OAE 553.45:553.44(571.55)
DOI: 10.21209/2227-9245-2020-26-2-6-13

OANTOAMMEATEA 0AT U0 E DAAEE

ET 1 TEAENAD AEAOOAANETAT TTE

ORE AND RARE ELEMENTS DISTRIBUTION IN NATURAL-TECHNOGENIC COMPLEXES
OF THE AKATUYEVSKY POLYMETALLIC DEPOSIT

A. T. AadaiTa, 0. A. O00AITA,
Eifioe060 T3&STAT(0 Gaf6dniTa,
yeTéTARe & foeTeTaee, Neaednsta
T04368168 DTANCERETE adaadiee
Ta0é, 4. xeoa

b_abramov@mail.ru

Eifioe060 T0edTAT (0 daR60MTa,
yeTeTace & poeTeTACe, NeaedneTa
To446a1e4 DTTReERETE adaadiee
fadé, a. xeoa
master.of.pistols@mail.ru

0. Tsyrenov,

Institute of Natural Resources,
Ecology and Cryology. Siberian
Branch of the Russian Academy of
Sciences, Chita

A. Abramov,

Institute of Natural Resources,
Ecology and Cryology. Siberian
Branch of the Russian Academy
of Sciences, Chita

181 THoUp 6fdaTTacdiey TAAACUTT aTToMN0eT 06 iTaddzaiéé
00 ETTTE48MA0 AeaoddanéTaT TTeeT acaeée-aneTar 1anoT-
A TOTA TOTATACETNU BATOAATTOBOTOANOATOTGT TAOTATT &

6afodaoee 36ai0o e ddasce

2

2 A~ Q =~ - o~ s

A+€046UTT T6AAOZATO TOAA4EUTT-4
i

Qo

MD:
et
-\
o
[al}
<
:
Qo
-/
Qo
8\
=)
: >
~
—
QD
=0
o
o
o
Z
o
2
/ 3

Q:
=
o
=13
o
lol
-/
O
Do

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 X-ray fluorescence method at the Geological Institute of the GIN
SB RAS (Ulan-Ude), as well as by the ICP-MS 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 natural-technogenic 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 — lead-zinc ores — soils. Negative europium

©A. 1. AadaiTa, 0. A. 008414, 2020 6
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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 lead-zinc ores

Key words: Eastern Transbaikalia; Akatuevsky polymetallic deposit; mine tailing dump; host rocks; technosols; lead-zinc
ores; toxic elements; rare earth elements; maximum permissible concentrations; europium anomaly
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Fig. 1. Scheme of the geological structure of Akatuevsky ore field.

1) Jurassic: a) Shadoron Series (J, ,sd). Quartz latites, trachyliparites and their tuffs, tuff siltstones with low-power
interlayers of tuff sandstones; b) Tamenginsky formation (J,tm). Sandstones with interlayers of siltstones, carbonaceous
shales and conglomerates. 2) Cambrian: Lower section: (a) Gardzhiguysky formation (2,gr). Quartzites, quartzite
sandstones, quartz-micaceous shales, clay limestone; b) Bystrinsky formation (=, bs). Limestones, dolomites, shale rock
and shales with various strike changes. 3) Late Jurassic intrusions: a) Diorite porphyrites (dykes and rods), lamprophyres
(spessartites) — (x), (8uJ,); b) Quartz porphyres, granite porphyres (yn), (AnJ3); ¢) Quartz syenite porphyres, quartz syenites
(génd,). 4) Late Paleozoic intrusions. Undine intrusive complex: a) Third phase. Granites leucocratic, fine grained
(aplite-like) and medium grained (yzPZ,u); b) Second phase. Biotite and biotite-amphibole granites, granodiorites
(y-v8,PZ,u); c) Early Paleozoic intrusions. Metagabbro-diabases (U-BPZ,). 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); I) Tectonic crushing zones; m) Tectonic
breccias (lime-clayed and quartz). 6) Location of the Akatuevsky polymetallic mine tailing dump
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Aafioieé Caaid. 2020. 0. 26, 1 2 Ta66e T CAies

0aaeeva 1/ Table 1

NTaddmarey 5647100 & 534880 yeaTATOTA A TOSOTATT-0A0TTAAT 100 6T 1 TEA8AA0 TTES T A0acEe+aMces TaNTOTeAATEE

