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.t\BSTRACT 

The flooding of open cast lignite n1ines in Eastern Getnany raises the risk of \videspread 
contan1ination of ground \Vater due to the 1nobilization of oxidation products of the pyrites, \vhich 
are con1n1on in the backfill. Smnples fron1 a research borehole in the shut-do\vn open-cast Cospuden 
shovv' distinct zones of itnn1obilization and n1obilization of iron and arsenic. After ten years the 
conveying bridge spoil \vas covered \Vith an approxin1ately 17 111 thick stacker spoil dwnp. The upper 
2-3 111 of the older dun1p are a zone of reduced elen1ent n1obility. Fe is in1n1obilizied, e.g. as jarosite 
and arsenic is pred01ninantly adsorbed on secondary n1inerals like ferrihydrite and/or 
sclnvertn1annite. Beneath this upper zone follo\vs a section \vith ongoing pyrite oxidation resulting in 
an enhanced tnobility of iron and arsenic \vith the potential of ground \Vater contatnination during 
flooding of the open-cast. 

INTH.ODtTCTION 

The open-cut n1ining of lignite in Eastern Gcrn1any produces the potential risk of ground \Vater 
contaminations in post-n1ining periods. This is due to the pyrite content of up to 5 \Vt.o/o of the barren 
rocks. The dra\vdovv·n of the ground \Vater table during n1ining and the stacking of overburden 
dun1ps bring these pyrites in intensive contact with oxygen. The oxidation of pyrite by oxygen and/or 
iron(lli) is a \veil established process (Lawson 1982, Moses and Hennan 1991, Nicholson et al. 1988 
Willian1son and Rin1stidt 1994 ), \Vhich can be expressed in the follo\ving overall reactions: 

FeS 2 + 7/2 0 2 + H20 ---t Fc2
+ + 2 so}··· + 2 H+ 

FeS2 + 14 Fe3
+ + 8 H20 --7 Fe2

+ + 2 SO/- + 16 H+ 
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As a result, the pyrite oxidation produces acid, sulfate and iron - constituents, ·which could be 
released into the ground \Vater during the flooding of forn1er n1ining sites. 1:-Io\vever, there is also the 
possibility of stabilisation of the oxidation products in secondary tninerals. The end-tnen1bers of 
these secondary tninerals are on the one hand Fe(Il)-sulfates like tnelanterite and rozenite (Borek 
1994) and on the other hand Fe(III)-oxyhydroxides/-oxidcs like goethite and hcn1atite (Borek 1994, 
Schwertn1ann and Murad 1983, Nicholson et al. 1990). Besides then1, intern1ediatcs like jarosite and 
especially sch\verttnannite (Bighan1 et al. 1990, 1996, Sclnvertn1ann et al. 1995)suggest a con1pletc 
series of n1inerals \Vith decreasing sulfur-content. 

Furthermore, the pyrite oxidation releases not only the tnain constituents but also several trace 
eletnents, of\vhich arsenic is a higly toxic and cotnn1on one. As an ison1orphic substituent for sulfur, 
arsenic can have concentrations of up to 3 \Vt% in hydrothennal pyrites (Arehardt 1993, Mun1in et 
al. 1994). Belzile and I~ebel ( 1986) and Belzile ( 1988) have reported of arsenic concentrations in 
scdin1entary pyrites sho\ving an As/Fe-ratio of up to 1: I 000. Any evaluation of the potential of pyrite 
derived arsenic to contan1inate ground \Vater tnust be linked to the nature and stability of secondary 
iron n1inerals, as arsenic is strongly in1n1obilized by sorption to these iron n1incrals (Ozotnbak and 
Morel 1990, Waychunas ct al. 1993). 

TilE STUDY AREA 

The fonner itnportant open-cut coal tnining in the region south of Leipzig in Eastern Gennany 
(fig. 1) was reduced to only one vast open pit for the last few years. This open pit near the sn1all 
village of Z\venkau is in production since 1924 and since 1930 the conveying bridge technology has 
been used. The n1ined areas vvere backfilled by the conveying bridge but not rehabilitated for a long 
period. A sn1aller site cut to the north is the pit of Cospuden (fig. 2), which was tnined during the 
1980s and has been rehabilitated in recent years. After ten years, the dun1ps of the conveying bridge 
\Vere partly covered by a stacker spoil dun1p. Due to the mass deficit derived frotn the coal 
extraction, an open pit rcn1ains in the centre of Cospudcn, \vhich is no\v being flooded by ground 
\Vater and surcharge frotn the dra\vdo\vn in the area of active n1ining. 

Research \veil Cospuden 

A research \veil \vith core smnpling \vas drilled 50 111 down to the base of the backfill in Cospuden to 
investigate the inf1uence Of the spoiled 111ateriaJs in the ground \Vater quality during the tlooding. 
Drilling through 17.5 111 of stacker spoil dutnp, the borehole reached the top of the conveying bridge 
dwnp. lt is to be expected that the siltic clayey fine sands of the upper fc\v tneters of this older spoil 
are the zone of n1ost extensive vveathcring due to the long lasting contact to air oxygen before they 
\Vere covered by stacker sp o i I. In deed a distinct zone of high jarosite-content of up to 1 0 \Vt. o/o \vas 
reported bet\veen 18 and 20 111 depth (Pentinghaus et al. 1997). 
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Figure 1: Open-cast tnining in the region of Leipzig (Eastern Gennany). 
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Figure 2: Sketch n1ap of the lignite tnining field just south of Leipzig. 

