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Water samples from the Lower Triassic Sandstones aquifer (LTS), plus two waters from the overlying Muschelkalk aquifer and one water from the Dogger limestones are the matter of this geochemical and multi-isotopic study (δ 18 O, δD, δ 34 S, 87 Sr/ 86 Sr, δ 11 B, δ 7 Li). In addition, C isotopic compositions and 14 C activities were measured. This study aimed at constraining the origin of waters, water/rock interaction processes, and groundwater flow and residence times within their aquifer.

LTS groundwaters have a meteoric origin, some of them recording the very minor contribution of Triassic brines from the deepest aquifer of the Paris Basin, especially at the west end of the LTS aquifer. The two waters from the Muschelkalk aquifer (one of them being the famous Great Source ® of Contrexéville), as well as the Dogger water also originate ultimately from meteoric waters.

Boron isotopes emphasize in some waters, especially South of the Bray-Vittel Fault (BVF), interaction processes between fluids and clayey lithologies that are present in some places in the aquifer, apart from the aquicludes. Sr and Li isotopic signatures measured in some LTS waters, especially in the Vittel area South of the fault indicate that leakage processes probably occur between the Muschelkalk aquifer and the LTS aquifer. Calculated 14 C residence times indicate flowing velocities in the order of 1 to 3 meters/year, depending on leakage rates. Velocities are found to decrease northwestwards, towards the center of the Paris Basin. Geochemical differences between waters sampled North and South of the BVF indicate that this major fault constrains the circulation of groundwaters in this area.

-Introduction

The management of water resource today is a major concern for sustainable growth in a context of rapid climate change. Hence, it is important to better understand the origin and characteristics of groundwaters. The quantitative assessment and management of water resource implies that the timing of aquifer recharge and thus the residence time of groundwater within an aquifer has to be constrained as precisely as possible. Several isotopic tools are used for this purpose, such as 3 H for "young" groundwaters (a few tens of years) (e.g.; Fritz et al., 1991) or 36 Cl in the case of very old, >100 ky, waters (e.g.; Guendouz and Michelot, 2006). However, 14 C is the most commonly used isotope for groundwaters "dating". It allows to constrain residence times of 100-to 30,000 y-old groundwaters (e.g.; [START_REF] Wigley | Carbon-14 dating of groundwater from closed and open systems[END_REF][START_REF] Wigley | Effect of mineral precipitation on isotopic composition and 14 C dating of groundwater[END_REF][START_REF] Mook | Carbon-14 in hydrogeological studies[END_REF].

The qualitative assessment of groundwater resource is also a key problem. First, human activities may directly trigger chemical pollution, like for example nitrates due to the utilization of fertilizers. In addition, excess pumping of water resource may disturb the natural functioning of an aquifer, changing groundwater circulation, enhancing in some cases the interconnexion of different aquifers, resulting from leakage processes. It is thus very important to constrain the geochemical characteristics of vulnerable groundwaters.

In this paper, we investigate the geochemical and isotopic characteristics of groundwaters of the Lower Triassic Sandstones (LTS) aquifer from eastern France, in order to constrain the origin and the circulation of groundwaters in their aquifer. In the northern part of the LTS aquifer, groundwaters have been pumped continuously for more than one century until 2006, in order to allow coal extraction from carboniferous deposits of northeastern France and southwestern Germany. At present, the LTS aquifer is clearly overexploited, and its management is very critical. First, it is the most important resource for drinking water in the area. In addition, LTS waters are extensively used for industrial purpose, namely for bottled waters of groundwaters coming from the overlying Muschelkalk aquifer, such as worldwide famous Vittel ® , Contrex ® , Hépar ® mineral waters. Thus it is very important to constraint the natural geochemical fingerprint of LTS groundwaters, as well as the characteristics of water circulation, for a sustainable management of this aquifer.

For this purpose, O and H isotopes of the water molecule, S and O isotopes of the dissolved sulfates, Sr, B and Li isotopes were measured in groundwaters. In addition, 14 C activities and C stable isotopes were measured in order to estimate the residence time of groundwater in their aquifer.

-Geological and hydrogeological background

The study area is located at the eastern edge of the Paris Basin (Fig. 1). The occurrence of lower Triassic sandstones (Buntsandstein) is limited to the eastern part of the Paris Basin (Fig. 2). They are overlain by the Muschelkalk series, made of clays and limestones (Fig. 2). The overlying Keuper series are characterized by evaporitic deposits in the eastern Paris Basin, whereas they are mostly made of sandstones towards the centre of the basin (Fig. 2), where they lay directly over the Paleozoic basement. Hence, there is no geological continuity between the lower Triassic sandstones (LTS, Buntsandstein) and the Keuper sandstones that are present beneath the centre of the basin. Finally, at the top of the Triassic sedimentary succession, the Rhaetian sandstones (upper Keuper, Fig. 2) have been recognized in most areas throughout the basin.

The triassic series are overlain by the jurassic deposits, which extend over the whole Paris Basin and include the deepest aquifer overlying the Trias : the Dogger aquifer (mostly middle Jurassic deposits). [START_REF] Rebeix | Tracing the origin of water and solute transfers in deep groundwater from Oxfordian, Dogger and Trias formations in the east of the Paris Basin -France[END_REF]Millot et al., 2011a, and those of the oil fields East of the Paris region (Millot et al., 2011b) have been represented. The cross-section has been drawn after the data available in [START_REF] Mégnien | Synthèse géologique du Bassin de Paris[END_REF]in Gély, Hanot et coll. (2014).

From a structural point of view, the study area is characterized by the presence of the Bray-Vittel fault (BVF, referred as "Vittel fault" in Fig. 2), which constitutes a major fault of the earth's crust and has to be regarded as a very important element for the deep structure of the sedimentary Paris Basin [START_REF] Mégnien | Synthèse géologique du Bassin de Paris[END_REF]) (Fig. 1 ; Fig. 2).

