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Brief geological description: The Nubian Sandstone Aquifer is the largest fossil water aquifer system in the 

world. Located in the eastern portion of the Sahara Desert,  – a vital water source for the region, especially for 

the agriculture sector and for large development projects in Libya and Egypt. 

Existing geological/geochemical data (type of data, published/unpublished): see list below. 

Plans for G@GPS-related studies: 

The aim of this contribution to the G@GPS project will be to date spring tufa and simulate palaeo-groundwater dynamics 

of the Nubian sandstone aquifer system in Egypt. 

Spring tufa deposits are formed by the precipitation of carbonate minerals around natural springs. In many desert regions 

(e.g. in Egypt) spring tufa has formed intermittently through time; deposition of tufa occurred during wet periods when 

regional aquifers were filling, and oasis springs were active. The newly formed tufa was then covered by Aeolian (wind-

blown) deposits during dry periods when the springs ceased to flow. The possibility of dating the periods of formation of 

tufa deposits, and the interleaving periods of aridity, offers the opportunity of correlating regional terrestrial palaeo-

climate signals with the global records from ice- and ocean cores (Schrøder et al. 2012). This is particularly interesting in 

arid and semi-arid regions, where there is little to no other palaeo-climatic data available. Previously, the dating of 

terrestrial deposits beyond the radiocarbon range (>40000 years, or 40ka) has been very difficult.  However, desert sands 

are ideally suited to optically stimulated luminescence (OSL) dating; in such environments this approach can be used 

reliably to date from a few hundred years to >200 ka (Murray and Windel 2003).   

Fossil spring tufas are well developed and preserved around the Kharga oasis in central Egypt (Smith et al. 2007). These 

spring tufas are connected to the regional Nubian sandstone aquifer, and are particularly well exposed at an escarpment 

east of the oasis (at the Midauwra Pass). These represent pluvial periods at different times in the Quaternary; although no 

accurate dating of these deposits has been undertaken, it is believed that they were deposited over the last 150 ka, a 

period of great importance to studies of climate change and human evolution (Frumkin et al. 2011).    

Thus, the aim of this project is reconstruct the regional rainfall history in central Egypt by mapping and dating spring tufa 

deposits, resulting in a new chronology for the known archaeological archive.  

The primary hypothesis to be tested is that:  

• The periods when spring tufas were deposited at the Kharga oasis correspond with the warmer and wetter 

interglacial periods over the last 150 ka. 

The project will focus on the well-preserved exposures of stratified fossil spring tufa deposits around the Kharga oasis as 

well as other spring tufa deposits in the Western desert of Egypt. Specific project tasks include: 

• Field mapping and collection of the spring tufa and Aeolian sediments at Kharga oasis and other localities in 

Egypt; 

• Luminescence dating of the field samples; 

• Extraction and analysis of pollen from the spring tufa to obtain additional climate information; 



• Construction of a simple palaeo-groundwater model for the Nubian sandstone by combining the data from this 

study with data from other previous and on-going studies; 

• Comparing the time dependence of the hydro-climatic signals from the spring tufas and from modelling with the 

global climatic information from the ice and ocean cores. 

The precise and accurate dating of the pluvial periods in the region, and their linking to global climate change will 

significantly improve our understanding of the groundwater dynamics of the Nubian sandstone formation. Such an 

understanding is essential in the assessment of the local and regional impacts of current and future exploitation of this 

important trans boundary groundwater resource. It will also contribute new chronological information to our 

understanding of the patterns of pre-historic human use of these resources.  Finally, this study will illustrate the potential 

of OSL in the dating of paleo-groundwater levels in other localities, generating the opportunity for a better understanding 

of the impact of past and future climatic changes on groundwater resources. 

Theoretical Foundation: Optically Stimulated Luminescence Dating:  

In Optically Stimulated Luminescence (OSL) dating the amount of energy absorbed by a mineral since it last was exposed 

to daylight is used as a chronometer (Aitken, 1998).  This energy is absorbed from ionising radiation present in the 

surrounding environment (from uranium, thorium and potassium), and is stored in traps in the band gap arising from 

defects in the crystal lattice. During daylight exposure the energy is released as electrons are evicted from traps; this is 

known as the bleaching process.  If bleaching is complete, as is almost certain in the environment under discussion here 

(Murray and Olley, 2002), there will be no remaining stored charge in electron traps when the mineral grain is later buried 

and hidden from daylight. When the material is sampled and measured in the laboratory, a similar process occurs, except 

that the stimulating light is artificial (e.g. a laser or light emitting diodes).  After an electron has been released it may 

recombine so that it emits light during the recombination process; this is known as luminescence. To convert this 

luminescence signal into an age, two measurements are required: the amount of energy (dose) stored in the material; and 

the amount of dose absorbed each year from the environment (dose rate). The time since the traps in the material were 

last emptied is then calculated by dividing the dose by the dose rate, i.e. a luminescence age refers to the time since last 

exposure to daylight. This technique has been successfully employed at a spring tufa site in Syria (Schrøder et al. 2012). 

In the Western Desert in Egypt, Palaeolithic cultures around the Kharga oasis have been studied in association with spring 

tufa deposits (Smith et al., 2007). Uranium-series dating of the deposits has been undertaken, and indicates ages of 

between 100ka and 140ka (Smith et al., 2007). However, these ages are not well constrained because of detrital 

contamination, and have a correspondingly large uncertainty. OSL dating of quartz grains would provide an excellent 

opportunity to obtain well-constrained absolute ages for the spring tufa sequence – typical uncertainties in OSL ages in 

this type of sediment are in the 5-10% range. In 2011, as part of our ongoing collaboration with Assiut University, Roskilde 

University conducted a preliminary study examining the fossil spring tufa at the escarpment east of the Kharga oasis. This 

preliminary analysis at our laboratories shows that the deposits contain quartz well suited for OSL dating. 
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