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Preface 

This is the proceedings of the second meeting of the 

international initiative  

G@GPS  

Groundwater and Global Palaeoclimate Signals  

G@GPS started in 2011 as an open international research 

network. The aim is to identify important palaeo-recharge 

episodes and to correlate these regionally and 

internationally. The network has members from all 

continents (see http://gw-gps.com) 

The 2nd G@GPS international wokshop was held in Bobole, 

Mozambique   

workshop combined with a training course. The training 

course focuses on methods used to calculate long-term 

groundwater recharge and dating of old groundwater. 

In the workshop a number or case studies from different 

parts of the world are presented, with a particular  

focus on Africa. 

The participants represent 12 different countries. 

More information about G@GPS is found on 

http://gw-gps.com 
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THE GROUNDWATER PERSPECTIVE: BROAD RECHARGE AND PALAEOCLIMATIC 
VARIATIONS IN THE SYDNEY BASIN, AUSTRALIA 

 

D. I. Cendón, K. Meredith, C. Hughes , S. Hankin, S. Hollins and M. Markowska 
Australian Nuclear Science and Technical Organisation (ANSTO), NSW, Australia 

E-mail: dce@ansto.gov.au 

 

Groundwater from many locations around the world contains isotope trends that are linked 

to past climatic / recharge conditions. Some examples are the variations observed in the 

Sahara-Sahel region where humidity sources can be differentiated (Edmunds et al. 2004) 

and the markedly depleted values associated with glacial recharge in basins of northern 

parts of America and Europe (Raidla et al. 2009). In Australia with the lack of extensive 

glaciation, water stable isotope trends do not show strong variations through time. 

However, a trend towards more depleted values, with an overall decrease of about ~1‰ for 

H2O-18O is observed for the ~15 ka time gap obtained from groundwater samples in the 

Sydney Basin (Fig 1). The trend is consistent with the lower temperatures expected at the 

termination of the Last Glacial Maximum (LGM), palaeoclimatic records of sea surface 

temperatures (SST) in South East Australia (Calvo et al. 2007, groundwater isotope trends 

from the Otway Basin South East Australia (Love et al. 1994) and other regional records. 

 

Fig.1. (Left) Situation of the Sydney basin and groundwater sampling sites. (Right) Water stable 

isotopes (18O) evolution with time.  

 

Water stable isotopes in the Central Coast and Lower Blue Mts (Fig.1) are representative of 

low altitude areas close to the ocean with no physiographic obstacles. However, the 

Southern Highlands samples show a combined effect of altitude, lower temperature and 

potentially a rain shadow effect with more depleted isotopic values. The chronological 

mailto:dce@ansto.gov.au
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framework is based on corrected 14C groundwater ages. The dominant siliciclastic nature of 

most of the aquifers in the region minimises major 14C dilution and a combination of general 

hydrogeochemistry and 13C results (solids and water) are used to constrain processes such 

as the dissolution of dispersed carbonates along the flow path. The14C residence times 

obtained from groundwater are grouped in 500 year bins, assuming a representative 

distribution of ages, obtaining a broad distribution of recharge (Fig 2). High recharge took 

place between ~5-7 ka, similarly to what it is observed in palaeo lake level records of Lake 

Keilambete (Victoria, Australia). The groundwater record distinguishes the increasingly arid 

conditions from ~6 ka to present as well as from ~6 ka to the LGM. Concentrations of 

chloride also show a weak tendency to decrease with groundwater residence, suggesting 

more rainfall/dilution at ~6 ka than today. 

  

Fig.2. (Left) 14C distribution of groundwater ages in the Sydney Basin with Lake Keilambete water 

levels (Wilkins et al 2013). (Right) D-excess evolution in the Sydney Basin. 

 

D-excess in groundwater, is similar to that of modern rainfall suggesting similar sources of 

humidity and rainfall patterns over the last ~15 ka. However, the direct comparison of 

modern rainfall with sub-modern groundwater (0.5 to 1 ka) suggests recharge is mostly 

associated to east coast low pressure systems, generally with lower D-excess. The observed 

increasing trend is only statistically significant when the lower outlier is removed. The effect 

of a much larger land area exposed prior to ~8 ka due to sea-level fluctuations, may have 

enhanced moisture recycling with the sampled sites being further in-land resulting in higher 

D-excess. 

 

Key words: Sydney Basin, groundwater recharge evolution, water isotopes, 14C in 

groundwater 
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G@GPS: A CASE STUDY COMPARING THE NORTH CHINA PLAIN (CHINA) AND THE GREAT 

ARTESIAN BASIN (AUSTRALIA) 

Jianyao Chen1 and Dioni I. Cendón2 

1School of Geography and Planning, Sun Yatsen University. Guangzhou 510275, China. Email: chenjyao@mail.sysu.edu.cn or 

chenjianyao@hotmail.com 
2Australian Nuclear Science and Technology Organization (ANSTO),Locked Bag 2001, Kirrawee DC, NSW 2232 Australia. 

