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Abstract This paper presents the results of a study
on stream and mine waters in the area of the largest
porphyry copper deposit in the Apuseni Mountains
(western Romania), the Rosia Poieni ore deposit.
The research was focused on two aspects of envi-
ronmental impact: (1) evaluation of the release of
toxic elements into the environment through
studying the mineralogical and chemical composi-
tion of the ore deposit; and (2) assessment of the
distribution and extent of contamination through
studying the chemistry of stream waters. This work
proved that the Rosia Poieni mine is an active acid-
rock drainage (ARD)-producing site. Waters drain-
ing freely from the ore deposit are acidic and
transport large amounts of toxic elements (Al, Fe,
Cu, Zn, Pb, As, Cd, Sr, etc.). The weathering
of silicate and ore minerals represents an important
source of elements. Their release was determined by
speciation calculations using an EQ3/6 computer
program.

Keywords Acid-rock drainage Æ Mineral
weathering Æ Open-pit mine Æ Romania Æ Sulphides

Introduction

Mining activity is a major cause of pollution in its sur-
rounding environment (Salomons 1995). The mineralogi-
cal composition of the rocks and mineralization are the
main factors for the development of the pollution process
in such an environment (Plumlee and others 1993;
Williams 2001). The chemistry of mine waters has been
studied by several authors (e.g. Chapman and others 1983;
Nordstrom and others 1992; Banks and others 1997;
Younger 1997). Many mine drainage waters have low pH
and carry high concentrations of heavy metals (e.g. Boult
1996; Cidu and others 1997; Lee and others 2001; Dinelli
and others 2001). It is well known that acid mine drainage
(AMD) forms when mining activities expose sulphide
minerals to the near-surface environment and oxygen-rich
water (Gray 1997, 1998; Schreck 1998; Nordstrom and
others 2000). AMD causes the pollution of surface water
and groundwater resources and destroys aquatic ecosys-
tems. The knowledge of the metal content of waters and
the mobility of the heavy metals are essential in order to
estimate the danger for the environment arising from
ore-deposit exploitation.
The metallic resources (Au, Ag, Cu, Pb, Zn, Fe, etc.) of
Romania have been intensively extracted. In the Apuseni
Mountains (western Romania), mining activities have been
documented since Roman and even pre-Roman times.
According to Borcos and Vlad (1994), more than 50% of
the estimated total resources of Romania consist of Neo-
gene deposits localised in the Apuseni Mountains and East
Carpathians. The most important metals related to this
event are gold, copper, lead and zinc (86% Au, 62% Cu,
53% Pb–Zn of the national potential).
The objective of this study was to investigate surface water
contamination downstream from Rosia Poieni mine. Rosia
Poieni is the largest copper deposit in the Apuseni
Mountains, which contains 1,000 million tonne ore of
0.36% Cu. It is a porphyry copper ore deposit associated
with a later low-grade polymetallic mineralisation of
epithermal acid-sulphate type (Milu 1999). This type of
mineralisation is likely to generate predominantly acidic,
metal-rich waters (Chapman and others 1983). In order to
evaluate the element transfer from the mineralisation zone
to the surface water, the present study investigates the
chemical composition of waters at the exit of an adit and
down to the open-pit mine. Our approach is to use the
mineralogical and geochemical information regarding ore
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deposit in the assessment of the environmental pollution
related to mining activity.

Study area

Rosia Poieni ore deposit is located in Alba district, ap-
proximately 8 km south-east of the town Abrud. Discovery
resulted from local geological, geochemical and geophys-
ical research programmes carried out in the 1960s and
1970s. The kilometres of exploration galleries at several
levels and drillings were performed in order to calculate
the resources. Now, these exploration works are closed and
partially flooded. The exploitation (open pit mine) started
10 years later. The open pit has a maximum diameter of
800 m and its present vertical extension is 300 m (between
+910 and +1,210 m). The upper part of the Rosia Poieni
volcanic structure is barren. The mined overburden has
generated large volumes of waste rocks, partly deposited
around the excavation area. This material has become a
landmark in the zone, being devoid of vegetation.
The area has a continental temperate climate, character-
ised by higher precipitation in autumn and spring and by
snow in winter. The ore deposit area is drained by the
Muscanilor brook and its small tributaries with a catch-
ment area of ca. 34 km2 (Fig. 1). This stream rises in the
Poieni hill, flowing through Rosia Poieni open pit where
Neogene andesite–microdiorites outcrops and then, out of
the open pit area, through Cretaceous and Palaeogene
sedimentary rocks. Some of the tributaries drain areas
situated out of the limit of altered and mineralised rocks.
The mine site is surrounded by farmland mainly used for
pasture. Before the confluence with the Aries River, the
Muscanilor brook flows through the Lazuri and Musca
villages. Sometimes heavy rainfalls flood a zone in the
villages that is used for domestic purposes and agriculture.

