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RESUMO

Barragem de rejeito de atividades de beneficiamento de minérios representa um
compartimento de relevancia no monitoramento ambiental, devido a barragem poder
apresentar formas indesejaveis de saidas de agua, como a infiltracdo. Nesse sentido, o
presente trabalho propds avaliar 0 uso da composicdo isotopica de oxigénio, hidrogénio,
estroncio e chumbo como ferramenta para 0 monitoramento ambiental de dgua subterranea
vulneravel a barragem de rejeito. Essa pesquisa foi conduzida na &rea da mina de cobre da
Serra do Sossego e, além do estudo isotopico multielementar, realizou a caracterizacao
hidroquimica das aguas subterranea e superficial. Paralelamente, neste trabalho foi aplicado,
pela primeira vez no laboratério Para-1so, o método de leitura direta da composi¢édo isotopica
do chumbo (sem tratamento quimico da amostra), utilizando espectrometria de massa com
fonte de plasma. A caracterizacdo hidroquimica da dgua subterrénea da area da mina Serra do
Sossego mostrou que ela é moderadamente acida (pH ~ 6). Apenas 0s pocos AP15 e PS32,
sob influéncia da drenagem das pilhas de misto (rejeito + estéril), apresentam elevada
condutividade elétrica (599 pS/cm? e 694 uS/cm?) e teores mais elevados de sulfato (1,82 a
6,57 meg/L). De forma geral, o ferro (29,7 mg/L), o0 manganés (69,7 mg/L) e o cobre (24,9
mg/L) apresentaram o0s teores mais elevados de metais na agua subterranea. Em termos dos
estudos isotdpicos, a agua subterranea dos pocos PS17, PS04, AP15, PS32 e da Barragem
possuem uma assinatura isotopica do chumbo menos radiogénica. As aguas dos pocos AP15 e
PS32 seriam representativas da composicao isotopica do chumbo da dgua subterranea da area
da mina (*°Pb/?’Pb = 1,1481 a 1,1663), possivelmente refletindo, em grande parte, a
assinatura isotépica do chumbo na agua metedrica. A composicdo isotopica do chumbo da
4gua subterranea dos pocos PS04 (*°Pb/?’Pb =1,1784 — 1,1850) e PS17 (*°Pb/?°’Pb = 1,2100
a 1,2160) pode indicar uma contribuicio, embora pequena, das rochas da regido (*>*Pb/**’Pb >
1,6807). Por sua vez, a composicao isotopica do chumbo na 4gua da Barragem (*°’Pb/?°°Pb
de 1,2279), representaria, como esperado, uma contribuicdo um pouco mais acentuada do
mineério e da rocha. Por outro lado, a assinatura isotopica do chumbo na agua subterranea dos
pocos MNA23 e PS06 é bem mais radiogénica (“°Pb/*’Pb = 1,6741 a 1,9196), sendo similar
a assinatura da calcopirita e do diabasio da cava Sequeirinho, o que revela uma significativa
contribuicdo da rocha e do minério sulfetado. Considerando que a composicao isotopica do
chumbo na agua da barragem é diferente daquelas da agua subterranea, ela pode ser usada no
monitoramento ambiental da influéncia da agua da barragem de rejeito na agua subterranea na

