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Abstract

The migration behavior of Fe, Cu, Zn, and Mo within an inactive
tailings impoundment in Lanjiagou molybdenum mining area, northeast
China, is investigated by mineralogical and geochemical methods. XRD
results show that carbonate minerals consume the liberated protons
during sulfide minerals oxidation and subsequent hydrolysis of
secondary phase. Meanwhile, the tailings impoundment maintains an
alkaline condition because of the hydrolysis of carbonate minerals
(paste pH=7.3-8.24). Analyses and comparison of geochemical behavior
of heavy metals show that concentrations of Fe, Cu and Zn reach
maximum values between 30 and 60 cm below the surface of tailings
impoundment but there is hardly any bioavailable fraction of the three
metals in the tailings impoundment. Fe, Cu and Zn are retained in the
tailings impoundment for precipitation, co-precipitation, adsorption,
complexation and ion exchange mechanisms and a weak cemented layer
is formed at the lowest part of oxidation zone accordingly. The results
demonstrate that the alkaline condition becomes a natural factor for
retaining Fe, Cu and Zn in Lanjiagou tailings pounds. The
concentrations of Mo significantly increase with depth (1090-1146
pg-g” at 200 cm deep) and so does the proportions of bioavailable Mo
fraction (34-37% at 200 cm deep) in the tailings impoundment, which
further reveals that the alkaline condition is helpful to increase the
solubility of molybdate and the adsorption of iron (hydr)oxides on Mo
becomes weaker at pH > 7. Mo can leach from Lanjiagou Mo tailings
pounds into outside environment and may pose a high risk to the local
ecological system.
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1. Introduction

Froth flotation process of sulfide-bearing ores has led to deposits of mill tailings containing a
variety of residual sulfide contents. When the tailings is exposed to air, the oxidation of sulfide
minerals can result in generation of acid mine drainage (AMD) and the release of sulfate, ferrous
ion and some other metal ions to the tailings pore water. However, the silicate and principally the
carbonate mineral assemblage are the key parameters to neutralize the liberated protons during
sulfide oxidation and subsequent hydrolysis of secondary phase. Meanwhile, the hydrolysis of
carbonate minerals results in the formation of neutral mine drainage (NMD). The pore solution pH
values can even greater than or equal to 7. Under near-neutral or alkaline conditions, Fe'"
precipitates as iron hydroxides that can be retained in the tailings impoundment. Some other heavy
metal cations can be also removed from the leachates by interacting processes of settling,
sedimentation, sorption, co-precipitation and ion exchange ". However, the heavy metal anions
may be transported outside to the environment with NMD **). For example, the molybdenum (Mo)
concentration was approximately 20 mg-L"' in Brenda’s Cu and Mo tailings drainage
(pH=8.05+0.49) ¥. Lanjiagou Mo mines are the major producers of Mo in China. The sulfide
minerals in tailings are molybdenite (MoS,), pyrite (FeS,) and minor chalcopyrite (CuFeS,),
sphalerite (ZnS) and the gangue minerals are quartz (Si0O,), calcite (CaCQO;), potassium feldspar
(KAISi;054) and plagioclase (NaAlISi;Og-CaAl,Si,0g). With simulated laboratory studies, Yu et
al. (2008) revealed that the pH values in leachates from Lanjiagou Mo tailings were greater than 7
and Mo concentrations were 7.5-14.2 mg-L"® . Additionally, some research works have shown that
Fe (hydr)oxides can adsorb/complex Mo at a certain pH range. An adsorption maximum is at pH
3-5 and significantly less adsorption at higher pH values (up to pH 8) ® 7. Thus, the alkaline
condition and Fe (hydr)oxides in tailings impoundment which lead to decreased mobility of Cu, Zn
and other trace metal cations may be those conditions which lead to increased mobility of Mo. But
the reports on the contrast of distinct migration behavior of Fe, Cu, Zn and Mo in vertical profile of
an alkaline tailings impoundment containing Mo are very few.

