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Supplementary File 04
δ13C values VPDB of Dissolved Inorganic Carbon (DIC)
in current groundwater in Fontainebleau Sand formation.
Sampling sites

The initial aims of DIC sampling were: on the one hand, to test that current Nappe de Beauce groundwater shows depleted δ13CDIC values as it becomes shallower on approach to the drainage zones at the edge of the Beauce Plateau and, on the other hand, to compare values of the current groundwater with those of sand calcites precipitated along similar palaeo-groundwater flow path during the Last Glacial Maximum (LGM).  Groundwater was sampled along south-north flow paths in drinking water supply wells on the Beauce Plateau and in springs at the edge of the plateau (Fig. 1).
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Figure 1 – Geological map of the northern Beauce area showing the location of the groundwater sampling sites. 
Analytical method
Water for δ13CDIC analysis was sampled in 12 mL Exetainer vials, after 0.2 µm filtration, and stored at 4 °C until analysis. δ13C values of DIC were measured by GC-IRMS (Gas Bench and DeltaPlus XP, Thermo Scientific) at the Institut de Physique du Globe de Paris. 2 mL of sample was subsampled and degassed by phosphoric acid in He-flushed vials, following the methodology presented in Assayag et al. (2008). Three calcites were used as standards in the measurement run. Sampling was carried out 01/12/2017 by Sophie Guillon & Médard Thiry.

Results
δ13C values of DIC in actual groundwater in the Fontainebleau-Nemours area average ‑16.6‰ in shallow groundwater where sandstone is outcropping and ‑12.7‰ in deeper groundwater beneath the Beauce Plateau (Table 1).  These values agree with those measured in a similar geomorphological framework in the Rambouillet-Trappes area, about 70 km NW of Fontainebleau (Fig. 1).  Water tables in the Rambouillet-Trappes area are at about 30 m depth and δ13CDIC values range between ‑16.3‰ and ‑13.7‰, with the lowest value below forested area and highest value below an urbanized area.  In this slightly more geomorphologically disrupted area, best fits between flow model, field results and water dating were obtained for mean residence times of 1-129 years for the younger upper part of the groundwater and about 100-400 years for the deeper old water components (Corcho Alvarado et al., 2007).
Table 1 - δ13C values of DIC in current groundwater in the Fontainebleau-Nemours area: measurement sites listed from south to north. Sites on the southerly Beauce Plateau show the less depleted values whereas the shallower northern sites beneath forested areas show the most depleted values. The δ13Ccalcite values have been modelled according to a linear mixing line between an organic-rich C3 plant soil water and rain water. 
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A linear mixing model has been constructed by considering, on the one hand, δ13CDIC values of two source end-members, namely soil water from the vadose zone (open CO2 system) and rain water; and on the other hand, δ13Ccalcite values from calcite precipitated from organically derived CO2 and calcite precipitated from rain water (Fig. 2).  For the soil water end-member, δ13CDIC value has been fixed to –20‰, according to a –19.7‰ mean value obtained by measurements in soils in Arkansas (USA) by Knierim et al. (2015), a –19.6‰ mean value obtained in lakes in Wisconsin (USA) by Bade et al. (2004), and mean value of –22‰ measured in soils from a carbonate free catchment in the Vosges mountains (France) by Amiotte-Sucher et al. (1999).  For calcite formed from soil CO2, we used a δ13Ccalcite value of –12‰ VPDB which is considered to be relative to soil respiration rates in equilibrium with soil organic matter from C3 plants (Deines, 1980; Cerling, 1984; Quade and Roe, 1999). For the rain water end-member we calculated its δ13CDIC value by considering the Mean Annual Temperature (MAT) in the Paris Basin (11.3°C) and atmospheric CO2 with a δ13CCO2 value of –8‰ resulting in an abiotic calcite with a δ13Ccalcite = +2.9. The mixing line fits the following equation: 
δ13Ccalcite = 0.674 δ13CDIC  + 1.12

(1)

Equation (1) allows us to estimate δ13Ccalcite values from δ13CDIC values (Table 1).  Plots of the δ13CDIC mean values on the mixing graph (Fig. 2) are within the domain of Fontainebleau sand calcites.  The trend in δ13Ccalcite from deeper to shallow groundwater matches the trend observed in the Fontainebleau-Nemours area sand calcites (Fig. 2).  It may be that less depleted values could possibly have been obtained by sampling southerly deeper Nappe de Beauce groundwater.  The decrease in δ13Ccalcite values from the deeper groundwater towards shallower areas confirms that during the LGM the Nappe de Beauce had a supply and flow regime comparable to that at present.
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Figure 2 – Mixing graph of calcite potentially formed from modern DIC in the Nappe de Beauce groundwater. The model is based on a δ13C mixing line between rain water and soil (C3 plants) water and shows the resultant abiotic calcite that would precipitate from rain water and pedogenic CO2. The estimated δ13C mean values of calcite decrease as the water-table becomes shallower, which is evidence of the progressive increase in contribution of soil organic components as the groundwater approaches the landsurface. The lower x-axis refer to the percentage of C3 plant CO2 contribution to the calcites. 
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