area da mina Serra do Sossego. Por sua vez, a aplicacdo dos isotopos de enxofre no
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monitoramento ambiental apresenta uma certa limitacdo na area de estudo, devido ndo haver
contraste na composicdo isotopica desse elemento entre os sulfetos do deposito Sossego (5**S
2 - 7 %o), a barragem de rejeito (6348 ~2 %0), € a agua oriunda da drenagem das pilhas de
misto (8%*S ~2 %o). Os modelos de mistura utilizando os valores da razdo ®’Sr/®°Sr em funcéo
da concentragio de estroncio e em funcdo dos valores de 8'°0, também apresentam
limitagBes, por ndo existir contraste entre os valores da razdo ®'Sr/**Sr da 4gua da barragem de
rejeito (0,7458 a 0,7539) e as rochas da area da mina (granito = 0,7474). Tal similaridade, a
principio, ndo permitiria individualizar a eventual contribuicdo da barragem de rejeito. No
entanto, como a agua subterranea apresenta valores menos radiogénicos da razéo ®’Sr/%°Sr
(0,7161 a 0,7283) e bem abaixo dos valores da barragem, a composi¢éo isotdpica do estréncio
pode ser usada no monitoramento ambiental da agua subterrdnea. Os dados isotopicos de
hidrogénio e oxigénio revelaram que no periodo chuvoso, os valores §*%0 e 8D para a 4gua
subterranea variaram de -2,74 a -7,17 %o e de -15,6 a -46,0 %o, respectivamente. Por sua vez,
os periodos de estiagem mostraram um enriquecimento de ‘0 e D, com valores de 8?0 entre
-1,67 € -7,29 %o e de oD entre -0,23 e —46,1 %o. A 4dgua da barragem exibe valores de 5180 de
1,24 a 2,79 %o ¢ de 6D de 1,40 a 7,0 %o, que contrastam com os valores desses parametros
para a agua subterrdnea e da drenagem da pilha. O modelo de mistura com os is6topos de
oxigénio e hidrogénio mostrou que estes elementos sdo os que melhor respondem como
indicadores da contribuicdo da &gua da barragem de rejeito para a &gua subterranea. A
aplicacdo desse modelo de mistura ndo mostrou influencia da agua da barragem de rejeito
sobre a agua subterranea, durante o periodo deste estudo. Os resultados obtidos no estudo
isotopico de multielementos sugerem que o monitoramento ambiental da dgua subterranea da
mina Serra do Sossego visando investigar uma eventual contribuicdo da agua barragem de
rejeito, pode ser feito mais eficientemente com o0s is6topos de oxigénio e hidrogénio. As
composicdes isotopicas de chumbo e estroncio podem igualmente ser utilizadas neste desde
ele seja feito de modo sistematico em funcdo do pequeno contraste entre a composicao
isotopica destes elementos na agua da barragem e da &dgua subterranea.

Palavras-chave: Barragem de rejeito. Geologia isotopica. Monitoramento ambiental.
Hidroquimica. Provincia Carajas. Serra do Sossego.



ABSTRACT

Tailings dams from ore mining activities are relevant compartment for environmental
monitoring because the dam can present undesirable forms of water outlets such as
infiltration. The present thesis proposed multielement isotope study in order to evaluate the
use of the isotopic composition of oxygen, hydrogen, strontium and lead as a tool for the
environmental monitoring of groundwater vulnerable to the tailings dam. This research was
conducted in the area of the Serra of Sossego copper mine and, in addition to the isotope
study, the hydrochemical characterization of groundwater and surface water was caried out.
Besides, the direct reading of the isotopic composition of lead (without chemical treatment of
the water sample) was applied for the first time, using multicollector inductively coupled
plasma mass spectrometry, in the laboratory Para-Iso. The hydrochemical characterization of
groundwater in the Serra do Sossego mine area showed that it is moderately acid (pH ~ 6).
Only the AP15 and PS32 wells, under the influence of the drainage of the mixed pile (ore
waste + sterile), presented high electrical conductivity (599 uS / cm? and 694 pS / cm?) and
the higher sulfate content (1.82 to 6.57 Meg/L). In general, iron (29.7 mg/L), manganese (69.7
mg/L) and copper (24.9 mg/L) present the highest metal content in the groundwter. In terms
of the isotope studies, the groundwater of PS17, PS04, AP15 and PS32 wells and the water of
the Dam present the least radiogenic lead isotopic composition. The water sampled in the
AP15 and PS32 wells would be representative of the lead isotope signature of groundwater in
the mine area (*°*Pb/*’Pb = 1.1481 to 1.1663) and, probably, is indicative of the lead isotope
composition of the meteroric water. The lead isotope composition of the groundwater of the
wells PS04 (*®*Pb/*’Pb = 1.1784-1.1850) and PS17 (**Pb/*’Pb = 1.2100 to 1.2160) may
indicate a small contribution of the rocks of the region (*°Pb/?°’Pb > 1.6807). In turn, the lead
isotope signature of water of the Dam (*®®*Pb/?’’Pb = 1.2279) suggests, as expected, a slightly
more pronounced contribution of the ore and the rocks. On the other hand, the lead isotopes of
the water sampled in the wells MNA23 and PS06 show a more radiogenic signature
(*°°Pb/*’Pb = 1.6741 to 1.9196), which is similar to those of the chalcopyrite and the diabase
of the Sequeirinho open pit, revealing a more significant contribution of the ore and rocks. As
the lead isotope composition of water from the dam is different from that of the groundwater,
it can be used for the environmental monitoring of the influence of the water from the dam in
groundwater in the Serra of Sossego mine area. In those wells with less radiogenic lead
isotope signature, a possible contribution of the water from the dam would result in a more