Geological setting

The Rosia Poieni volcanic structure (Fig. 2) is the result of
the regional calc-alkaline magmatic activity that took place
in Apuseni Mountains from Badenian to Pannonian
(Ianovici and others 1976; Borcos and others 1986; Rosu
and others 1997). The basement consists of pre-Mesozoic
metamorphic rocks covered by Cretaceous and Tertiary
sedimentary formations. The oldest Neogene igneous rock
(intrusions and pyroclastics) is the Poieni andesite. During
the Sarmatian, the Poieni andesites were intruded by a
subvolcanic body, the Fundoaia microdiorite. The main
host rocks (Poieni andesite) and the microdioritic intru-
sion have similar chemical and mineralogical composition
(commune hornblende, plagioclase and quartz as pheno-
crysts, plagioclase and amphibole in the groundmass, and
magnetite and apatite as accessory minerals) and are
highly hydrothermally altered. Both rock types outcrop in
the open pit, the top of the Fundoaia intrusion being at the
medium level of the open pit mine. At the periphery,

quartz–andesites outcrop. They lack mineralisation and
are only propylitised (Bostinescu 1984). Pyroclastics, lavas
and small bodies of brown hornblende (± pyroxene)
andesites represents the youngest igneous products
(9.3 Ma, Rosu and others 1997). A spatial association of
the mineralisation with Fundoaia subvolcanic body is in-
dicated by the distribution of alteration and mineralisation
that are centred on the porphyritic intrusion. The altera-
tion and mineralisation assemblages and the relationships
between alteration and mineralisation are shown in
Table 1. Mineralisation occurs as disseminations through
pervasively altered rocks and within veins and fractures to
form a well-developed stockwork. They are represented by
pyrite (FeS2), chalcopyrite (CuFeS2), bornite (Cu5FeS4),
molybdenite (MoS2), magnetite (Fe3O4) and hematite
(Fe2O3) with subordinate enargite (luzonite) (Cu3AsS4),
tetrahedrite–tennantite ([Cu,Fe]12[Sb,As]4S13) and digenite
(Cu9S5), and minor chalcocite (Cu2S), sphalerite (ZnS),
galena (PbS) and pyrrhotite (Fe1–xS). At least 90% of
porphyry copper type mineralisation is located in the
Fundoaia subvolcanic body, only locally extending beyond
it. Copper grades are roughly concentric in pattern,
decreasing toward the margins of the intrusion. Pyrite and
variable iron oxides and hydroxides are the predominant

Fig. 1
A Situation of Rosia Poieni open-pit mine in Romania and location of
sampling sites in the studied area; B Rosia Poieni open pit (NNE–SSW
view). a Sample; b gallery; c open pit limit; d limit of microdioritic
intrusion; e ore dump; f village
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metallic minerals in the upper part of the Rosia Poieni
structure. The alteration minerals occur as replacement,
disseminated and veinlet minerals. On the basis of differ-
ent paragenesis, four alteration types have been distin-
guished: potassic, phyllic, propylitic, and advanced argillic
alteration (Milu 1999, 2000).

