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3ArP.H3HEHHE rH,lI;POCcl>EPLI IIPH BbIID;EJIA quBAHHH 
,l];HKTHOHEMOBbIX APrHJIJIHTOB B OTBAJIAX 
MAAP,lI;YCKHX cl>OCcl>OPHTHbIX KAPbEPOB 

B. NAUMOV 

POLLUTION OF HYDROSPHERE BY LEACHING OF DICTYONEMA 
SHALE IN WASTE DUMPS OF THE MAARDU OPENPITS 

9CTOHCKHe cpocq>OpHTHLie MeCTOpO.>KAeHH.11, BXOA~He B IIpH6aJITHHCKHH 
cJiaH~e-cpoccpopHTHhIH 6acceiiH, pacnoJiomeHLI BAOJib 6epera <PHHCKoro 
aaJIHBa OT TaJIJIHHHa Ha aanaAe AO HapBbl Ha BOCTOKe. IIpocTpaHCTBeHHO 
H reHeTH'leCKH MeCTOpO.>KAeHH.11 TeCHO CB.113aHbl Me.>KAY co6oii. Ha 3Ha'lH
TeJibHOH TeppHTOPHH HaA cpoccpopHTaMH aaJieraIOT AHKTHOHeMOBble aprHJI
JIHTbl HJIH rop1011He CJia~bl-KyKepCHTbl. ,lJ;Ba MeCTOpO.>KAeHH.11 6acceiiHa, 
MaapAYCKOe H KHHrHcenncKoe, 3KCilJiyaTHPYIOTC.II ceii11ac OTKpbITbIM cno
co6oM. Bo BHyTpeHHHX OTBaJiax nepBoro H3 HHX, pacIIOJIO.>KeHHoro 6JIH3 
TaJIJIHHHa, paaMe~eHo 6oJiee 85 MJIH. M3 ropHbIX IIOPOA, H3 HHX 24,1 MJIH. M3 

rpaIITOJIHTOBbIX KeporeHCOAepma~HX aprHJIJIHTOB - rJIHHHCTblX AHKTHO
HeMOBblX •cJiaH~eB• (AaJiee no TeKCTY ,D;C), o6ora~eHHLIX CYJibq>HAaMH 
(nHpHT, MapKa3HT, raJieHHT), THTaHOM, MOJIH6AeHOM, BaHaAHeM, ypaHOM 
H APYrHMH SJieMeHTaMH H cnoco6HblX K ayToreHHOMY caMOHarpeBaHHIO 
H BoaropaHHIO [1, 2]. 

Ha ,n;c, a TaKme H3 OCTaJibHbIX IIOPOA BCKphlmH B 30He TeXHOreHHOro 
rHnepreHeaa, B OTpa6oTaHHOM npocTpaHCTBe MaapAYCKHX KapbepoB 
B KapbepHLie BOALI HHTeHCHBHO BLI~eJia'lHBaIOTC.11 XHMH'leCKHe SJieMeHTbl 
H COeAHHeHH.11. BbIBeTpHBaHHe, caMOHarpeBaHHe H HMeBmHe MeCTO 
B 70-x rr. MHOrO'lHCJieHHble cJiy'laH caMOBOaropaHH.11 ,n;c B OTBaJiax B pe
ayJibTaTe AeCTPYK~HH ,n;c cnoco6cTByIOT Bee 6oJiee HHTeHCHBHOMY aarp.113-
HeHHIO OKpyma10~eii cpeAbl: JIHTOCq>epbl, B 'laCTHOCTH OTBaJibHOH MaccLI 
H ropHLIX nopoA B HX ecTecTBeHHOM aaJieraHHH, H rH,n;poccpepLI [1-7]. 

TatJJ,,uqa 1. JIBTOJIOl'll'lecKBi COCTaB OTBaJil>BOi Maccw Maap,lcy'CKBX KapltepoB, % 
Table 1. Lithological composition of rocks in the waste dumps of the Maardu 
openpits, % 

BH,D; ropHLIX nopo,11; H phIXJihIX OTJIO:>KeHHH 

1:IeTsepTH'IHhle OTJIO:>KeHHR 

Keap~eshlii nec11aHHK 

IlHpHT H nHpHTH3Hp0B8HHLIH nec'laHHK 

rJiayKOHHTOBhIH nec'l8HHK 

lfasecTHRK 
rpanTOJIHTOBhIH aprHJIJIHT (~C) 