In this work, an alkaline tailings impoundment from Lanjiagou porphyry Mo deposits in
northeast China is mineralogically and geochemically investigated. The major objectives of the
present study are: (1) to study the oxidation of sulfide minerals and the acid neutralization, (2) to
compare geochemical behavior of Fe, Cu and Zn with that of Mo and (3) to discuss the influence of
the alkaline condition and Fe (hydr)oxides on migration of Cu, Zn and Mo. It is expected that the
results generated from this present research are useful for finding out the reason for Mo leaching
from Lanjiagou Mo tailings pounds.

2.  Materials and Methods

2.1 Site description

The Lanjiagou Mo mines are about 25 km northwest of Huludao City with an area of about 100
km?, in northeast China (Fig. 1 a). The climate is in the semi-dry region with an annual rainfall of
450-630 mm. More than one hundred porphyry Mo deposits are distributed in the district, which
have been exploited by lots of small concentration plants since 1996. The molybdenite is extracted
by froth flotation technique. However, most small concentration plants were closed gradually in
2006 due to tightening safety regulations, chronic energy shortages and Mo contamination. During
the past ten years, more than 300 tailings pounds with 9 million tons of tailings have been
generated in this mining area. Most of the Mo tailings pounds are constructed along hills or
mountains, whose primary dams are made of rubble stone and stacked dams are made of mill
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tailings. The height of dam is 5-7 m.

The Xiaoling River

a: location of the
Lanjiagou Mo mines
The Nver River

The Wujintang Reservoir

The Bohai

10Km

b: Three boreholes in an  |Drill core: T2 ¢: I-I"profile
inactive Mo tailings pond -

© depth(m) ©

Fig. 1 a: Map showing the location of the Lanjiagou Mo mines.

b: Three boreholes in an inactive Mo tailings pond. c: I-I" profile.

2.2 Sampling collection

In this investigation, one of inactive Mo tailings pounds in Lanjiagou Mo mining area, which
was in operation during the period of 1996-1998, was selected for collecting samples in 2008. The
dyke has a maximum height of 6 m and there are about 33 thousand tons tailings in the
impoundment. Three boreholes (T1, T2 and T3) were drilled in the tailings pounds and the depths
of which vary from 2.0 to 2.4 m (Fig. 1 b, ). The ground water level occurs at a depth between
1.62 and 1.70 m below the surface in the three boreholes. The tailings profile color from three drill
cores is grey except light yellow at depths between 30 and 60 cm below the surface.

60 samples were collected from the three drill cores every 10 cm. An initial tailings sample
(O1) was collected from Lianshan Mo Company in Lanjiagou mining area. The total 61 samples
were stored in sealed plastic bags in an ice-packed cool box. Previously, pH measurement (Paste
pH according to MEND 1990) was noted ®. Those samples were transported immediately to the
laboratory for air drying (<35°C) and then were stored in sealed plastic bags again for
mineralogical and geochemical determinations.

2.3 Mineralogical methods

Mineralogical study was performed by X-ray diffraction (XRD), using a D/MAX-2400
diffractometer (Japan) with CuKa radiation (A=0.154056 nm) and a monochromator. Scan settings
were 5°-90° 20, 0.03° step size, 2-S count time per step.

2.4 Geochemical methods

The major elements of O1 were performed by X-ray fluorescence spectrometer (SRS3400,
Germany). The 61 samples were completely digested with a mixture of HNO;, HF, HC10, and HCL.
Fe, Zn, Cu and Mo concentrations in the solutions were measured by ICP-AES 9. Total S'” and
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Saune: the 0.2 mol-L™' NHy-oxalate, pH 3.0, 80°C, 2 h leach was used to dissolve all sulfates such
as gypsum. Sulfur in the leachate was determined by ICP-AES and was converted to Sgygae 1,12,13)

To determine the geochemical speciation of Fe, Cu, Zn and Mo, the 61 samples were sieved to
the 0.5 mm fraction for sequential extraction (Table 1) '*'> Since hardly any organic material is
presented in the tailings impoundment, the oxidisable fraction of heavy metals is probably primary
sulfide mineral '?.