The supergene alteration affected the upper part of the
volcanic structure. The weathering processes are devel-
oped within open pit, outcrops and galleries. The oxida-
tion of pyrite to goethite produced a red-brown coloured
rock that laterally passes to a yellow coloured rock because
of the presence of argillic minerals in advanced argillic

Fig. 2
Geological map of the Rosia Poieni mining area
(modified from Bordea and others 1979)

Table 1
Associations of secondary minerals according to alteration type, and
relationships between alteration and mineralisation in Rosia Poieni
subvolcanic system. ab Albite; ahy anhydrite; alu alunite; ASP alu-
minium–phosphate–sulphate minerals (woodhouseite–svanbergite
series); bio biotite; bn bornite; carb carbonates; cc chalcocite; chl
chlorite; cp chalcopyrite; dg digenite; dik dickite; dsp diaspore; en

enargite; ep epidote; Fe–Tiox Fe–Ti oxides; gn galena; hm hematite; ill
illite; IS illite/smectite; ISII illite/smectite/illite/illite; kaol kaolinite;
kfspar K-feldspar; luz luzonite;mb molybdenite; micropth micro-
perthite; min minerals; mr marcasite; mt magnetite; phen phengite;
orth orthoclase; po pyrrhotite; py pyrite; pyr pyrophyllite; qtz quartz;
ser sericite; sl sphalerite; sm smectite; td tetrahedrite; tn tennantite

Alteration type Phyllic Propylitic Advanced argillic
Potassic

Main
primary
minerals

Feromagnesian
minerals

bio, chl, ahy,
ep, carb, orth

qtz, phen, ill, chl, ab,
py, Fe-Tiox

chl, ep, carb qtz, alu, kaol

Feldspars kfspar, ab,
micropth, bio, chl,

ill, phen, mixed-layer
min (ISII, IS)

ep, ab, ser, carb qtz, kaol, dik, pyr, alu

Quartz Stable Corroded
Veins and veinlets qtz, bio, kfspar, ab,

microperth, chl, ahy
qtz, ill, phen,

mixed-layer min
(ISII, IS), chl, py

– qtz, kaol, alu, dsp, pyr,
APS, py, en, (luz)

Opaque minerals Cp, py, mt, hm,
bn, mb

Py, cp, bn, mb, mt,
hm, td-tn, sl, gn, dg

– py, en (luz), mr, cc

Cu gradea >0.3% 0.1–0.3% Unmineralised <0.02%

aOverall Cu grade on the alteration type
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altered rocks. Locally, the greenish coatings represent the
weathering of Cu-bearing minerals. Extremely fine-grained
secondary alunite (KAl[SO4]2[OH]6) formed on well-
developed crystals of alunite can have a supergene origin.

Materials and methods

A number of water samples were taken in order to evaluate
the impact of ore deposit (including its exploitation pro-
cess) on the chemical composition of waters down to the
open pit and exploration galleries. The sampling location
is shown in Fig. 1 and Table 2. The streambed between the
gallery and the confluence with the main Muscanilor
brook is reddish-orange because of the iron (hydr)oxide
concretions that occur as coatings on the rocks. Stream
waters downstream from the open pit have a slightly
orange colour because of fine-grained suspended material.
Water samples were collected in July 1999 during normal
water discharge. Samples were taken by hand from the
surface water. In the field, two samples of 100 ml were
filtered through a 0.45-lm pore-size cellulose membrane
filter by a hand-vacuum pump: one for a multi-elementary
anionic analysis and the other was acidified immediately
for a multi-elementary cationic analysis. The pH of each
sample was measured in-situ using pH sticks (Merck,
accuracy 0.1 pH unit). On return to the laboratory, all
samples were stored at 4 �C until analysis.
The water samples were analysed at the CRPG (Centre de
Recherches Pétrographiques et Géochimiques) Laboratory,
Nancy (France). Concentrations of major cations were
measured with an inductively coupled plasma atomic
emission spectrometer (ICP-AES; Jobin Yvon 70) and trace
elements with a mass spectrometer (ICP-MS; Perkin–
Elmer, Elan 5000). Major anions (Cl–, F–, SO4

2–, HCO3
–,

NO3
–) were measured by ion chromatography (IC; Dionex

4500i). The estimated precision and accuracy for trace
elements were better than 5% except for those elements at
10 mg/l and lower (10–20%); the detection limit for the
most trace elements was 0.1 lg/l.

