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Àêòóàëüíîñòü ðàáîòû ïðîäèêòîâàíà íåîáõîäèìîñòüþ óñòàíîâëåíèÿ ïðåäåëüíî äîïóñòèìûõ ñîäåðæàíèé 
òîêñè÷íûõ ýëåìåíòîâ â ïðèðîäíî­òåõíîãåííûõ êîìïëåêñàõ Àêàòóåâñêîãî ïîëèìåòàëëè÷åñêîãî ìåñòî­
ðîæäåíèÿ. Îïðåäåëåíèå ýëåìåíòíîãî ñîñòàâà ïðîá ïðîâîäèëîñü ðåíòãåíîôëóîðåñöåíòíûì ìåòîäîì â 
ãåîëîãè÷åñêîì èíñòèòóòå ÃÈÍ ÑÎ ÐÀÍ (ã. Óëàí­Óäý), à òàêæå ICP­MS ìåòîäîì â ëàáîðàòîðèè ÇÀÎ «SGS 
Vostok Limited» (ã. ×èòà). 

Îïðåäåëåíû êîíöåíòðàöèè ðóäíûõ è ðåäêèõ ýëåìåíòîâ, â òîì ÷èñëå ïîòåíöèàëüíî îïàñíûõ òîêñè÷íûõ 
ýëåìåíòîâ, âî âñåõ ñîñòàâëÿþùèõ ïðèðîäíî­òåõíîãåííûõ êîìïëåêñîâ Àêàòóåâñêîãî ïîëèìåòàëëè÷åñêîãî 
ìåñòîðîæäåíèÿ (âìåùàþùèå ïîðîäû, ðóäû, òåõíîçåìû, ïî÷âû). Âûÿâëåíî, ÷òî â òåõíîçåìàõ Àêàòóåâñêî­
ãî ìåñòîðîæäåíèÿ çíà÷èòåëüíî ïðåâûøåíû ïðåäåëüíî­äîïóñòèìûå êîíöåíòðàöèè òîêñè÷íûõ ýëåìåíòîâ. 
Òàê, ñîäåðæàíèå As âî âìåùàþùèõ ïîðîäàõ â 127 ðàç ïðåâûøàåò èõ êîíöåíòðàöèè â îñàäî÷íûõ îòëîæå­
íèÿõ çåìíîé êîðû: Pb – â 2,3; Zn – â 1,5; Cu – â 5 ðàç. Óñòàíîâëåíî, ÷òî ñîäåðæàíèÿ òîêñè÷íûõ ýëåìåíòîâ 
â ïî÷âàõ â áëèæàéøåì îáðàìëåíèè õâîñòîõðàíèëèùà ïðåâûøàþò ïðåäåëüíî­äîïóñòèìûå êîíöåíòðàöèè 
As – â 489 ðàç; Pb – â 22; Cd – â 85 ðàç. 

Â ñîäåðæàíèÿõ ðåäêîçåìåëüíûõ ýëåìåíòîâ (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Y) óñòà­
íîâëåíî èõ çàêîíîìåðíîå óìåíüøåíèå â ñëåäóþùåì ïîðÿäêå: âìåùàþùèå ïîðîäû → òåõíîçåìû → ñâèí­
öîâî­öèíêîâûå ðóäû → ïî÷âû. Âî âñåõ èññëåäîâàííûõ ïðîáàõ íàáëþäàåòñÿ îòðèöàòåëüíàÿ åâðîïèåâàÿ 
àíîìàëèÿ. Îïðåäåëåíî, ÷òî ãåîõèìè÷åñêàÿ ñïåöèàëèçàöèÿ ìàòåðèàëîâ òåõíîãåííûõ îáðàçîâàíèé Àêà­
òóåâñêîãî ìåñòîðîæäåíèÿ òåñíî ñâÿçàíà ñ ýëåìåíòíûì ñîñòàâîì èçâëå÷åííûõ ñâèíöîâî­öèíêîâûõ ðóä

Êëþ÷åâûå ñëîâà: Âîñòî÷íîå Çàáàéêàëüå; Àêàòóåâñêîå ïîëèìåòàëëè÷åñêîå ìåñòîðîæäåíèå; õâîñòîõðàíèëèùå; âìå­
ùàþùèå ïîðîäû; òåõíîçåìû; ñâèíöîâî­öèíêîâûå ðóäû; òîêñè÷íûå ýëåìåíòû; ðåäêîçåìåëüíûå ýëåìåíòû; ïðåäåëüíî 
äîïóñòèìûå êîíöåíòðàöèè; åâðîïèåâàÿ àíîìàëèÿ

The actuality of the study is caused by the necessity to identify the maximum permissible concentrations of toxic 
elements in natural and technogenic complexes of the Akatuevsky polymetallic deposit. Determination of elemen­
tal composition of samples was carried out by the X­ray fluorescence method at the Geological Institute of the GIN 
SB RAS (Ulan­Ude), as well as by the ICP­MS method in the laboratory of SGS Vostok Limited CJSC (Chita). 