Table 1 Sequential extraction scheme.

Extraction Sample Incubation
. Extractant T (°C) pH .
step weight(g) time(hours)
1 Bioavailable 5 30 ml 0.01 mol-L™" BaCl, 20 2 (r=200)"
2 Adsorption/ 4
. 5 30 ml 1 mol'L” NH,O0A 20 45 2(=200)"*
ion exchangeable
L (a) 10 ml 30% H,0, 80 evaporated to dryness
3 Oxidisable 5 1 .
(b) 40 ml 1 mol-L™ NH,OAc 20 4.5 2(r=200)
40 ml oxalic acid/ammonium
. oxalate
4 Reducible 2.5 B 20 3 2 (r=200)*"
(535 ml 0.2 mol-L™ + 700 ml 0.2
mol-L™)
2.6 ml HCI + 0.9 ml HNO;
5 Residual 1 Addition of 14.25 ml water 90 1.5

before analysis

* Mixing speed = 200 rounds per minute.

2.5 Acid neutralization capacity (ANC), Net Acid Producing Potential (NAPP), Net acid
generation (NAG) procedures

ANC: 1 g of tailings was added to a 100 ml beaker containing 25 ml of 0.2 mol-L™" HCI acid
and warmed at 90°C for 3 h. After cooling, excess acid was determined by titrating with 0.2 mol-L™!
NaOH, and then the ANC of sample was calculated in terms of kg stO4-t'1.

The NAPP is calculated as follows '

NAPP = MPA — ANC

where: MPA is Maximum Potential Acidity = % S % 30.6

NAG: 2.5 g of pulverized sample was added to 250 ml of 15% H,O,; the mixture was placed
inside a fume hood for 24 h, and then boiled for 1 h. After cooling to room temperature, the final
NAG-pH was measured and then the acidity of the solution was determined by titration with 0.1
mol-L™! NaOH solution to pH 7. The NAG was calculated in terms of kg H,SO,t! 17,

3.  Results

3.1 Mineralogical results and stratigraphy

The sulfide oxidation starts at the tailings surface, and the weathering front progressively
moves downwards. As shown in Table 2, Table 3 and Fig. 2, pyrite and molybdenite are the two
most abundant residual sulfide minerals and less quantity of sphalerite and chalcopyrite
(FeS,>MoS,>CuFeS,~ZnS) in initial Mo tailings. Near the surface of tailings impoundment (0-30
cm deep), sulfide minerals (pyrite, molybdenite, sphalerite and chalcopyrite) are intensively
oxidized, and the carbonates are depleted (Table 2 and Fig. 2). The surface of tailings
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impoundment can be defined as active oxidation zone. Only a few sulfide minerals are oxidized at
depths of between 30 and 60 cm below the surface. However, the zone becomes accumulation zone
of heavy metals (e.g. Fe, Cu and Zn), in which the concentration of these metals reaches their peak
levels (see sect. 3.2 and Fig. 3). The zone can be defined as cemented layer and the tailings profile
color from three drill cores is light yellow for Fe precipitation at the layer. The cemented layer
plays an important role in acting as an O, diffusion barrier to restrict the extension of gas-O,
through the tailings ". The cemented layer was also found in other tailings pounds"'¥. However,
no noticeable weathering of the sulfide minerals is observed by XRD at depths of between 60 and
200 cm below the surface because of nearly no O,. This zone below the cemented layer is defined
as reducing environment, especially water-saturated zone. The intermediate horizon occurs between
the cemented layer and the water-saturated zone. The concentrations of those minerals in reducing
environment are similar to that of in the initial tailings sample (O1). The pH values in the vertical
profile of the tailings impoundment range between 7.3 and 8.24 (Fig. 3). A rapid precipitates of
iron hydroxides (pH > 4) are resulted " although the iron hydroxides are not shown by XRD graphs
(Fig. 2). The iron hydroxide must be an amorphous state in the tailings impoundment. Cu, Zn and
Mo secondary minerals are also not supported by XRD graphs. Gypsum is one of the main
secondary mineral in the oxidation zone and the concentration of which is about 1%, as shown in
Figure 2. Gypsum indicates the oxidation of sulfide minerals and acid neutralization. The
precipitation and dissolution of gypsum control the concentrations of Ca’*" and SO,* in drainage

