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Karabash is a copper smelting town in the Chelyabinsk district of the Southern Ural mountains
of Russia. The town is in close proximity to a large copper deposit and resultant mining activities.
Efflorescent minerals from tailings outwash were collected from the mining-impacted landscape.
The efflorescent sulfates collected from a variety of sites on tailings outwash adjacent the streams
downstream from the Karabash mining zone were dominated by hydrated Fe-Mg-Al sulfates
(halotrichite-pickeringite series, melanterite, pentahydrite, magnesiocopiapite, and coquimbite).
The efflorescents noted in the tailings outwash site in Karabash appear to be water-soluble salts that
crystallized during evaporation of waste-water runoff from the tailings area. The oxidation of the
mine wastes acts to liberate sulfur, creating an acidic drainage that leaches both the mine tailings
(mobilizing iron and other potentially harmful metals) as well as elements from the rocks around the
tailings site. Acid mine drainage, mine and smelter fallout pose a significant environmental concern
to the Karabash region.

Figures 5. References 13.
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Kapabar - ropon ¢ MeaeriaBuIbHBIM IPOU3BOACTBOM B YensiOunckoit oonactu Ha FOxuOM Ypa-
ne. ['opon HaxoguTCsl B HEMOCPEACTBEHHOHN OMM30CTH OT KPYIHOT'O MECTOPOKICHUSI MEAU U CBS3aH-
HBIX C HUIM TOPHONPOMBIIIIEHHBIX 00BbeKTOB. Cynb(haTHble BBILBETH COOPaHBI C IIOBEPXHOCTU HEOP-
TaHU30BaHHOTO XBOCTOXPAaHUIIHILA, 0OPa30BaHHOTO B pe3ynbTrare paboThl 000raTuTeIbHON (hadpuKy.
B BriuBeTax, cOOpaHHBIX B PA3IMYHBIX MECTaX XBOCTOXPAHWIMILA, TPeoOIaiaii ruIpaTupOBaHHbIC
cynbdarel Fe-Mg-Al (ranoTpuxuT-MUKKEPUHTHT, MEJIAHTEPUT, NEHTArHAPUT, MarHe3HOKOMUAITUT U
KOKMMOHT). MHOTOUHCIICHHBIE BBILBETHI, MOSBISIOIINECS B PE3YJIbTATEe OBEPXHOCTHOTO CMBIBA XBO-
croxpanmuin B Kapabaiue, npeactaBisior co0oi BOIOPACTBOPUMBIE COMH, KOTOPbIE KPUCTAIIIH30-
BaJIMCh BO BpEMsI HCIIAPEHNS KaMJUIIPHBIX BOJ HAa TIOBEPXHOCTH XBOCTOXpaHWINILA. BriBeTprBaHue
TOPHOIPOMBIIUIEHHBIX OTXOJ0B CIIOCOOCTBYET BBIJICJICHUIO CEPbI, CO3AaBasi KUCIOTHBIN JPeHaX, KO-
TOPBIi BBILETIAYMBACT KaK CaMHU OTXO/bI (MOOMIM3ALIUS JKere3a U IPYTHX METaJUIOB), TAK U SJIEMEHTHI
13 TOPHBIX MOPOJ BOKPYT XBOCTOXpaHwiuia. OTxoapl JOOBIUM U MepepadoTKU pyad MPEACTaBISIIOT
CEpPBE3HYI0 FKOJIOrHYEcKyo npodiemy i Kapabaiickoro pernona.

Wnn. 5. bubn. 13.

Kniouesvie cnosa: CynbdarHble BBIIBETHI, XBOCTOXPAHWINIIA, BbIBeTpuBanue, XRD, SEM.
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Introduction