To clarify the n1obility of iron and arsenic and/or the stability of secondary tninerals in changing 
chetnical environtnents, \Ve used a sequential extraction schen1c (Zeien & BrOn1111er 1989). San1plcs 
of the upper five n1eters of the conveying bridge spoil \vcre sequentially extracted in a schen1e 
characterized by a decreasing pH (fron1 7 dovv'n to 0) and a successively stronger extraction po\vcr of 
the reagents (tabl. 1 ). The san1ples \vcre not dried prior to their extraction. 

Table I: Sequential extraction schen1c used in this study (Sg smnple + 50 tnL reagent each). 

No. reagent Procedure technicallv defined fraction 
l.F \Vater shake 30 n1in. readily soluble 
2.F atntnoniwn nitrate shake 24 h tnobilc 
3.F anln10l11Uin acetate shake 24 h easilv successable 

"' 
4.F hydroxylan1inc-hydrochloride shake 30 tnin. adsorbed to Mn-oxyhydroxidcs 
5.F EDTA shake 90 tnin. organically bounded 
6.F oxalic buffer shake 4 h in darkness Fe-oxyhydroxides, lo\v crystall. 
7.F oxalic buller+ ascorbic acid 90 tnin., T = 90 oc Fc-oxyhydroxidcs, high crystal!. 
8.F digestion autoclave residue 
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RESULTS AND DISCUSSION 

The total concentration of iron increases fron1 the top of the conveying bridge spoil dovvtnvards 
tron1 15 g/kg up to 30 g/kg. The total arsenic concentrations sho\v a tnore inegular pattern, vvith 
lo\ver concentrations of 8 to 10 tng/kg in the upper 2-3 tneters and higher concentrations bet\veen 15 
and 29 111g/kg in the 1ovver part of the san1ple core. These arsenic concentrations are not dran1atic but 
well above the crustal background value of I-2n1g/kg (Woolson 1983) and reflect roughly a As/Fe
ratio similary to the findings of Belzile and Lebel ( 1986) and Belzile ( 1988). 

The distribution of iron in different n1ineral phases of the spoil is tnainly characterized by three 
fractions: iron readily soluble in \Vater, iron oxyhydroxides and an acid soluble fraction (fig. 3). 
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Figure 3: Distribution of iron in different fractions of sa111ples fron1 the drill core Cospuden. 

In the upper 2-3 111 of the conveying bridge spoil the \Vater soluble Fe-fraction has only a sn1all 
share of 0.5 °/o of the total concentration~ which increases drastically do\vn bclo\v 20 111 borehole 
depth to values of 28 % to 38 o/o of Fe(smn). The oxyhydroxides have a share of 25-27 °/o in the 
upper and 14-22 o/o in the lo\vcr part. Retnarkable is the shift betvveen the tvvo different 
oxyhydroxide fractions, e.g. the 6th and 7th one. The share of the 7th fraction, e.g. con1prising 
goethite and/or hernatite, is reduced fron1 22-24 o/o in the upper to less than 15 °/o in the lo\ver part. 
Cmnpared \Vith this, the concentrations of less crystalline Fe-oxyhydroxidcs like ferrihydrite or 
sclnverttnannite, \vhich are readily soluble in the 6th reagent (oxalic-buffer), arc enhanced vvith 
increasing depth, although they occupy only a stnall share of the total iron concentrations. 
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Figure 4: Distribution of arsenic in different fractions of sarnples fr01n the drill core Cospuden. 

The tnain fraction of iron is the acid soluble one. The residue of the extraction schetne c01nprises 
not only the silicate bounded iron, but also e.g. jarosite. This correspondes \veil to the observation of 
a high jarosite content in the upper two tneters of the conveying bridge spoil (Pentinghaus et al. 
1997). In these san1ples the 8th fraction has the highest share of the total Fe-concentrations, i.e. up to 
68 o/o. With increasing depth, this share is noticeable reduced to values of around 40 o/o. 

Arsenic (fig. 4) is preferentially fractionated into the organically bound fraction, into the 6th 
fraction adsorbed to iron oxyhydroxides of lovv crystallinity and, in three san1ples, into the \Vater 
soluble fraction. Especially the last fraction sho\vs a distinct depth patten1 \Vith low arsenic solubility 
in the upper smnples, e.g. around 0.02 ~lo of As(smn), and high shares of 20 - 30 o/o in the lower part 
of the core. The highest share of the total arsenic concentrations is in the 6th fraction with values of 
34 to 56 °/o. 

CONCLlJSIONS 

The drill core of the research \veil disclosed a distinct zoning in the conveying bridge spoil dun1p 
of Cospudcn. The upper two to three tneters are characterized by lo\v solubility of arsenic and iron 
and a pronounced occurence of stable secondary iron tnineralsl e.g. jarosite. Below these upper few 
tneters the solubility of both elements is strongly enhanced and the the n1ost stable secondary iron 
tninerals are decreased. With respect to the link of arsenic to the iron fractions, most itnportant for 
the imtnobilisation of arsenic are secondary iron tninerals like ferrihydrite and sclnverttnannite. 
Although they contribute only a stnall percentage to the total iron concentrations, they are highly 
important) due to their large specific surface and high adsorption capacity for oxyanions like arsenic. 
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In sutntnary, the fractionation pattern of iron and arsenic shovvs a cap zone in the top of the 
conveying bridge spoil, \vhere elen1ents are highly in1n1obilized by stable secondary iron 1ninerals. 
This zone could represent well oxidized tnaterial behind an invvard n1igrating oxidation front. 
Beneath this zone follovvs a section \vith a high rnobility of both elen1cnts, n1aybc representing a 
segn1ent of ongoing pyrit oxidation and tnobilisation of the constituents. In this lo\ver part the forn1er 
surface conditions of the dmnp seen1s to be conserved and there is still on the potential of releasing 
contatninants like arsenic into the upvv'elling ground \Vater. 
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