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More than twenty porphyry copper deposits (Cu-Au-Ag) are known in Romania, related to both Laramian and Neogene metallogeneses, 

from Banat Mountains and South Apuseni Mountains, respectively. Laser ablation inductively coupled plasma mass spectrometry has been 

used to determine the concentration of trace elements in the main metallic minerals of porphyry type mineralization (pyrite, chalcopyrite, 

and bornite). The aim of this study is the identification of the trace elements signature of the copper mineralization from both 

metallogenetic units and to compare them. The results show notably Bi, Zn, Se, Ag and Te in bornite and chalcopyrite, both as solid 

solution, and as micro-inclusions. Pyrite is rich in Cu, Co, Ni, As and Te and hosts numerous micro-inclusions of minerals carrying those 

elements. Au trapped in the mineral lattice is <1 ppm in most of sulfides from all deposits. The copper minerals from the Neogene deposits 

are richer in Te, Se and Cd, in contrast with the minerals from the Laramian Moldova Nouă deposit, which are richer in As, Sb and Sn. The 

irregular distribution of the trace elements, abundance of mineral inclusions and the morphology of mineral grains were interpreted as 

resulting from rapid precipitation in non-equilibrium conditions and remobilization of the elements from host mineral lattice during 

postdepositional re-equilibration and hydrothermal alteration. 

Samples description 

 

This study uses samples from six deposits from the Neogene Subprovince of Apuseni Mountains (Roșia Poieni, Bucium-

Tarnița, Colnic, Rovina, Valea Morii, Bolcana) and one deposit (Moldova Nouă) from the Romanian sector of the Banatitic 

Subprovince of Southern Carpathians (Fig. 1) Optical microscope investigation of the samples was used in order to select only 

homogenous mineral grains, larger than 20 micrometers in size. Most of the samples from the Neogene deposits are affected 

by potassic alteration (Fig. 2A). At Moldova Nouă, all the investigated samples are sericitized (Fig. 2B). Among the ore 

minerals, chalcopyrite and magnetite are dominant in potassic zone, followed by pyrite, which is the dominant mineral in the 

sericitized samples. Chalcopyrite commonly occurs as impregnations or clustered grains, as tiny crystals interstitial to the 

altered mafic minerals and plagioclase phenocrysts, as inclusions engulfed in magnetite and pyrite from all deposits, but also 

forms veinlet fillings. Chalcopyrite can be totally or partially substituted by bornite and covellite in the sericitized samples from 

Colnic, Bolcana, Roșia Poieni and Moldova Nouă. Bornite was found as individual grains at Bolcana, Roşia Poieni and 

Moldova Nouă, in association with chalcopyrite, and partially substituted by covellite (at Roşia Poieni and Moldova Nouă). 

Pyrite is present as euhedral to subeuhedral crystals, disseminated or forming veinlets in association with quartz. Porous pyrite 

occurs in all studied intrusions (Fig. 2C), engulfing silicate grains and also sulfide minerals (mostly chalcopyrite and 

tetrahedrite). Pyrite inclusions were occasionally identified in the largest chalcopyrite grains. 

Methods and results 

 

 Trace elements concentrations were analyzed using LA-ICP-MS method for more than 150 grains of chalcopyrite, pyrite 

and bornite from fifteen samples of porphyry type mineralization. The LA-ICP-MS measurements were performed at the 

Institute of Geochemistry and Petrology of ETH Zurich, using Excimer ArF laser (193 nm) for ablation of sample material 

(craters of 5 - 100 microns in diameter) coupled with an Elan6100 DRC quadrupole ICP mass spectrometer for 

multielement analysis. Quantitative results were calibrated using MASS-1 standard. The theoretical Fe concentration was 

considered as internal standards for these minerals. The results show that Bi, Ag, Se and Te are preferentially concentrated 

in bornite (403-1684 ppm, 114-301 ppm, 291-833 ppm and up to 65 ppm, respectively), and chalcopyrite (0.27-57 ppm, 

5.92-63 ppm, 171-453 ppm and up to 39 ppm, respectively). In pyrite, Cu is the main trace element (140-1604 ppm), 

followed by Co (53-1344 ppm), As (18-685 ppm) and Se (24-702 ppm) (Table 2). Most analyzed spots indicate the 

presence of trace elements as atoms trapped in the sulfide mineral lattice, but the inhomogeneous profiles of several 

measurements suggest that Pb, Zn, Au, Te, Bi, Se, Cd, Co and Ni are also present as micro/nanoinclusions both in copper 

sulfides and in pyrite (Fig. 3). There is a good correlation between Bi and Te and Se in bornite and chalcopyrite, and also 

between Te and Pb in chalcopyrite (Fig. 4a-c), which could indicate the presence of nanoinclusions of Te and Se minerals 

in Cu sulfides from some deposits (e.g., Roșia Poieni, Rovina and Valea Morii). 

Au is preferentially concentrated in pyrite, with mean values up to 1 ppm, with the exception of Colnic (mean > 7 ppm). If 

the measurements that intercepted Au microinclusion are excluded from the calculation of the mean values, Au contents in 

sulfides drop down below the bulk rock Au contents (0.24-0.81 ppm, Cioacă et al., 2013, 2014).  There is no correlation of 

Au with As, Cu and Te, showing the there is no influence of these elements in Au concentration in pyrite (Fig. 4 d-f). The 

highest Au contents were related with micro-/nanoinclusions, which were identified on the LA-ICP-MS profiles of all 

investigated sulfide species (Fig. 3.) 