Disposal of mine wastes is one of the most
important environmental issues for any metal
mining activity due to many hazardous substances
they contain. One of the most serious problems of
environmental contamination is the formation of
acid mine drainage, globally known by the acronym
AMD (Carro et al., 2011). Acid mine drainage (AMD)
derives from weathering of sulfides, particularly iron
sulfides, in mining areas. This process leads to the
generation of highly acidic waters with huge amounts
of dissolved SO,*", Al, Ca, Fe, Mg and other elements
hosted by sulfide minerals such as Cu, Zn, Pb, As, Cd
and Sb (Blowes et al., 2014). AMD is a global negative
environmental event, with severe consequences in
metallogenetic provinces with sulfides around the
world. This process results from sulfide oxidation, in
particular iron sulfides such as pyrite (FeS,). Detailed
information about the complex chain of biotic and
abiotic reactions that involve the oxidative dissolution
of pyrite can be found in the classical references
(Evangelou, Zhang, 1995; Nordstrom, Southam, 1997;
Nordstrom, Alpers, 1999; Keith, Vaughan, 2000).
Efflorescent sulfate minerals are common in base metal
deposits, tailings and waste rock piles where they are
frequently associated with oxidizing sulfide minerals.
Knowledge of the sulfate mineralogy and paragenesis
at an AMD site is important because different sulfate
minerals carry different amounts of trace elements and
produce different amounts of acid upon dissolution
(Jerz, Rimstidt, 2003; Belogub et al., 2007). The
dissolution of sulfate minerals during rain events can
dramatically impact aquatic ecosystems.

Karabash is a copper mining/smelting town in the
Chelyabinsk district of the Southern Ural Mountains
of Russia. The town is in close proximity to a large
copper deposit and resultant mining activities.
A copper smelter was built in the center of town in
1910, and has produced an estimated 30 million tons of
slag and other related wastes. In 1934, a benefication
mill was built in the eastern part of town. The mill
produced copper concentrates by froth flotation, and
as of 1954, also produced zinc and pyrite concentrates
(Udachin et al., 2003). 1989 saw the closure of the last
mine and the mill. The smelter continues operations
processing ore from other mining towns.

The town and surrounding areas are affected by
sulphur dioxide emissions, deposition of metal-rich
particulates from the smelter, acid drainage from old
mine workings, and leachates from waste dumps and
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tailings dams (Brooks et al., 2005; Williamson et al.,
2004). Recently, several samples efflorescent minerals
were collected in an effort to further characterize the
weathering product mineralogy in the Karabash area.

Sampling and analytical procedures

In the summer of 2010, samples were collected
from the Karabash tailings impoundment. Efflorescent
sulfates being collected from the surface of a mine
tailings spill on the banks of a regional outwash stream
below a dam fracture (Fig. 1).

A sub-sample efflorescent minerals were
pulverized using an agate mortar and pestle, with
a smear being placed on a silicon disc and analyzed on
a PANalytical X" Pert PRO XRD system equipped with
a PIXcel detector. Samples were run with Co radiation,
at 40 kV and 45 mA. Peak search results were obtained
with both PANalytical HighScorePlus and MDI Jade
software (Geo Labs, Laurentian University).

Sub-samples of efflorescent sulfates were placed
on carbon tape, carbon coated, and analyzed on a Zeiss
EVO-50 Scanning Electron Microprobe (Geo Labs,
Laurentian ~ University).  Electron  (backscatter
and secondary electron) images were collected.
Compositions were obtained using an Oxford Energy
Dispersive (ED) Spectrometer for analysis with INCA
software data.

Fig. 1. Efflorescent minerals on the surface of a
Karabash mine tailings — postmining minerals that form due
to evaporation, as surface encrustations.

Puc. 1. MuHepanbHbIe BBIIBETHI HA TIOBEPXHOCTH XBO-
croxpanunniia B Kapabame — HOBOOOpa3oBaHHBIC MUHE-
panbHble (OPMBI, B BHUJIE HMOBEPXHOCTHBIX WHKpPYCTalWi,
o0pazyromuecs B pe3yibTaTe UCTIApEHHS.
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Fig. 2. XRD spectra for sample KA(M)930 with halotrichite-pickeringite, pentahydrite and melanterite.
Puc. 2. Penrrenosckue criektpsl oopasna KA(M)930, coneprkaiiero raloTpuxuT-MUKKEPHHTUT, IEHTATWAPHUT U
MEJIaHTEPUT.
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Fig. 3. XRD spectra for sample KA(M)931 with dominant magnesiocopiapite, coquimbite and minor halotrichite-
pickeringite.

Puc. 3. PerrrenoBckue criekTpsl oopasina KA(M)931, coneprxariero npeuMyIiecTBEHHO MarHe3HOKOITHAITHT ¢ KOKUM-
OWUTOM U TaJIOTPUXUTOM-TTMKKEPHHTUTOM.
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Results

Efflorescent sulfates. The minerals appear to be
hydrated sulfates (various combinations of Fe-Mg-Al
phases):

— Halotrichite-Pickeringite series FeAl(SO,),

22H,0 — MgAI(SO,), - 22H,0

— Melanterite FeSO, - 7H,0

— Pentahydrite MgSO, - 5 H,O

— MagnesiocopiapiteMgFe**,(SO,) (OH),-20(H,0)

— Coquimbite Fe** (SO,),- 9(H,0).

