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ABSTRACT 
 
Groundwater is an important source of public and industrial supplies, and inadequate exploitation of water 
reflects negatively on its quality and production of wells, especially when located in karstic aquifers. The study 
area includes the Maize and Sorghum National Research / Embrapa, located in the karst region of Sete Lagoas, 
within of the Jequitibá creek sub-basin, an affluent of the Velhas River. 
The evaluation of the content of stable isotopes of hydrogen (2H), or deuterium, and oxygen (18O) of surface 
waters (lagoons) and groundwater (production and monitoring wells) collected from the study area allowed to 
know directly the origin of these waters, active climatic processes and interactions between different aquifers 
and surface bodies, as possible mixtures of water from different sources. The collected samples were analyzed 
by isotopic ratio mass spectrometry, IRMS Advantege - Thermo Science, from the Center for the Development 
of Nuclear Technology (CDTN). 
The mean values found for δ

18O and δ2H in the waters of the monitoring wells were -6.40‰ and -43.21‰, 
respectively. For the production wells, mean values for δ18O and δ2H of -5.87 ‰ and -40.09‰, respectively, 
were obtained. When compared to GMWL, the collected groundwater originates attributed to the precipitations. 
The lagoon waters had mean values for δ

18O and δ2H of -3.73‰ and -30.08‰. The water collected in the 
crystalline fissured aquifer presented mean values δ

18O and δ2H of -6.91‰ and -40.26 ‰ respectively, in its 
rockier portion, and -6.09‰ and -43.05‰. 
 
 

1. INTRODUCTION 
 
The fresh water is essential to life and its maintenance and there has always been a great 
dependence on water resources for social and economic development. In the last century, 
with the intensification of urbanization and agricultural practices, there has been an increase 
in the demands of water, and the impacts on water resources are increasing, with changes in 
surface and underground water supplies, as well as severe changes in the hydrological cycle. 
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The hydrosphere presents an estimated volume of 1.4 x 109 km³, but only 4% represents 
fresh water. Of these reserves, 75% are frozen at the poles and eternal peaks of the high 
mountains, 15% in surface water sources, such as rivers and lakes, often polluted, and 10% 
protected in aquifers, which actively contribute to the hydrological cycle with 8 x 106 km³. 
 
Therefore, freshwater is a scarce natural resource and for the provision of good quality water 
the exploration of groundwater shows an attractive alternative given its relative abundance, 
good quality and low cost of abstraction. 
 
Understanding the hydrological cycle and how the meteorological phenomena influence the 
isotopic composition of the water allows understanding this water dynamic (MOOK, 2000)[1]. 
Isotopic techniques, as are known methods using stable isotopes of hydrogen (2H), or 
deuterium, and oxygen (18O), as well as the naturally occurring radioactive isotopes in water 
provide important information on the changes undergone throughout the hydrological cycle, 
Making it possible to obtain parameters related to water dynamics, such as the origin of the 
water, the recharge rate of the aquifer, possible water mixtures of different aquifers, water-
rock interactions, salinity origin and contamination processes, besides the infiltration ages of 
these Waters (EDMUNDS, 2005)[2]. 
 
Karstic aquifer systems present greater fragility to anthropogenic interventions. The 
characteristics of the karstic landscape, such as essentially underground drainage and vertical 
flow, and the excellent water storage structure provide a favorable scenario for contamination 
by domestic, industrial and agricultural effluents. 
 
Inserted in the karst region of Sete Lagoas, the study area includes the Jequitibá Creek Basin, 
whose history of occupation, as well as a large part of the Velhas River Basin, which the river 
belongs to, shows an intense exploitation of natural resources accompanied by suppression of 
extensive areas of native savannah vegetation that gave rise to agriculture. 
 
The objective of the present work was to verify  of the stable isotopes content 18o and 
deuterium in the underground and superficial water resources of part of jequitibá creek basin 
analyzed. 
 

