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Abstract

Complete chemical composition of  surface water,  drainage solutions and the substance carried off  in
the aureole of scattering at the Urskoye tailing dump was investigated. The regularities of the migration
of heavy metals were revealed in connection with the increasing distance from the pollution source. It was
established that storing high-sulphide waste material in non-fixed piles resulted in dissemination of  the
material and therefore caused the formation of the aureole of scattering. It was discovered that the water
of  a natural brook draining the waste material get mineralized and acidified. In the lower part of  the
dump, the acid water of the brook contacts the peat material of a marsh-field. At the site where the brook
flows into the Ur River (a tributary of the Inya River), the acidic Fe�Al sulphate water of the brook get
mixed with the fresh Ñà�Mg hydrocarbonate water of  the river. As a consequence,  the metal content of
the river water increases sharply, while the recovery of water composition in the Ur River down to the
background level occurs at a distance of  5 km from the mouth of  the drainage brook. It was established
that as a result of the gravitation differentiation the substance near the dump is enriched with larger and
heavier fractions, while light-weighed finer particles are carried off along the ravine. The maximal Fe and
Cu content in the carried-off waste material is confined with the sulphide material. Uliginous substance
interstratified with organic residues and is characterized by increased Zn and Pb content. It was discovered
that the element content of buried peat is comparable with their concentrations in the waste material
overlapping the peat.
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INTRODUCTION

Problems connected with heavy metal (HM)
pollution of the territories of abandoned ex-
cavation sites became urgent with the start of
mining industry development. Storage of the
wastes from sulphide ore processing is accom-
panied by the formation of  acid drainage so-
lutions with high concentrations of Cu, Pb,
Zn, Fe, Cd. The release and migration of these
elements result in their wide spread and subse-
quent concentrating in different environmental
objects [1�3]. The situation becomes even more
urgent keeping in mind that during the 1930s
and 1940s of the 20th century settlements were
organized around mining sites, and at present

the stored wastes of concentrating works are
situated directly near the residential areas.

After piling sulphide-containing wastes from
gold ore concentrating, the processes of oxi-
dative leaching, dissolution and re-deposition
start to develop in the storage. To study tail-
ings, it is necessary to carry out fundamental
research of the processes of modern oxidative
leaching in technogenic systems. Researchers
from Canada became pioneers in this area [4�7].
It is known that the solubility and oxidation
degree of elements depend first of all on chem-
ical processes and are governed by environmen-
tal parameters Eh� pH. Six main factors af-
fecting the oxidation of sulphides were re-
vealed: 1) pH of solutions in contact with sul-



536 I. N. SHCHERBAKOVA et al.

phide minerals; 2) genesis, chemistry, surface
area and morphology of mineral grains; 3) con-
centrations of oxygen and Fe3+ in solutions;
4) temperature; 5) galvanic interaction of sulphides
with coexisting minerals; 6) bacterial action.

The indicated factors are characteristic of
natural oxidation zones of  sulphide deposits [9].
However, in the case of oxidation of tailings,
one of essential factors is the composition of
technological solutions. Wastes from cyanidation
are prone to oxidative transformation process-
es to a higher extent than the wastes from
floatation because of fine grinding of the ma-
terial, and also due to active decomposition of
sulphide minerals at the technological stage.
Under alkaline conditions maintained during
cyanidation (pH 11), the fields of stability of
the majority of sulphide minerals (the most
important of which is pyrite, the main acid-
producing mineral) are limited by values
Eh ≤ 0.2 V. Under neutral conditions (pH 7),
pyrite is stable at Eh ≤ 0.4 V. After piling, the
wastes start to interact with atmospheric pre-
cipitation,  and with atmospheric oxygen. Oxi-
dative processes proceed most actively in the
zone of aeration into which completely techno-
genic bodies formed as piled mounds get. Oxy-
gen concentration decreases sharply with depth;
even in the subsurface layers (the first several
ten centimetres) the mechanisms of oxidation
of separate minerals are determined by the
composition of pore solutions. Along with oxy-
gen, Fe(III) acts as an oxidizer [6].