In the study area,the crystalline basement is made of granitic rocks South of the BVF [START_REF] Minoux | Vosges). Inventaire et résultats des campagnes de recherche 1954 -1966[END_REF][START_REF] Marotel | Données géologiques et hydrogéologiques acquises à la date du 15.10[END_REF]. The lithological nature of the basement may be different North of the BVF, as the two variscan structural units are not identical [START_REF] Mégnien | Synthèse géologique du Bassin de Paris[END_REF]. Permian series do not crop out south of the BVF [START_REF] Marotel | Données géologiques et hydrogéologiques acquises à la date du 15.10[END_REF], but they are probably present under younger lithologies, namely at Bulgnéville [START_REF] Minoux | Vosges). Inventaire et résultats des campagnes de recherche 1954 -1966[END_REF]. Where Permian is absent, the LTS lay directly over the basement. In contrast, Permian series have been described North of the BVF, near Mirecourt [START_REF] Marotel | Données géologiques et hydrogéologiques acquises à la date du 30 novembre[END_REF]. The LTS (Buntsandstein) are classically divided in 3 facies : (i) Vosges sandstones ; (ii) Intermediate, coarser layers and, (iii) Voltzia sandstones.The lower Muschelkalk is constituted by red sandstones and clays. The middle Muschelkalk includes motley clays, then grey dolomitic marls with evaporites, and finally white dolomites with gypsum at their bottom. The upper Muschelkalk is made of crinoid limestones, overlain by Ceratites-bearing marly limestones, and by the Vittel dolomite [START_REF] Minoux | Observations géologiques et hydrogéologiques complémentaires dans le Bassin des eaux minérales de Vittel (Vosges), campagne de recherche[END_REF][START_REF] Marotel | Données géologiques et hydrogéologiques acquises à la date du 15.10[END_REF]) (Fig. 3).

Permian formations are not productive from an hydrologic point of view [START_REF] Minoux | Vosges). Inventaire et résultats des campagnes de recherche 1954 -1966[END_REF][START_REF] Marotel | Données géologiques et hydrogéologiques acquises à la date du 15.10[END_REF]. In contrast, the three main facies of the LTS are aquifer formations, which represent, at present, the main groundwater resource in this area (Fig. 3). The LTS aquifer becomes confined at the southern limit of the study area. The lower Muschelkalk is partly clayey, as well as the bottom layer of the middle Muschelkalk (heterogeneous clays). These lithologies act as an aquiclude separating the LTS aquifer from that constituted by the overlying upper facies of the middle Muschelkalk (grey marls and white dolomites, Fig. 3) and the base of the upper Muschelkalk (crinoid limestones). This groundwater resource includes several mineral springs, like the worldwide famous Great Source ® at Contrexéville (Contrex ® bottled water) (Fourniguet, 2012 and references therein, Fig. 3). Mineralizing processes result probably from the interaction of water with gypsum lithologies (Fourniguet, 2012). Ceratites-bearing marly limestones separate the mineral water resource briefly described above from another which is located in the upper layers of the upper Muschelkalk (Vittel dolomite) and extends up to the bottom of the overlying Lettenkohle and lower Keuper lithologies. This mineral water resource includes the famous Hépar ® bottled water. with emphasis on the different aquifer levels (after [START_REF] Minoux | Observations géologiques et hydrogéologiques complémentaires dans le Bassin des eaux minérales de Vittel (Vosges), campagne de recherche[END_REF].

-Sampling and analytical techniques

Fifteen waters were sampled in july 2011 and november 2012 (Fig. 1). Twelve waters come from the LTS aquifer, including two of them (point 1 : Etival-Clairefontaine and point 7: very close to other points (9 : Frênes and 10 : Suriauville) where LTS waters were collected (Fig. 1) in order identify possible leakage processes. Finally, a springwater from the overlying Dogger aquifer was sampled (point 15 : Illoud), near the western end of the study area to get an outline of this deep aquifer overlying the triassic deposits.

Physical and chemical parameters (T°, pH, Eh, electrical conductivity, dissolved O2) were measured directly in the field, and the alkalinity immediately once back from the field sampling campaign. Results are reported in Table 1, with the geographic location of samples. 2 and3. Oxygen and hydrogen isotopes were measured in the groundwaters by Isotope Ratio Mass Spectrometry (IRMS) using the equilibration method : H2 for hydrogen and CO2 for oxygen, respectively.

Sulfur and oxygen isotopes of dissolved sulfates were first stabilized in the field using cadmium acetate, then filtered in the laboratory. Finally, sulfates were precipitated using barium chloride, and analyzed by Continuous Flow (CF)-IRMS.

Sr and Li isotopes were measured on acidified and filtered waters. For B isotopes, waters were also filtered, but not acidified. Sr, Li, and B were extracted from the matrix using Sr Spec specific resin, 50WX12 cationic resin, and Amberlite IRA-743 selective resin, respectively.

These techniques are detailed in Millot et al. (2011b). B and Sr have been analyzed by Thermal Ionization Mass Spectrometer (TIMS), on a Finnigan MAT 261 for B, and on a Finnigan MAT 262 for Sr. Li was measured on a Thermo Neptune MC-ICPMS plasma source magnet mass spectrometer (Millot et al., 2011b). The isotopic data, together with corresponding element concentrations, are reported in Table 3. Carbon isotopic analyses, as well as 14 C activities measurements were done by Beta Analytic inc. CO2 was extracted under vacuum and purified, then samples were divided in two aliquots.

The isotopic composition was measured by IRMS, and 14 C activities by AMS (mass spectrometry coupled with a particle accelerator). Results are reported in Table 4. The four applied correction models (Pearson and Handshaw, 1970;Fontes and Garnier, 1979;Evans et al., 1979;Eichinger, 1983) are considered to be the most suitable models in the case of the LTS aquifer [START_REF] Celle-Jeanton | Twenty years of groundwater evolution in the Triassic sandstone aquifer of Lorraine: Impacts on baseline water quality[END_REF].

-Results and discussion

Geochemical facies of the groundwaters

Major element data (Tab. 2) allow to determine the geochemical facies of sampled waters (Fig. 4). Considering LTS groundwaters, the two samples collected in the unconfined part of the aquifer (Etival-Clairefontaine-1 and Relanges-7) display clearly a calcium-bicarbonate facies, groundwater 1 having in addition a slight magnesian fingerprint. Overall, LTS waters sampled in the confined aquifer have the same facies. Two waters (Rehaincourt-3 and Bulgnéville-11) display a slight shift towards a sulfate geochemical facies (Fig. 4). Finally, waters from Norroy-12 and Poussay-Val d'Arol-4 have a alkaline facies (Fig. 4), shifting towards the Triassic brines.

Both groundwaters displays also slightly warmer temperatures (24.5°C) and a relatively low Eh :

98 and -1 mV, respectively (Tab. 1). The two waters from the Mid-Upper Muschelkalk aquifer display very different characteristics.