water.
Table 2 Minerals occurring in the tailings according to XRD identification.
Initial Active oxidation Cemented Intermediate Water-saturated
Minerals tailings zone layer zone zone
(0-30 cm) (30-60 cm ) (60-160 cm) (160-200 cm)
Quartz >72% >72% >72% >72% >72%
Potassium
2-5% 2-4% 2-5% 2-6% 3-6%

feldspar
Plagioclase 3-8% 3-5% 3-7% 3-6% 3-9%
Calcite 3-5% 1-2% 2-4% 3-6% 3-7%
Manganese spar <3% — — — <3%
Siderite <2% — — — <2%
Epidote <1% — — — <1%
Molybdenite <1% — — — <1%
Pyrite <3% — — — <3%
Sphalerite <1% — — — <1%
Chalcopyrite <1% — — — <1%
Gypsum — <1% <1% — —
Covellite — — — — —

73R

not detected.

According to mineral and geochemical characteristics, light yellow at depths between 30 and 60
cm below the surface in three boreholes, the tailings impoundment stratigraphy can be divided into
three major zones from the surface to a depth of 2 m by the following successions: (1) oxidation
zone (between 0 and 60 cm, oxidation condition), including active oxidation zone (between 0 and
30 cm) and cemented layer (between 30 and 60 cm), (2) intermediate zone (between 60 and 160
cm) and (3) water-saturated zone (between 160 and 200 cm). Therefore, the three boreholes have
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traversed the oxidation zone near the surface of the tailings impoundment, the underlying
intermediate zone and the water-saturated zone.

Table 3 Chemical components of the initial tailings sample (Wt. %).
SIOZ T102 A1203 FezO3 MnO MgO CaO K2O
76.8  0.12 1.05 1.63 054 047 107 3.21

P,0s Na,O Fe Cu Zn Mo S Sum
0.04 247 1.21  0.018 0.017 0.09 1.56 99.925
qz
Pf Ca
qz
pl ca¥ Pqz py
momo pl pl sl gz 01
Pf
ay pl qz qz qz
oyt pl I pl qz T2 30cm
Pf
Ca 4z
qz z
memo o Wl sl qz T2 180cm
—————

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
°20 CuKa

Abbreviations: ca=calcite, cp=chalcopyrite, gy=gypsum,mo=molybdenite,
pf=potassium feldspar;pl=plagioclase,py=pyrite, sl=sphalerite, gz=quartz

Fig. 2 XRD patterns of dirll core T2.