The sequences of relative stability of sul-
phide minerals in the oxidation zone proposed
by different authors differ substantially from
each other. Under different environments, at
different concentrations and combinations of
oxidizing agents, the positions of minerals in
the sequence of relative stability vary. The au-
thor of [11] proposed a sequence (in the order
of descending stability) obtained using the stan-
dard electrode potential for the conditions of
aqueous solution corresponding to the initial
stage of oxidation with oxygen (pH 6�8):
sphalerite�galenite�pyrrhotite�tennantite-tet-
rahedrite�arsenopyrite�chalcopyrite�pyrite. In
opinion of the authors, variations of pH cause
changes of the electrode potential of miner-
als, which leads to the change of their relative
stability. Using the data of observations and

experiments performed in different environ-
ments, the author of [12] proposed the follow-
ing sequence of relative stability (in descend-
ing order): magnetite�bornite�chalcopyrite�
pyrite (arsenopyrite)�galenite (sphalerite), pyr-
rhotite. Another sequence, the sequence of
decreasing rates of sulphide interaction with
Fe(III), was revealed as a result of experimental
investigation at pH 2: pyrrhotite�galenite�ar-
senopyrite�pyrite�sphalerite�chalcopyrite [13].
Investigations performed with natural objects
confirmed higher stability of chalcopyrite
against oxidation due to Fe(III) [14, 15]. The
rate of oxidation of pyrite, the major acid-
producing mineral, is affected by the sample
surface, initial concentration of oxidizing agent
and (to a small extent) the initial pH value.
Taking into account the sample surface, the
position of minerals in the sequence appears
as follows (in the order of decreasing stabili-
ty): chalcopyrite� fine-grained pyrite�sphaler-
ite�galenite�coarse-grained pyrite [16].

The secondary mineral phases formed dur-
ing oxidative dissolution of sulphides and re-
deposition of the matter in the oxidation zone
form the sequence: simple aqueous sulphates
(vitriols)�basic sulphates�hydroxides [17]. The
earliest secondary minerals are hydrated sul-
phates of divalent iron (melanterite, rosenite),
zinc (goslarite), copper (chalcantite) and lead
(anglesite). Anglesite is often present as a sole
sulphate in tailings. Canadian researchers when
studying the wastes with high sulphide con-
tent examined melanterite and gypsum that
form lithified layers at a depth of 0.5 m, called
hardpan [6]. Metals forming well soluble sul-
phates are actively carried out (Fe, Zn, Cu,
Cd). A complete spectrum of simple sulphates
is manifested in seasonal marks on the surface
of technogenic bodies [12, 18]. Among basic
sulphates,  in the absence of  carbonates the
most widespread mineral is jarosite formed in
the acidic environment (pH < 3) [19]. At the
late stages of the formation of oxidation zone,
jarosite is replaced by iron hydroxides.

The term «iron hydroxides» includes a large
number of mineral phases. On the basis of in-
vestigation of the rate of Fe(II) oxidation in
the presence of a number of inorganic com-
plex forming agents, it was established that
the products formed in the absence of ligands
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and at pH 6 is mainly goethite with small ad-
mixture of lepidocrocite. The amount of the
latter increases in the presence of sulphate and
carbonate. Silicate and phosphate promote the
formation of non-crystalline oxides of Fe [20].
As a rule, iron hydroxides contain isomorphous
admixtures of copper, zinc, lead, cadmium,
antimony, arsenic etc. [9, 21] and thus they play
important part in the processes of HM redistri-
bution. The highest sorption capacity is exhib-
ited by amorphous iron hydroxides.

Relying on the data reported in [5, 12] one
may conclude that three major vertical zones
are distinguished within the tailing dump:

1. The lowest part of wastes is weakly af-
fected zone.

2. The next zone above the deep-lying one is
the lithified horizon (hardpan). The bond base
in the zones with not very high sulphide con-
tent was revealed to be hydroxides and sul-
phates of Fe3+ (jarosite, goethite), while in the
regions with high sulphide content this role is
played by aqueous sulphates of Fe2+

(FeSO4 ⋅ nH2O). This layer is the region of ac-
tive oxidation.

3. The upper zone may be followed to the depth
of 0.5 m. It is characterized by almost complete
substitution of initial sulphides by goethite, lepi-
docrocite etc. Jarosite is formed in this zone.