Concentrations of ore and rare elements, including potentially hazardous toxic elements, have been deter­
mined in all components of the natural­technogenic complexes of Akatuevsky polymetallic deposit (host rocks, 
ores, technosols, soils). It has been shown that the maximum permissible concentrations of toxic elements in 
the technosols of Akatuevsky deposit are significantly exceeded. Thus, As content in the host rocks is 127 times 
more than their concentration in sedimentary rocks of the Earth’s crust, Pb – 2,3 times, Zn – 1,5 times, Cu – 5 
times. It has been stated that the toxic element content in the soil, in the closest frame of the tailings dump, ex­
ceeds the maximum permissible As concentration by 489 times, Pb – by 22 times, Cd – by 85 times. 

In the content of rare earth elements (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Y), their regular 
reduction is determined in the order of: host rocks → technosols → lead­zinc ores → soils. Negative europium 
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anomaly was observed in all examined samples. It has been defined that the geochemical specialization of the 
technogenic formation materials of the Akatuevsky deposit is closely connected with the elemental composition 
of the extracted lead­zinc ores

Key words: Eastern Transbaikalia; Akatuevsky polymetallic deposit; mine tailing dump; host rocks; technosols; lead­zinc 
ores; toxic elements; rare earth elements; maximum permissible concentrations; europium anomaly

Ââåäåíèå. Ïðèðîäíî­òåõíîãåííûì êîì­
ïëåêñîì íàçûâàåòñÿ ïðèðîäíî­àíòðîïî­

ãåííàÿ ñèñòåìà, âêëþ÷àþùàÿ åñòåñòâåííûå 
ïðèðîäíûå è òåõíîãåííûå îáúåêòû. Èçó÷å­
íèå ðàñïðåäåëåíèÿ ðåäêèõ è ðåäêîçåìåëü­
íûõ ýëåìåíòîâ â ïðèðîäíî­òåõíîãåííûõ 
êîìïëåêñàõ ïðîâîäèòñÿ ñ öåëüþ ïîëó÷åíèÿ 
èíôîðìàöèè î ñîäåðæàíèÿõ ðóäíûõ è ðåä­
êèõ ýëåìåíòîâ â ñèñòåìàõ ïîðîäà – ðóäà – 
õâîñòîõðàíèëèùå. Ê ÷èñëó ðåäêèõ õèìè÷åñêèõ 
ýëåìåíòîâ îòíîñÿò ìàëîðàñïðîñòðàíåííûå 
â ïðèðîäå ýëåìåíòû ñ êëàðêàìè îðèåíòèðî­
âî÷íî íèæå 0,01 %. Ê íèì îòíîñÿòñÿ: Li, Cs, 
Be, Sr; ðåäêîçåìåëüíûå ýëåìåíòû (ÐÇÝ; Zr, 
Nb, Ta, Mo, W è äð. [4]. 

Îáúåêòîì èññëåäîâàíèÿ ÿâëÿþòñÿ ýëå­
ìåíòû ïðèðîäíî­òåõíîãåííîãî êîìïëåêñà 
Àêàòóåâñêîãî ïîëèìåòàëëè÷åñêîãî ìåñòî­
ðîæäåíèÿ: ñâèíöîâî­öèíêîâûå ðóäû, âìåùà­
þùèå ïîðîäû, ïî÷âà è òåõíîçåìû. 

Ïðåäìåò èññëåäîâàíèÿ – ðàñïðåäåëåíèå 
ðóäíûõ è ðåäêèõ ýëåìåíòîâ âî âñåõ ñîñòàâëÿ­
þùèõ ïðèðîäíî­òåõíîãåííîãî êîìïëåêñà. 

Âîïðîñ ñîâðåìåííîãî ñîñòîÿíèÿ ýêîëî­
ãèè ãîðíî­ðóäíûõ òåððèòîðèé ñòîèò âåñüìà 
îñòðî. Îòìå÷àåòñÿ ïîâñåìåñòíîå óõóäøåíèå 
ýêîëîãè÷åñêîé îáñòàíîâêè íàñåëåííûõ ïóí­
êòîâ, ðàñïîëîæåííûõ â çîíå âëèÿíèÿ äåé­
ñòâóþùèõ è çàêðûòûõ ãîðíî­îáîãàòèòåëüíûõ 
êîìáèíàòîâ.

Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ýêîëî­
ãî­ãåîõèìè÷åñêàÿ îöåíêà ñîäåðæàíèÿ ðóäíûõ 
è ðåäêèõ ýëåìåíòîâ íà òåððèòîðèè Àêàòóåâ­
ñêîãî ïîëèìåòàëëè÷åñêîãî ìåñòîðîæäåíèÿ.