CesepHLIH IOacHhlil: 
Kap&ep Kap&ep 

3,2 8,2 
21,0 17,5 
2,0 1,0 

13,7 10,3 
31,6 25,8 
28,4 37,2 
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runepreHHa.11 ,n;ecTpyK~H.11 ,n;c aaKJIIO'laeTC.11 B paccJIOeHHH KYCKOB Ha 
IIJiaCTHHbl TOJI~HHOH AO 0,5-3,0 MM u HX paapymeHHH, B yBeJIH'leHHH 
nopHCTOCTH H yMeHbilleHHH TeIIJIOTBOpHOH cnoco6HOCTH npH OKHCJieHHH 
opraHH'leCKOro Be~eCTBa H IIHPHTa. <PaKTopaMH, pe3KO ycKop.RIO~HMH 
HHTeHCHBHOCTb paccJIOeHH.11 KYCKOB ,n;c, .IIBJI.IITC.11 BJiara, KHCJIOPOA B03-
,n;yxa H ayToreHHOe TeIIJIO. IIpH IIOJIO.>KHTeJibHOM TeIIJIOBOM 6aJiaHce H 
caMOHarpeBaHHH ,n;c rop1011a.11 Macca (opraHH'leCKOe Be~eCTBO H IIHPHT) 
BblropaeT B mHpOKOM HHTepBaJie TeMnepaTyp - OT 150 ,n;o 850 °C. IIOJI
Hoe y~aJieHHe q>H3H'leCKOH BJiarH npoHCXOAHT IIPH 110-130 °C. 

B ecTeCTBeHHbIX YCJIOBH.IIX OKHCJieHHe ,n;c B OTBaJiaX HMeeT SJieKTpo- H 
6HOXHMH'leCKHH, a npH TeMnepaType Bblille 110-130 °C - 'IHCTO XHMH

'leCKHH xapaKTep. 9JieKTpo- H 6HOXHMH'leCKHH q>aKTOpbI CHH.>KalOT TeM
nepaTypHbIH nopor Ha11aJia peaK~HH OKHCJieHH.11 cepbl H meJieaa [8]. 
B npHIIOBepXHOCTHOM CJioe OTBaJIOB OKHCJieHHe HaH6oJiee aKTHBHOe [1, 
5, 7, 8]. 

JIHTOJIOrH'leCKHH COCTaB OTBaJIOB HeOAHOpo,n;eH, KaK H pacnpeAeJieHHe 
IIOPOA B OTBaJiax KapbepoB, 'ITO onpe,n;eJI.ReTC.11 HX ropHo-reOJIOrH'leCKHMH 
H TeXHOJIOrH'leCKHMH oco6eHHOCT.IIMH (Ta6JI. 1). 

B ~eJIOM XHMH'leCKHH COCTaB OTBaJibHOH MaCCbI xapaKTepHayeTC.11 HaJIH
'lHeM (npHBO,D;HTc.11 cpe,n;Hee co,n;epmaHHe B nepec11eTe Ha OKCHAbl, %) 
COeAHHeHHH KpeMHH.11 (48,72), KaJib~H.11 (11,52), MarHH.11 (3,01), KaJIH.11 
(3,7), HaTpH.11 (1,45), aJIIOMHHH.11 (7,24), meneaa (Fe20a 2,91, FeO -2,22), 
THTaHa (0,38), MapraH~a (0,06), cepbl (803 0,29) H cpoccpopa (0,59). IlpH
cyTCTBYIOT TaKme (%) IIHPHT (1,65) H opraHH'leCKOe Be~eCTBO (5,13) [1, 9], 
yrJiepo,n;, q>Top, pe,n;KoaeMeJibHble, pa,n;HoaKTHBHhle H T.11meJILie MeTaJI
JibI [1, 3]. 

KaK BH,!l;HO H3 Ta6JI. 2, ,lJ;C - rJiaBHbIH, HO He eAHHCTBeHHbIH HCTO'IHHK 
IIOCTYIIJieHH.11 B reoJiorH'leCKYIO cpe,n;y XHMH'leCKHX aarp.113HHTeJieii: H3 
nopo,n; BCKpblillH Maap,n;ycKOI'O MeCTOPO.>KAeHH.11. IIpH 3TOM HaH6oJiee 
npe,n;paCIIOJIO.>KeH K Bbl~eJia'lHBaHHIO aprHJIJIHT, no,n;BeprmHHC.11 BbICOKO
TeMnepaTypHOH AeCTPYK~HH npH TeMnepaType 400- 600 °C. 