New technologies involving neutralization of
acidic drainage solutions are introduced at
present. The discovery of the fact that filtra-
tion of acidic source through boggy territories
causes a decrease in the concentration of HM
stimulated the construction of artificial boggy
territories as a possible passive method of puri-
fication [22]. Various reagents are used to de-
crease the technogenic effect of wastes from
ferrous and nonferrous metallurgy: carbonates,
activated carbon, zeolites [23], iron hydroxides/
oxides [24], cellulose etc. The screens of differ-
ent kinds are also used [25, 26]. During the re-
cent years, methods of neutralization of acidic
drainage flows are widely discussed in the world.
For example, the reagents used as neutralizers
include hydrated lime (Ca(OH)2), calcium oxide
(CaO), caustic soda (NaOH), soda ash (Na2CO3)
[22, 27], ash from power plants [28, 29].

About 10 billion dollars is spent every year
in the world to solve the problems connected
with acidic drainage [30]. The first step to pro-

pose various purification methods may become
investigation of real situations around the
wastes of concentrating works. Investigation of
the distribution of HM and the processes of
their migration in the scattering aureoles al-
lows one to predict the state of the environ-
ment around ore mining and processing plants
and tailing dumps.

The goal of the present work is investiga-
tion of the redistribution of HM among the com-
ponents of  a natural and technogenic system
through surface water, pore solutions, waste
material and peat (buried under high-sulphide
wastes) in the scattering aureole of the tailing
dump storing the wastes from cyanidation of
pyrite ore from the Urskoye deposit.

OBJECTS AND METHODS OF INVESTIGATION

The territory of the region under study is a
low-mountain surface sharply lifted above the
Kuznetsk depression and gently sloping toward
the West Siberian Lowland [31]; the territory is
related to the Salair Ridge. Numerous ore sites
containing polymetallic, sulphur-pyrite ores are
genetically bound with the intrusion of kerato-
phyres which occur among the carbonate de-
posits related to middle and upper Cambrian
time. Underlying rocks are composed of Qua-
ternary alluvial and alluvial-dealluvial deposits.

The Urskoye tailing dump (Ursk settlement,
Kemerovo Region, Russia) was formed more
than 50 years ago and contains the wastes from
cyanidation of primary polymetallic Cu�Zn
sulphur pyrite and ore of the oxidation zone
of the Urskoye deposit. The wastes of prima-
ry ores are composed of pyrite by 50�90 %.
Worked out primary ores and the ores of oxi-
dation zone are stored in the form of two piles
10�12 m high. A natural brook flows over the
ravine where the tailing dump is situated. The
water of the brook drains the waste material
and gets acidified. Under the effect of acidic
solutions, the boggy territory situated down-
ward the tailing dump is scorched, and vege-
tation is destroyed. The waste material is not
fixed, so during the time of existence of the
tailing dump it was washed out by rainwater
and flood water. The boggy territory of the
ravine below the dump down to the Ur River
(a tributary of the Inya River) is covered with
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Fig. 1. Scheme of the Urskoye tailing dump, adjacent territory and sampling sites for surface water and solid matter:
1 � residential areas of Ursk settlement; 2 � tillage; 3 � forest; 4 � rock debris; 5 � zone of carried waste material;
6 � tailing dump; 7 � surface water sampling sites; 8 � trenches; 9 � automobile roads; 10 � dam near the dredge; 11 � Ur River.

the waste material carried downward (Fig. 1).
The open pit situated at the territory of the
store is filled with water and used as a bathing
pond by local people.

During the field operations (2007) we sam-
pled the solid material and aqueous solutions.
Surface water was tested at different distanc-
es from tailing dump and the site where the
drainage water flows into the Ur River. Water
samples were also taken from the local water
reservoir situated near the dam on the Ur Riv-
er upstream of  the inflow of  the drainage
brook not far from the Kopna mountain (see
Fig. 1, point 1). The samples of non-filtered
aqueous solutions were taken into plastic ves-
sels 0.5 L in volume. A part of water was fil-
tered with the help of a Kuprin′s apparatus.
Separate samples were taken to examine the
basic ion composition. Using the Anion 4100 in-
strument we measured pH and Eh in non-fil-

tered solutions. The glass electrode and the ref-
erence electrode were calibrated using three
buffer solutions: potassium bi phthalate
(pH 4.01), solution of phosphate salts (pH 6.86),
and sodium tetraborate (pH 9.18). The error of
pH measurement was ±0.1. Then the solutions
were acidified with concentrated HNO3 to car-
ry out subsequent analysis of  metal content.
Determination of  the basic anions was carried
out by means of capillary electrophoresis us-
ing a standard procedure with the analysis er-
ror of 10�15 % (Capel 103R, Lumex, Novosi-
brsk). Metal content of solid samples and solu-
tions was determined using a SP-9 Pye Uni-
cam and Perkin-Elmer 3030Z AAS. The stan-
dard error of  analysis was 5�20 %  depending
on the concentration level.