The five samples appear to be in two primary
groupings: 1) samples KA(M)930, KA(M)932 and
KA(M)934 (halotrichite-pickeringite series, melanter-
ite?, and pentahydrite?), and 2) samples KA(M)931
and KA(M)935 (dominantly magnesiocopiapite with
coquimbite and minor halotrichite-pickeringite). Figu-
re 2 shows a typical XRD spectrum for the first mineral
grouping, and Figure 3 shows a typical XRD spectrum
for the second mineral grouping.

SEM-EDS findings support the above XRD
mineral identifications. The efflorescent minerals

B

Fig. 4. Sample KA(M)934 (A), KA(M)930 (B), KA(M)932 (C), KA(M)931 (D) showing blocky Fe-Mg sulfates
(varying Mg-Fe ratios, melanterite? pentahydrite?) and a fibrous «bearded» Al-Fe-Mg sulfate (halotrichite-pickeringite).

Puc. 4. O6pazer KA(M)934 (A), KA(M)930 (B), KA(M)932 (C), KA(M)931 (D) ¢ 6mounsimu Fe-Mg cymsharamu
(c BappupytrommMu Mg-Fe coOTHOIIEHNAME, METAaHTEPHUT?, IEHTAaruAPUT?) U BOJOKHUCTHIM «OoponateiM» Al-Fe-Mg cymb-

(haToM (TaTOTPUXUT-TIMKKSPUHTHUT).
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Fig. 5. Sample KA(M)935 (A) showing bladed crystals of Fe-Mg sulfate (magnesiocopiapite) and sample KA(M)935 (B)
showing blocky rosettes of Fe-Al sulfate (coquimbite) and a fibrous Al-Fe sulfate (halotrichite?).

Puc. 5. Obpazeny KA(M)935 (A) ¢ rutacTnHUaThIMU KpHcTaIaMu cynbgara Fe-Mg (Marnesnokonuanur) u odpasern
KA(M)935 (B) ¢ 6mounsivu posetkamu Fe-Al cynbgara (kokumOura) n Bostokaucroro Al-Fe cynbgara (ramorpuxura?).

often occur as blocky to bladed crusts (melanterite,
pentahydrite, and magnesiocopiapite) held together by
fibrous crystals (halotrichite-pickeringite) (Fig. 4A).
The fibrous halotrichite-pickeringite crystals occur mostly
as twisted bundles or «bearded» habit (Fig. 4B, C) and
occasionally acicular (Fig. 4D). Spherical iron oxide
smelter particles (Fig. 4E), similar to those found in
the smelter impacted landscape of Sudbury, Ontario,
Canada (Adamo et al., 1996), were also noted. These
were found on the surface of the efflorescent minerals,
likely deposited from aerial smelter fallout.

The magnesiocopiapite and coquimbite (Fig. 5A,
B) display a bladed to blocky habit, often forming in
small rosettes similar to that of classic gypsum rosettes.

The efflorescent sulfates noted in the tailings
outwash site in Karabash appear to be water-soluble
salts that crystallized during evaporation of waste-
water runoff from the tailings area. The oxidation of
the mine wastes acts to liberate sulfur, creating an
acidic drainage that leaches both the mine tailings
(mobilizing iron and other potentially harmful metals)
as well as elements from the rocks around the tailings
site. Evaporation of this resultant acid mine drainage
can lead to the formation of secondary and tertiary
minerals (Blowes et al., 2003) as seen in the efflorescent
minerals from Karabash.

Conclusions
The Karabash area is a landscape heavily impacted

by mining and smelter activities. The efflorescent
minerals collected from the surface of the outwash

areas adjacent to the mine tailings area consist of
hydrated sulfate salts of various combinations of Fe-
Mg-Al phases. The mineralogy of the efflorescent salts
appears in two group: 1) halotrichite-pickeringite series,
melanterite and pentahydrite and 2) magnesiocopiapite
with coquimbite and minor halotrichite-pickeringite.

The acid mine drainage from the tailings areas, as
well as the areal deposition of smelter and tailings dusts
is an environmental concern to the Karabash region.

Field work of V.U. and PA. is supported by State
Contract of IMin UB RAS and Scientific program UB
RAS No. 18-5-5-43.
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