B 3KCIIepHMeHTe HaBeCKy nopo,n;bl (cppaK~H.11 -5 MM) BbIAeP.>KHBaJIH 
B AHCTHJIJIHpOBaHHOH Bo,n;e npH TeMnepaType 22-24 °CB Te'leHHe 24-2711, 
aaTeM cMecb HarpeBaJIH Ha BO,!l;.RHOH 6aHe B Te11eHHe 3 11 H nocJie 54-qaco
Boii: Bbl,D;ep.>KKH IIOABepraJIH BO,D;Y XHMH'leCKOMY aHaJIHay. 0THOilleHHe 
MaCCbI BO,!l;bl H MaCCbI HaBeCKH nopo,n;bl (50 r) 3,2 : 1. XapaKTepHo, 'ITO 
nor.JieAOBaTeJibHa.11 'leTblpeXKpaTHa.11 BO,n;Ha.11 BbIT.llmKa (12,8 : 'l) B CJiyqae 
HCXO,!l;HOrO ,lJ;C IIpHBOAHT K pe3KOMY CHH.>KeHHIO BbIXO,D;a HOHOB B paCTBOp, 
Tor,n;a KaK B cJiy'lae ,n;c Ha oqaroB c TeMnepaTypoii: 240- 260 ° C Bblxo,n; 
HOHOB B paCTBOp CHHmaeTC.11 MaJIO. 9To TaKme yKa3bIBaeT Ha TO, 'ITO ,n;c, 
no,n;BeprmHHC.11 BblCOKOTeMnepaTypHOH ,n;ecTpyK~H, H3-3a 6oJiee BblCO
KOH CKOPOCTH nepeXOAa XHMH'leCKHX COeAHHeHHH B paCTBOp 6oJiee ona
ceH, 'leM 4XOJIO,!l;HbIH• CJiaHe~ [8, 9]. 

KapbepHble BO,!l;bl cpopMHpyIOTC.11 aa C'leT aTMOCq>epHbIX oca,n;KOB, KOTO
pbie HHq>HJibTPYIOTC.11 11epea TOJI~Y OTBaJIOB H CTeKaIOT BO BHYTPHKap1,ep
Hble BO,D;Oc6opHble KaHaBbI, aa C'leT no,n;aeMHbIX BO,!l; HeHanopHoro H Hanop
Horo ropH30HTOB, pa3AeJieHHLIX BO,n;oynopoM - IIJiaCTOM ,n;c, a TaKme 
aa C'leT CTeKaIO~HX B Kapbep IIOBepXHOCTHbIX BOA Bo,n;oc6opHOH IIJIO~a,n;H 
H oca,n;KOB, KOTOpble BLina,n;aIOT B npe,n;eJiaX BHyTpeHHHX TpaHmeii:. ,lJ;JI.11 
KapbepHbIX CTO'lHbIX BOA xapaKTepHa BbICOKa.11 meCTKOCTb (OT 21 MI'-3KB/ JI 
B IO.>KHOM Kapbepe AO 86 Mr-SKB/ JI B .CeBepHOM - ,n;aHHbie 1987 r.) H MHHe
paJIH3a~H.II (1,4-7,3 r/ JI). ,lJ;OJI.11 cyJibq>aT-HOHOB ,!l;OBOJibHO CTa6HJibHa 
(0,4-0,6 Ha cyxoii: OCTaTOK). 9TH BO,!l;bl, 'laCTb KOTOpbIX 11epe3 aa6pomeH
Hbie mTOJibHH nona,n;aeT B OTpa6oTaHHoe no,n;aeMHbIM cnoco6oM (,n;o 1964 r.) 
maXTHOe IIOJie, BJIH.IIIOT Ha XHMH'leCKHH COCTaB BO,!l;, BbITeKalO~HX H3 
IIOA3eMHblX BLipa6oTOK, IIOBblma.11 HX MHHepaJIH3a~HIO ,n;o 4-5 r / JI. C APY-



Ta(iJiuqa 2. XapaR'l'epBCTBEa BO~ii BWTSZRB B3 BCEpYIIDIYX nopOA MaapAycKOrO MecTOpozAeHB.11 
Table 2. Characteristics of water leached from the overburden in the Maardu deposit 

ropHIUI Il0p0Aa R•, pH CyxoAOCTa- KoH~HTpa~a: H0H0B, Mr/ JI 
KOM/cM paCTBOpa TOK,r/n 

8042-, Ca 2+ Mq2+ K + 
n X 10'1 

,ZJ;C HCXOAJU,IA 2,6 4,5-4,0 6,0 3,8 
,ZJ;C Ha 011ara eoaropa-
HHS: C t, °C: 

30--40 2,4 4,5-2,7 6,4 4,0 608 ~--·. vu 

240 1,6 5,0-4,0 7,0 4,5 
400-600 1,2 ,ZJ;o 3,0 10,2 6,3 428 8bi 

r nayKOHHTOIILIH 
nec11a&HK 1,3 8,0-7,3 0,5 0,1 83 2b ~~ 

Keap~ee&rll: nec11aHHK 9,9 7,0-7,2 0,94 0,54 232 10,& l,(; 
HaeeCTHS:K 15,4 7,3-7,0 0,39 0,14 107 16,~ ;,,~ 

• 9neKTpH'lecKoe C0ilp0THBJI8HHe paCTB0pa (AHaMeTp CTOJI6a BOAhl B CT8KJIS:HHOH &:'leiiKe 6 MM). 