The material in the carry-out zone was tested
in trenches at different distances (60, 130 and
600 m) from the dumps (see Fig. 1). The solid
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substance was tested over the vertical taking
into account the macroscopic nonhomogeneity
of horizons. The number of samples collected
for examination was 15. The pore solution was
pressed out of the solid matter with the help
of the hand-operated hydraulic press under the
pressure of 150 g/cm3. In the resulting solu-
tions we measured pH and Eh, and then the
samples were acidified with the solution of con-
centrated HNO3 for subsequent analysis for
metal content. The pressed solid matter was
dried to the air-dry state and packed into poly-
ethylene bags. The determination of  granulo-
metric composition was carried out using the
method proposed by N. A. Kachinsky [32]. Un-
der laboratory conditions, the solid substance
was ground for subsequent analysis for metal
content. Then it was described on the basis of
visual characteristics, and its mineral composi-
tion was studied with a JSM-6380 LA scanning
electron microscope.

RESULTS AND DISCUSSION

The effect of atmospheric factors causes
oxidation of the sulphide material in wastes
(first of all pyrite, the major acid-producing
mineral), its dissolution and, as a consequence,
to the formation of water-soluble sulphates
[3, 33]:

FeS2 + 7/2O2 + H2O = Fe2+ + 2�
42SO  + 2H+  (1)

2FeSO4 + 1/2O2 + H2 SO4 = Fe2(SO4)3 
 + H2O   (2)

The natural water source draining through
the dump becomes acidic (pH 2.2�2.7) drain-
age brook. According to A. A. Alekin�s classifi-
cation [34], the composition of initial water in
the brook, as well as the composition of water
in the Ur River into which the brook flows lat-
er on, corresponds to the boundary between
weakly alkaline and strongly alkaline kinds of
water. This is calcium-magnesium hydrocarbon-
ate fresh water unsaturated with compounds
(pH 7.5�8). Figure 2 shows the data on the con-
centrations of Cd, Zn, Pb, Cu and Fe in this
water, along with the MPC for water objects
of domestic, drinking, cultural and welfare
facilities (GN 2.1.5.1315�03) [35].

Water in the drainage brook can be related
to salty acidic water (M = 4.8 g/L, pH 2) of
Fe�Al sulphate type; metal concentrations are

2�3 orders of magnitude higher than those in
the water of  natural brook (see Figs. 2,  3). As
the distance from the tailing dump increases,
we observe a slight increase in the pH value
for brook water due to insignificant dilution (see
Fig. 2, points 4�6, and Fig. 3), and an increase
in the redox potential due to an increase in the
fraction of Fe(III). A significant decrease in the
concentrations of Fe, Cu, and Zn by a factor
of 5 as an average is detected, while the con-
centrations of Cd and Pb decrease only not more
than by a factor of 2. This fact is due either to
partial dilution or to the removal of elements
from solution as a result of the deposition of sec-
ondary minerals of iron (III). In the bottom sedi-
ment of  the drainage brook,  iron gets precipitat-
ed most probably in the form of jarosite group
minerals ((K, Na, H3O)(Fe, Al)3(SO4)2(OH)6),
schwertmanite ((Fe8O8(OH)8 �2õ(SO4)x ⋅ nH2O) [14, 19]:

3Fe3+ + K+ + 2�
42SO

+ 6H
2O = KFe3(SO4)2(OH)6

     + 6H+   (3)
It is known that the minerals of alunite-

jarosite group and related groups are charac-
terized by the common formula
AB3[(XO4)2(OH)6]  and trigonal symmetry,  with
some exceptions. According to the character of
the anion component in position (XO4), three
final groups are distinguished,  depicting pre-

dominance of  2�
4SO ,  3�

4PO ,  3�
4AsO . The miner-

als of alunite-jarosite group include the com-
pounds with the general formula
AB3(SO4)2(OH)6 in which position B is occupied
by cations Al3+ and Fe3+, position A is occu-
pied by ions K+, Na+ H3O

+, more rarely Ag+,
+
4NH  or Pb2+. It is known that inside all the

structural positions between the final terms the
series of solid solutions are formed [36]. Cop-
per and zinc are usual admixtures in lead-con-
taining minerals, which is due to the presence
of Pb(Cu, Fe, Al)3(SO4)2(OH)6) and/or
(PbCuAl2(SO4)2(OH)6) [37]. Experimental stud-
ies also indicate the deposition of copper and
zinc as admixtures not only in jarosite but also
in schwertmanite [14, 15].