Âûÿâëåíî, ÷òî ãåîõèìè÷åñêàÿ ñïåöèàëè­
çàöèÿ ìàòåðèàëîâ òåõíîãåííûõ îáðàçîâàíèé 
Àêàòóåâñêîãî ìåñòîðîæäåíèÿ òåñíî ñâÿçàíà 
ñ ýëåìåíòíûì ñîñòàâîì èçâëå÷åííûõ ñâèí­
öîâî­öèíêîâûõ ðóä. Óñòàíîâëåíî çíà÷èòåëü­
íîå ïðåâûøåíèå êîíöåíòðàöèè ðóäíûõ ýëå­
ìåíòîâ, â òîì ÷èñëå òîêñè÷íûõ, â òåõíîãåííûõ 
ñèñòåìàõ (õâîñòîõðàíèëèùàõ), ÷òî îêàçûâàåò 
íåãàòèâíîå âëèÿíèå íà ýêîëîãèþ îêðóæàþ­
ùåé ïðèðîäíîé ñðåäû [1; 3; 5; 8–14]. 

Ôàêòè÷åñêèé ìàòåðèàë è ìåòîäû èññëå­
äîâàíèÿ. Â îñíîâó ðàáîòû ïîëîæåí ìàòåðèàë, 
ïîëó÷åííûé àâòîðàìè â ïðîöåññå òåìàòè÷å­

ñêèõ è ïîëåâûõ èññëåäîâàíèé Èíñòèòóòà ýêî­
ëîãèè è êðèîëîãèè ÑÎ ÐÀÍ â 2014–2019 ãã., à 
òàêæå îïóáëèêîâàííûå äàííûå òåððèòîðè­
àëüíûõ ãåîëîãè÷åñêèõ ôîíäîâ (ã. ×èòà). Îïðå­
äåëåíèå ýëåìåíòíîãî ñîñòàâà ïðîá îáúåêòà 
èññëåäîâàíèÿ ýêñïåðèìåíòàëüíî ïðîâîäè­
ëîñü ðåíòãåíîôëóîðåñöåíòíûì (ÐÔÀ) è ISP­
AES ìåòîäàìè â ãåîëîãè÷åñêîì èíñòèòóòå 
ÃÈÍ ÑÎ ÐÀÍ (ã. Óëàí­Óäý), à òàêæå ìåòîäîì 
ICP­MS â ëàáîðàòîðèè ÇÀÎ “SGS Vostok 
Limited” (ã. ×èòà).  

Êðàòêàÿ ãåîëîãè÷åñêàÿ õàðàêòåðèñòèêà 
Àêàòóåâñêîãî ïîëèìåòàëëè÷åñêîãî ìåñòî­
ðîæäåíèÿ. Ìåñòîðîæäåíèå îòêðûòî â 1815 ã. 
Ðàçðàáîòêîé ìåñòîðîæäåíèÿ â 1993–2002 ãã. 
çàíèìàëñÿ Íåð÷èíñêèé ïîëèìåòàëëè÷åñêèé 
êîìáèíàò. Îòðàáîòêà ìåñòîðîæäåíèÿ ïðîâî­
äèëàñü ïîäçåìíûì ñïîñîáîì. Â 2002 ã. êîì­
áèíàò áûë çàêðûò.

Â ãåîëîãè÷åñêîì ñòðîåíèè ðàéîíà ìå­
ñòîðîæäåíèÿ ïðèñóòñòâóþò íèæíåïàëåîçîé­
ñêèå îñàäî÷íî­ìåòàìîðôè÷åñêèå îòëîæåíèÿ, 
ïîçäíåïàëåîçîéñêèå ãðàíèòû, ãðàíîäèîðè­
òû, þðñêèå îñàäî÷íûå è âóëêàíîãåííî­îñà­
äî÷íûå îòëîæåíèÿ (ðèñ. 1). 