Tao.11,uu,a 3. XBMll'leCEBii COCTaB Kapi,epHWX, maXTHWX B CTO'IIIWX BOA Il0 •3CTou4toc4">pBT• 

Table 3. Chemical composition of the openpit, mine and waste waters supplied by the Estonian 
Phosphorite Association 

Na+ 

9 
8,i 
4,0 

----- --------
06'heKT KonH'le- CyxoA pH Ko~eHTpa~ H0H0B, Mr/n 

CTB0 OCTaT0K, ·-----
npo6• r / n sof- Ca 2+ Mg2+ Na+ K + c1-

n X 10' ----
Kap1>ep: 

noeepXHOCTH&m CTOK 
B Kap&ep 5 0,7 7,4 0,165 162 24 8 10,5 39,7 

BHyTpeHHHe KaHaBhl 5 1,4-7,7 6,6-9,2 0,7-4,4 251-432 91-1051 17-57 
POAHHK H3 0TBaJia 5 7,5 7,7 4,6 512 876 26,5 135,5 55,7 

noA38MH&le B&lpa6oTKH: 
MaapAy 3 4,5 7,6 2,5 225 57,5 40 20,6 32.,6 
IOJihl"a3e 1 0,44 8,3 0,2 75 30,6 6,3 2,8 25,6 

Cee. Kaphep, rnae-
Ha& HaCOCHaa: 12 7,3 7,6 4,0. 460 769 50,9 
10:m:H. Kapi.ep, rnae-
Ha&:HaC0CHIUI 12 1,4 7,6 0,6 267 94,8 28,8 
06~ CTOK ropHo-o6ora-
THTeJihH0ro H XHMH'le-
CK0ro Ilp0H3BOACTBa 
B «l>HHCKD 3aJIHB 12 2,5 7,7 1,14 260 191 20,6 

* AHaJIH3&1 Ilp0BeA8H&I B na6opaTOpHSX nO •9CTOHreOJIOrHS • 11 no • 9CTOHq><>cq>opHT •. 
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Ta(fauu,a 4. BaJiauc KapbepBbIX so~, MJIB. M
3 /ro~ 

Table 4. Openpit water balance, million m3/year 

KRphep O6'beM O6'beM RT· O6'beM O6'beM RT· O6'heM npH-

KapbepHhlX MOC!pepHhlX HcnRpeHH11 MOC!pepHhlX T0KR Il0A3eM-

CTOKOB OCR)IKOB OCR.[IKOB, Hh!X BOA (no 

noCTynRJO- pR3HOCTH) 

~HXBrH.[I· 

poceTh 

KRp1,epR 

CeuepHhlH 4,8 5,4 2,8 2,6 (54 %) 2,2 (46 %) 
B TOM 'IHCJie OTBaJihl 4,6 2,3 2,3 

IOJKHhlH 2,7 1,2 0,6 0,6(21 %) 2,1 (79 %) 
B TOM 'IHCJie 0TBRJlhl 0,7 0,3 0,35 

ro:e: CTOPOHbl, BOAbl IlOA3eMHOro yqacTKa IOJibraae, H30JIHpOBaHHOro OT 
Kapbepa H OTpa6oTaHHOro AO 40-x rr., BeCbMa qHCTbl: cyxo:e: OCTaTOK 
COCTaBJIHeT TaM 0,44 r/JI. OCHOBHble noKaaaTeJIH XHMHqecKoro COCTaBa 
KapbepHhlX H o6ID;HX CTOqHbJX BOA IlQ •:3CTOH<pOCq>OpHT•, B KOHeqHOM 
cqeTe nonaAaIOID;HX B <l>HHCKHH aaJIHB, oxapaKTepHaOBaHbl B Ta6JI. 3. 