As a result of settling the acid solutions, a
technogenic bog was formed near the mouth
of the brook; it has a reddish-brown deposit
at the bottom (see Fig. 1, point 7), which serves
as a favourable medium for the formation of
secondary Fe(III) minerals, and its bottom is cov-



540 I. N. SHCHERBAKOVA et al.

Fig. 2. Concentrations of heavy metals and pH in surface water (over the vertical axis: concentrations, over the
horizontal axis: surface water sampling sites): 1 �  the Ur River,  dam upstream of  the inflow of  acid drainage brook;
2 � the same,  upstream of  the inflow of  the Maslikha River;  3 �  cutest;  4 �  drainage dump directly beneath the
tailing; 5 � the same, in the middle of the ravine; 6 � the same, before inflow into the Ur River; 7 � reddish-brown
bog;  8 �  the Ur River after the inflow of  the drainage brook;  9 �  the same,  at a distance of  200 m after the inflow
of  the drainage brook;  10 �  the same,  dam near the dredge;  11 �  the same,  Ursk settlement;  to depict the
migration of elements, the average concentration values were calculated over 2�4 samples.

ered with an ochre deposit. The concentrations
of the metals under investigation decrease in so-
lution (see Fig. 2) with respect to the brook water.

In the water of the Ur River, after the
drainage brook flows into it,  mixing of  alka-
line Ca�Mg hydrocarbonate water and acid Fe�
Al sulphate solutions occurs, followed by neu-
tralization and profuse formation of amorphous
iron compounds represented mainly hydroxides
[19]:
2Fe2+ + 3H2O + 1/2O2 = 2Fe(OH)3   (4)

Metals precipitate together with iron hy-
droxide. At the same time, metal concentra-
tions in solution near the inflow of the drain-

age brook are an order of magnitude higher
than those for surrounding water reservoirs.
With an increase in the distance from the in-
flow of the sulphate brook into the river (see
Fig. 2, points 8�10), metal concentrations de-
crease to the background level at a distance of
4�5 km. Metal concentrations in water decrease
downstream, while pH increases. Substantial
amounts of metals are deposited at this dis-
tance into bottom sediment which can be easi-
ly brought up later on by flood water and car-
ried in the form of suspension over long dis-
tance. The concentrations of HM in the water
of the Ur River were compared with MPC of
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Fig. 3. Changes of the composition (basic ions, salt content, ðÍ) of surface water in the zone affected by the
acid drainage brook from the Urskoye deposit and the adjacent territory. For design.,  see Fig. 2.

chemical substances in water objects of domes-
tic, drinking, cultural and welfare facilities (hy-
gienic standards GN 2.1.5.1315�03) [35]. In drain-
age solutions (see Fig. 2, points 4�7), the con-
centrations of metals exceed the MPC by 1�3
orders of magnitude but in the water of the
Ur River after the inflow of  the drainage brook
the concentrations of Cd, Zn, Pb and Cu are
not higher than the MPC level. In the upper
reach of the Ur river (see Fig. 2, points 1, 3)
and at a distance longer than 5 km (see Fig. 2,
point 10) from the inflow of  the acid drainage
brook the concentration of Fe does not exceed
0.3 mg/L, which corresponds to the MPC [35].
Directly after the inflow of  the drainage brook
(see Fig. 2, points 8�10), the concentration of
Fe exceeds the MPC by an order of magnitude.

The changes in the basic ion composition of
water in the Ur River after the inflow of the
drainage brook are clearly seen in Durov�s dia-
gram (see Fig. 3). While the concentrations of

2�
4SO  ions, Fe and Al decrease, the concentra-

tions of ions �
3HCO , Ca, Mg, Na increases;

pH of solutions increases. Total salt content in
water at a distance of 5 km from the inflow
point corresponds to the salt content of sur-
rounding water reservoirs upstream from the
point of  mixing with the drainage brook.