Sample 13 corresponds to the Great Source ® at Contrexéville which is clearly a sulfate water, with Ca as the major cation (Fig. 4). In contrast, sample 14 (Le Bon Pré) is less mineralized (Tab. 1) and displays a Ca bicarbonate facies. Finally, the spring water recovered at Illoud (sample 15) is purely calcic and bicarbonated (Fig. 4).

LTS waters display high As concentrations, especially in the confined part, as high as 40 µg/l (Tab. 2). Such contents are clearly higher than drinking water regulations (10 µg/l). In contrast,

Muschelkalk waters are As -free (Tab. 2). The As present in the LTS waters does not derive from an anthropic pollution, and has a geogenic origin, possibly resulting from hydrothermal processes, as it has been evidenced in other sites (e.g.; [START_REF] Aiuppa | The aquatic geochemistry of arsenic in volcanic groundwaters from Southern Italy[END_REF]2006;Rowland et al., 2011 + Réf. Romain).

The origin of LTS waters

Meteoric waters

Data reported in Figure 5 show that all data points follow a linear trend, close to the Global Meteoric Water Line, and even closer to the local meteoric line of Karlsruhe [START_REF] Celle-Jeanton | Twenty years of groundwater evolution in the Triassic sandstone aquifer of Lorraine: Impacts on baseline water quality[END_REF].The oxygen isotopic signature of the Karlsruhe rainwater is -8.2‰. The rainwaters from the study area should be similar or slightly lower in its northeastern part (Millot et al., 2010a). Most LTS waters plot around an average value of -8.5‰ for δ 18 O, and -60‰ for δD, indicating that such isotopic compositions are characteristic of present-day, meteoric waters. Muschelkalk waters (Contrex Great Source ® -13 and Le Bon-Pré-14) plot also within the domain of the average recent LTS waters. The Dogger water from Illoud (15), located westwards, is even less depleted in heavy isotopes (Fig. 5), in agreement with the mean isotopic signatures of rainwaters in France (Millot et al., 2010a). Data published previously on LTS waters [START_REF] Blavoux | Radiocarbon dating of groundwater of the aquifer confined in the lower Triassic sandstones of the Lorraine region, France[END_REF][START_REF] Celle-Jeanton | Twenty years of groundwater evolution in the Triassic sandstone aquifer of Lorraine: Impacts on baseline water quality[END_REF] follow more or less the GMWL (Fig. 5), although plotting slightly higher than those of the present study, including waters form the southern part of the aquifer. 

Stable

Lower Triassic brines

Among all LTS waters, Norroy (12) is the most mineralized water, with a TDS of 6907 mg/l (Tab.

2). It displays a Cl -Na geochemical facies, as shown by the Piper diagram (Fig. 4). This water is clearly the most evolved relative to recharge water.

The alkaline / chloride end-member is thought to refer most probably to brines with characteristics similar to the than waters from the Voltzia sandstones, towards the center of the Paris basin (Millot et al., 2011a;[START_REF] Rebeix | Tracing the origin of water and solute transfers in deep groundwater from Oxfordian, Dogger and Trias formations in the east of the Paris Basin -France[END_REF]. These brines are located in the upper layer of the Buntsandstein series, and should be distinguished from the oil-bearing geothermal Keuper brines of the center of the Paris basin (e.g.; [START_REF] Matray | Les eaux de formation du Trias et du Dogger du Bassin Parisien : histoire et effets diagénétiques sur les réservoirs[END_REF]; Fig. 2).

The involvment of such brines is illustrated in Figure 6, coupling chloride and bromide data [START_REF] Matray | Les eaux de formation du Trias et du Dogger du Bassin Parisien : histoire et effets diagénétiques sur les réservoirs[END_REF]. The present-day seawater has a Cl/Br ratio of 289 in atomic weight. This ratio remains constant in marine aerosols that are present in meteoric waters (considering that there is no other source of Cl and Br involved). In Figure 6, it is noticeable that the four waters which can be reported on the diagram (Br content higher than the quantification limit, Tab. 2) plot on a mixing curve, away from the seawater dilution line : Mirecourt (5),Valfroicourt (6),

Poussay-Val d'Arol (4) and Norroy ( 12). They all record the influence of brines having a Cl-Br geochemical signature similar to that of saline waters recovered from the Voltzia sandstones, in the transposition zone of the Bure radioactive waste repository site [START_REF] Rebeix | Tracing the origin of water and solute transfers in deep groundwater from Oxfordian, Dogger and Trias formations in the east of the Paris Basin -France[END_REF]. The second end-member represents the intersection between the mixing curve and the seawater dilution line. It corresponds to a chloride content of 14 mg/l (Fig. 6). All waters that cannot be plotted on the diagram display chloride contents lower than this value (Tab. 2). The only exception is the Saint-Genest water ( 2), but it should be stresses that it is located East of the Vittel -Contrexéville area and could have a different history. (Fig. 1). Another argument in favor of a contamination by triassic brines comes from the δ 18 O -δD diagram (Fig. 5). It can be noticed that, although remaining close to the GMWL, the Norroy water ( 12) plots slightly under this line. The straight line defined by the Norroy datapoint and the isotopic compositions of the triassic brines (-2.11‰ for δ 18 O and -17.8‰ for δD; [START_REF] Rebeix | Tracing the origin of water and solute transfers in deep groundwater from Oxfordian, Dogger and Trias formations in the east of the Paris Basin -France[END_REF] is reported in orange in Figure 5. It is also noticeable that Poussay-Val d'Arol (4) and Mirecourt (5) waters plot on this orange line. This suggests that oxygen and hydrogen isotopic compositions in some waters (Norroy-12, Mirecourt-5, Poussay-Val d'Arol-4) may be higher to that they would be if recording only climatic variations, resulting in addition from the slight influence of the lower triassic brines. Sulfur and oxygen isotopes of dissolved sulfates (Tab. 3, Fig. 7) also indicate a possible fingerprint of triassic saline waters for the most concentrated water (Norroy-12), in agreement with Figures 5 and6. The other groundwaters having highly positive sulfur isotopic signatures rather reveal the likely influence of Muschelkalk groundwaters similar to that of the Great Source ® spring water of Contrexéville ( 13), whose isotopic signature of dissolved sulfates originate from the marine evaporites (gypsum) that are present in the aquifer. The groundwater from Relanges (7), which can be considered as representative for recharge waters [START_REF] Vaute | Actualisation du modèle hydrogéologique de la nappe des grès du Trias en Lorraine[END_REF] has the less positive O and S isotopic signature of all LTS waters (Fig. 7). Hence, the trend emphasized by LTS waters data probably record the variable infuence of gypsum dissolution. Muschelkalk water from Le Bon Pré ( 14) does contain nitrates (17.5 mg/l, Tab. 2), very probably coming from sub-surface anthropic pollution (fertilizers). This groundwater also displays very low oxygen and sulfur isotopic signatures that probably result from surficial, sulfide oxydation processes [START_REF] Berner | Worldwide sulfur pollution of rivers[END_REF]) (Fig. 7). 