B ~eJIOM BCe nOpoAbI MecTOpomAeHHH HMelOT CJia6oe (MeHee 1 rpaAyca) 
naAeHHe Ha 10r, B TO BpeMH KaK BCKpbIBaeMblH ropHbIMH pa6oTaMH 
HanopHbIH ropH30HT nocTaBJIHeT IlOA3eMHble BOAbl B HanpaBJieHHH C IOra 
Ha CeBep. ,D;oJIH IlJIOID;aAeH, aaHHTblX OTBaJiaMH, CCTaBJIHeT 92,8 H 83,6 % 
B CeBepHOM H IOmHOM Kapbepe COOTBeTCTBeHHO. PaaMew;eHHe ,n;c B OT
BaJiax Tome HepaBHOMepHoe. TaK, B CeBepHoM Kapbepe (rAe B OTBaJibHOH 
TOJIID;e COAepmJt;TCH 44,8 MJIH. T ,n;c CYMMapHOH MOID;HOCTblO, B nepecqeTe 
Ha ~eJIHK, 2,75 M) 6oJiee TpeTH Bce:e: Macchi ,D;C cocpeAOToqeHo Ha rJiy6HHe 
AO 3 M, a B IOmHOM Kapbepe (10,6 MJIH. T ,IJ;C, MOID;HOCTb CJIOH 4,19 M) 
,n;c npHypoqeHbl B OCHOBHOM K HHmHeH qacTH OTBaJIOB. B CeBepHOM 
Kapbepe B ropHble Bblpa6oTKH noczynaeT IlOA3eMHblX BOA He MeHee 46,2 %, 
a B IOmHoM - He 6oJiee 79,2 %. 

Ha COCTaB KapbepHbIX BOA BJIHHIOT Bee nepeqHcJieHHble q>aKTOpbl, a TaK
me BoapacT OTBaJIOB H CTeneHb HX T8IlJIOBOH AeCTPYK~HH. 

BaJiaHC KapbepHbIX BOA (Ta6JI. 4) noKa3blBaeT, qTo MeHhWaH MHHepa
JIH30BaHHOCTh BOA IOmHoro Kapbepa, KaaaJIOCh 6bl, o6'hHCHHeTCH 66Jib
WHM HX paa6aBJI8HH8M IlOA3eMHbIMH BOAaMH (cp. Ta6JIH~bl 3 H 4), npHTOK 
KOTOpbIX B 1,8 (79 : 46) paaa 6oJibWe. 

OAHaKo pacqeT YAeJibHOro MOAYJIH CTOKa 3JieMeHTOB C 1 KM2 OTpa6oTaH
HOH IlJIOID;aAH H, qTo 6oJiee npeACTaBHTeJibHO, MacconepeHoca Ha 1 MJIH. M3 

paaMew;eHHoro B OTBaJiax ,D;C noKaaaJI, qTo CeBepHbIH KapLep, 15-20 % 
KOTOporo nopameHo nomapaMH (1970-1978 rr.), nocTaBJIHeT B BOAHYIO 
cpeAY B HeCKOJihKO (OT 1,5 AO 5,6) paa 6oJibWe aarpH3HHIOID;HX Bew;ecTB, 
qeM IOmHblH - KaK B a6COJIIOTHOM, TaK H B YAeJibHOM HcqHcJieHHHX (CM. 
Ta6JI. 5). 

B 1977-1986 rr. B npH6pemHy10 aoay <l>HHCKoro aaJIHBa (Myyra) qepea 
OBpar KpoOAH 6blJIO Bb16poweHO AO 198,5 TblC. T TOHKHX B3BemeHHhlX 
Bew;ecTB H 500 TblC. T paCTBOpeHHblX (BKJiaA ropHbIX pa6oT 46,8 %), B TOM 
qffCJie q>ocq>opa 1300 T, q>Topa 9461 T, xJiopa 11188 T, MeAH 19 T, meJieaa 
368 T, KaJib~HH H MarHHH 90,4 TblC. T, cyJibq>aT-HOHOB 162 TbIC. T, HHTpa
TOB 173 T. 

rHAPOCq>epa HrpaeT pOJih cpeAbl-Tpaacq>OpMepa XHMHqecKHX 3JieMeHT0B 
B nHw;eBoH ~enoqKe, aaMblKa10w;e:e:cH Ha qeJioBeKe. Oco6blH HHTepec npeA
CTaBJIHIOT 3KOJIOrHqecKH aaaqHMble XHMHqecKHe 3JieMeHTbl, K0TOpble 
o6JiaAaIOT CBOHCTBaMH, TOKCHqecKHMH (CBHHe~. 6apHH H AP-) HJIH mHa-
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HeHH0 Ba»cHhIMH (Me,zv,, 6op, KaJIHH H ,n;p. MHKpo:meMeHThl) ,!l;JISI pacTe

HHH, phl6, »cHBOTHhIX H B KOHff'IHOM HTOI'e ,D;JISI qeJioBeKa. B HaTypHhIX 

3KcnepHMeHTax (1984-1986 rr.) aBTOpOM ycTaH0BJieHO, "ITO B pacTe

HHSIX, BhlpOCWHX Ha OTBaJiaX, co,n;epmaHHe MHOI'HX 3JieMeHTOB Bhlme, "leM 

B pacTeHHSIX TOI'O me BH,n;a, BhlpocmHx B6JIH3H Ha HeHapymeHHhIX IlJIO

m;ap;SIX (p;aHHhle cneKTPaJihH0I'0 aHaJIH3a 14 npo6 30Jlhl pacTeHHH CM. 