Â ñòðóêòóðíîì îòíîøåíèè Àêàòóåâñêîå 
ðóäíîå ïîëå îòíîñèòñÿ ê ó÷àñòêó ñîïðÿæåíèÿ 
ñåâåðî­âîñòî÷íîãî Áîðçèíñêî­Ãàçèìóðñêîãî 
ðàçëîìà ñ ñóáìåðèäèîíàëüíîé Áóãäàÿ­Àêàòó­
åâñêîé ñèñòåìîé íàðóøåíèé. Â ðóäíîì ïîëå 
ïðåîáëàäàþùèìè ÿâëÿþòñÿ ðàçëîìû ñåâå­
ðî­âîñòî÷íîãî ïðîñòèðàíèÿ, ïðî÷èå òåêòîíè­
÷åñêèå íàðóøåíèÿ èìåþò ïîä÷èíåííîå çíà­
÷åíèå. Îñíîâíóþ ÷àñòü ðóäíîãî ïîëÿ ñëàãàþò 
ñëàíöåâûå è êàðáîíàòíûå îòëîæåíèÿ, ïðî­
òÿãèâàþùèåñÿ ñ þãî­çàïàäà íà ñåâåðî­âîñ­
òîê â âèäå ïîëîñû øèðèíîé 0,6…1,2 êì. Íà 
ìåñòîðîæäåíèè èçâåñòíî 12 ðóäíûõ òåë. 
Ñðåäè íèõ 10 èìåþò æèëîîáðàçíóþ ôîðìó 
äëèíîé 150…400 ì è ìîùíîñòüþ 0,5…15 ì, 
2 – òðóáîîáðàçíóþ. Òðóáîîáðàçíûå òåëà õà­
ðàêòåðèçóþòñÿ ñðåäíåé ìîùíîñòüþ äî 25 ì 
è âêëþ÷àþò îêîëî 60 % ïîäñ÷èòàííûõ çàïà­
ñîâ. Ðóäû ìåñòîðîæäåíèÿ ñèëüíî îêèñëåíû 
äî ãëóáèíû 100…240 ì. Ãëàâíûå ðóäíûå ìè­
íåðàëû: àíãëåçèò, öåðóññèò, ãàëåíèò, ñìèò­
ñîíèò è ñôàëåðèò.
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Ðèñ. 1. Ñõåìà ãåîëîãè÷åñêîãî ñòðîåíèÿ Àêàòóåâñêîãî ðóäíîãî ïîëÿ: 
1) Þðñêàÿ ñèñòåìà: à) Øàäîðîíñêàÿ ñåðèÿ (J

2­3
sd). Êâàðöåâûå ëàòèòû, òðàõèëèïàðèòû è èõ òóôû, òóôîàëåâðîëèòû 

ñ ìàëîìîùíûìè ïðîñëîÿìè òóôîïåñ÷àíèêîâ; á) Òàìåíãèíñêàÿ ñâèòà (J
1
tm). Ïåñ÷àíèêè ñ ïðîñëîÿìè àëåâðîëèòîâ, 

óãëèñòî­ãëèíèñòûõ ñëàíöåâ è êîíãëîìåðàòîâ; 2) Êåìáðèéñêàÿ ñèñòåìà: Íèæíèé îòäåë: à) Ãàðäæèãóéñêàÿ ñâèòà (ª
1
gr). 

Êâàðöèòû, êâàðöèòîâèäíûå ïåñ÷àíèêè, êâàðöåâî­ñëþäèñòûå ñëàíöû, ãëèíèñòûå èçâåñòíÿêè; á) Áûñòðèíñêàÿ ñâèòà 
(ª1bs). Èçâåñòíÿêè, äîëîìèòû, ðîãîâèêè è ñëàíöû ñ ðàçëè÷íûìè èçìåíåíèÿìè ïî ïðîñòèðàíèþ; 

3) Ïîçäíåþðñêèå èíòðóçèè: à) Äèîðèòîâûå ïîðôèðèòû (äàéêè è øòîêè), ëàìïðîôèðû (ñïàññàðòèòû) – (χ), (δµJ
3
); 

á) Êâàðöåâûå ïîðôèðû, ãðàíèò­ïîðôèðû (γπ), (λπJ
3
); â) Êâàðöåâûå ñèåíèò­ïîðôèðû, êâàðöåâûå ñèåíèòû (qξπJ

3
);

4) Ïîçäíåïàëåîçîéñêèå èíòðóçèè. Óíäèíñêèé èíòðóçèâíûé êîìïëåêñ: à) Òðåòüÿ ôàçà. Ãðàíèòû ëåéêîêðàòîâûå 
ìåëêîçåðíèñòûå (àïëèòîâèäíûå) è ñðåäíåçåðíèñòûå (γçPZ

3
u); á) Âòîðàÿ ôàçà. Áèîòèòîâûå è áèîòèò­àìôèáîëîâûå 
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ãðàíèòû, ãðàíîäèîðèòû (γ­γδ
2
PZ

3
u); â) Ðàííåïàëåîçîéñêèå èíòðóçèè. Ìåòàãàááðî­äèàáàçû (Ó­βPZ

1
). 5) Ðàçíîñòè 

ïîðîä: à) Ïåñ÷àíèêè; á) Ãëèíèñòûå îòëîæåíèÿ (àëåâðîëèòû, àðãèëëèòû); â) Êîíãëîìåðàòû; ã) Êàðáîíàòíûå 
îòëîæåíèÿ (ìðàìîðèçîâàííûå, ãëèíèñòûå, óãëèñòûå èçâåñòíÿêè è äîëîìèòû); ä) Îðîãîâèêîâàíèå; å) Ñëàíöû 

