Appendix A – Supplementary Materials
Investigating the enigma of an irregular groundwater age pattern in a confined, presumed "fossil" complex aquifer through mixing cell flow modeling.

Text S.1. Isotopic and hydrochemical characteristics of the groundwater.
The groundwater (GW), defined as the Mixed Nubian Aquifer (MNA), was sampled from boreholes to the Nubian Sandstone Aquifer (NSA) in the northern Negev at the end of the western flow path before joining the groundwater at the end of the eastern flow path south of the Dead Sea Valley (Fig. 1). The source of the GW in the center of Sinai is the same in both routes, and they flow a similar distance from the source to the outlet. Despite this, the age of the groundwater at the end of the western flow path (Table 1; boreholes MK1, MK5a, MK11, Y1, Y2a, and Y4) is of an order of magnitude lower compared to those at the end of its eastern flow path (boreholes EY6, EY13, EO5, EO8, and T8), which indicates a significant recharge of younger water through the Nubian sandstone outcrops at the top of the anticlines in North Sinai and the Negev (Ram et al., 2020). Thus, the groundwater in the MNA wells is enriched in heavy isotopes of oxygen and hydrogen compared to those in the NSA (Fig. S.1). The upstream NSA groundwater in central Sinai (Kuntella 3 & Nakel 5) is the most isotopically depleted. The NSA wells (+), which designate cells in the MCM (marked with red dots), become enriched in their isotopic composition downstream from S1 (Shizafon) towards the EO5, EO8, and T8 wells (red arrow). It reflects the mixing of the NSA with isotopically enriched groundwater represented by specific groundwater (marked with red open circles) from the different aquifers. The red arrow illustrates the gradual increase in the composition of the heavy isotopes in the NSA from south to north, down the eastern flow path due to inputs and mixing with isotopically heavier groundwater from the JUA, JCA, AFA, SCA, and MNA sources.  

The hydrochemical composition (Fig. S.2) demonstrates the spatial variability of the ions in the NSA and the Judea Calcareous Aquifer (JCA). Both cation and anion ternary plots show that the GW samples evolve along a "mixing line" except for the groundwater in the upstream NSA (Themed 1), the deep salty GW in Z20, and the GW in the deep Jurassic Limestone Aquifer (JUA). The groundwater of the MNA is characterized by a relatively high concentration of sodium and potassium, and low concentrations of calcium, magnesium, and sulfate. The diamond plots's integrated chemical composition shows that the MNA' 's GW (and part of the JCA's GW) is located at the lower end of the GW mixing line of the NSA, and the GW sampled from JUA, AFA, and SCA are located at the upper end. All groundwater samples are plotted at the top right side of the diamond, which is relatively high in Ca2+ + Mg2+ and Cl- + SO42-. The downstream hydrochemical evolution (mixing) along Flow Path I from Cell I (S1) down to Cells VII and VIII (EO8 & T8) is demonstrated by the red dots posted over the orange plus (+) symbols representing the NSA's GW. (Fig. S.2).
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Figure S.1. d2H versus d18O  in groundwater for all the wells considered in the Mixing Cell Modeling (MCM). EMWWL and GMWL designate the eastern Mediterranean water line, and global meteoric water line, respectively.
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[bookmark: _Hlk150341789]Figure S.2. A Piper Diagram (Piper, 1944) showing the classification of groundwater samples from the various aquifers, using the dominant cations and anions of the groundwater samples. Plot diagram was created using GW_Chart (Winston, 2000, 2020).
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