2. DESCRIPTION OF THE AREA 
 
Located in the context of the Jequitibá Creek Basin, there is the National Center for Research 
on Corn and Sorghum (CNPMS), belonging to the Brazilian Agricultural Research 
Corporation (EMBRAPA). The CNPMS occupies an area of 20 km² inserted between the 
municipalities of Sete Lagoas and Prudente de Morais, and develops scientific and 
technological research related to productivity, land use and management, irrigation, pest 
control and diseases in maize cultivation , Sorghum and millet. 
 
The main access is by highway MG-424, which connects the municipalities of Santa Luzia, in 
the Metropolitan Region of Belo Horizonte, to Prudente de Morais and Sete Lagoas, 
according to Figure 1. 
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Figure 1:  Location and access routes to the study area. 
 

The hydrogeological framework of the study area is the result of the presence of three distinct 
classes of rocks and their alteration products, being the first and most important, constituted 
by the carbonate rocks of the Bambuí Group, represented in the area by the calcareous rocks 
of the Sete Lagoas Formation. The second class corresponds to the gneisses and migmatites 
of the crystalline basement; and the third corresponds predominantly to the materials of 
alteration of the pellets and slates of the Serra de Santa Helena Formation, and by the 
alluvium deposited in the beds of the larger waterways. 
 
These lithological, structural and stratigraphic conformations provided the formation of three 
different aquifer systems in the area, characterized by their groundwater circulation and 
storage conditions: granular, karst, karst-fractured and fissured (crystalline) aquifers, but 
interconnected with each other. Figure 2 shows the map of the aquifer systems observed in 
the study area. 
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Figure 2: Aquifer systems of the study area 
 
The granular aquifer system occupies a large surface area of the studied region and is 
generally thick, with a mean thickness of 60 meters. It act as true filters, exerting an 
important function in the autodepuration of harmful elements to the good quality of 
underground springs (Pessoa, 1996)[3]. This aquifer system comprise the Cenozoic detritus-
lateral coverings, especially the Red Latosols that have wide distribution in the area; and 
saprolites of the Serra de Santa Helena Formation. 
 
The granular aquifer systems comprise the most important aquifer layer in terms of feeding 
the entire system, considering the topographic and stratigraphic positioning. They are mainly 
groundwater, discontinuous aquifers, whose primary porosity, conditioned by the weathering 
action on the rocks, greatly influences the storage and the oscillations of the water level in 
depth.  
 
Under the CNPMS, 23 monitoring wells (PC) are installed in the CNPM granular aquifer, of 
which seven were sampled. 
 
The karst and karst-fractured systems associated with the Sete Lagoas Formation are 
constituted by a lower package of impure limestone rocks of the Pedro Leopoldo Member, in 
basal contact with the Gnáissico-Migmatítico Indiferenciado Complex, and a superior 
package composed of limestones of Lagoa Member Santa, underlying to granular aquifers. 
According to Pessoa (1996)[3], this Formation can reach a thickness of up to 160 meters, 
although it average thickness is around 25 meters. 
 
The waters of the karst aquifer Sete Lagoas comprise the only supply source for human 
consumption in the municipalities of Sete Lagoas and Prudente de Morais and all the water 
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destined for human consumption in the CNPMS originates from four tubular wells installed 
in this aquifer, being two streams (P1 and P4). These wells have depths around 70 meters and 
all were sampled. 
 
The crystalline fissured aquifer system corresponds to the portion of the crystalline basement 
and forms a separate hydrogeological system, characterized by flow and storage conditions 
restricted to the fissure zones of these rocks. It is formed by gneissic-migmatitic and 
undifferentiated granitoid rocks, and its mantle of quartz-feldspathic alteration can be mapped 
according to the pinkish-whitish coloration provided by weathering. 
 
It occurs in the south-southwest portion of the studied area and the rock exposures coincide 
with structural highs, preferably located in the vicinity of the Jequitibá river basin. Outcrops 
of massive rocks are scarce and the cover changed varies its thickness between 0 and 50 
meters, with average between 20 and 30 meters. Two production wells were sampled, being 
one installed in the granite alteration mantle and the other in a mineral water extraction 
company (Florença Mineral Water). 
 

2.2. Methodology and results 
 
Water samples were collected in production wells, monitoring, natural ponds and dam sites, 
in order to cover all local aquifer systems in three seasons, April and September 2015 and 
May 2016. The values shown in this article represent the arithmetic mean of the values 
obtained in each analysis. 
 