3.2 Geochemical results

The concentrations of Fe, Cu, Zn, Mo, SO4* and paste pH vs. depth are presented in Figure 3.
Because of the overwhelming abundance of acid neutralization minerals and the relative scarcity
acid-generating sulfide minerals such as pyrite, an alkaline condition is formed in the tailings
impoundment (paste pH=7.3-8.24). Moreover, Figure 4 shows that all samples have negative
NAPP and NAP-pH > 4.5. Samples are classified as NAF (Non Acid Forming) where the NAPP
value is negative and the NAG (pH) > 4.5 '. It is suggested that the AMD will not be resulted in
Lanjiagou tailings pounds in future. Fe, Cu, Zn and SO,> concentrations reach the maximum
values at a depth between 30 and 60 cm (in the cemented layer) below the surface in three
boreholes, and the maximum concentrations of which are 1.4, 2.4, 3.2 and 3.2 times higher than
that of in the active oxidation zone (at 0-30 cm) respectively. Accordingly, a weak cemented layer
is formed at the lowest part of oxidation zone (at 30-60 cm). The weak cemented layer consisted of
reactive secondary minerals plays a crucial role in contaminant attenuation for Fe, Cu and Zn in the
tailings impoundment. Previously, the contaminant attenuation has been reported in other inactive
tailings deposits " '®. However, this investigation reveals that the Mo concentrations increase
gradually with the increase of depth and are 1090-1146 ug-g at 200 cm deep in three drill cores.
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Fig. 3 Results of concentrations of Fe, Cu, Zn, Mo, SO,> and paste pH
in three boreholes (T1, T2 and T3).
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Fig. 4 The acid-forming potential of T1 core in Lanjiagou tailings. *
* NAPP<0, NAG-pH>7.0 in T2 and T3 cores.

The concentration of a heavy metal with depth in a tailings impoundment does not necessarily
reflect its potential for release. The geochemical speciation in which metals exit determines how
readily available they are for release to the environment. Results from sequential extractions (Fig.
5) show that Fe, Cu and Zn are not significantly mobilized in the alkaline condition prevailing in
the tailings impoundment. The reducible Fe fraction shows maximum concentration at the lowest
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part of the oxidation zone and decreases with the increase of depth because Fe’* ions are removed
from the solution as Fe hydroxide precipitates. The concentrations of ion exchangeable and
reducible fraction of Cu and Zn in the oxidation zone are higher than that of in the intermediate
zone and the water-saturated zone. The geochemical speciation of Fe, Cu and Zn in the
intermediate zone and the water-saturated zone, same as the initial tailings, are not the ion
exchangeable and reducible fraction but mainly the oxidisable fraction. Since hardly any organic
materials are present in the tailings impoundment, the oxidisable fraction of Fe, Cu and Zn is
probably primary sulfide mineral (FeS,, CuFeS, and ZnS). The precipitation, co-precipitation,
adsorption and complexation mechanisms control migration of Cu and Zn.
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Fig. 5 Results of sequential extraction of boreholes (T1, T2 and T3).

Iron (hydro)oxides may be one of the most important sorbents for MoO,”, as it acquires
positive charge at low pH and maximum sorption (about 100%) is observed in the acidic pH range
(3<pH<5). The geochemical behavior of MoO4* in the environment is probably dependent on
adsorption reactions to particle surfaces. However, the concentration of bioavailable Mo fraction
increases with the increase of depth gradually and the proportions of which account for 4-5%,
12-13%, 20-23% and 34-37% of the total mass concentrations at 10 cm, 30 ¢cm, 80 cm, 180 cm
deep in three drill cores, whereas the Mo concentration in reducible fraction reach peak in
cemented layer and decrease gradually with the decrease of the reducible iron fraction in the other
two zone (Fig. 5). This indicates, in the weak alkaline condition, the iron (hydr)oxides is not an
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efficient scavenger in Lanjiagou Mo tailings impoundment. The proportions of reducible Mo
fraction occupy 15-20%, 19-23%, 5-8% and 2-3% respectively at the same depth in three boreholes,
which is because the iron (hydro)oxides can still adsorb some MoO,> in the weak alkaline pH
range ®. Only 5-8% and 2-3% of the reducible Mo fraction at 80 cm and 180 cm deep is observed
in that the concentration of Fe (hydr)oxides decreases gradually with the increase of depth (Fig. 5).

Based on the above analysis, there is a difference on migration behavior between Fe, Cu, Zn
and Mo in an alkaline condition. The alkaline condition does not represent a significant sink for Mo
but increases concentrations of bioavailable Mo fraction in tailings pond.