Dissolution processes and clay -water interaction

Four of the six LTS groundwaters located East of the study area and North of the BVF (Fig. (Fig. 8). The influence of the saline groundwaters of the Voltzia sandstones (Fig. 8) cannot be ruled out, although there is no further clear argument in favor of this hypothesis.

In contrast, the other LTS waters, West of the study area and South of the BVF, cluster around a δ 11 B slightly lower or close to 0‰, withCl/B ratios between 100 and 400 (Tab. 2, Tab. 3, Fig. 8). Once again, the corresponding recharge waters (Relanges-7) plot within this domain (Fig. 8). The groundwater from Norroy (12), located North of the BVF, also plots within this domain. For this sample, no influence of the saline waters from the Voltzia sandstones can be evidenced 13) since its oxygen and sulfur isotopic characteristics derive from the dissolution of gypsum evaporites (Fig. 7).

Such low boron isotopic signatures could be due to the interaction with clay materials. However, desorption of exchangeable boron of argillaceous minerals would result in both higher δ 11 B and B concentrations in the groundwater [START_REF] Pennisi | The utilization of boron and strontium isotopes for the assessment of boron contamination of the Cecina River alluvial aquifer (centralwestern Tuscany, Italy)[END_REF]. Hence this hypothesis does not seem do be supported by the data (Fig. 8). In addition, argillaceous layers are very scarce in the Buntsandstein sandstones. Alternatively, recharge waters (Etival North of the BVF, and

Relanges South of the BVF) having respectively the highest and the lowest δ 11 B, Cl/B and boron isotopic signatures of LTS waters could result from the dissolution of boron having a low δ 11 B, which would explain both the lowering of the two Cl/B ratios and the comparable δ 11 B (from -7 to +2 ‰, Tab. 3) of the LTS waters close to the BVF (Fig. 8).This boron could originate from the two Muschelkalk waters, which have appropriate δ 11 B, from -9 to -5 ‰ (Tab. 3). However, their Cl/B ratios do not match the data (Fig. 8). For these two Muschelkalk waters, the hypothesis of interaction processes with clay minerals is straightforward, as the Muschelkalk aquifer includes several disseminated clay layers (Fig. 3).

The LTS groundwater from Rehaincourt (3) displays a boron isotopic signature that is drastically lower than in the 4 other samples from the northeastern part of the study area. It is coupled with a Sr isotopic composition significantly lower than those of the other groundwaters from this area (Tab. 3). As this sample contains nitrates, a possible explanation calls for the influence of mineral fertilizers, which are known to display boron isotopic values that may be very low (Kloppmann et al., 2005 ;[START_REF] Widory | Tracing nitrate sources in groundwater by coupled nitrogen and boron isotopes : A synthesis essay[END_REF], and Sr isotopic ratios as low as 0.7083 [START_REF] Négrel | Natural and Anthropogenic Budgets of a Small Watershed in the Massif Central (France) : Chemical and Strontium Isotopic Characterization of Water and Sediments[END_REF], very close to of the groundwater of Rehaincourt (3) (Tab. 3). Sample Le Bon Pré-14 from the Muschelkalk aquifer also contains significant amounts of nitrates (Fig. 2).

Its low δ 11 B is thus fully compatible with the influence of fertilizers through sub-surface waters.

This could provide a alternative valuable explanation for its δ 11 B.

Finally, the water recovered from the Dogger aquifer (Illoud-15) displays a low Sr isotopic ratio (Tab. 3) and a high δ 11 B, in respective agreement with the characteristics of this aquifer that corresponds to Dogger marine limestones : 0.7073 [START_REF] Rebeix | Tracing the origin of water and solute transfers in deep groundwater from Oxfordian, Dogger and Trias formations in the east of the Paris Basin -France[END_REF] and from +15 to +30‰, (Millot et al., 2011a).

Water mixing -Leakage processes

Groundwaters from Poussay (4), Mirecourt (5), Valfroicourt (6) and Norroy ( 12) have been found

to record the influence of the triassic brines from the upper layer of the LTS (Voltzia sandstones), as demonstrated from halogen concentrations (Fig. 6). All LTS waters display Sr isotopic compositions that are higher than 0.71, typical of siliceous sedimentary aquifers (e.g.; Millot et al., 2011a). When plotted on a Ca/Sr -87 Sr/ 86 Sr mixing diagram (Fig. 9a), these four datapoints cluster around that of the triassic brines. Five of the six other waters from the confined LTS aquifer seem to define a linear trend towards a hypothetic end-member having a relatively low 87 Sr/ 86 Sr ratio and conversely a higher Ca/Sr elemental ratio (Fig. 9a). This endmember cannot be related to recharge waters, which display Ca/Sr elemental ratios that are much too high. These Ca/Sr ratios are unlikely to result from water/rock interaction, as it would involve a huge lowering of this ratio, by half an order of magnitude, though preserving the linear trend. 

Muschelkalk waters

Groundwaters from the overlying Muschelkalk aquifer could be adequate end-members, considering their Sr isotopic composition (Fig. 9a), but none of the two Ca/Sr ratios measured in these waters can fit the data. However, as they are very different from one to the other, the range of Ca/Sr ratios in the Muschelkalk waters should be also very large. Hence, a hypothetic Muschelkalk water having an intermediate Ca/Sr ratio could constitute an adequate endmember. Alternatively, the groundwater from Rehaincourt (3), which is probably influenced by anthropic activities (see above), possesses a Sr isotopic ratio and Ca and Sr concentrations which make this water another possible end-member (Fig. 9a).

Thus, considering the very different Ca/Sr ratios of the two Muschelkalk groundwaters, there are two possible end-members : (i) LTS groundwaters, whose geochemical and isotopic signatures would be modified by anthropic inputs (Rehaincourt water -3) or : (ii) waters form the overlying Muschelkalk aquifer with a Ca/Sr ratio intermediate between the Great Source ® (13) and Le Bon Pré ( 14) waters.