(óãëèñòûå è ãëèíèñòûå); æ) Êâàðöèòû, êâàðöèòîâèäíûå ïåñ÷àíèêè è ñëàíöû; ç) Êâàðöåâûå ëàòèòû; è) Òðàõèëèïàðèòû; 
ê) Òóôû (òóôîïåñ÷àíèêè è òóôîàëåâðîëèòû); ë) Òåêòîíè÷åñêèå çîíû äðîáëåíèÿ; ì) Òåêòîíè÷åñêèå áðåê÷èè 

(èçâåñòêîâî­ãëèíèñòûå è êâàðöåâûå). 6) Ìåñòîïîëîæåíèå õâîñòîõðàíèëèùà ðóäíèêà Àêàòóåâñêîãî 
ïîëèìåòàëëè÷åñêîãî ìåñòîðîæäåíèÿ / 

Fig. 1. Scheme of the geological structure of Akatuevsky ore field. 
1) Jurassic: a) Shadoron Series (J

2­3
sd). Quartz latites, trachyliparites and their tuffs, tuff siltstones with low­power 

interlayers of tuff sandstones; b) Tamenginsky formation (J
1
tm). Sandstones with interlayers of siltstones, carbonaceous 

shales and conglomerates. 2) Cambrian: Lower section: (a) Gardzhiguysky formation (ª
1
gr). Quartzites, quartzite 

sandstones, quartz­micaceous shales, clay limestone; b) Bystrinsky formation (ª1bs). Limestones, dolomites, shale rock 
and shales with various strike changes. 3) Late Jurassic intrusions: a) Diorite porphyrites (dykes and rods), lamprophyres 

(spessartites) – (χ), (δµJ
3
); b) Quartz porphyres, granite porphyres (γπ), (λπJ3); c) Quartz syenite porphyres, quartz syenites 

(qξπJ
3
). 4) Late Paleozoic intrusions. Undine intrusive complex: a) Third phase. Granites leucocratic, fine grained 

(aplite­like) and medium grained (γzPZ3u); b) Second phase. Biotite and biotite­amphibole granites, granodiorites 
(γ­γδ

2
PZ

3
u); c) Early Paleozoic intrusions. Metagabbro­diabases (U­βPZ

1
). 5) Rocks differences: a) Sandstones; b) Clay 

sediments (siltstones, mudstones); c) Conglomerates; d) Carbonate sediments (marbled, clay, carbonaceous limestones 
and dolomites); e) Shale rocks; f) Shales (carbonaceous and clay); g) Quartzites, quartzitic sandstones and shales; 

h) Quartz latites; i) Trachyliparites; j) Tuffs (tuff sandstones and tuff siltstones); l) Tectonic crushing zones; m) Tectonic 
breccias (lime­clayed and quartz). 6) Location of the Akatuevsky polymetallic mine tailing dump 

Õâîñòîõðàíèëèùå ðóäíèêà ñîñòîèò èç 
òðåõ ïðóäîâ­íàêîïèòåëåé îáùåé ïðîòÿæåí­
íîñòüþ 850 ì ïðè ìàêñèìàëüíîé øèðèíå îêî­
ëî 250 ì. Õâîñòû íå çàòîïëåíû, íàáëþäàåòñÿ 
èíòåíñèâíîå ýîëîâîå ðàçâåèâàíèå è âûíîñ 
õâîñòîâ ïî ýðîçèîííûì ïðîìîèíàì. Âûñîòà 
äàìáû íèæíåãî ïðóäà­íàêîïèòåëÿ – 7…9 ì. 
Ïî ñêëîíó âíåøíåãî îòêîñà äàìáû íàáëþ­
äàåòñÿ ðàçâèòèå ïðîìîèí (ìåëêîñòðóé÷àòàÿ 
ýðîçèÿ). Äàìáà ñðåäíåãî ïðóäà­íàêîïèòåëÿ â 
ïðàâîáåðåæíîé ÷àñòè ðàçðóøåíà ïðîìîèíîé, 
ñôîðìèðîâàííîé ñòîêîì âîäû èç øòîëüíè. 
Âäîëü ëåâîáåðåæíîé ÷àñòè ïðóäà­íàêîïèòå­
ëÿ ðàñïîëîæåíà ïðîìîèíà ãëóáèíîé áîëåå 
3 ì, ïðåäïîëîæèòåëüíî, äëÿ ñïóñêà äîæäå­
âûõ è òàëûõ âîä ñ âåðõîâèé äîëèíû. Äàìáû 
âåðõíåãî ïðóäà­íàêîïèòåëÿ êàê òàêîâîé íå 
ñóùåñòâóåò – èìååòñÿ õàîòè÷åñêîå íàãðîìî­
æäåíèå îòâàëîâ [6]. 