Conclusions 

 

1. Elements such as Ag, Bi, Zn and Se are preferentially concentrated in bornite and chalcopyrite reaching mean 

values of tens to hundreds ppm, while pyrite is the main collector for Te, Au, Co and As;  

2. The Au in sulfide lattice is generally lower than Au contents in bulk rocks indicating that most of the gold is 

present as grains, either included in sulfides or disseminated in the rock; among sulfides, pyrite is the main 

collector for gold, rather than bornite and chalcopyrite; 

3. The wide range of contents, the irregular distribution of trace elements, weak correlation between pairs of 

elements and high abundance of mineral inclusions reflect rapid precipitation of minerals in non-equilibrum 

conditions, repetitive dissolution and re-crystallization; 

4. The geochemical signatures of the porphyry copper-type mineralization at Moldova Nouă (Laramian) and in the 

Neogene subprovince of the Metaliferi Mountains are mostly similar, with a tendency of As and Sb enrichment 

at Moldova Nouă and Cd, Te and Se enrichment in the Neogene deposits. 

  Deposit 

(no. of 

analyses) 

Mn Co Ni Cu Zn Ge As Se Ag Cd In Sn Te Au Pb Bi 
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MO (8) 89.36 0.32 1.20 346917 46.32 14.51 1164 171 37.17 1.08 10.38 21.43 0.73 0.03 122 14.68 

BO (9) 73.10 2.23 0.24 319927 163.5 10.20 11.00 453 5.92 25.74 11.03 7.67 33.79 0.50 447 0.98 

ROV (12) 416 3.42 1.18 338964 398 9.44 4.30 424 63.48 24.21 7.97 13.30 9.98 0.19 256 18.02 

BI (7) 81.24 2.31 0.17 325264 297 9.47 0.1 361 47.48 29.17 5.26 0.30 0.00 0.00 14.84 0.27 

ARS (7) 245 5.85 1.12 371285 615 10.81 1.72 317 44.08 23.04 5.38 3.70 2.77 0.07 74.05 4.38 

RP (3) 30.24 2.00 0.00 342627 60.59 7.61 9.48 389 43.53 7.62 10.49 1.6 4.98 0.06 22.59 57.12 

COL (2) 873 66.31 8.25 347208 9921 9.73 0.7 252 61.37 89.29 8.06 8.85 39.21 1.00 149 13.24 

b
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MO (2) 211 0.26 8.31 606454 45.52 6.14 86.1 291 114 0.00 0.20 27.2 0.00 0.07 12.08 403 

RP (5) 1952 0.54 0.35 609817 16.87 3.34 5.06 833 301 0.31 0.08 0.00 65.5 0.37 61.58 1684 

p
y
ri

te
 

ROV (6) 246 1045 49.3 1181 79.65 12.47 413 199 9.03 0.11 0.15 2.99 16.47 0.62 153 50.54 

MO (27) 52.19 175.6 154 1604 42.82 12.94 117.2 94.7 6.81 0.22 0.15 1.79 14.06 1.01 57.07 32.15 

BI (4) 46.96 1344 130 140 18.98 13.24 18.43 702 0.46 0.15 0.01 0.00 12.73 0.05 42.23 9.98 

ARS(2) 42.87 52.90 4.35 163 13.48 11.80 144.2 24.7 0.28 0.35 0.03 0.32 2.96 0.05 17.14 3.56 

COL (11) 600 194.4 37.9 1053 478.1 12.22 685 163 3.16 3.77 0.63 8.83 38.02 7.40 388.6 43.41 

Table 1. Trace elements concentration (mean values) in chalcopyrite, bornite and pyrite from investigated deposits 

 

Fig. 3. LA-ICPMS downhole profiles of chalcopyrite, pyrite and bornite from investigated ore deposits. (a) chalcopyrite with galena, Ag –Au bearing 

telurides and sphalerite inclusions (Bolcana); (b) chalcopyrite with sphalerite, galena, Ag bearing microincusions and Au inhomogenous distribution 

(Rovina); (c) chalcopyrite with Cd-rich sphalerite, galena and gold microinclusions (Colnic); (d) Homogenuous pyrite (Colnic). (e) pyrite with 

numerous microinclusions of chalcopyrite, galena, Bi minerals, Sb-Zn and Te minerals (Moldova Nouă); (f) Te-riched pyrite with Au inclusions and 

inhomogenous/zonation of Co, Ni, Pb and Sb; Te and As is quite homogenous (Colnic); (g) Zonation of Co and Ni distribution and the influence of 

chalcopyrite inclusion in the distribution of Zn, Bi, Pb, Ag and Au (Bucium-Tarnița); (h) Bornite with fine gold inclusions (Roșia Poieni);  

Fig. 4. Correlation diagrams of trace elements in chalcopyrite and bornite (a-c) and pyrite (d-f) from the investigated porphyry copper deposits. Only the 

regression lines corresponding to R2 ≥ 0.6 are showed on the plot, indicating a certain correlation relationship between elements. Dashed line from 4(d) 

represents the gold solubility line in As-rich pyrite, which delimited the nanoparticle field (NP), where the gold occurs as Au0, and the solid solution field, where 

the gold occurs as Au1+ (after Reich et al., 2013). 
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Fig. 2. Optical microscope images of hydrothermal alteration and mineralization. A. Potassic alteration with potassic feldspar (k), albite (ab), 

epidote (ep), chlorite (chl) and anhydrite (anh); B. Pervasive alteration of rock mass and plagioclase phenocryst to sericite; C. Mineral 

assemblage with porous pyrite engulfing silicates and other sulfides. cp = chalcopyrite. 
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Geological map of Romania with the locations of the Neogene Subprovince of Apuseni Mountains (A),  

Banatitic Subprovince of Southern Charpathians  (B) and of the investigated ore deposits (stars).  
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