Results

Water chemistry
The pH values and concentration of dissolved ions in
stream waters from the Rosia Poieni mining area are
listed in Table 3. The pH values vary from 3.8 (sample
2R) to 6 (sample 3R). Chemical analyses indicate that the
stream waters are more or less enriched in a large
number of elements. The water 3R comes from an area
without mining activity and partially outside the ore-
deposit influence (mineralised and altered rocks). This
water presents the lowest contents for most of major and
trace elements. Thus, it can be considered as the less
polluted stream water in the area and was used as a
reference sample. The composition of stream water 2R
that comes directly from the open pit shows a strong

contrast with the water from its right tributary (sample
3R) and generally with the other sampled waters. The
water 2R exhibits the highest concentrations for nearly all
the elements, except the anions (Fig. 3). The difference of
concentration between the waters 2R and 3R reaches one
order of magnitude for some elements (e.g. Fe, Si, Ti, Cd,
Cs, Rb, Pb, etc.) and two orders for others (e.g., Al, Mn,
Zn, Co, Ce, Y). The high contents for both major ele-
ments, such as Si, Al, Na, Mg, Mn and P, and trace el-
ements, such as REE and Rb, in water 2R can be related
to the leaching of the alteration minerals (silicate min-
erals) by this low pH water. The presence of important
quantities of iron sulphides and (hydr)oxides in the
open-pit can explain its high Fe-content. As can be seen,
the waters 4R, 5R and 6R are rather similar, except for F–

and HCO3
–.

The water 1R shows a Ca-sulphate–chlorine character, the
water 2R a Ca-bicarbonate character and the other waters
a Ca-sulphate character (Fig. 4). In relation to salinity, the
pH and the SO4

2–, NO3
– and HCO3

– contents display gen-
erally non-linear relationships with chloride. Because of
their high toxicity, metals must be taken into account in
the assessment of water contamination. The variation in
the metal contents along the Muscalinor Valley, the con-
centration of some metal elements and the related pH are
plotted in Figs. 5 and 6. The pH is inversely correlated
with dissolved metals. The pH decrease results in an in-
crease in the concentration of dissolved heavy metals. As
expected, the highest metal contents are, once again, en-
countered in 2R stream water. In downstream site 4R, the
chemical analyses indicate a decrease in the concentration
of most metals, probably in relation to a dilution by non-
mineralised waters along the Muscalinor Valley. A rela-
tively small metal enrichment can be observed in relation
to the vicinity of the ore dump (sample 5R), where metals
are leached both by stream waters, ground waters and
rains. It can be noticed that both Cu (1,012 lg/l) and Cd
(90 lg/l) contents in sample 2R are characteristic of pol-
luted waters. The Cd, As, Zn, Pb, Fe and Mn concentra-
tions are plotted in the form of a congruent element plot as
described by Chapman and others (1983; Fig. 7). Other
elements of environmental interest, such as Cu, Bi and Mo,
are not shown because their content is below analytical

Table 2
Site descriptions of the water samples

Sample Description

1R Discharge from Musca adit, an ancient exploration
gallery reopened in the 1990s and already closed
for 2 years at the date of sampling

2R Stream draining the open pit, before the confluence
with a right tributary (see 3R)

3R Stream rising out of the open-pit area
4R Stream 100 m below the confluence of main Muscanilor

Valley with the flow from Musca adit (see 1R)
5R Stream 200 m down to sample 4R and at 5 m downstream

from the base of an ore dump deposited on the bank
of the stream and partly in the streambed

6R Water from Muscanilor Valley in the Musca village
(see Fig. 1), 10 m down to the confluence with a left
tributary draining an area out of the mine zone

Original article

776 Environmental Geology (2002) 42:773–782



detection in at least one sample. The element concentra-
tions are normalised to the open-pit drainage water (2R)
and then the logarithm of each resulted value was calcu-
lated and plotted versus the sampling numbers. In this
way, the relative concentration of elements can be com-
pared with the main pollution source. There is a parallel-

ism between the Zn and Cd trends that can be explained by
a common source for both elements. Arsenic is the only
element that presents values for log-normalised concen-
tration above zero (samples 4R–6R).
In order to see the relation between pH and heavy metal
content, a diagram (Fig. 8) was traced (Ficklin and others

Table 3
Chemical data of water samples
from the Rosia Poieni mining
area. bdl Below the detection
limit