4. Discussion

4.1 Oxidation of sulfide minerals in the alkaline tailings

The oxidation is a complex process that can involve several reactants and products under
various conditions. The important oxidants in the natural tailings impoundment are O, and Fe’*
jons. Many literatures have reported the oxidation process of pyrite at low pH condition "?*2". In
the Lanjiagou tailings, the concentration of calcite (carbonate mineral) is over 3% (Table 2) in the
initial tailings (O1). Lin (1997) suggested that the oxidation of pyrite should be presented as Eq. (1)

when sufficient carbonates are present to maintain near-neutral conditions .

FeS, +15/40, +7/2H,0+4C03" — Fe(OH)s, + 2505 +4HCO; (1)

Eq. (1) indicates that the acid generated is balanced by acid consumption and the pH remains at
near-neutral. The major products of the oxidation are sulfate and iron hydroxide precipitations.
High carbonate content maybe decrease oxidation rate of pyrite. That is generally thought to be
related to the coating of sulfide by secondary ferric phases.

The oxidation of chalcopyrite and sphalerite is presented in Eq. (2) and (3) *":

CuFeS, +17/40, +9/2H,0 —> Cu(OH) g, + Fe(OH)5s, +2503 +4H" )

ZnS+20, +2H,0 - Zn(OH),s) +SO; +2H* 3)

When sufficient carbonates are present to maintain near-neutral conditions, the overall
oxidation of chalcopyrite and sphalerite should be described by Eq. (4) and (5):

CuFeS, +17/40, +9/2H,0 +4C0O%" — Cu(OH),, + Fe(OH)s s, +2S05™ +4HCO3 (4)

ZnS+20, +2H,0+2C03™ - Zn(OH) g, +SO3 +2HCO; (5)

Rankama and Sahama (1950) suggested that oxidation of molybdenite to molybdate occurs
readily during weathering *?. According to e-pH of Mo-S-H,O system **, the oxidation of
molybdenite in an alkaline condition is shown in Eq. (6):

MoS, +3/20, + H,0 +2C03” — MoOj ™ +2Sg, + 2HCO; (6)

Sulfur element shown in Eq. (6) is not found by XRD graphs from all samples, probably
because it can be oxidized completely to sulfate.
Compared Eq. (6) with Eq. (1), (4) and (5), it is concluded that Mo is not
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precipitated/co-precipitated in the neutral-alkaline condition. However, the oxidative kinetics of
molybdenite under alkaline condition has been always remained obscure.

4.2 Migration of heavy metals in alkaline condition

The oxidation of sulfide minerals is the first step for release of the trace metal from the highly
insoluble sulfide phase. Once released to solution, there are additional several types of reactions
that can influence the migration behavior of heavy metals, including precipitation, co-precipitation,
adsorption, complexation and ion exchange mechanisms. The pH value plays a crucial role in those
reaction processes.

In the alkaline condition, the major oxidation products of pyrite are sulfate and ferric hydroxide
which is the reducible Fe fraction. A red Fe precipitated layers may even be formed at a certain
depth in tailings impoundment because of more residual pyrite contained in tailings, such as Lilla
Bredsjon tailings situated in Sweden . For Lanjiagou Mo tailings, there is no more than 3% pyrite
in it, so the Fe precipitated layers can not be formed. However, the reducible Fe fraction in the
oxidation zone still indicates that Fe’* hydroxide precipitates can be retained in the tailings
impoundment (Fig. 5). Cu and Zn are retained in the tailings impoundment by precipitation,
co-precipitation with iron precipitates and adsorption onto iron hydroxides in the alkaline condition,
which is identical with some other tailings 2, Additionally, due to the alkaline condition, covellite
can not easily be formed in water-saturated zone and which is not shown by XRD graphs. These
retaining mechanisms mentioned above can explain why Fe, Cu and Zn appear maximum
concentrations in the cemented layer. The alkaline condition becomes a natural factor for retaining
Fe’*, Cu*" and Zn*" within Lanjiagou tailings pounds. Massive leaching of Fe’", Cu*" and Zn*" is an
impossible scenario from Lanjiagou Mo tailings pounds in future.