B Ta6JI. 6). 

Ta6J1,Uija 6. HaKOIIJleBHe aJJeMeBTOB B pacTBTeJlbBOCTH OTBaJIOB no cpaeBeBHIO 
C paCTBTeJ11>BOCTl>IO ueuapymeuuoii TeppHTOpHH B6JIH3H Kapi.epoe B Maap,zi;y 
(KpaTBOCTb no co,zi;ep:m:aBHIO B 30J1e) 
Table 6. Accumulation of elements by plantx growing on waste tumps 
as compared with that by plants collected from natural soils in the immediate 
neighbourhood of the Maardu openpits (based on elements concentration 
in plants ash) 

SJieMeHT KpaTHOCTb SJieMeHT KpaTHOCTb 
HaKoIIJieHHH HaKOIIJI8HHH 

Ti 2,2 Zr 3,6 
V 1,8 Sr 3,5 
Cr 19,3 Ba 1,5 
Mn 6,2 K 1,5 
Ni 21,8 B 3,2 
Pb 1,2-2,3 Co 9,4 

AO 60- 80 Sn 1,2-3,3 
Zn 2,5-5 Cu 1,4 
Mo 8,2 Ag AO 30-200 

3TH, a TaK»ce ,n;pyrHe 3JieMeHThl, co,n;epmaHHe K0T0phIX B B0,n;e BO,!l;HhIX 

o6'beKTOB JIHMHTHpyeTCSI, C KapbepHbIMH B0p;aMH BhIHOCSITCSI H3 0TBaJI0B 

B oaepo Maap,n;y H npH6pe»cHhle B0,!l;hl <l>HHCKOI'O aaJIHBa. Cpe,D,H HHX 

co,n;epmaHHe CBHHD;a, Me,n;H, D;HHKa, HHKeJISI, XJI0pa, MOJIH6,n;eaa H 6apHSI 

orpaHH"IHBaIOTCSI no caHHTapH0-TOKCHK0JI0I'H"leCKHM coo6pameHHSIM HJIH 

B HHTepecax phl6opaaBe,n;eHHSI, a Me,n;H, K06aJILTa, D;HHKa H HHKeJISI -

em;e H IlOT0MY, "ITO 3TH 3JieMeHThl CKJI0HHhl K HHTeHCHBHOH 6HoreHHOH 

aKKYMYJISID;HH B I'YMYCOBhIX ropH30HTaX H B TeXH0I'eHHhIX KapbepHhIX 

Il0"IBaX SIBJISIIOTCSI 0Tpa»ceHHeM npem,n;e BCero BJIHSIHHSI HCX0,!l;HhIX Il0"IB0-

06paay10m;Hx nopo,n; [10], KaKOBhIMH B ,n;aHHhIX YCJI0BHSIX SIBJISIIOTCSI (B TOH 

HJIH HHOH Mepe) npaKTH"leCKH Bee nopo,n;hl BCKphlmH. 

Ilo3TOMY pemeHHe Bonpoca 0 TOM, HaCK0JibK0 3K0JI0I'H"leCKH ,n;onycTH

M0 BKJIIO"leHHe HaaeMHOH H BO,!l;HOH paCTHTeJibHOCTH (TpaBhl, 3JiaKH, 0B0IIJ;