The stable isotope content (2H and 18O) was analyzed by isotopic ratio mass spectrometry by 
IRMS Advantage - Thermo Science, from the Center for the Development of Nuclear 
Technology. 
 
Table 1 shows the collection points, their coordinates and isotope values (δ 2H, δ

18O and 
deuterium excess) obtained by isotopic ratio mass spectrometry. 
 

Table 1:  Mean values of the isotopic content of the water collected in lagoons, 
monitoring wells and production wells located at the study area. In the table are 

represented the values of δ 2H and δ18O and deuterium excess 
 

Sampling site 
Coordenates 

δ
18O (‰) δ

2H (‰) d (‰) 
E N 

Estação 586.616 7.845.812 -5.25 -37.26 4.723 
Capivara 586.999 7.848.945 1.92 -2.94 -18.320 
Cascata 587.157 7.848.307 -3.81 -28.81 1.713 

Olhos d'Água 586.528 7.849.555 -5.24 -37.26 4.691 
Brejão 583.833 7.846.300 -1.99 -21.55 -5.615 
Baiana 585.658 7.846.022 -5.81 -41.35 5.151 

Irrigation canal 586.861 7.848.596 -5.94 -41.40 6.095 
P1 586.515 7.845.680 -6.44 -42.11 9.375 
P2 587.050 7.849.680 -6.73 -44.85 9.002 
P3 587.105 7.849.675 -4.93 -35.03 4.408 
P4 586.365 7.849.800 -5.38 -39.58 3.460 

PC01 586.015 7.848.061 -7.30 -48.02 10.420 
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PC06 587.023 7.848.895 -5.49 -37.65 6.261 
PC07 587.023 7.848.895 -5.99 -41.14 6.768 
PC13 587.236 7.849.762 -3.68 -28.71 0.704 
PC17 586.725 7.845.337 -6.86 -45.71 9.160 
PC18 586.103 7.845.526 -6.44 -45.06 6.452 
PC22 586.976 7.846.056 -5.88 -39.35 7.690 

Cistern 586.843 7.848.646 -5.85 -38.91 7.891 
Paredão farm’ well 581.886 7.842.315 -6.09 -43.05 5.71 

Florença mineral water 583.846 7.841.222 -6.91 -40.26 15.04 
 
 
The values obtained were compared with the Global Meteorological Curve (GMWL), 
established by the International Atomic Energy Agency through the analysis of meteoric 
waters collected around the world by stations linked to the World Meteorological 
Organization. 
 
The Global Meteorological Curve, represented by the equation δ2H = 8.2 δ18O + 11.27, is the 
basis for the interpretation of isotope data in hydrogeological studies and is obeyed by a large 
part of the samples collected in the monitoring stations distributed by the continents. 
Knowing the values of δ

18O and δ2H in the precipitation waters of the study site allows us to 
gauge how much these waters are moving away from the GMWL and what the climatic 
processes are. 
 
Since the 1970s, the agency has monitored the 18-oxygen, deuterium, and tritium rate in 
precipitation across the globe through hundreds of monitoring wells that make up the Global 
Precipitation Isotope Network (GNIP), (IAEA, 2001)[4]. 
 
Figure 3 below shows the values for δ

18O and δ2H obtained for the collected waters plotted 
on the GMWL. 
 

 
 

Figure 3:  Distribution of the values of δ18O and δ2H obtained for the samples collected 
at the study area, plotted on the global meteorological water line (GMWL). 
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The predominant distribution of the values of δ18O ‰ and δ2H ‰ found in the waters 
collected in the monitoring and production wells and lagoons occurs on the GMWL 
indicating that the recharge water comes from the direct infiltration of rainwater. 
 
The lagoon waters are enriched in stable isotopes in relation to the others and with low values 
of excess deuterium, sometimes negative, indicating strong evaporation. The values obtained 
are on the evaporation line, with slope S = 4.88, according to δ2H = 4.88 δ18O - 11.84. 
 
For a better visualization and understanding, the graph of Figure 4 shows the distribution of 
the δ18O and δ2H values per sample. 
 

