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Data on development by Kalguty mine of the same name rare-metal deposit is given. The main sources of mine
facilities impact on the components of the natural environment have been clarified. Technogenic pollution of
natural environments in the form of superimposed areas and scattering streams of elements of processed ores
was revealed. Very high levels of their accumulation in river waters, high in soils, medium and low levels in bottom
sediments of rivers have been established. The leading role of tailings of ore enrichment as a source of formation
of aerogenic areas of pollution of snow and soil and vegetation cover has been clarified.

Three main associations of chemical elements in contaminated soils were identified: geochemically inert sid-
erophilic (Fe, Ti, Cr, Mn, V, Co, Ni); weakly accumulating litho — and chalcophilic minor elements of ores (Pb, Zn,
Li, Be); intensively accumulating ore elements (Mo, W, Cu, Bi). The tendency of increasing concentrations of ore
elements in a number of natural environments: snow cover — soil — bottom sediments was established. The lead-
ing role of tailings of ore dressing in the formation of aerogenic pollution foci was revealed.

Average rates of annual elements accumulation in soils (45 %) and in bottom sediments of rivers (30 %) were
calculated. The area of soil pollution at the site of the concentrator and hydro(lito)chemical flows of pollutants in
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the rivers Levaya Zhumaly and Zhumaly up to 5 km long have been identified. Environmental hazard classes of
rocks, enrichment waste and waste water have been identified. The contribution of the elements to their toxicity
was calculated. The conclusion about conditionally favorable modern geoecological situation in the area of the
mine and its unfavorable level on the site of the tailings of the concentrator is made

Key words: Kalgutinsky mine; concentrator; ores; tailings; process waters; pollution; soils; river waters; bottom sediments;
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LLITONLHEBOI KOMMANEKC PyAHUKA
11 BO[IHO-TE[IHUKOBbIE OTTIOKEHMS!

ﬁ O6oratuTensHas dabpuka
CpenHeaeBoHCKMe 0cafo4HO-BykaHoreHHble 06pasoBaHust ¥ €€ XBOCTOBOE XO3sICTBO
- PaHeKkaMeHHOYTOmNbHbIE TPaHNTOUALI KanryTUHCKOTO KOMMreKca ToXHOTBHHLS OPBONLIIAIPASHEHNA
MOYB U pacTeHuit dnemMeHTamu pya
@ AHOMarbHOE reoXMMMYECKOe Norne MEeCToOpOX/AEHUS a6 MpupoaHble (a) 1 TexHoreHHble (6)
C XWUNbHO-PYAHLIMY TENaMu, BCKPbITLIMW kaHaBaMu

reoxmmm4eckme noToku 38rpﬂ3HVITEJ'IeIZ
pef. 1. AATyeTeTae~aMeay TaM0aiTaéa 4 SAETTA Eaga00S THETAT doaTesa /
Fig. 1. Geoecological situation in the Kalguty mine area

Taamaiey e aTaToadaarey Ol T (iedad), Tatie A 0ATH
yrida adaiy (iToaaa

Tatieé 484 6aTROTOdATEEe 1A TEE dAATOA OT T (2 6AT0HE)
y (ATdada) / Fig. 2. Scheme of water supply and drainage of the equipment of pre-treatment (EPT)
(left), general view of the tailings at the EPT mine (center) and currently (right)

36



Earth sciences Bulletin of ZabGU. 2020. Vol. 26. No. 1

Oadeesa 1/ 0abla 1
OdTafe TaéTTediey 86ai06 yeaT1AT0TA A 12140260100 TAUAE0A0 & TOSDTATO0 NB&AA0 /
Accumulation levels of ore elements in the mineral objects and natural environments