Sampling site 1R 2R 3R 4R 5R 6R

pH 4.5 3.8 6.0 4.5 4.4 5.0
Si (mg/l) 16.19 32.79 7.07 15.24 15.39 11.22
Al 0.50 185 0.48 3.51 8.45 5.27
Fe 10.34 49.96 0.64 12.17 11.37 6.64
Mn 0.73 15.28 0.07 1.12 1.54 0.94
Mg 8.98 77.90 46.00 12.34 17.31 15.30
Ca 222.00 266.00 226.00 213.00 198.60 217.00
Na 19.56 22.07 16.40 19.85 20.57 16.47
K 4.45 6.30 3.25 1.86 2.08 2.51
Ti bdl bdl bdl bdl bdl bdl
P bdl 35.68 bdl bdl 1.75 bdl
F) 0.20 bdl 3.30 4.90 bdl bdl
Cl) 14.10 6.20 13.60 14.50 9.40 8.50
NO3

– 4.00 2.70 3.60 2.00 0.90 2.40
SO4

2– 11.80 3.40 553.20 621.20 615.60 436.80
HCO3

– 5.20 17.50 136.50 3.40 8.00 47.10
As (lg/l) 2.20 2.27 0.38 7.34 6.78 4.15
Ba 13.60 14.13 25.41 16.89 19.33 41.37
Bi bdl 1.14 bdl bdl 0.60 bdl
Cd 0.15 88.94 1.56 1.95 4.50 2.65
Ce 2.13 162.74 0.60 4.40 10.20 5.90
Co 8.49 273.43 0.62 11.71 19.13 10.79
Cr 0.99 4.45 1.33 1.05 1.67 1.25
Cs 0.68 4.52 0.05 0.69 0.80 0.36
Cu 14.64 bdl 8.67 385.90 1,012.60 566.80
La 1.32 75.88 0.54 2.20 4.99 2.87
Mo 0.19 0.21 bdl 1.19 1.25 1.44
Ni 9.30 120.93 8.41 9.88 14.59 10.17
Rb 8.06 26.14 2.81 7.00 8.74 6.09
Sb bdl 0.29 0.10 0.20 0.29 0.31
Sn bdl bdl bdl bdl bdl bdl
Sr 1,660.20 1,103.40 925.00 1,411.90 1,293.10 1,011.50
Th 3.33 3.74 0.11 0.21 1.78 0.44
U 0.05 4.23 0.32 0.15 0.54 0.39
V bdl 5.30 0.41 0.53 0.86 1.48
Y 1.82 297.72 0.24 7.02 15.82 8.85
Zn 126.55 5030.30 37.43 204.04 363.44 205.10
Zr 0.32 1.36 0.57 0.59 1.02 0.51
Pbtot 0.85 15.15 1.83 3.58 4.66 4.17

Fig. 3
Major ion concentrations in stream waters from the
Rosia Poieni area
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1992, modified by Caboi and others 1999). All the waters
are located along a trend from near neutral and low
metal content water (3R) to acid and high metal content
water (2R). This clearly indicates that the source of the
pollution is the leaching by acid waters of the altered and
mineralised rocks that occur in the Rosia Poieni ore
deposit and to a lower degree in the ore dump. In the
village (sample 6R), the concentrations of almost all
metals dropped to <0.35 of their values in the most
polluted samples. Dilution, by mixing with not polluted
tributaries and adsorption reactions, is probably the main
cause for these observed downstream decreases in metal
concentrations.

Mineral saturation indices and metal speciation
The chemical behaviour of metallic elements in natural
aquatic systems is mainly influenced by pH, redox po-
tential and the presence of various complexing agents. In
order to evaluate which solids might be precipitating, the
saturation indices for a number of solids were calculated
using the EQ3/6 program (Wolery 1994). This is a software
program for modelling geochemical interactions in a fluid/
rock system, including applications to environmental
problems related to pollution. EQ3/6 is composed of two
separate computer codes: EQ3NR, a speciation-solubility
code, and EQ6, a reaction path code (Wolery 1992; Wolery
and Daveler 1992). The saturation index (SI) is defined as
the logarithm of the ratio of the activity product (Q) of the
component ions of the solid in solution to the solubility
product (K) for the solid [SI=log(Q/K)]. If the SI is zero,
the water composition reflects the solubility equilibrium, a
negative value indicates undersaturation and a positive
value indicates supersaturation. As Chapman and others
(1983) have mentioned, the saturation index gives only an
idea about the solids that might be precipitating.
More than 40 solids were above saturation either in all or
in part of the water samples: phyllosilicates, zeolites,
sulphates, Al-hydroxides, iron oxides and hydroxides, etc.
Table 4 shows the calculated saturation indices of the
various minerals. All the waters were saturated with
respect to kaolinite, pyrophyllite, quartz, chalcedony,
haematite and goethite and undersaturated with respect to
calcite, anhydrite, gypsum, albite and magnetite. It was
observed that the feldspars (K-feldspar and albite), mica
(muscovite, illite), smectite (montmorillonite and beidel-
lite), zeolites (clinoptilolite, heulandite, stilbite) and