Ðåçóëüòàòû èññëåäîâàíèÿ. Àíàëèç ðàñ­
ïðåäåëåíèÿ õèìè÷åñêèõ ýëåìåíòîâ âî âñåõ 
ñîñòàâëÿþùèõ ïðèðîäíî­òåõíîãåííûõ êîì­
ïëåêñîâ âûÿâèë ïðåâûøåíèå êàê îòíîñèòåëü­
íî ñðåäíèõ ñîäåðæàíèé â îñàäî÷íûõ ãîðíûõ 
ïîðîäàõ çåìíîé êîðû, òàê è ïðåäåëüíî äî­
ïóñòèìûõ êîíöåíòðàöèé â ïî÷âå. Òàê, ñðåä­
íèå ñîäåðæàíèÿ As âî âìåùàþùèõ ïîðîäàõ 
ïðåâûøàþò ñðåäíèå ñîäåðæàíèÿ â îñàäî÷­
íûõ ãîðíûõ ïîðîäàõ çåìíîé êîðû â 127 ðàç, 
â ðóäàõ – â 29 712, â òåõíîçåìàõ – â 4 019, 
â ïî÷âàõ – â 489 ðàç (òàáë. 1) [2]. Ïðè ýòîì 
ñîäåðæàíèå õèìè÷åñêèõ ýëåìåíòîâ â ñâèí­
öîâî­öèíêîâûõ ðóäàõ Àêàòóåâñêîãî ìåñòî­

ðîæäåíèÿ ïðèáëèçèòåëüíî ñîîòâåòñòâóåò èõ 
êîíöåíòðàöèÿì â ðóäàõ äðóãèõ ïîëèìåòàë­
ëè÷åñêèõ ìåñòîðîæäåíèé Âîñòî÷íîãî Çà­
áàéêàëüÿ.

Ñîäåðæàíèÿ òîêñè÷íûõ ýëåìåíòîâ â ïî­
÷âàõ, â áëèæàéøåì îáðàìëåíèè õâîñòîõðà­
íèëèùà, ïðåâûøàþò ïðåäåëüíî äîïóñòèìûå 
êîíöåíòðàöèè As â 489 ðàç, Pb – â 22, Cd – â 
85 ðàç (òàáë. 1, ðèñ. 2) [2].

Íà ñïàéäåð­äèàãðàììàõ ðàñïðåäåëå­
íèÿ ëàíòàíîèäîâ â ïðèðîäíî­òåõíîãåííûõ 
êîìïëåêñàõ îòìå÷àåòñÿ ÷åòêèé åâðîïèåâûé 
ìèíèìóì (ðèñ. 3). Â ñîäåðæàíèÿõ ðåäêîçå­
ìåëüíûõ ýëåìåíòîâ îòìå÷àåòñÿ çàêîíîìåð­
íîå óìåíüøåíèå èõ â ïîðÿäêå: âìåùàþùèå 
ïîðîäû → òåõíîçåìû → ñâèíöîâî­öèíêîâûå 
ðóäû → ïî÷âû (òàáë. 2, ðèñ. 3). Âî âñåõ èñ­
ñëåäîâàííûõ îáðàçöàõ íàáëþäàåòñÿ îòðè­
öàòåëüíàÿ åâðîïèåâàÿ àíîìàëèÿ (ñì. ðèñ. 3). 
Äëÿ âìåùàþùèõ ïîðîä è ðóä ýòî îáúÿñíÿåòñÿ 
èõ ôîðìèðîâàíèåì çà ñ÷åò î÷åíü äèôôåðåí­
öèðîâàííûõ ìàãìàòè÷åñêèõ î÷àãîâ. Ïî÷âû è 
òåõíîçåìû ÿâëÿþòñÿ èõ ïðîèçâîäíûìè.

Èçâåñòíî, ÷òî îñíîâíûì êîíöåíòðàòî­
ðîì åâðîïèÿ â ïîðîäàõ ñëóæèò ïëàãèîêëàç. 
Íàëè÷èå åâðîïèåâîãî ìèíèìóìà âî âìåùà­
þùèõ ãîðíûõ ïîðîäàõ ñâÿçàíî ñ ôðàêöèîíè­
ðîâàíèåì ïëàãèîêëàçà. Ñïåêòðû ëåãêèõ ÐÇÝ 
â ïðîáàõ âñåõ èññëåäîâàííûõ îáúåêòîâ ïðè­
ðîäíî­òåõíîãåííîãî êîìïëåêñà Àêàòóåâñêîãî 
ìåñòîðîæäåíèÿ èìåþò ñõîæèå òðåíäû ðàñ­
ïðåäåëåíèÿ è îòðèöàòåëüíûé óêëîí ñî ñíè­
æåíèåì êîíöåíòðàöèè ëåãêèõ ÐÇÝ. 
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Òàáëèöà 1 / Table 1
Ñîäåðæàíèÿ ðóäíûõ è ðåäêèõ ýëåìåíòîâ â ïðèðîäíî­òåõíîãåííûõ êîìïëåêñàõ ïîëèìåòàëëè÷åñêèõ ìåñòîðîæäåíèé 