The thickness of the layer of waste mate-
rial carried off downstream from the tailing
dump does not exceed 0.5 m. As a result of grav-
itational differentiation,  the lateral zoning was
formed in the carried material, which is char-
acteristic of the filler tailings [38]. On the basis
of  the data of  granulometric analysis of  the
carried material, three zones were revealed re-
lying on the prevailing fraction: sandy, sandy-
oozy, and oozy. At a distance of 60 m from the
tailing, in the nearest zone, fine sand domi-
nates (Fig. 4,  samples 1-2 and 1-3);  at a dis-
tance of 130 m (the medium zone) from the
tailing, the fractions of sandy and oozy frac-
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Fig. 4. Gravitational differentiation of  the matter in waste material with an increase in the distance from the tailing.
Vertical axis: percentage of fractions in the matter; horizontal axis: size of fractions, mm: 1�0.25 mm, medium sand;
0.25�0.05, fine sand; 0.05�0.01, coarse dust; 0.01�0.005, medium dust; 0.005�0.001, fine dust; <0.001, coarse and fine
mud.

tions are almost identical (samples 2-1 and
2-3), while at the largest distance from the tail-
ing (600 m) the oozy fraction dominates (sam-
ples 3-1 and 3-2).

In the vertical section, the waste material
downstream of the tailing is non-homogeneous
due to non-uniform carrying off the tailings.
Lower lying horizons are composed of finer
fractions (see Fig. 4, samples 1-4 and 3-2). At
the largest distance from tailing dumps (600 m),
in the lowest horizons we observe the maximal
amount of fine fractions (see Fig. 4, sample 3-2).
In separate parts of the section, the waste
material is interstratified with detrital materi-
al. The largest amount of organic residues is
present in oozy matter. Buried peat matter is
distinguished separately.

The matter in the zone which is the closest
to the tailing dump is represented by high-
sulphide fine-grained sandy material of gray
colour (Fig. 5,  trench No. 1). Predominant
minerals in its composition are pyrite, barite
and quartz. Pyrite occurs as isometric grains and
crystals having the cubic shape, barite occurs
as flattened fine-tabled crystals. Secondary
minerals are formed between sulphide grains.
These minerals are represented mainly by the
aggregates of jarosite (rhombohedrons, pseudo-
cubes etc .) (Fig. 6, a, b). The sandy-oozy
substance contains the grains of barite, quartz,
jarosite, muscovite (see Fig. 6, c, d). The organic
matter printed in the sandy oozy material near
the tailing is often coated with zonal concentric
encrustations composed of iron (III) hydroxides
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(see Fig. 6, e). Most probably, the formation of
iron hydroxides is connected with the formation
of a local geochemical barrier during the
interaction of pore solutions with the organic
matter, because jarosite must be formed under
acid conditions (pH < 3) [19]. Peat matter is
represented by decomposed plant residues (see
Fig. 6, f). Secondary minerals are almost
completely absent.

The pore solutions of carried waste matter
are similar in ionic composition and salt content
with the solutions in the drainage brook: they
are salty Fe�Al sulphate. However, their salt
content is higher (6�18 g/L), pH 1�4, Eh 380�
840 mV. The heist concentrations of elements
are observed in the subsurface layers (see Fig. 5,
samples 1-3, 2-1 and 3-1), where salt content
in pore solutions is 4�5 times higher than that
in lower-lying horizons independently of the
characteristics of the matter (Fe 2700�7500,
Pb 0.36�5.2, Zn 9�57, Cu 7�12, Cd 0.07�0.08
mg/L). Evaporation of pore solutions is likely
to cause their concentrating. Sampling was
carried out during a dry period, and sulphate
stain was observed on the surface.

With an increase in the distance from the
tailings, while the oozy fraction in sandy

material increases, metal content in pore
solutions increases. Metal concentrations in the pore
solutions of the sandy sulphide material is lower
than that in the pore solutions of sandy oozy
material at a distance of 130�600 m from tailings
(see Fig. 5, samples 1-2, 2-3 and 3-1). The
permeability of the oozy material is an order of
magnitude lower than the permeability of sandy
material [38], which leads to the accumulation
of HM in pore solution. As a consequence, high
concentrations of metals are observed in it (see
Fig. 5, samples 1-4, 2-1, 3-2 and 3-5). The maximal
concentrations of Fe, Pb, Zn, Cu, Cd were
detected in solutions pressed out of the oozy
material sampled in the most remote part. The
highest concentrations of Fe, Cu and Zn in pore
solutions are confined to the ochred sandy matter,
while the highest Pb content is observed in the
pore solution of oozy material (Fig. 7).

