in the unoxidized, replaced by Fe oxyhydroxides, mainly goethite. 

Arsenopyrite is the second most common sulfide (up to 4 wt.%). It is often found as separate grains, 

usually fractured, or intergrown with gangue minerals. 

Sphalerite occurs in traces (up to 2 wt.%), as separate grains or intergrown with quartz and sulfides 

such as pyrite and galena. Chalcopyrite blebs have also been observed in sphalerite, which is a 

typical texture for the sphalerite from Olympias, according to Kalogeropoulos and Economou (1987). 

Regarding the chemical composition, sphalerite contains 54.86 to 60.99 wt.% Zn, 5.04 to 10.96 wt.% 

Fe and traces of Mn (up to 0.66 wt.%). Galena is found rarely as separate grains. It is mostly 

intergrown with other sulfides such as sphalerite and pyrite, but also with gangue minerals mainly 

quartz and calcite. Chalcopyrite, besides forming blebs in sphalerite, occurs in traces containing 

33.65 to 35.49 wt.% Cu and 29.50 to 30.50 wt.% Fe. 
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Goethite occurs mainly in the form of replacement rims around pyrite or in co-existence with jarosite. 

As indicated by SEM-EDS microanalyses, it contains FeO (62.25 to 94.93 wt.%) with ZnO (up to 

10.37 wt.%), PbO (up to 8.77 wt.%), As2O3 (up to 10.34 wt.%) and MnO (up to 3.27 wt.%). 

Manganese oxides have been observed in traces, in the form of sub-rounded to rounded grains of up 

to 2.5 mm in length. They are often enriched in Zn and Pb and in some cases Fe, Sb and As, as well 

as K and Ca. Due to their extensive elemental variation, the Mn oxides exhibit various mineral 

phases, which were difficult to identify. The majority of the Mn oxides grains consist of MnO (70.51 

to 100.00 wt.%), being rich in ZnO (up to 19.81 wt.%), PbO (up to 7.82 wt.%), K2O (up to 4.7 wt.%) 

and CaO (up to 3.74 wt.%), whereas Fe-Mn oxides phases (FeO 10.05 - 62.18 wt.%, MnO 12.45 - 

71.85 wt.%) occur as intergrowths. Occasionally, coatings of highly enriched phases in Zn, Pb, Fe, 

Sb and As, were observed under the SEM, around the Mn oxide grains. These rims contain various 

concentrations of MnO (48.33 to 89.76 wt.%), ZnO (2.25 to 38.49 wt.%) and PbO (up to 22.35wt.%), 

along with FeO (up to 7,88 wt.%), Sb2O3 (up to 7.60 wt.%) and As2O3 (up to 5.28 wt.%). The most 

sufficient assumptions for the formation of the Mn oxides are to be secondary phases, controlled by 

adsorption/co-precipitation mechanisms. 

Leckie et al. (1980) report that co-precipitation and adsorption reactions with Fe(OH)3 can be 

effective in the removal of metals such as Cd, Cu, Zn, As and Se from waste-water streams. Likewise 

in Olympias, the presence of Zn, Pb, Sb and As in Fe and Mn oxides enhances the role of these 

materials as trace elements retentive agents. 

Jarosite is found only in the oxidized tailings, where is the predominant constituent (up to 18 wt.%), 

coexisting sometimes with goethite, exhibiting replacement textures on grains of obscure origin. 

The SEM-EDS microanalyses indicated that jarosite contains K2O (9.77 to 10.50 wt.%), FeO (50.95 

to 51.48 wt.%) and SO3 (38.02 to 39.28 wt.%). Another common sulfate mineral in tailings is 

gypsum (up to 18 wt.%), which often forms euhedral crystals of up to 2 mm in length, indicating a 

secondary formation. 