TROT+TTAT Cadaééasly, a/0 / Content of ore and rare elements in natural-technogenic complexes of polymetallic deposits
of the Eastern Transbaikalia, ppm
n Pb As Cu Sh 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 45 - - - - 6 - 2
ABA06AANET 14N0TOTRAATRA, NS TOTAT-0216TA04 8640 (n=9) / Akatuevsky deposit, lead-zinc ores (n=9)
X 118982 | 49876 | 50511 867 155 12 4 40 44 35 38 835
S 124236 | 72311 | 80559 652 221 16 2 52 28 51 38 862
*IX 1433 3115 29712 18 310 48 | 0,1 0,26 0,13 0,2 152 6423
AT&uapuéd 11740 (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 - -
*IX 15 2,3 127 5 11 15 | 41 0,88 1,27 0,9 - -
04617c&1 0 (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 1135 4019 4,48 10,6 - - - - 3 - 1
1740 (n=19) / Soils (n=19)
X 1831 1189 978 72 15 4 21 91 281 62 - 11
S 2768 2431 1517 102 17 15 8 37 141 24 - 20
**/X 22 37 489 13 30 1,6 - - - 10 - 85
1T6TT-0TETATENETA T18M0TOTRAA T84, A8 TOTAT-08 16704 0040 (n=12) / Noyon-Tolgoysky deposit, lead-zinc ores (n=12)
X 114913 | 52862 | 49416 899 8764 462 - 37 200 265 149 584 688
S 69 975 40175 | 34296 566 17 822 837 - 38 125 143 8 701 507
1TAT-Pe0T82 11ETA 1 aM0T0TRAA1 24, AAeTOTAT-08 16TA04 8040 (n=12) / Novo-Shirokinsky deposit, lead-zinc ores (n=12)
X 86 000 | 207600 1386 | 32075 2568 12 - 156 84 77 6 142
S 12 030 15432 1306 | 14000 2880 10 - 69 131 27 1 145
Eee+8TAETA 14M0TOTRAATRA, RASTOTAT-08T6TA04 8640 (n =10) / Klichkinsky deposit, lead-zinc ores (n =10)
X 62 889 30554 | 42229 | 2170 6298 541 - 85 179 32 8 302
S 14741 1056 28 153 946 10 486 765 - 14 105 9 5 81
ToeTa+ared: x — NOAATAA a0 T1A08+AMETA; s — NOATAABOTTA TOBETTATES; * — NOAATEA iTARd®@ATEY YEATATOTA &
TRAAT=TO0 ATOTO0 TTOTAAD GAT IT€ TOA [4]; ** — 1TBAAA&UTT ATION0eT DA iTAddxaiey yeaTaioTaa TT+a4 (A ATTO-
ado0foaee n ITOTA0RATT-TAAATANT & Aé0aT &, dlddeedopuieie TAE ATT+a4) [2]; - — TA0 AaT 100 / 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

/T
200000
100000 —
7 Bmewatonwe nopomst
10000+ [ Texuosem
I TTousn
1000+
1007
104

"As Zn Pb Cd Cu Sb Sn Rb Sr Zr Nd In

pen. 2. A@aadal 1a danTodadcaiey 6e1e+anees yedT14T0TA A TOROTATT-0A5 T TAAT 105 6T1 Te4éNad Aea004ANETAT
TTEETA0a668+aNETAT T1aM0ToTeAaaTey / Fig. 2. Diagram of chemical elements distribution in natural-technogenic
complexes of the Akatuevsky polymetallic deposit
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Fig. 3. Spider-diagram of rare-earth elements distribution in natural-technogenic complexes of the Akatuevsky polymetallic
deposit. Samples 33-2, 33-3, 34-1, 37-1 are lead-zinc ores

0aaeena 2 / Table 2

Nodaied itaddzaiey SAAETCATAEITO0 yeATATOTA A TOROTATT-0A5TTAATTO0 6T 1 TEAEMA0 ABAOOAANETAT

TTEET A0aeEe+aneTAT T1an0ToTeaa ey, 4/0 / Average content of rare earth elements in nature-technogenic complexes
of the Akatuevsky polymetallic deposit, ppm