oo Te740280TT-A0B0AA04 TAUAROD / ToeoTai 04 fddan /
_ OdTaaiu Mineral resources facilities Natural environment
1aéireaiey/ = Aiiea/
Level of Ee, 8a**/ | Doan/ | ETivafosan/ | Oafioa / éaﬂ' ) 40/ | ATaasde/ S' égla
accumulation Kk, un.** Ores Concentrates Tailings Ke. un.* Soils River water ments
T-4il a0fteeé / W, Mo, . . Mo, W, Cu
Very high >1000 Bi W, Mo, Bi Mo, Bi >10 - Be. Li, Hg -
Adfiteeé / Sh, Cu, .
High 100...1000 Ag Sh, Cu, Ag W, Sb, Cu 5..10 Mo,Cu,W,Bi - -
Nodaieé / Be, As,
Average 10...100 Ph Be, As, Ph, Zn Ag, Be 3.5 Be - W, Be
TTa0zaiiné / . . . .
Elevated 3..10 Li, Zn Mn Mn,Li,Pb,As 15..3 Li, Ag Zn, Pb Cu,Bi
Ll:V%eee/ 1.3 Sn,Mn | Fe, Co, Sn Zn, Sn 1.15 n Fe Mo,Li,Zn

ToeTa+ared: * —TOTTAGOAEUTT TAROTTAT OTTa, ** — TOTTAR0ABUTT 662064 6€0THOAST /
Note: * —relative to the local background, ** — regarding the clarke of the lithosphere

Nifdei0é 1TTédTa. AToeie+aneay OTO- eTad0T08 NeAaddTOENTAOO0 0yxaE00 T1A0a8ETA
T66a TA6TTEATey Ge1e-+Afees yeaiaiota &  (Fe, Ti, Cr, V, Co, Ni, Mn & 43.). AdToay 480T-
fréararé raee — wW_ ., [Bi,Mol,, Li,, Nu,, Ta Todaficadédia feaaT raéareedapueiefy
Zn, Zr, . Sb,, [Be,Ag,Sn],, — & T0a4aéad a0-  éeor- & OacuéToeeiihie ATT6ORdACPLIETE
JaBATTOB ATTO6T e+ANee0 TOATETA AGTATA A yBATATOAT e 864 (Pb, Zn, Li, Be), 08800y —&1-
4aUAncaaiTaT ATN0AATT 80a TaN0TOTeadTey  O0ATReAlT adrTiedodaiGié a T1+aad aoaidie
€ 0aTNoTa €0 TaTdanafey, +0T 6éaciaaao faeé  yeaiaioaie (Mo, W, Cu, Bi) [7]
a3aduiop oTel a OToiedTaaiee ayoTaaiiad AT 4041y TodaaToée TanoToTeaadiey
T+23TA cAdoycTaTey A cTTad aseyiey ToTi- & eTiNAdAa0ee B6aTesa (2003—2015) fid&4-
TETUAATE doaiTeéa. AQYATATT, 0T AaUTTAHOU 134 TAddxaled yeaT1aioTa TadaTé e aoToTé
A800TATAT TAoAITRA TOEAAA0TE OO/aébee  4d0TT & TT+aad 6+anoéa OTT 0adee+e&Thl a
anéstg 1006 TTOTA & dda fThoadeyaoc a ThiTa- 1,2...4,58aca, a TATTATO0 yeaiaioTa 864 (Mo,
iT1 Tadada fiToie TA08T4, a Tacddeacanoded W, Cu, Bi)a22,5...35 dac (0adé. 2) & ToTaTeza-
faTnoTa TaTaaviaiey —aro0,5...1 &1 [3]. ET dafoe ca fi+a0 Aa08TATAT TAdai Tiha TOédaa-

TT-341T0é TTédTA. 1T 08TATp ATAds- O0TE 6dagvee 6aTioTa OTT. Nodaied 0aira ed
®aféy & aefaiééd TTadadiey a 1T1-aad 6e-  TaéTrédiey iiTrnoadéyee 45 % a 4714, 0T T1+0e
Te+anéed yeaTaroa aaeyony 1a 0dé adorTra.  fa TToyare alod 0a1TTa TaéTreairey ATroo-
TA5Aay ATAOTE0 A TATTATTT &c 44T &-afee  MoAGPUISS VEATATOTA 864 [7]
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0aaeesa 2 / 0abla 2