Email: dce@ansto.gov.au 

 

Introduction 

 

Major aquifers worldwide, under favorable conditions, can retain low temporal resolution 

information on climatic conditions at the time of recharge. This generally geochemical information 

can be used to better constrain reaction of the aquifer to climatic changes or even to assess long 

term groundwater sustainability. Understanding whether major aquifers at similar latitude world-

wide share similar climatic responses and records is one of the objectives of the G@GPS 

(Groundwater@Global Palaeoclimatic Signals) network. Two emblematic aquifers in their respective 

countries are compared: the North China Plain (NCP) and the Great Artesian Basin (GAB). The NCP is 

located in the eastern China between 35º00’–40º30’N and 113º00’–119º30’E, bounded by the 

Taihang Mountains to the west, the Yanshan Mountains to the north, the Bohai Sea to the east, and 

the Yellow River to the south. The plain was formed through fault subsidence since the Cenozoic and 

deposition of Quaternary sediment 400–600 m thick by the Yellow River and other main rivers. The 

NCP contains 11% of China’s population and 14% of its arable land, and produces 14% and 13% of 

the nation’s gross domestic industrial and agricultural products, respectively. At the same time, the 

NCP has only 1.9% of China’s total water resources (Xie et al., 2002). Groundwater is the main source 

for irrigation in the North China Plain. 

Deep aquifers of more than 100 m depth were found to be older than 10 ka using the 14C method 

(Chen JY, 2010), some groundwater samples were found to be 770 ka BP by using 36Cl/Cl though 

mixing of various sources was suspected (Dong et al., 2002). 4He was also tested to date 

groundwater ages in the NCP and relatively consistent results were obtained comparable to those 

from 14C (Wei et al., 2011). Stable isotopes of 18O and 2H have been used as indicators  of recharge 

temperatures integrating isotopic signals in groundwater with their determiantion of residence time 

(Chen, 2010) can provide a temporal record of isotopic variations derived from groundwater. As 

stable isotopic features are the mixture signal of both temperature and other factors, noble gases 

collected from groundwater were used to calculate the recharge temperature and thus differentiate 

the influences of temperature and monsoon intensity (Kreuzer et al., 2009). This could be compared 

to high resolution records obtained fromstalagmite calcite in two caves Dongge and Hulu, China 

(Wang et al, 2001; Dykoski et al, 2005) (Fig.1). 

The objectives of this paper are: 1 reconstruction and analyses of paleoclimatic signal from 

groundwater of the NCP with additional information. 2 Identification of possible recharge events 

with the frequency distribution of data series. 3 Comparison of the paleoclimatic signal from the 

mailto:chenjyao@mail.sysu.edu.cn
mailto:chenjianyao@hotmail.com
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aquifer with that from stalagmite calcite records. 4 Comparison of NCP signal with that from Great 

Artesian Basin (GAB) and a composite curve of lake level change in near-central SA and Victoria, 

Australia, as these two areas are symmetric with similar latitude in North and South hemispheres.  

 

 

Fig 1 Schematic map of research sites in the paper, modified from Cheng et al. (2009) 

 

Reconstruction of paleoclimatic signal from the aquifer of the NCP 
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Fig 2 Paleoclimatic signal from dated groundwater in the NCP (modified from Chen, 2010) 

Paleoclimatic signal based on dated groundwater and δ18O was constructed by collating available 

data series in the NCP from the literature. More research works were done afterwards with more 
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data set for the reconstruction. Calibrated 14C data with δ18O values in the NCP given by Kreuzer et al 

(2009) were added, showing a consistent trend with previous data set. Moving average curve was 

reconstructed with added information (Fig 2), and δ18O was lower than that given by Chen (2010) for 

the period of 25 Ka and 35 Ka BP. A general increase trend in δ18O was detected during the period of 

14 ka BP to 5 ka BP. Kreuzer et al (2009) attributed this increase before 10 ka BP to the increase in 

temperature and that after 10 ka BP to the decrease in monsoonal intensity with evidence from 

noble gases.     