The adsorption of Mo on iron hydroxides is pH-controlled mechanism. An adsorption
maximum is at pH 3-5 and significantly less adsorption at higher pH values (up to pH 8). Helz et al.
(1996) proposed that under reducing conditions and with the reduction of sulfate, molybdate can be
converted to thiomolybdate (MoS,>), which then binds to Fe, Al, and organic matter phases via
sulfur bridges **. This mechanism could decrease Mo solubility in water-saturated zone (reducing
conditions) but the alkaline condition increases its solubility. That is because iron (hydr)oxides can
adsorb a little Mo (MoO,* and MoS,>) at pH >7 *°. This explains why, in the high-pH condition,
only a part of the reducible Mo fraction associated with iron (hydr)oxides is formed. Moreover,
ferrimolybdite ([Fe;MoO,];-7H,0) is probably not a significant sink for molybdate because the
ferrimolybdite can not be formed under this alkaline condition. Neither is powellite (CaMoQy)
likely to be a major trap for molybdate, since it is highly soluble in surface waters *”>**.. The two
secondary minerals are also not found from XRD graphs in all samples. Besides that, several
researchers have proposed the formation of MoS, in reducing condition according to Eq. (7) ***”
but Helz et al. (1996) suggested that the formation of MoS, is kinetically limited **. Figure 5
proves also that the concentrations of oxidisable Mo fraction (Mo sulfide) do not increase
remarkably with depth. The above mentioned analysis further reveals that the alkaline condition is
helpful for increasing the solubility of molybdate.

MoOj;™ +280;” +6H" — MoS, g, +4.50, +3H,0 (7

Therefore, the alkaline condition is helpful for development of massive leaching of Mo from
Lanjiagou Mo tailings pounds. Lanjiagou Mo tailings pounds become the potential Mo pollution
source in the drainage basin and may pose a high risk to the local ecological system. Further studies
should be undertaken how to retain Mo in the alkaline tailings pounds.
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5. Conclusion

In this paper, the distinct migration behavior of Fe, Cu, Zn, and Mo within an inactive tailings
pound from Lanjiagou porphyry molybdenum deposits is compared, in northeast China. The
concentrations of sulfide minerals in tailings follow the sequence order: FeS,>MoS,>CuFeS,~ZnS.
Those sulfide minerals are oxidized, but Fe, Cu and Zn are retained in the oxidation zone of tailings
pound due to retention mechanisms, including mineral precipitation, co-precipitation, adsorption,
complexation and ion exchange associated with iron (hydr)oxidation, under such an alkaline
condition (paste pH=7.3-8.24). Accordingly, a weak cemented layer is resulted at depths between
30 and 60 cm below surface which contains secondary minerals such as gypsum and amorphous
iron (hydr)oxides. In contrast, the Mo concentrations and the bioavailable Mo fraction increase
gradually with the increase of depth. The proportion of bioavailable heavy metals fraction follows
the order: bioavailable Mo fraction >> bioavailable Fe fraction ~ bioavailable Cu fraction ~
bioavailable Zn fraction. These retention mechanisms are ineffective for retaining Mo in the
alkaline tailings pound. The Mo tailings pounds become the potential Mo contamination source in
Lanjiagou drainage basin.

Moreover, other migration mechanisms of heavy metals require arousing much attention too,
which include rainfall erosion and wind erosion on the surface of tailings impoundment. The
Lanjiagou Mo mine area may encounter a risk of Fe, Cu and Zn contamination besides Mo.
Therefore, Lanjiagou Mo tailings require strict administration now and future.
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