The behavior of Li isotopes in groundwaters is still a matter of debate. Li isotopes may be in some cases considered as conservative regarding water/rock interaction processes (Hogan and Blum, 2003 ;[START_REF] Négrel | Lithium isotopes as tracers of groundwater circulation in a peat land[END_REF]Millot et al., 2011a ;[START_REF] Meredith | The lithium, boron and strontium isotopic systematics of groundwaters from an arid aquifer system : Implications for recharge and weathering processes[END_REF]. In contrast, other studies have concluded that Li isotopes may fractionate in aquifer systems as a function of temperature (Millot and Négrel, 2007 ;Millot et al., 2007 ;2010b). δ 7 Li tends to decrease with increasing temperatures. However, there are only slight variations in temperature (from 11.5 to 24.5°C) for confined LTS waters (Tab. 1). Furthermore, there is no negative correlation between temperatures and Li isotopic signatures for LTS waters in this area. Hence, under the hypothesis that no significant Li isotopic fractionation occurs during water-rock interaction, coupling Sr and Li isotopes (Fig. 9b) may allow to better constrain the LTS aquifer system. Two mixing trends may be emphasized. Firstly, groundwaters from Mirecourt (5), Valfroicourt (6) and Norroy (12), this is to say three of the four samples plotting away from the seawater dilution line in Figure 6, plot more or less along a mixing curve between the Voltzia sandstones brines and the recharge water of Relanges ( 7). This end-member displays a Li isotopic signature (δ 7 Li = 0.8‰, Tab. 3) similar to that of the upper continental crust (0‰ ± 2 ; [START_REF] Teng | Lithium isotopic composition and concentration of the upper continental crust[END_REF], whereas its Sr isotopic ratio (0.7132, Tab. 3) is fully compatible with siliceous materials (triassic sandstones). It is noticeable that the other recharge water at Etival-Clairefontaine (1) has the same δ 7 Li and a high Sr isotopic ratio (> 0.711, Tab. 3), although slightly lower than that of Relanges. Calculated contributions of the brine end-member are in any case extremely low (< 1‰).

Considering the groundwaters defining the linear mixing trend in Figure 9a (in red), the four coming from the Vittel-Contrexéville area (this is to say apart from Saint-Genest-2 and Rehaincourt-3 waters), and also the Poussay-Val d'Arol (4) water, plot on another mixing curve (in red) in Figure 9b. The first potential end-member would have geochemical characteristics of a groundwater originating from a mixture between the lower triassic brines and the recharge water of Relanges (7) (orange curve on Figure 9b). The second end-member could correspond to the other recharge water ( Etival-Clairefontaine-1). However, this is in clear contradiction with Figure 9a. Thus, if we assume that neither the Li isotopic signature nor the Ca/Sr ratio are affected significantly by water/rock interaction processes, another end-member is required to interpret the data.

In the light of sulfur and oxygen isotopes of dissolved sulphates (Fig. 7), this end-member should record the influence of the groundwaters from the overlying Muschelkalk aquifer.

However, based on the two samples from this dataset, a pure Muschelkalk end-member cannot fit the data, as their Sr isotopic compositions are too low (Fig. 9b). Hence, it may be related to a mixture between Muschelkalk waters and recharge waters (Fig. 9b). Simple mixing curves between the Great Source ® (sample 13) mineral water and the two recharge waters have been calculated and plotted as brown dashed curves. The LTS waters following the red curve are thus compatible with a two end-member mixing, featuring a recharge/meteoric waters very slightly influenced by triassic brines, and, as the second end-member, a mixture of recharge/meteoric waters and Muschelkalk groundwaters. This indicates the existence of leakage processes between the two aquifers in the western part of the study area.

Apart from the groundwater from Rehaincourt (3), which was shown to have specifics characteristics, it should be noticed that the groundwater from Saint-Genest (2) does not follow the mixing curve in Figure 9b. Thus, there is no evidence for such leakage processes in the eastern part of the study area (Fig. 1) values, together with the Saint-Genest groundwater (2) located apart from the Vittel-Contrexéville area (Fig. 10).
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C activities have been corrected to account for interaction processes with the matrix and the soil. The correction models that are utilized are the most appropriate for LTS [START_REF] Celle-Jeanton | Twenty years of groundwater evolution in the Triassic sandstone aquifer of Lorraine: Impacts on baseline water quality[END_REF]Tab. 4). Corrected calculated ages (Tab. 4), corresponding to the groundwater residence times in their aquifer, establish at around 15 ky for Mirecourt (5) and 32 ky for Norroy (12). Surprisingly, the Poussay groundwater (4), sampled close to Mirecourt (Fig. 2), displays a 14 C age ranging from 26.5 ky to 27.7 ky depending on the correction model, this is to say much closer to the age of Norroy rather to the age of Mirecourt. In contrast, LTS waters located south of the BVF, as well as the Saint-Genest groundwater (2) have higher 14 C activities. Corrected ages belong to the Holocene, which indicates a groundwater recharge posterior to the last glaciation. LTS waters from the unconfined part of the aquifer have quite young to recent ages (Tab. 4). This is also the case for the Rehaincourt water (3) from the confined aquifer (Fig. 2), but the anthropic contamination that has been evidenced may provide a valuable explanation for such a residence time. [START_REF] Blavoux | Radiocarbon dating of groundwater of the aquifer confined in the lower Triassic sandstones of the Lorraine region, France[END_REF] have evidenced a linear correlation between 14 C activities and δ 13 C (Fig. 10). They attributed this correlation to a loss of dissolved CO2. Our data do not support their conclusion, and better agree with a 14 C radioactive decay concomitant to interaction processes with the aquifer (red dashed curves on Figure 10). Such an explanation is conversely in good agreement with the conclusions of [START_REF] Celle-Jeanton | Twenty years of groundwater evolution in the Triassic sandstone aquifer of Lorraine: Impacts on baseline water quality[END_REF], in spite of the fact that the groundwaters they worked on come from the northern part of the aquifer, away from our study area. These authors call for incongruent dissolution reactions and/or mixing under closed system conditions to explain the δ 13 C of the most evolved waters (i.e.; with the lowest 14 C activity). The three waters that plot away from the curves (Fig. 10) have been found to contain 3 H [START_REF] Celle-Jeanton | Twenty years of groundwater evolution in the Triassic sandstone aquifer of Lorraine: Impacts on baseline water quality[END_REF]. This demonstrates that these groundwaters are very recent or have been contaminated by present-day waters, as it is also probably the case for the groundwater from Rehaincourt (3) which contains significant quantities of nitrates (Tab. 2).