Al-hydroxides (diaspore, gibbsite) did not reach saturation
values in the water from 4R. Among the species with
aluminium, it is clear that solids such as muscovite and
pyrophyllite are not expected to precipitate from these
waters because their crystallisation conditions (e.g. tem-
perature) are not satisfied (Hemley and others 1980; Velde
1985).
The EQ3/6 program has been also used to calculate the
distribution of aqueous species. Speciation calculations
indicate that the elements Ba, Cd, Ce, Cl, K, La, Na, Pb,
Y and Zn are distributed with more than 97% as free
ions species in all analysed waters. The elements Ca, Co,
Cu, Ni and Rb are distributed with more than 80% as
free cations. Concerning the arsenic speciation, the
HAsO3F– is the main component in samples 1R, 2R and
4R, and H2AsO4

– is the main component in samples 5R
and 6R. AsO3F2– is the dominant species in sample 3R.

Fig. 4
Diagrams showing the chemical characteristics of
stream waters

Fig. 5
The relationships between Fe and Mn, Ti, Co, Cr and Ni in water
samples from Rosia Poieni. The significant correlation between these
metals is related to the chemistry of source minerals. The pH is
inversely correlated to these dissolved metals
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Aluminium is present in ionic form (Al3+) in most of
the samples, except samples 3R and 4R in which species
with fluorine (AlF2

+ , AlF3(aq), AlF2+ ) predominate
(Fig. 9). The distribution of dissolved Fe3+ species in-
dicates that the hydroxide Fe(OH)2

+ is the dominant
species (>80%), except in 2R solution where FeHPO4

+

becomes predominant (63%), the hydroxide participa-
tion being still important (35%). In waters 1R and 2R,
more than 99% of Mg and Mn are distributed as free
cations; in the other waters, up to 27% of the two
elements are distributed as MgSO4(aq) and MnSO4(aq),

respectively.

Discussion

The Rosia Poieni ore deposit is characterised by the
presence of large amounts of sulphides and Fe-oxides
(Table 1). The presence of fractures and breccia increases
the infiltration rate of water. The mining works (open pit
mine, exploration galleries and drillings, and waste rock
dumps) expose substantial quantities of sulphides to air
that, as a consequence, accelerate the oxidation process
and create acid-rock drainage.
The potential for acid generation is directly related to
the potential oxidation of sulphide minerals to sulphate
(sulphuric acid). The oxidation experiments made by
Jennings and others (2000) demonstrated that S-bearing
minerals may or may not be acid-producing. On the one
hand, under strongly oxidising conditions, pyrite,
marcasite, pyrrhotite, arsenopyrite, chalcopyrite and
sphalerite are acid-producing minerals. On the other
hand, chalcocite and galena were found to be non-acid-
producing minerals. The main sulphide-producing acid
is pyrite and the overall sequence of oxidation reaction
is:

4FeS2 þ 14H2Oþ 15O2 ¼ 4Fe OHð Þ3þ8SO2�
4 þ 16Hþaqð Þ

(Banks and others 1997).
Weathering of chalcopyrite under oxidising conditions
proceeds in accordance with the reaction:

CuFeS2 þ
17

4
O2 þ

9

2
H2O ¼ Cu OHð Þ2 sð ÞþFe OHð Þ3 sð Þ

þ 2SO2�
4 þ 4Hþ:

In the deeper part of the volcanic structure, chalcopyrite is
well developed, being the main Cu mineral, but chal-
copyrite oxidation has a lower rate than pyrite oxidation
(Rimstidt and others 1994, in Strömberg and Banwart
1999). This lower oxidation rate and the fact that the
deeper zone of the ore deposit is less exposed to the in-
fluence of external factors, explain why the mine drainage
water (sample 1R) has a slightly higher pH than the open
pit drainage water (sample 2R).