La|Ce|Pr|Nd|Sm| Eu|Gd| To [ Dy | Ho | Er [Tm | Yo | u | TTR
GTAT-0&16Ta04 8040 (n=4) / Lead-zinc ores (n=4)
1

1
30 | 65 |08 (37 | 10 | 06 | 10 | 01 | 09 | 02 | 05 | 004 | 03 | 004 | 218
22| 48 | 06 | 24 | 05 0,5 04 | 007 | 03 | 0,06 | 0,09 | 001 | 0,06 | 0,005 | 13,2

ga 110740 (n=7) / Adjacent strata (n=7)

a
368 | 754 |65 (24| 62 | 13 | 49 | 08 | 43 | 09 | 08 | 04 | 26 | 03 | 134
69 | 76 |07 39 | 10 [ 014 | 09 | 016 | 0.2 0,2 2,7 | 008 | 06 | 0,06 1.3

1cdi{ (n=15) / Technosols (n=15)
1.6

91 | x4 | 22| 87 | L1 | 08 02 | 13| 03 | 06 | 01 | 07 | 01 | 328
56 | 76 |12 ] 52 | 10 0,6 1,9 0,1 08 [ 016 | 04 | 006 | 04 | 006 | 31,7

TT+40 (n=19) / Soils (n=19)

242 1528 | 57 (190 39 | 10 | 383 | 07 | 28 | 06 | 46 | 03 | 16 | 13 | 85
100 | 21,4 | 23 | 116 | 1,7 0,4 1,5 0,5 1,3 0,2 0,7 02 | 0,7 5,6 2,9

ToeTa-ared: a-+eneesded —ndaaidd adeoTa0e+aneTa, A ¢ialaTaoded — i0araad0iTa ToBETTATed; YTR — 0T 12 d446T-

cATA8UT00 yead1aioTa; n—+enéT afaéecTta/ Note: in the numerator — arithmetic mean, in the denominator — standard devia-
tion; > TR — sum of rare earth elements; n — number of analyses

6 & Teac0aapo 40480361TTA ATCAAGM0ARE Ta 8640-
5& yoTT eg- e dafoareé [5].
TeTé A y OfT

A TafoTyudd adaiy onTagiT daaéeco-

AETOCT+ANETE & AeTETAG-ANETE aB0eAlT-  pPoiy ca 804dxTi1 TA0TAO AThRocaTTagarey i
fiolip. Of0ATTACATT ORCeTETAC+ANETA ATcadé- efTTelcTaAaTeaT dacee+~T00 4eATA dacoases,
fidae& earoaiTeara ia dafodiey. AOyagaiT, faTayed fa 140 TaddaiTa aTcadénoaed ia
+0T TTA0waiT04 fTaddxaiey éaioaiTearta Tédoxaptiop 6346 GeTe-+anéed yeaiaiora
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1, 2 & 3 ecanfa oTEAS-TTAOS, & 0abxA BATOATT-  TEA8AA0 ABA00AARETAT TTEeTAdasee-aRETaT
earta [7; 8] OaTroTodaTecetid ABaoddaneTaT TanoTaTRAATEY Aﬂyéeél"f ciaséoadenita
TTEETA0a66E+-ANETAT TANOTOTeAATEY TTeiT T1TA3AGwaied NdaaTed nTaddxaieé 86aAT006
Aaffi1 TOAA0U 4 a+af0Ad 0AOTTAATITAT 14AN0T- yeéai1aioTa aT atadiapued 1ToTaad ToiThne-
Teadiey N enrTelcTaarédl ATadaiaiiad 0880TT Nodaiéed fiTaddxaiéé a ThaaT+iad
0801TETAGE TT TA0A0A4TORA BATNOTA TATaa- ATOT006 TTOTAAG caiiTé éToa. OfoaiTacdiT
Gaiéy arT é&TITTIAflo T04a0oaTe4 TOAAABITT: f 1 -

oficaiTaeara fTaddxairey 86a @ 04aéed xaéwal Tadaieaiee 6al
yeéaiaioTa a ToesTaiT-0401Taaiiad éTi-
NTeATe 6808620680

1. AtaoieetaaN. A., Nesaioudaa I. A, cartéunéeé A. T., poedae+ 1. A.,NadaaT. 1., D3a8TA. R., Do-
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