Flowing velocities

From corrected 14 C ages, flowing velocities of the LTS groundwaters may be estimated as a function of the distance from the recharge area (Tab. 5). However, this would require to consider the leakage effects (Muschelkalk) and the contamination by lower triassic brines, as sampled waters are mixtures between these three end-members (Fig. 6 to Fig. 9).

Table 5 : Estimated flowing velocities for waters from the LTS aquifer (except Etival-Clairefontaine-1 and Relanges-7, which are considered as recharge waters). Calculations were done with Etival-Clairefontaine water for Saint-Genest, and with Relanges for the other waters, in accordance with piezometric data [START_REF] Vaute | Actualisation du modèle hydrogéologique de la nappe des grès du Trias en Lorraine[END_REF]. Mean ages correspond to the average of the 4 corrected ages (Tab. 4). The noncorrected flowing velocities refer to the distance from the recharge area divided by the mean ages, and the corrected velocities to the distance from the recharge area divided by the transit time (that is to say taking into account the fact that recharge waters have 14 C ages different from 0).

It has been estimated above that the contribution of the triassic brines is very low in terms of water budget. As a consequence, it was neglected to calculate flowing velocities. Considering the influence of overlying waters from the Muschelkalk aquifer, any input will result in a lowering of the calculated residence time, as Muschelkalk waters display "ages" close to 0 (Tab. 5), and consequently it will overestimate flowing velocity. Figure 11 suggests that the distribution of flowing velocities is controlled by the BVF. The highest velocities are found south of the fault. Corrected velocities are higher than 3 m/y for waters 6 (Valfroicourt), 8 (Vittel) and 9 (Frênes). However, unlike Vittel and Frênes , there is no evidence for an influence of Muschelkalk waters in the case of Valfroicourt (6), which thus display the highest velocity of the study area, from 2 to 3 m/y whether flowing velocity is corrected or not (Tab. 5). High velocities, in the range or higher than 2 m/y are also recorded for waters from Saint-Genest (2), Suriauville (10) and Bulgnéville (11), although an overestimation due to the influence of Muschelkalk waters likely occurs for Bulgnéville and is also possibly for Suriauville (Fig. 9). Finally, waters north of the BVF (Poussay-Val d'Arol-4, Mirecourt-5, Norroy-12) display lower velocities, even lower than 1 m/y for the Poussay-Val d'Arol water (4).

Such values are in good agreement with those of [START_REF] Blavoux | Radiocarbon dating of groundwater of the aquifer confined in the lower Triassic sandstones of the Lorraine region, France[END_REF] (1.9 m/y) and are in the range, though slightly lower, than the velocity given by [START_REF] Marty | Geochemical evidence for efficient aquifer isolation over geological timeframes[END_REF]. It is also remarkable to notice that for all the studied LTS waters, the flowing velocities decrease with increasing distance from the recharge area (Fig. 11). This indicates that the velocity likely decreases rapidly westwards, in agreement with very low velocities (0.05 m/y) that may be derived from uranium activity ratios between the study area and the Meuse -Haute Marne site (French radioactive waste storage area), located 60 km northwest (Innocent et al., 2015).

-Conclusion

The geochemical and isotopic study carried out on LTS groundwaters from the northeastern Paris Basin demonstrates that they derive primarily from meteoric recharge waters. The isotopic results depict the very slight influence of the lower triassic brines associated with the upper Buntsandstein layers (Voltzia sandstones). In addition, some waters probably undergo the contribution of groundwaters coming from the overlying Muschelkalk aquifer. This impact cannot be further quantified however, as the corresponding geochemical end-member is unsufficiently constrained.

This study clearly points to the existence of leakage processes between the two aquifers, the most important contribution of Muschelkalk waters occurring south of the BVF.

Residence times were calculated from 14 C data, allowing to estimate flowing velocities of LTS groundwaters in the study area. They range from 1 to 3 m/y, approximately, and decrease northwestwards. Waters north of the BVF display lower flowing rates, indicating (in addition to leakage processes) that groundwater circulation in this area is constrained by the BVF.

Future work could aim at better constraining the influence of Muschelkalk waters. This would clearly involve geochemical and isotopic studies on other Muschelkalk waters, in order to precise as possible the characteristics of this end-member.

Figure 1 :

 1 Figure 1 : Geographic map showing the location of the study area and its schematic geological background, with sampling points. The Bray-Vittel fault is represented in black. Red circles correspond to LTS waters, brown circles to Muschelkalk waters, and the blue circles to the Dogger springwater. Waters from the confined part of the LTS aquifer are marked by a bold black outline.

Figure 2 :

 2 Figure 2 : Schematic West to East cross-section of the eastern part of the Paris basin, from points A to B (Fig. 1), with schematic stratigraphy and lithology of the triassic deposits. Deep borehole EST 433 of the Bure area (Rebeix et al., 2011; Millot et al., 2011a, and those of the oil fields East of the Paris region

Figure 3 :

 3 Figure 3 : Schematic stratigraphic succession of the triassic series in the Vittel area (south of the BVF)

  Relanges) in an unconfined context. Two samples are from the overlying, mid to upper Muschelkalk aquifer : Contrex Great Source ® (point 13) and Le Bon Pré (point 14). Both are

Figure 4 :

 4 Figure 4 : Piper diagram for the fifteen sampled waters. Red circles correspond to LTS waters, brown circles to Muschelkalk waters, and the blue circles to the Dogger springwater. Waters from the confined part of the LTS aquifer are marked by a bold black outline. The point of the triassic brines(Millot et al., 2011a) is plotted as a pink square.