Hhle KYJILTYPhl H T. ,n;.), K0T0paSI, npoHapacTaSI Ha 0TBaJiaX KapbepoB H 

B 30He HX BJIHSIHHSI, o6oram;aeTCSI PSl,D;0M 3K0JI0I'H"leCKH 3Ha"IHMhIX 3Jie

MeHTOB, B IlHIIJ;eByIO u;eno'IKY ptrcTeHHSl-»cHB0THble-qeJI0BeK, SIBJISleTCSI 

Kpaiiae aeo6xo,n;HMhIM. :3TO 0TH0CHTCSI H K HCil0Jib30BaHHIO canponeJieH 

oa. Maap,n;y B KatiecTBe y,n;o6peHHH HJIH K0PM0BhIX ,n;o6aBoK. B aToii npo6-

JieMe, 6eayCJIOBHO, HMeIOTCSI KaK Il0JIO»cHTeJibHaSI (o6oram;eHHe pacTHTeJib

H0CTH KaJIHeM, q>Ocq>opoM, MOJIH6,n;eHOM, 6opoM, Me,D;bIO H ,n;p.), TaK H 

0TPHD;aTeJILHaSI (HaKOilJieHHe 3JieMeHTOB-Tpaacq>opMepoB, KaHn;eporeHOB 

H ,n;p.) CT0pOHhI, 

C y'IeTOM ,n;aHHhIX Ta6JI. 2 Il0,!l;C"IHTaHo, 'ITO BpeMSI BhIHOCa TOJibK0 

cyJibq>aT-HOHa, KOTOpbIH Il0MHMO ,n;pyrHX CBOHCTB, o6Jia,n;aeT arpeCCHB

H0CTbIO no 0THOmeHHIO K 6eTOHY Il0,!l;BO,!l;HhIX coopymeHHH,B aaJIHB Myyra 

,n;o HacTynJieHHSI HOBOI'0 ,!J;HHaMH'IeCKOI'0 paBHOBeCHSI B CHCTeMe Kapbephl-
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--oaepo--oBpar-aaJIHB C0CTaBHT OT 51 ro,n;a ,n;o 88 JieT. ,Il;JISI 0CTaJihHbIX 

3JieMeH~OB 3T0T Il0KaaaTeJib 6y,n;eT cym;ecTBeHH0 Bhlme. B cpe,n;HeM cyM

MapHbIH Bhl6poc a9::p113HSIIOIIJ;HX HHrpe,n;HeHTOB C0CTaBHT, B aaBHCHM0CTH 

OT CHTYaD;HH B 3TOH ~HCTeMe, ,n;o 700-1000 ThIC. T B ,n;ecSITHJieTHe. 

Ilo p11,n;y aarpS13HSIIOIIJ;HX HHrpep;HeHT0B B KapbepHbIX H np0MhIWJieH

HhIX CT0Kax 0Bpara Kpoo,n;H HMeeT MeCT0 npeBhIWeHHe II,D;K Bpe,n;HhIX 

Bem;ecTB ,!l;JISI B0,!l;hl BO,!l;HhIX o6'beKTOB X03SIHCTBeHHO-IlHTheBOI'O H KYJib

TYPH0-6hITOBOI'O B0,!l;0ilOJib30BaHHSI HJIH npeBblmeHHe 6oJiee »ceCTKHX II,D;K 

H HapymeHHe !anpeTa c6poca B npH6pe»cHhle BO,!l;hl MOpeii, HCil0JibayeMhIX 

,D;JISI phI6oxoaS1HCTBeHHhIX n;eJieii. B ,D;0JII'0BpeMeHHOH 3KOJI0I'H"leCKOH nepc

neKTHBe B HHTepecax JIIO,n;eii yme ceiiqac Heo6xo,n;HMO HCXO,!l;HTb Ha Il0CJie,n;

HHX Tpe6oBaHHii u K CT0KaM qepea 0Bpar Kpoo,n;H. II03TOMY ,D;JISI Kapbep

HhIX BO,!I; yme ceH'Iac KaK MHHHMYM Heo6xo,n;HMa 0'IHCTKa OT pacTB0peH

HhIX B HHX H0H0B. OtIHCTHble coopy»ceHHSI HJIH ycTaH0BKH ,!l;OJI»cHhl 6y,n;yT 

q>yHKD;HOHHpOBaTb B Te'IeHHe BeCLMa ,!l;JIHTeJibH0I'O nepHo,n;a Il0CJie npe

Kpam;eHHSI I'OPHhIX pa6oT, H 3T0T q>aKTOp Ha,n;o Y"IHTbIBaTb aapaaee. 

Heo6xo,n;HMO TaK»ce npoBe,n;eHHe ,n;aJILHeHIDHX HCCJie,n;oBaHHH H M0HHTO

PHHI' C0CT0.HHHSI BO,!l;HOH H reoJI0I'H'IeCKOH cpe,n;hl B 3TOM perH0He. 

SUMMARY 

In the Maardu openpits the inner waste dumps comprise more than 85 million m3 

o_f rocks: Of this _amount _24.1 ~illio_n m3 are represented by dictyonema argil
lite~ which contam sulphides, titaruum, molybdenum, vanadium, uranium, etc. 

Dictyonema argillites have undergone thermal destruction and are the main 
suppliers of geological environment with chemical pollutants derived from the 
rocks in overburden (Table 1). 

_Pollution of the waterflow, formed in the openpits, takes mainly place in the 
mined-out areas. The waste water supplied by the openpits has a high mineral 
content (1.4-7.3 g/1), its hardness ranges from 21 to 86 mg-eq/1 and the 
concentration of sulphate-ion is 40-60 %- At that, the water of underground 
sites is considerably less polluted (Table 2). 