0dATa0 iTaddxaiey OT 4 1T+4a0 6+ancéa TO 420042015 4., 14/é4/
Trends of HM content in soils of the site of the concentration plant (CP) in 2004—2015, mg/kg

ATa0 / Years Cr | Mn v Ni | Co Li Pb | Zzn | Be | Cu | W | Mo | Bi

L'Oi’;‘l’ L‘;ﬁk‘é:gund 10 | 400 | 30 | 10 | 4 | 20 | 15 | 40 | 25| 16 | 15| 2 | <1
2004 24 | 700 | 80 | 18 7 35 | 16 | 45 | 30| 20 | 20 | 25 | 09
2006 31 | 800 | 76 | 26 8 46 | 19 | 66 | 52 | 30 | 77 | 14 | 36
2008 31 | 975 | 79 | 30 8 48 | 22 | 84 | 79 | 165 | 165 | 36 | 151
2010 54 | 680 | 84 | 38 | 17 | 54 | 20 | 60 | 7.6 | 330 | 352 | 52 | 235
2015 40 | 600 | 75 | 40 | 18 | 75 | 18 | 55 | 85 | 360 | 375 | 70 | 25,0

2015, 3a. 6T1a

2015, unit 40 | 15 | 25 | 40 | 45 | 38 | 1,2 | 14 | 34 | 225 | 250 | 350 | >25

background

Ca TTneaaréé yoar Todaatoée

Q = ~ 9 N =~

OTxdaiey cataoiT dafigedeény T+a
73T TTAAS0I TROTTAT (A TATTATTE &
0...10 ii1) caddyciaiey aoaiaie ye
TT+4 «44001aé» TOTITETUAA
0aéa yénreédacadeTiiTée aoTél
1edTaaény itadé evoridé 1+a
daifeeewa 01

AQ NMAass A~

fa 6+afoéa 6aTnoTo

A~ 9 9

A NSA N s~m s N O N

i
TN0TA TaTaauaiey ooa (fin. oe

ée
Ut

€1340 OTOT0 NOAT AOCAETTABUTTAT yeé
THyT & 500 x 800 ¥ & TéTOaaip 3033, 4 6
ET0TOTaT T1adTaeony dGaTnoTooaieée
+0T Naead0aciunoacas Ta TAdacTas
fi+a0 ATCAO I TAT TABATTNAOTTE
ol

e

=0
- ey,

~—

AoT- panocaiey. N Toid+arfaieé T+ajaieé ca-
i TaeTeadi- A0yciaifey 1TT+A T8TROBATR0AATIT NTIay=eaid
e10403a8a afTiaeliT TTatgaifad éTioarodaoee 86a-
aiairoaie 100 yeaTaioTa a 083aaTnoTa, ecé+aifda aey
gééceé TT8- TANOITAT yaeoeeaoTda — Tanyieod Taa+uaé
8 & NOTA-  (Festuca ovina). 048, iTaddxaied 1Tecdaarna
agyciaiey & 7aé aTnoedado 61 daeiedd, a 1dae — 12 dae-
YOTO T+ad 7e6 TAROTTAT OTia, 0T calddiT a0wd TAE
yééerha i a6y éTO1TA00 0034, TaéfieTacuind ciazaiey
084 é&TyDO0e0eaioa AeTETAC+ARETAT TTaETUATEY
ud orT, (EAT) 1Tée4441a & Taae 1a 6+anoed OTT AT-
T-adaca N0aadéypo 8,7 € 5 aaeieo 6TTa ATT0AA0N0AAT-
eaéa iT (0a4é. 3).