Âîñòî÷íîãî Çàáàéêàëüÿ, ã/ò / Content of ore and rare elements in natural­technogenic complexes of polymetallic deposits 
of the Eastern Transbaikalia, ppm

Zn Pb As Cu Sb Sn Nd Rb Sr Zr In Cd
* 83 16 1,7 47 0,5 2,5 37 150 340 170 0,25 0,13
** 23 32 2 3 4,5 ­ ­ ­ ­ 6 ­ 2

Àêàòóåâñêîå ìåñòîðîæäåíèå, ñâèíöîâî­öèíêîâûå ðóäû (n=9) /  Akatuevsky deposit, lead­zinc ores (n=9)
x 118 982 49 876 50 511 867 155 12 4 40 44 35 38 835
s 124 236 72 311 80 559 652 221 16 2 52 28 51 38 862

*/x 1433 3115 29 712 18 310 4,8 0,1 0,26 0,13 0,2 152 6423
Âìåùàþùèå ïîðîäû (n = 7) / Adjacent strata (n = 7)

x 126 73 217 18 50 4 29 133 433 155 ­ ­
s 90 97 354 15 113 3 4 22 98 98 ­ ­

*/x 1,5 2,3 127 5 11 1,5 4,1 0,88 1,27 0,9 ­ ­
Òåõíîçåìû (n=15) / Technosols (n=15)

x 9980 3632 8038 211 48 7 9 29 543 18 ­ 2
s 9555 1878 5295 129 27 5 5 20 254 13 ­ 1

**/x 434 113,5 4019 4,48 10,6 ­ ­ ­ ­ 3 ­ 1
Ïî÷âû (n=19) / Soils (n=19)

x 1831 1189 978 72 15 4 21 91 281 62 ­ 11
s 2768 2431 1517 102 17 1,5 8 37 141 24 ­ 20

**/x 22 37 489 13 30 1,6 ­ ­ ­ 10 ­ 85
Íîéîí­Òîëîãîéñêîå ìåñòîðîæäåíèå, ñâèíöîâî­öèíêîâûå ðóäû (n=12) / Noyon­Tolgoysky deposit, lead­zinc ores (n=12)
x 114 913 52 862 49 416 899 8764 462 ­ 37 200 265 149 584 688
s 69 975 40 175 34 296 566 17 822 837 ­ 38 125 143 8 701 507
Íîâî­Øèðîêèíñêîå ìåñòîðîæäåíèå, ñâèíöîâî­öèíêîâûå ðóäû (n=12) / Novo­Shirokinsky deposit, lead­zinc ores (n=12)
x 86 000 207 600 1386 32 075 2568 12 ­ 156 84 77 6 142
s 12 030 15 432 1306 14 000 2880 10 ­ 69 131 27 1 145

Êëè÷êèíñêîå ìåñòîðîæäåíèå, ñâèíöîâî­öèíêîâûå ðóäû (n =10) / Klichkinsky deposit, lead­zinc ores (n =10)
x 62 889 30 554 42 229 2170 6298 541 ­ 85 179 32 8 302
s 14 741 1056 28 153 946 10 486 765 ­ 14 105 9 5 81

Ïðèìå÷àíèå: x – ñðåäíåå àðèôìåòè÷åñêîå; s – ñòàíäàðòíîå îòêëîíåíèå; * – ñðåäíèå ñîäåðæàíèÿ ýëåìåíòîâ â 
îñàäî÷íûõ ãîðíûõ ïîðîäàõ çåìíîé êîðû [4]; ** – ïðåäåëüíî äîïóñòèìûå ñîäåðæàíèÿ ýëåìåíòîâ â ïî÷âå (â ñîîò­
âåòñòâèè ñ íîðìàòèâíî­ïðàâîâûìè àêòàìè, ðåãóëèðóþùèìè ÏÄÊ â ïî÷âå) [2]; ­ – íåò äàííûõ / Note: x – arithmetic 
mean; s – standard deviation; * – average content of elements in sedimentary rocks of the Earth crust [4], ** – maximum per­
missible content of elements in soil (in accordance with regulations governing MPCs in soil) [2]; ­ – no data

Ðèñ. 2. Äèàãðàììà ðàñïðåäåëåíèÿ õèìè÷åñêèõ ýëåìåíòîâ â ïðèðîäíî­òåõíîãåííûõ êîìïëåêñàõ Àêàòóåâñêîãî 
ïîëèìåòàëëè÷åñêîãî ìåñòîðîæäåíèÿ / Fig. 2. Diagram of chemical elements distribution in natural­technogenic 

complexes of the Akatuevsky polymetallic deposit



Earth sciences                                                                        Bulletin of ZabGU. 2020. Vol. 26. No. 2