Fig. 6
The relationships between Cu, Zn, Pb, Cd and As in stream water
samples from Rosia Poieni. On the same diagram, the pH values are
represented. There is an inverse correlation between pH and the
dissolved metals

Fig. 7
The concentrations of Cd (rhomb), Pb (square), Zn
(full triangle), As (full circle), Fe (empty triangle)
and Mn (empty circle) in the waters from Rosia
Poieni area. Concentrations are normalised to the
concentration of the open pit drainage water
(sample 2R)
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At Rosia Poieni, the participation of carbonates is low and
the silicates are the main minerals that contribute to acid
consummation. The primary and secondary rock minerals
dissolved by acid-rock drainage act as neutralising agents.
Because the production of acid is faster than the neutral-
isation capacity of these minerals, the drainage waters
have an acidic character.
ARD contains high metal contents (Al, Fe, Mn, Mg, Zn, Cu,
Cd, Pb, etc.) that reach the Muscanilor brook. The chem-
ical analyses indicate that the water run-off from the open
pit have the highest metal concentrations and the lowest
pH of all the waters sampled for this study (Table 3). The
opaque minerals (Table 1) are the main source of mobi-
lised iron, copper, zinc, lead, arsenic, antimony and bis-
muth. For example, electron microprobe analyses of
minerals from the open pit indicate that pyrite (FeS2)
bears Cu (up to 1.7 wt%), Zn, As and Bi (up to 0.2 wt%),
which can be released during pyrite oxidation. The chal-
copyrite contains minor amounts of Zn (0.3 wt%), Bi and
Ge (up to 0.1 wt%). Luzonite averages 46.3 wt% Cu,
19 wt% As, 31.1 wt% S, and also contains small amounts
of Zn (2.1 wt%), Sb (1.3 wt%) and Bi (0.1 wt%). The upper
part of the Rosia Poieni volcanic structure is barren of
copper mineralisation and very rich in argillic minerals as
a result of hypogene and supergene processes. The even-
tually mobilised copper is rapidly adsorbed onto clay
minerals. This can explain the lack of Cu in sample 2R.
The Si, Al, Mg, Mn, Na, K and Ca concentrations in stream
water are influenced by the weathering of primary and
secondary minerals of the rocks under acidic conditions.
For example, the highest Al content is encountered in the
open pit drainage water (water 2R, Table 3). However, not
all rock-forming minerals have the same rate of weathering
and it is to expected that hornblende, biotite, chlorite and
epidote are the main source of Mg, Mn, K and even Ca in
surface waters. Because of their large development, in spite
of their reduced relative reactivity during the weathering
process, minerals such as feldspars, kaolinite, montmo-
rillonite, gibbsite, illite and phengite represent an impor-
tant source of major and trace elements (Al, K, Na, Ca, Sr,
Rb, Ba, etc.) in the waters that drain the Rosia Poieni area.

The high cation content of the stream water 2R (185 mg/l
Al, 32.79 mg/l Si, 77.9 mg/l Mg, etc.) indicates significant
dissolution of the above-mentioned minerals. This fact is
sustained by the saturation index calculations that show a
lot of aluminosilicates to be supersaturated in sampled
water (Table 4).
A comparison between the composition of water down-
stream (in the village – sample 6R) and the composition of
the open-pit drainage waters, shows that the concentra-
tions of Al, Mn, P, Zn, Cd, Ni, Co and U are an order of
magnitude lower in the former. Actually, in the village, the
concentrations of almost all metals dropped to <0.35 of
their values in the most polluted waters. Many studies have
reported that metal concentrations in surface and
groundwater are diminished both by the influx of

Fig. 8
Plot of metal load vs pH (Ficklin and others 1992,
modified by Caboi and others 1999) of waters from
Rosia Poieni area

Table 4
Selected saturation indices of mineral species for water samples from
Rosia Poieni mine area