Blowes and Jambor (1990), suggest that minor amounts of ferrous sulfates (FeSO4∙nH2O) in dried 

tailings, may form as ephemeral precipitates on the sun-baked surface crust, a phenomenon that has 

also been observed in Olympias tailings. White botryoidal aggregates of up to 1 mm in diameter 

have been observed at the surface of the Olympias tailings impoundments as efflorescent salts. On 

the basis of qualitative and semi-quantitative identification, the white aggregates, collected from an 

exposure in the surface of tailings piles, consist mainly of ferrohexahydrite (67 wt.%) and gypsum 

(4 wt.%), whereas quartz (15 wt.%) and calcite (13 wt.%) probably represent impurities, as observed 

in the SEM. Additionally, Mg- and Fe-Al-sulfates have been observed under the SEM, identified, 

based on their chemistry, as hexahydrite and halotrichite, respectively. 

4.3 Geochemistry 

The results from bulk chemical analyses indicate that there is a strong relation between the 

geochemistry and the mineralogy. Within tailings, high Fe concentrations (1.19 - 7.43 wt.%) are 

associated with the presence of iron sulfides, their alteration products and the contained 

ferromagnesian silicates. Total S is also elevated (0.80 - 5.28 wt.%), reflecting the contribution of 

sulfides and sulfate salts. Arsenic occurs in elevated amounts (up to >1 wt.%) and is associated with 

the Fe-sulfides, mainly arsenopyrite, on the basis of mineralogical results. Manganese (up to >1 

wt.%) is mainly associated with rhodochrosite, while Mg (0.14 to 1.67 wt.%) mainly reflects the 

presence of dolomite. Calcium (1.87 - 11.97 wt.%) is associated with Ca-carbonates and sulfates. 

In the Olympias tailings several metals are associated with the contained sulfides and are of 

particular economic importance such as Au and Ag. Gold reaches 12 g/t and silver varies from 4 to 

20 g/t, being strongly associated with galena, as indicated by the chemical analyses. The most 

abundant trace metals, considering only the absolute values (excluding the above upper detection 

limits values) were As (2684 - 26960 g/t), Pb (1318 - 8802 g/t), Zn (709 - 7733 g/t), Sb (147 - 672 

g/t) and Cu (62 - 665 g/t). 
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The mineralogical composition affects the grade of acidity, which is measured in pH. The Olympias 

mine tailings, which are predominantly unoxidized, do not indicate significant pH deviation, ranging 

from 7.5 to 8.1. The increased amount of carbonates, that prevails in the majority of samples of the 

unoxidized tailings and the relatively low concentration of sulfides and sulfates are factors that 

determine their alkaline nature. However, the oxidized type of tailings, which exhibit lower content 

in carbonate minerals, has significantly lower pH, equal to 3.0, suggesting an acidic environment. 

5. Conclusions 

The mine wastes deposited in Olympias, NE Chalkidiki, were derived from the beneficiation of the 

Olympias Pb-Zn-Au-Ag carbonate-replacement ore and their mineralogical composition shows a 

significant resemblance with the source ore and host rocks. The results indicate that they 

predominantly consist of gangue minerals such as quartz, rhodochrosite, calcite and dolomite and 

minor sulfides, such as pyrite, arsenopyrite, sphalerite, chalcopyrite and galena. Due to the increased 

amount of contained carbonate minerals the tailings generate an alkaline environment with pH 

values between 7.5 and 8.1. However, variations in composition result in the formation of separate 

phases, such as thin layers and lenses of oxidized material that generates an acidic environment. 

This oxidized material is characterized by its yellow colour, the high content in jarosite and the low 

content in carbonates. The tailings also contain minor quantities of iron and manganese oxides, often 

enriched in Zn and Pb and in some cases Fe, Sb and As, most probably after adsorption/co-

precipitation mechanisms. Sulfates, such as gypsum and jarosite and surface efflorescent salts, 

identified as ferrohexahydrite, hexahydrite and halotrichite constitute the main secondary phases. 

Arsenic, Pb, Zn, Sb and Cu have been detected in high concentrations, whereas in terms of precious 

metals content, the Olympias tailings are enriched in Au (up to 12 g/t) and Ag (up to 20 g/t). 
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