Dictyonema argillites are of uneven distribution in the waste dumps. In the 
~orthern ope~pit, where the wastes contain 44.8 million t of dictyonema argil
lites (total thickness of the layer 27.5 m), their main bulk is concentrated in 
t~e topmo~t 3 m of the_ dump. In the Southern openpit, 0.6 million t of argil
lites formmg a layer with the total thickness of 4.19 m, are mostly located in 
the lower part of the waste dump. 

I~ 1970-1978, 15-20 % of the wastes in the Northern openpit were subject 
to fire, as a result of which the mineral content in water considerably increased 
9:s compared _with that in the Southern openpit. In the Northern openpit, 2.2 mil
hon m and m the Southern openpit 2.1 million m 3 of ground water are formed 
annually (Table 3) . 
. The fodulJis· of the surface runoff of the openpit flow, as a whole, is 0.63 mil

hon m /(km -year) for the Northern openpit and 1.63 million m 3/(km2 ,year) 
fo_r the Southern openpit, while the annual spesific dissolved matter output 
with water from these openpits is 1,010 t per 106 t and 656 t per 106 t of argillite 
correspondingly. ' ,. 

The opencast mining accounts for 28 % of the total waste water output into 
the Gulf of Finland via the Kroodi gully. The share of dissolved polluting subst
ances supplied by the openpits is 48.6 % (Tables 4 and 5). 

Through the hydrosphere chemical elements enter the food chain. Thus in 
the ash left from.the burning of plants grown on waste dumps, the concentrations 
of the 16 ecologically important elements (Ti, V, Cr, Mn, Ni, Pb, Zn, Mo, Zr, 
Sr, Ba, Ka, B, Co, Cu, Sn) are several times (1.5-21.8) higher than in the ash 
of the same plant species collected from natural soils in the immediate neigh
bourhood (Table 6). The content of Ag is upto 200 times higher than usual one. 
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. s of chemical elements in openpit wa~te 
In several cases the concentration_ ble concentrations in coastal marme 

h • ·mum perm1ssa . ·t 
water excees t eir maxi l l ts from the waste dumps m openp1 s 
waters. The leaching of chemica e emeln . of th1·s measures are to be taken 

51 t h d eds of years. n view ' th· may last from o un r f t ters from openpits, however, is 
to put an end to the outpubtlo wasl ete:a with their purification. 
assumes the solution of pro ems re a 
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3. PEIIHCAJJY 

3KOHOMHqECKOE PA3BHTHE CJIAH~EBOH 
IIPOMbIIIIJIEHHOCTH 3CTOHHH 

Although the first reliable written evidence of oil shale mmmg on the 
Kukruse headland stems already from the 1870s [l], the real beginning 
of oil shale industry in Estonia is considered to be June, 1916 when the 
first amount of produced oil shale was sent to Petrograd [2]. Thus 1991 
is the year of its 75th anniversary. 

November 25, 1918 the government of the Estonian Republic took 
possession of all three shale opencasts, which were founded with Rus
sian state's and private capitals, but at that time controlled by German 
occupation authorities [3]. In the course of years the oil shale industry 
has undergone several economical and political crises influencing its 
development. An idea of the dynamics of this development can be 
obtained from Figure, representing the annual increase (decrease) of 
oil shale output, calculated by the method of sliding average of 5-year 
period. Having analyzed the data given in Figure and taking into 
account historical events, the· author of this paper has divided the 
development of Estonian oil shale industry into eight different periods. 

At the first, so to say, foundation-period up to year 1930 the main 
investor, particularly at the beginning, was the Estonian government. 
In 1929 one open-cast and two mines of national enterprise •Riigi Polev
kivitoostus• produced 356 thousand tonnes of oil shale. The output of 
pits of four private enterprises was 162 thousand tonnes. The average 
annual increase of oil shale production in the years 1919-1929 was 
133 %, Certain lagging behind of the private capital investments can 
be explained not only by monopolistic attitude of the Estonian govern
ment, but also while making investments into a principally new branch 
of industry was connected with great risk. 

From the start the oil shale industry was aimed at giving various 
products, including solid fuel as well as products of oil shale distil
lation [ 4]. To produce electricity and heat for industrial and commercial 
needs, power plants utilizing fine oil shale and generator gas were built. 
Only two pits, one at Kiittejou, the other at Ubja supplied with solid 
fuel their partner plants the Tallinn Cellulose and Paper Factory and 
the Kunda Cement Plant, respectively. In 1929 the railway was the main 
consumer of oil shale from the national enterprise. Only 9 % of the 
mined oil shale was processed at the distillation factory of the latter and 
5, 7 % sent to the Sillamae oil shale distillation plant (Estlandska Olje
skifferkonsortiet, Swedish capital), which up to 1936 possessed no pits. 