The concentrations of HM in the pore solu-
tion of buried peat are the lowest (Fe 50, Pb
0.25, Zn 4.5, Cu 0.1, Cd 0.001 mg/L, see Fig. 5,
samples 1-5 and 2-5). This is connected mainly
with the sorption ability of the peat material,
as well as with its increased porosity, due to
which the metals present in pore solutions are
efficiently deposited.

Fig. 6. Composition of water material: a � initial; b � secondary aggregates of jarosite; c, d � sandy-oozy carried waste
material with organic residues under different magnification;  e �  zonal concentric encrustations with Fe hydroxides on
the organic residue; f � peat hillock.
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Fig. 7. Concentrations of heavy metals in the solid matter (histograms) and in pore solutions (diagrams) over the classes
of the carried waste material. Vertical axis: concentration, horizontal axis: classes of compounds; 1 � sulphide-containing
material; 2 � oxidized sandy material; 3 � oozy material with bands of organic matter; 4 � buried peat; 5 � peat of
bog hillocks; to depict the variations of metal concentrations, average values over 2�4 samples were taken.

TABLE 1

Concentrations of heavy metals in the solid matter, g/t

Substances Pb Fe* Cu Zn

Sandy material   300�600 0.3�14 300�410  45�310

Sandy-oozy material 1970�4500 0.3�0.6   63�145 140�260

Oozy material   155�1830 0.5�10   95�190 180�410

Buried peat          250        1      100       350

*Iron content is given in per cent.

The concentrations of HM in buried peat
only slightly differ from their concentrations in
the overlying waste material and are 4�6 times
higher than HM concentrations in surrounding
soil (as an average, 30, 72 and 32 g/t for Pb,
Zn and Cu, respectively). Buried peat gets en-
riched due to the percolation of pore solution
and sorption of HM on the organic matter.

CONCLUSIONS

1. The scattering aureole of the Urskoye tail-
ing was formed both due to carrying the wastes
from the tailing with flood water and redeposi-

The metal concentrations in sandy oozy ma-
terial (Table 1) differ from those in the sandy
substance but no regularities can be followed
in this situation. For fine-grained material, rath-
er high metal concentrations are detected (see
Fig. 5, sample 3-5). The maximal concentrations
of Fe (14 %) and Cu (350 g/t) were detected in
the material enriched with sulphides (see Fig. 5,
sample 1-2). The highest concentrations of Pb
(up to 4500 g/t) are observed in the sandy oozy
material. The oozy matter, which is in the ma-
jor part layered with the organic residues, is
distinguished by increased concentrations of Zn
(410 g/t).
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tion over the adjacent territories and due to
the transfer of elements in dissolved state and
redeposition in bottom sediments, peat materi-
al. Gravitational differentiation of  waste ma-
terial is observed in the scattering aureole.

2. Migration of elements in dissolved state
is promoted by the natural source draining
through the tailing dump of the store. Second-
ary compounds of Fe(III) get deposited at the
bottom of the acid Fe�Al sulphate brook, which
causes a decrease in zinc and copper concentra-
tions with an increase in the distance from the
tailings. The concentrations of metals sharply
decrease during settling in the technogenic bog.

3. During mixing acidic Fe�Al sulphate wa-
ter of  the drainage brook with fresh Ca,  Mg
hydrocarbonate water in the Ur River,  afflu-
ent precipitation of  the secondary compounds
of Fe(III) occurs as a result of neutralization.
As a result, metal concentrations in river wa-
ter increase insignificantly. The recovery of
water composition in the Ur River and a de-
crease in metal content to the values typical
for neighbouring water reservoirs upstream of
the inflow of the acid brook occurs at a dis-
tance of 5 km from the mouth of the brook.
However, repeated mobilization of the metals
in suspended state is possible during flood.

4. Evaporation processes taking place during
dry periods cause concentrating of pore solutions
near the surface; as a consequence, maximal min-
eralization of pore solutions is observed, inde-
pendently of the characteristics of the matter.

5. In the solid matter, the maximal Fe and
Cu concentrations are confined with the sandy
sulphide material. The oozy matter contains in-
creased concentrations of Pb and Zn. The con-
centrations of heavy metals in buried peat in
the region of technogenic action are 4�6 times
higher than those in nearby soil. Metal content
in the upper horizons of waste material over-
lying buried peat only slightly differs from metal
content of buried peat itself. This regularity is
explained by infiltration of pore solutions and
metal sorption on buried peat.
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