Oaaeesa 3/ 0abla 3

NTaddxared OT A TAMY €68 TAd+U4é 4 5AETTa Eagicoe THETAT doaieda /
Content of HM in sheep fescue in the area of Kalguty mine

NTaddmaied 140a86Ta, 14/64 (EAT dafcdieyie, %)
T 40T ToaTda / Metal content, mg/kg (coefficient of biological absorption
Place of sampling by plants,%)
Cu Mo Li

0+a07T8 OTEITAATAT GTGyéoaa / The site of tunnels 3,40 (3,4) 6,10 (30,5) 0,13 (0,26)
0=afoTe TaTaaoe0deniTé Gaaoeee / The site of 1,25(4.,5) 7.15(35.8) 0,15 (0,30)
concentration plant

CTia ageyiey 6aThoTodaieeena 01T / The zone of

the EPT tailings influence 042 (2.4) 0.85(22,9) 0,04 (0.13)
OTiTa0é 6+afioTé /Background site 0,28 (0,9) 0,10 (3,5) 0,02 (0,03)

Toei4+aied: 800RCATT A0448ATO ATTIABUTT ITAOBATITA iTAA0RATEA yeATATOTA & gTazaiey EAT

Note: abnormally high content of elements and values of CBA are highlighted in italics
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Fig. 3. Li and Mo content in hydrochemical scattering streams, mcg/dm?

1
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44 yoed 6aé Tadepaaeenu arTiaeuit 117ad- e
S&TT04 (AT 10 TAE & aTedd) éTi0AT08a0ee  TedTAIT:
yeaiaiora, Tvoefoonioacpuied & Tadadada-  arad. I'Thé
00428100 064a0: 1Teeddadl ar 469 16d/ai°, o S
areudoal — 70, eéoéé — 128, 1dau — 16,3, @ET a0f0AT gare
0eié — 59, 000U — AT 0,42 Ted/ais. Taéie- need TATAATITH0Aé ATAl (8en. 4)
TaéiiTa fiTaddxaied 06aitd e ATroonoadp- ATTTOA ToETxATEY 5A8 BaéTTa yaeypony
tedel yeéataiotaTrodadéartoyari fiofoial  +6o0éeT eTaeeaoToT1 yeTéTae+~aneTar AThoTy-
8. Edaay A01a80 & efoTéTt 8. A01ae0, écaa  Téy TTadd01TROTO0 aTa &, & TaTueaé noara-
TTR0OTaée NASTATOA aTad OT T (fil. &éf. 3). e, TT+AATNTT4T TTédTaa.

AaT44 0. Edday A01a60 4T 4841y 824100 A TanoTytdd a8aiy aTii0a ToéTediey
OTT Toia-aeny onoTé+eané &Tno eTT0AT00a-  daé TOTTAYONY & 6acddToee 0T1AdATIT caddyc-
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pefi. 4. 064140 fThoada aTad 8. E4aay £o01a80 (1Taédasaii ¢ciazarey TafoTTaT oT1a) /
Fig. 4. Trends in water composition of the river Levaya Zhumaly (tinted values of the local background)
0adacoadiT, +0T AOTOTAOATATIOA yé&-  Todafvadéypuied ATATE Tadaie-anee adcei-
Tai00 864 — aenioo & Addeeeeé Taéarééda- 0aiddedTaaiita 66ad AT Afexrdaiial 6dTATAT
pofly A TATTAITT 4 6aTioad O 1 (0ade. 4), éT- fiTaadzaiey 130a66TA, €caédcadi o a 0Taad-
0TO0A yaeypoiy 6aTTaT aoTée+~1a1 Aasual, 104 TOTAa000 TATAA0L0AEUTTE Haddede

Oaaeesa 4/ 0ablaa
TO5TAAS T e s

NTa88x2ared O a 50440, ToSTAA0 TATAATIATEY & ATTT00 ToéTeaTéys, 4/0 / Content of heavy metals in ores,
enrichment waste and bottom sediments, g/t

Tauaéon / Objects Cu Zn | Pb Li Be w Mo Bi Hg
AdaécaiTana a0ad / Greisen ores | 1711 142 20 335 41 1093 3000 71 4
/E&B1T0A 8640 / Vein ores 5746 633 194 300 111 13000 7122 1570 10
0arfioq OTT / Tailings EPT 2450 | 110 | 93 93 233 1267 5333 | 2333 6
ATTi0& Thaage / Bottom sediment | 150 62 20 50 20 600 200 15 1-2

¢Toa

oTi-

TG0

fi00 éie 84700
T4 6TIT-
or1a-

eliie

ia-
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