Figure 5 :

 5 Figure 5 : δD vs. δ 18 O diagram for the studied waters. Red circles correspond to LTS waters, brown circles to Muschelkalk waters, and the blue circle to the Dogger springwater. Waters from the confined part of the LTS aquifer are marked by a bold black outline. Data from Blavoux and Olive (1981) are reported as yellow circles (southern part of the aquifer) and as blue circles for the northern part. Data from Celle-Jeanton et al. (2009) are reported as green circles. The global meteoric line of[START_REF] Craig | Isotopic variations in meteoritic waters[END_REF] has been reported in green, the local line of Karlsruhe[START_REF] Celle-Jeanton | Twenty years of groundwater evolution in the Triassic sandstone aquifer of Lorraine: Impacts on baseline water quality[END_REF] in blue. Current stable isotope signatures of Karlsruhe rainwater are δ 18 O = -8.1‰, δD = -57.2‰[START_REF] Celle-Jeanton | Twenty years of groundwater evolution in the Triassic sandstone aquifer of Lorraine: Impacts on baseline water quality[END_REF].The orange dashed line emphasizes the influence of the triassic brines. Current stable isotope signatures are δ 18 O = -2.1‰, δD = -17.8‰[START_REF] Rebeix | Tracing the origin of water and solute transfers in deep groundwater from Oxfordian, Dogger and Trias formations in the east of the Paris Basin -France[END_REF].

  isotopes of the water molecule allow estimating the age of recharge, the lowest delta values corresponding to the coldest climatic conditions. Three LTS waters exhibit lower isotopic signatures : Mirecourt (5), Norroy (12) and especially Poussay-Val d'Arol (4). Previous studies from Blavoux and Olive (1981) and Celle-Jeanton et al. (2009) have emphasized a clear correlation between oxygen isotopic signatures and 14 C ages. The age of water recharge is shown in Figure 5. Considering the present dataset, this indicates that waters from Poussay-Val d'Arol (4), Mirecourt (5) and Norroy (12) would derive form an older recharge under colder climatic conditions, during the last glaciation, which would agree with hydrological parameters[START_REF] Vaute | Actualisation du modèle hydrogéologique de la nappe des grès du Trias en Lorraine[END_REF].

Figure 6 :

 6 Figure 6 : Log (Cl -/Br -) vs. Log (Cl -) diagram for the studied waters. Red circles correspond to LTS waters. Waters from the confined part of the LTS aquifer are marked by a bold black outline. The seawater dilution line is plotted in blue, and the seawater -brine mixing curve is plotted in orange. The mixing "curve" is actually a straight line, mathematically. It appears as a curve on the diagram due to the log scale of the axes.

Figure 7 :

 7 Figure 7 : δ 34 S vs. δ 18 O diagram from dissolved sulfates for the studied waters. Red circles correspond to LTS waters and brown circles to Muschelkalk waters. The light blue field corresponds to the isotopic signature of triassic marine evaporites[START_REF] Claypool | The age curves of sulfur and oxygen isotopes in marine sulfate and their mutual interpretation[END_REF]. The value of lower triassic brines is derived from[START_REF] Rebeix | Tracing the origin of water and solute transfers in deep groundwater from Oxfordian, Dogger and Trias formations in the east of the Paris Basin -France[END_REF].

  1) : Saint-Genest (2), Poussay Val d'Arol (4) and Mirecourt (5), have δ 11 B higher than 10‰ and plot close to the corresponding recharge water (Etival-Clairefontaine-1) on a Cl/B -δ 11 B diagram

Figure 8 :

 8 Figure 8 : δ 11 B vs. Cl/B ratio mixing diagram. Red circles correspond to LTS waters, brown circles to Muschelkalk waters, and blue circles to the Dogger springwater. Waters from the confined part of the LTS aquifer are marked by a bold black outline. Cl and B concentrations, and δ 11 B for the triassic brines come from Millot et al. (2011a). Groundwaters plotting within the dashed field were sampled near the BVF, whether North and South (Fig. 1).

  from boron isotopes, unlike for sulfur and oxygen isotopes of dissolved sulfates. Similarly, one would have expected a high δ 11 B value of the Great Source ® Muschelkalk mineral water of Contrexéville (

Figure 9 :

 9 Figure 9 : (a) 87 Sr/ 86 Sr vs. Ca/Sr mixing diagram. Red circles correspond to LTS waters, except that waters 4, 5, 6 and 12 have been distinguished from the others of the confined LTS aquifer by a orange colour. Brown circles correspond to Muschelkalk waters and the blue circles to the Dogger springwater. Data of the triassic brines are derived from Rebeix et al. (2011).(b) 87 Sr/ 86 Sr vs. δ 7 Li mixing diagram. Same legend than in Figure9a. For the triassic brines, Li data are fromMillot et al. (2011b) and Sr data from[START_REF] Rebeix | Tracing the origin of water and solute transfers in deep groundwater from Oxfordian, Dogger and Trias formations in the east of the Paris Basin -France[END_REF]. The red mixing curve has been calculated with the characteristics of the Vittel water (datapoint n°8) and an "average" value of waters 4,5,6 and 12 (Sr = 430 µg/l, 87 Sr/ 86 Sr = 0.713; Li = 150 µg/l, δ 7 Li : 5.7‰).

Figure 10 :

 10 Figure 10 : 14 C activities as a function of carbon isotopic compositions. Red circles correspond to LTS waters, brown circles to Muschelkalk waters, and the the blue circle to the Dogger springwater. Waters from the confined part of the LTS aquifer are marked by a bold black outline. Data from Blavoux and Olive (1981) are reported as yellow circles (southern part of the aquifer) and as blue circles for the northern part. Data from Celle-Jeanton et al. (2009) are reported as green circles. The blue dashed straight line represents the correlation of[START_REF] Blavoux | Radiocarbon dating of groundwater of the aquifer confined in the lower Triassic sandstones of the Lorraine region, France[END_REF]. The two red curves emphasize the likely evolution of LTS waters[START_REF] Celle-Jeanton | Twenty years of groundwater evolution in the Triassic sandstone aquifer of Lorraine: Impacts on baseline water quality[END_REF] this study). See text for more explanations.

  Finally, the Dogger and the two Muschelkalk waters are recent or present-day waters, as indicated by the corrected 14 C ages (Tab. 4)

Figure 11 :

 11 Figure 11 : 14 C ages and flowing velocities for the LTS waters. The colours of the circles correspond to the flowing velocities. Age curves have been tentatively drawn.