 
 

Figure 4:  Distribution of δ18O and δ2H values in the samples collected in the lagoons, 
production and monitoring wells located at the National Research Center of Maize and 

Sorghum CNPMS/EMBRAPA 
 

The Capivara Lagoon presented values for the highest stable isotopes and negative values for 
excess deuterium, demonstrating strong evaporation and low contribution of underground 
sources. 
 
The production well, P1, has an excess of deuterium very close to the meteoric curve, which 
denotes low pre-infiltration evaporation, or rapid evaporation, and low exchange with the 
surrounding medium. 
 
The pair of wells P2 and P3, alternated for pumping for use in the CNPMS/EMBRAPA, 
present more enriched water and lower values for excess deuterium. 
 
The well PC13 is among the monitoring wells, which presented higher values for the stable 
isotopes, similar to the values found in the lagoons. 
 
The PC01 monitoring well, although located in the granular aquifer and at the point of 
highest topographic elevation, presented the most impoverished values for stable isotopes and 
high excess of deuterium, indicating very evaporated water infiltration and little contact with 
different recharge. 
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These values are incompatible with those found in the other monitoring wells and deserve 
further study. It is important to note that, according to the description generated during 
drilling, well PC01 is fully installed in the saprolite of the Serra de Santa Helena Formation 
and there is not apparently contact with the crystalline fissured aquifer. 
 
The Florença mineral waters collected in the crystalline fissured aquifer presented low values 
for stable isotopes and high values of excess deuterium. These values indicate if they are old 
water, with little contact with different waters, and some evaporation before the infiltration. 
These levels are similar to those found in PC01. 

 
 

3. CONCLUSIONS  
 
Through the studies of the isotopic content of groundwater and surface waters of the portion 
of the Jequitibá creek basin analyzed, it can be concluded that the predominant distribution of 
the values of δ18O‰ and δ2H‰ found in the waters collected in the monitoring and 
production wells occurs on the GMWL and Indicates that the recharge water comes from the 
direct infiltration of rainwater. 
 
It was observed an enrichment in stable isotopes in the waters of the lagoons and low values 
of excess deuterium, sometimes negative, in relation to the others sites, indicating strong 
evaporation. The contents obtained are on the evaporation line, with slope S = 4.88. 
 
The Capivara Lagoon presented the most enriched, sometimes positive, values indicating 
high evaporation and no contribution from underground sources. 
 
The PC01 monitoring well deserves special attention. The values very different from those 
obtained for the granular aquifer Sierra de Santa Helena and, on the other hand, similar to 
those found for waters of the crystalline fissured aquifer indicate interaction between the both 
aquifer systems, apparently separated by the karstic-fractured aquifer. The use of geophysical 
methods for a better understanding of geology and new chemical analyzes is provided. 
 
For better characterization of the karst-fractured and crystalline fissured aquifer units, 
collections are required in more production wells. 
 
 

ACKNOWLEDGMENTS 
 
The authors thank the CDTN and CAPES for financial resources for scientific research and 
scholarships, and Embrapa for allowing the collection of water in their facilities. 
 
 

REFERENCES 
 
1. MOOK, W. G. Environmental isotopes in the hydrological cycle - Introduction Theory 

Methods Review. Paris: [s.n.], v. I, 2000. 291 p. 
2. EDMUNDS, W. M. Contribution of isotopic and nuclear tracers to study of groundwater. 

In: AGGARWAL, P. K.; GAT, J. R.; FROEHLICHI, K. F. O. Isotopes in the water cycle: 



INAC 2017, Belo Horizonte, MG, Brazil. 
 

past, present and future of a developing science. [S.l.]: Springer, 2005. Cap. 13, p. 171-
192. 

3. PESSOA, P. F. P. Caracterização hidrogeológica da região cárstica de Sete Lagoas - MG: 
potencialidades e risco, 1996. 

4. IAEA, INTERNATIONAL ATOMIC ENERGY AGENCY. Environmental isotopes in the 
hydrological cycle - Introduction Theory Methods Review. Paris: [s.n.], v. I, 2000. 291 p. 


