Supplementary information

Lakes and regional hydrology
Lake Yoa (19°03´ N, 020°31´ E, 379 m a.s.l.) is located in the Eastern Sahara on the Erdi Plateau between the Tibesti and the Ennedi mountain ranges in northern Chad (Fig. 1). The lake is part of the Ounianga Lake District, the largest permanent aquatic ecosystem of the Sahara. This district comprises Ounianga Kebir (19°02’N, 20°31’E) to the west and Ounianga Serir (18°56’N, 20°52’E) to the east (Fig. 1), which have been classified together since 2012 as a natural world heritage site by the United Nations Educational, Scientific and Cultural Organization (UNESCO) in recognition of the unique natural occurrence of several permanent lakes despite the hyperarid climate prevailing in this region.
The lakes spread in Pleistocene deflation basins at the foot of an E–W-oriented escarpment of the Mesozoic Nubian Sandstone Complex 1,2, forming the northeastern rim of the Chad Basin. Lake Yoa is part of Ounianga Kebir and represents the largest lake in this province. It is included in a desert landscape partly covered by aeolian sand deposits that developed below the cliffs and partially penetrate the lake. The elevation of the plateau north of Lake Yoa is approximately 510 m asl, while that of the plateau containing Lake Yoa is 400 m asl. The total water catchment area is approximately 67,300 km2, 28% of which is from the Tibesti Mountains 3. The flow paths from the plateau follow valleys, forming stream networks that progress downslope from north to south. Along a north to south 200 km transect, the elevation decreases from 520 to 380 m asl. The relation of Lake Yoa to the Tibesti massif corresponds to distinct valleys descending along the Tibesti slopes that join the plateau from the west (Fig. 1 main text; Extended Data Fig. 1). On the southern side of the Tibesti, valleys join the Bodelé depression (Fig. 1 main text; Extended Data Fig. 1).
The permanent lakes in the hyperarid area of the Eastern Sahara are supplied by fossil groundwater. The fresh groundwater derives from the Nubian Sandstone Aquifer System (NSAS), which is hosted by shallow-marine Palaeozoic to Mesozoic sandstones 1, 4. The NSAS covers approximately 2 million km2 and extends over Libya, Egypt, Sudan and Chad 5, 6. It was last recharged during the African Humid Period 3, 7. Fossil fresh water globally discharges from geological sandstone units to lower topographical locations. The regional groundwater flow trend from higher to lower zones results in a NE‒SW piezometric head gradient8. The NSAS most likely connects through other geological formations with the Bodelé depression and then with the Mega Lake Chad (Fig. 1 main text).
Lake Yoa has a surface area of 3.58 km2 and relatively simple bathymetry with a maximum water depth of ~26 m. The hydrography of the lake is only partially known due to the lack of long-term continuous measurements. Today, the lake is not connected to any active hydrographical network3, 8 and is confined to depressions more than 50 m below several km long sandstone escarpments. The lake is essentially fed by springs with conductivities between 100 and 250 µS cm-1 7, 9. From November 2010 to January 2012, the lake experienced complete mixing from October to January, and stratification culminated between July and September10. In March 2010, from the surface to the bottom, the water column displayed a pH of ~10, an increase in conductivity from 66,200 µS cm-1 to 68,000 µS cm-1, a decrease in temperature from 21°C to 16°C and a decrease in oxygen saturation from 45% to 5%. Due to the exclusive groundwater supply, the seasonal lake-level variations did not exceed 1.0 m11. Using 14C measurements, Poulin (2019)7 dated the groundwater of the two Ounianga lake systems to approximately 10,000 cal yr BP, corresponding to the African Humid Period. A residence time of approximately 3.4 years was calculated for Lake Yoa water7, with the modern measured lake water pH varying between 9.6 and 10.3 and a water surface temperature of ~ 19°C (measured in November 2016). This UNESCO heritage lake, which is located in a remote arid region, is well preserved and predominantly free from anthropogenic impacts.
	The Ounianga region is characterized by a subtropical desert climate resulting from its continental and low-latitude position combined with the present-day location of the Intertropical Convergence Zone (ITCZ)12. The region experiences only erratic rainfall of <20 mm yr-1 and extreme evaporation of > 6000 mm yr-1 8,11. The monthly average temperatures vary from 14 to 30°C 8. Its position within the wind corridor between the Tibesti and Ennedi mountain ranges (Fig. 1 main text) exposes the region to strong near-surface winds predominantly from the northeast and mainly during the winter months13. The vegetation in the surroundings is of the Saharan type14. Due to the presence of groundwater close to the surface, denser vegetation occurs mainly around the lakeshores and between the longitudinal dunes.
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