Table 1

 1 

	Sample	Formation	T° C	pH	Eh (
	: Physical and chemical parameters for the fifteen water samples. Samples 13 to 15 were
	recovered				
	from unconfined aquifers. Samples 1 to 4 and sample 15 were collected in july 2011, and samples 5 to 14
	in november 2012.				
	Concentrations in major cations (Ca, Mg, Na, K) were determined by at BRGM Orléans by
	Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) on waters previously
	filtered at 0.45 µm and acidified at pH~2, in order to avoid element adsorption on the bottle
	walls, and also to prevent the development of bacterial flora. Major anions (Cl, Br, SO4, NO3)
	were analyzed on 0.45 µm filtered waters by ionic chromatography. Bicarbonate contents were
	derived from alkalinity. Si, As, B, Li, and Sr concentrations were measured on 0.45 µm filtered

mV) Dissolved O2 (%) Conductivity 25°C (µS/cm) Alkalinity (meq/l)

  

	and acidified waters on a X7 Quadrupole Inductively Coupled Plasma Mass Spectrometer (ICP-
	MS). Results are reported in Tables						
	1 Etival-Clairefontaine	Lower Trias (unconfined)	10.7	6.78	179	87.0	237	1.72
	2 Saint-Genest	Lower Trias (confined)	22.1	7.05	139	64.5	404	2.37
	3 Rehaincourt	Lower Trias (confined)	11.5	7.07	181	45.3	1121	5.95
	4 Poussay -Val d'Arol	Lower Trias (confined)	24.5	7.44	-1	2.5	614	3.42
	5 Mirecourt	Lower Trias (confined)	20.7	7.99	330	93.7	337	2.18
	6 Valfroicourt	Lower Trias (confined)	15.3	7.20	402	60.0	419	2.51
	7 Relanges	Lower Trias (unconfined)	10.8	7.18	300	80.8	209	1.82
	8 Vittel	Lower Trias (confined)	15.6	7.47	154	2.0	525	3.55
	9 Frênes	Lower Trias (confined)	16.3	7.52	162	22.3	478	3.64
	10 Suriauville	Lower Trias (confined)	15.4	7.58	171	1.0	526	3.71
	11 Bulgnéville	Lower Trias (confined)	23.8	7.45	135	72.2	721	3.74
	12 Norroy	Lower Trias (confined)	24.5	7.49	98	0.5	256	3.73
	13 Contrex Great Source	Muschelkalk	12.2	7.14	252	1.3	2400	6.06
	14 Le Bon Pré	Muschelkalk	11.3	7.26	375	19.0	702	6.72
	15 Illoud	Dogger	9.7	7.06	170	100.0	434	4.05

Table 2 :

 2 Major element data, and Br, Si, and As contents for the fifteen water samples. Analytical uncertainties are 5%.

Sample Formation Ca (mg/l) Mg (mg/l) Na (mg/l) K (mg/l) HCO3 (mg/l) NO3 (mg/l) SO4 (mg/l) Cl (mg/l) Br (mg/l) Si (mg/l) As (µg/l)

  

	1 Etival-Clairefontaine	Lower Trias (unconfined)	25.6	11.6	2.7	1.7	110	6.1	11.5	5.8	< 0.1	11.6	n.d.
	2 Saint-Genest	Lower Trias (confined)	32.3	16.6	20.5	4.2	150	< 0.5	38.4	26.7	< 0.1	11.3	n.d.
	3 Rehaincourt	Lower Trias (confined)	210.9	43.4	3.7	1.7	373	10.0	355.7	9.8	< 0.1	10.0	n.d.
	4 Poussay -Val d'Arol	Lower Trias (confined)	29.4	11.6	82.8	7.0	210	< 0.5	50.7	67.6	0.9	12.4	n.d.
	5 Mirecourt	Lower Trias (confined)	25.6	9.1	17.9	4.1	137	< 0.5	20.8	17.6	0.1	11.5	35.9
	6 Valfroicourt	Lower Trias (confined)	40.7	9.6	18.2	3.4	156	1.0	48.3	18.3	0.1	10.6	33.9
	7 Relanges	Lower Trias (unconfined)	28.8	3.3	1.6	1.8	112	0.6	2.7	2.3	< 0.1	7.9	15.1
	8 Vittel	Lower Trias (confined)	66.8	13.1	6.5	3.2	220	< 0.5	74.6	3.7	< 0.1	8.2	25.2
	9 Frênes	Lower Trias (confined)	58.2	13.5	9.8	3.2	216	< 0.5	61.5	5.7	< 0.1	7.7	22.9
	10 Suriauville	Lower Trias (confined)	61.4	14.7	14.5	2.9	230	< 0.5	72.1	8.3	< 0.1	8.2	40.2
	11 Bulgnéville	Lower Trias (confined)	95.6	19.0	13.7	5.0	234	< 0.5	179.0	6.8	< 0.1	9.7	30.3
	12 Norroy	Lower Trias (confined)	86.9	8.3	379.9	14.3	239	< 0.5	436.0	402.0	4.8	10.8	30.9
	13 Contrex Great Source	Muschelkalk	477.1	60.9	11.3	3.0	375	< 0.5	1223.0	5.8	< 0.1	11.3	0.60
	14 Le Bon Pré	Muschelkalk	75.9	38.3	1.8	1.0	420	17.5	14.5	7.8	< 0.1	7.0	0.28
	15 Illoud	Dogger	85.1	3.3	1.5	< 0.5	252	0.6	10.2	3.1	< 0.1	3.6	n.d.

Table 3 :

 3 Isotopic data and corresponding element concentrations for the fifteen waters samples. Errors in parenthese are reported as 2σ. O, D, S, B and Li isotopic signatures are reported as conventional δ

units : δsample = (Rsample/Rstandard -1) x 1000, where R is the isotopic ratio. Standards are the Standard Mean Oceanic Water (SMOW) for O and D, the Canyon Diablo Troilite (CDT) for S, NIST SRM-951 for B and NIST SRM-8545 for Li. Uncertainties on the delta values are estimated at 0.1‰ for δ 18 O, 0.8 ‰ for δD, 0.3‰ for δ 34 S, 0.5‰ for δ 7 Li and 0.3‰ for δ 11 B. Uncertainties on the concentrations are 5%.

Table 4 :

 4 δ 13 C, 14 C activities and calculated ages. The delta 0 for C isotopic signatures is the Pee Dee Belemnite (PDB). Conventional ages were calculated with an initial activity of 100% of modern carbon.

Table 4 .

 4 Poussay, Mirecourt and Norroy waters (samples 4, 5 and 12) display the lowest activities, which correspond to the oldest residence times. They also have the highest δ 13 C

	.5. Residence time -Flowing velocities
	4.5.1. δ 13 C and 14 C activities
	Carbon isotopic compositions and 14 C activities, together with calculated ages are reported in
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