radiogenic lead isotope composition in the groundwater. Conversely, in those wells with more



radiogenic lead isotope signature, a contribution of the water dam for the groundwater would
decrease the values of the measured lead isotope ratios. On the other hand, the application of
the sulfur isotopes for environmental monitoring presented some limitation in the study area,
due to the lack of contrast of the sulfur isotope composition among the sulfides of the Sossego
deposit (5**S ~ 2-7 %o), the water from the dam (5**S ~ 2 %o), and the drainage of the mixed
pile (8%'S ~ 2%o). This prevents the recognition of a possible contribution of the tailings dam
to groundwater. Mixing models using the ®'Sr/®Sr ratio as a function of the strontium
concentration and &0 values, also showed some limitations, since there is no contrast
between the values of the 8Sr/®®Sr ratio of the water from the dam (0. 7458 to 0.7539) and the
rocks of the mine area (granite ~ 0.7474). Such similarity, in principle, would not allow
identifying the contribution of the water from the dam. However, since groundwater generally
exhibits less radiogenic values of the 8’Sr/%Sr ratio (0.7161 to 0.7283) and well below the
dam values, the strontium isotopic composition can be used for environmental monitoring of
groundwater. Hydrogen and oxygen isotope data revealed that, in the rainy season, the
groundwater presented values of §*20 and 8D varying from -2.74 to -7.17%o and from -15.6 to
-46.0%o, respectively. In turn, an enrichment of 0 and D, with values of 5*°0 between -1.67
and -7.29 %o and of 3D between -0.23 and -46.1 %o, is observed in the dry season. Hydrogen
and oxygen isotope composition of the water from the dam (5'%0 from 1.24 to 2.79 %o and 8D
from 1.40 to 7.0 %o) is very different from those of the groundwater and of the drainage of the
pile. A mixing model performed with oxygen and hydrogen isotopes showed that these
elements are the ones that best respond as indicators of the contribution of the waters from the
dam to groundwater. The application of this model revealed no influence of the water from
the dam on the groundwater during the period of this study. The results obtained in this multi-
element isotopic study suggest that the environmental monitoring of the groundwater of the
Serra do Sossego mine to investigate the possible contribution of the water from the dam, can
be done more efficiently with the oxygen and hydrogen isotopes. The isotopic compositions
of lead and strontium can also be used for monitoring the groundwater, but this has to be done
more systematically due to the small contrast between the isotopic composition of these
elements in the dam water and in the groundwater. Finally, the isotopic composition of sulfur
is the one that would contribute least to the environmental monitoring of the groundwater of

the study area.

Keywords: Tailings dam. Isotope geology. Environmental monitoring. Hydrochemistry.
Carajas Province. Serra of Sossego.
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