11

Ðèñ. 3. Ñïàéäåð­äèàãðàììà ðàñïðåäåëåíèÿ ðåäêîçåìåëüíûõ ýëåìåíòîâ â ïðèðîäíî­òåõíîãåííûõ êîìïëåêñàõ 
Àêàòóåâñêîãî ïîëèìåòàëëè÷åñêîãî ìåñòîðîæäåíèÿ. Ïðîáû 33­2, 33­3, 34­1, 37­1 – ñâèíöîâî­öèíêîâûå ðóäû /

 Fig. 3. Spider­diagram of rare­earth elements distribution in natural­technogenic complexes of the Akatuevsky polymetallic 
deposit. Samples 33­2, 33­3, 34­1, 37­1 are lead­zinc ores

Òàáëèöà 2 / Table 2

Ñðåäíèå ñîäåðæàíèÿ ðåäêîçåìåëüíûõ ýëåìåíòîâ â ïðèðîäíî­òåõíîãåííûõ êîìïëåêñàõ Àêàòóåâñêîãî 
ïîëèìåòàëëè÷åñêîãî ìåñòîðîæäåíèÿ, ã/ò / Average content of rare earth elements in nature­technogenic complexes 

of the Akatuevsky polymetallic deposit, ppm

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu ∑TR
Ñâèíöîâî­öèíêîâûå ðóäû (n=4) / Lead­zinc ores (n=4)

3,0
2,2

6,5
4,8

0,8
0,6

3,7
2,4

1,0
0,5

0,6
0,5

1,0
0,4

0,1
0,07

0,9
0,3

0,2
0,06

0,5
0,09

0,04
0,01

0,3
0,06

0,04
0,005

21,8
13,2

Âìåùàþùèå ïîðîäû (n=7) / Adjacent strata (n=7)

36,8
6,9

75,4
7,6

6,5
0,7

29,4
3,9

6,2
1,0

1,3
0,14

4,9
0,9

0,8
0,16

4,3
0,2

0,9
0,2

0,8
2,7

0,4
0,08

2,6
0,6

0,3
0,06

13,4
1,3

Òåõíîçåìû (n=15) / Technosols (n=15)

9,1
5,6

75,4
7,6

2,2
1,2

8,7
5,2

1,7
1,0

0,8
0,6

1,6
1,9

0,2
0,1

1,3
0,8

0,3
0,16

0,6
0,4

0,1
0,06

0,7
0,4

0,1
0,06

32,8
31,7

Ïî÷âû (n=19) / Soils (n=19)

24,2
10,0

52,8
21,4

5,7
2,3

19,0
11,6

3,9
1,7

1,0
0,4

3,3
1,5

0,7
0,5

2,8
1,3

0,6
0,2

4,6
0,7

0,3
0,2

1,6
0,7

1,3
5,6

8,5
2,9

Ïðèìå÷àíèå:  â ÷èñëèòåëå – ñðåäíåå àðèôìåòè÷åñêîå, â çíàìåíàòåëå – ñòàíäàðòíîå îòêëîíåíèå; ∑TR – ñóììà ðåäêî­
çåìåëüíûõ ýëåìåíòîâ; n – ÷èñëî àíàëèçîâ / Note: in the numerator – arithmetic mean, in the denominator – standard devia­
tion; ∑TR – sum of rare earth elements; n – number of analyses

Ïðåäåëüíî äîïóñòèìûå êîíöåíòðàöèè 
ÐÇÝ â ïî÷âàõ íå óñòàíîâëåíû. Ïðè ýòîì èç­
âåñòíî, ÷òî ëàíòàíîèäû îáëàäàþò âûñîêîé 
áèîõèìè÷åñêîé è áèîëîãè÷åñêîé àêòèâíî­
ñòüþ. Óñòàíîâëåíî ôèçèîëîãè÷åñêîå âîçäåé­
ñòâèå ëàíòàíîèäîâ íà ðàñòåíèÿ. Âûÿâëåíî, 
÷òî ïîâûøåííûå ñîäåðæàíèÿ ëàíòàíîèäîâ 

îêàçûâàþò ãóáèòåëüíîå âîçäåéñòâèå íà êëåò­
êè ðàñòåíèé [5]. 

Â íàñòîÿùåå âðåìÿ óñïåøíî ðåàëèçó­
þòñÿ çà ðóáåæîì ìåòîäû âîññòàíîâëåíèÿ ñ 
èñïîëüçîâàíèåì ðàçëè÷íûõ âèäîâ áàêòåðèé, 
ñâîäÿùèõ íà íåò ïàãóáíîå âîçäåéñòâèå íà 
îêðóæàþùóþ ñðåäó õèìè÷åñêèõ ýëåìåíòîâ 
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