Mineral 1R 2R 3R 4R 5R 6R

K-feldspar 0.134 0.816 0.149 –1.957 0.210 1.386
Albite –2.291 –1.704 –2.215 –3.995 –1.861 –0.864
Muscovite 2.482 3.973 2.205 –2.729 3.848 6.824
Illite 0.868 2.318 0.857 –3.114 1.930 4.228
Pyrophyllite 4.063 6.098 2.331 0.837 5.265 6.516
Montmorillonite 1.921 3.344 1.791 –0.870 2.777 4.330
Beidellite 2.891 4.716 1.660 –0.862 4.264 6.026
Kaolinite 3.624 5.047 2.612 0.452 4.870 6.396
Clinoptilolite 2.353 5.711 1.276 –3.935 3.429 6.655
Heulandite –1.011 0.261 –0.937 –4.859 –0.277 2.060
Stilbite 3.207 4.494 3.359 –0.633 3.960 6.352
Calcite –0.591 –6.985 –1.982 –6.338 –6.242 –4.217
Anhydrite –2.500 –3.454 –0.980 –0.931 –0.975 –1.044
Gypsum –0.217 –3.128 –0.655 –0.606 –0.650 –0.718
Alunite –0.463 1.306 –2.000 –1.970 4.960 5.675
Jarosite 0.848 –0.247 0.015 3.972 3.795 3.011
Quartz 1.107 1.414 0.747 1.081 1.085 0.948
Chalcedony 0.821 1.128 0.462 0.795 0.799 0.662
Gibbsite 0.513 0.918 0.367 –1.047 1.158 2.058
Diaspore )0.413 –0.008 –0.559 –1.973 0.232 1.132
Magnetite )1.693 –3.343 –1.428 –1.743 –2.234 –1.033
Haematite 11.568 10.468 11.745 11.535 11.207 12.008
Goethite 5.323 4.773 5.411 5.306 5.142 5.543
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unpolluted waters and by the removal of metals by
adsorption and precipitation processes (e.g. Rosner 1998;
Paulson 1999; Berger and others 2000; Dinelli and others
2001). At the Sanggok lead-mine, in the Hwanggangri
mining district (Republic of Korea), the mine water has a
low pH and is rich in toxic elements (Al, Fe, As, Cd, Cu,
Pb, etc.), but the most immobile toxic pollutants from the
mine drainage were quickly removed from the surface
water by the precipitation of Al and Fe oxyhydroxides (Lee
and others 2001).
Speciation calculations indicate that Cu, Zn, Pb, Cd, Co
and Ni are present mainly as free metal ion species. It is
known that the free metal ion species (e.g. Cu2+) is the
most bioavailable and toxic form of trace metal that exists
in natural waters (Apte and others 1995). Arsenic is
present as As5+ in soluble arsenates. This indicates an
oxidised character that is in accordance with stability
domains of arsenic species (Brookins 1988). In acidic
environments, As5+ is very mobile. Boyle and Jonasson
(1973, in Moreno and others 1999) report that As5+ results
from the surficial alteration of the As-bearing minerals. At
Rosia Poieni, arsenic is a major component of enargite
(luzonite), tetrahedrite and tennantite; minor amounts of
As were detected in pyrite.
This preliminary study of the Rosia Poieni mining area
shows that the mine-drainage waters contain significant
amounts of heavy metals. The oxidation and hydrolysis of
sulphides from ore deposits results in the production of
acidity and the subsequent leaching of metals. Down-
stream from the porphyry copper mining site, as the
stream water flows toward the confluence with Aries River,
the pH increases and heavy metal content decreases. The
concentrations of pollutants are diminished both by the
influx of unpolluted tributary stream waters and the re-
moval of metals by absorption and precipitation processes.
This work has shown that Rosia Poieni is an active acid-
rock drainage-producing site with a metal source in this
ore deposit. The metal release is amplified by mining
activities.

Taking in consideration the volume of the Rosia Poieni ore
deposit, the mine will be still active for at least the next
50 years. During the mine life a continuous assessment of
current and future environmental impacts should be car-
ried out. One action that could minimise the AMD and the
release of metals into the surrounding area is to prevent
water flow through the open pit by draining the rainwater
and diverting the course of runoff waters. To reduce sur-
face and infiltration water contamination, the ore dump
stored on the bank of the stream should be sent to the
processing plant.
However, in the Apuseni Mountains, long-term mining
activities have caused environmental problems with wa-
ters, soils and sediments, which must be mapped and
monitored at a local and regional scale before remediation.
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