Identification of possible recharge events 

0

2

4

6

8

10

12

14

0
.5

2
.5

4
.5

6
.5

8
.5

1
0

.5

1
2

.5

1
4

.5

1
6

.5

1
8

.5

2
0

.5

2
2

.5

2
4

.5

2
6

.5

2
8

.5

3
0

.5

3
2

.5

3
4

.5

Fr
e

q
u

e
n

cy
 n

u
m

b
e

r 
o

f 
d

at
a 

p
o

in
ts

 

Dated groundwater by 14C

 

Fig 3 Frequency number of data points in the last 35 ka with an interval of 1 ka 

Total of 166 data points were collected and frequency number for an interval of 1 ka from ≤0.5 ka 

to ≥35 ka was accounted (Fig. 3). High number is generally related to possible recharge events, and 

several recharge events could thus be detected, e.g. at the time of 2.5 ka, 6.5 ka. Recharge event at 

around 7 ka BP was also detected in the other area (Victoria in Australia, Wilkins et al. (2013)). Few 

recharge events were found at 5.5 ka and 17.5 ka, which is close to the last glaciation maximum 

(LGM), though high recharge events could be expected before LGM at 18.5 Ka.  

Comparison of the paleoclimatic signals from the aquifer and the caves 
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Fig 4 Comparison of deglacial sequence of Dongge/Hulu stalagmites and paleoclimatic signal from 

the aquifer of the North Plain (NCP) in the past 35 Ka. Though two caves are around 1200 km apart, 

and NCP is around 500-1000 km from Hulu Cave, a similar pattern suggesting regional climatic 

pattern is detectable 

δ18O series from Dongge and Hulu caves were collated from the literature (Wang et al, 2001; 

Dykoski et al, 2005) and plotted together with that from the aquifer of the NCP. Similar δ18O trend 

was detected in the last 30 ka, indicating the regional pattern in the eastern China. Major difference 

from 18 ka to 15 ka could be due to the impact of the varied climatic zones as two caves are located 

in the humid/semi-humid zone, while NCP is located the semi-arid zone; this difference could also be 

regional paleoclimatic variation, i.e., two areas experienced completely different climatic conditions: 

warm in the NCP and relatively cold in the southern China. Warm situation was specified in all three 

curves (Fig) at around 13 ka BP. Several time lags of either the peak or the valley events were 

detected from the comparison, and these could be attributed to the recharge and flow process from 

the western recharge zone to the eastern discharge zone in the NCP. In contrast, infiltration process 

from the surface to the cave could be fast through preferential flow path.  

High growth rates of stalagmite at around 2.5 ka, 4.0 ka, 6 ka, 8 ka in Dongge cave coresponded to 

high rainfall events and thus recharge events, which are in general consistent with the recharge 

events identified in the NCP.            

Comparison of paleoclimatic signal between NCP and GAB 

NCP and GAB and some lakes in the Victoria of Australia are roughly symmetric geographically in two 

hemispheres. Paleoclimatic signals from two areas were compared in order to examine the global 

paleoclimatic pattern. Water level reconstruction for lakes in near-central SA and Victoria was 

carried out with a composite curve given by Wasson and Donnelly (1991), and δ18O from 

groundwater in the eastern recharge area of GAB were collated and calibrated.  
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Fig 5 Paleoclimatic signals from GAB and one lake of Australia and NCP 

The δ18O trend in the NCP was found to have an inverse relationship with that in GAB, peak values 

responded to the valley value and vice versa. This could indicate opposite climatic conditions in two 

regions with similar latitude but in different hemispheres. On the other hand, a quite similar trend 

was found for the δ18O in GAB and the change of the lake level in the Victoria of Australia, high δ18O 

value corresponding well to high lake level and vice versa. High lake level was a result of big rainfall 

events, while relevant high δ18O value could show a warm and wet condition, which favored the 

recharge process in GAB. 

Spectral analyses were carried out for three data series in Fig 5, and several significant 

periodicities were identified (Tab 1). Similar frequency was found in the NCP and the lake level with 

the first period of around 16000 y and the second period of 3000 y, indicating a global climatic 

pattern. The cycle frequency of 16000 y can be explained as a mixture of two Milankovitch cycles, 

obliquity with a period of 41000 y and precession: 21000-26000 y. A small shift of periodicity was 

found in the GAB, indicating possibly a more complicated recharge situation in the arid region in 

Australia.    

 Tab. 1 Main periodicities (in year) from spectral analyses for the NCP and the GAB  

Study area First main period Second period Third period 

NCP 15800 2872   

GAB 12755  5102  3641  

Lake level 15500 3100  2384  

 

Conclusion 

Paleoclimatic signals in the last 30-40 ka were reconstructed  using stable isotopes and dated 

groundwater in the NCP indicate climatic changes and several recharge events. This signal was 

compared and verified by the high resolution data series from two caves in China. The comparison of 

the signal from NCP with that in GAB and one lake level record in Australia showed that the signal 

from the aquifer could provide a reasonable regional and global record of paleoclimatic change.  
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The relative amount of heavy/light oxygen and hydrogen isotope ratios in water can offer a 
great deal of information about climate and as well as the history and origin of groundwater 
and surface water. In temperate areas of the Northern Hemisphere isotope studies are 
common tools in hydrology, but not so in large parts of tropical and subtropical areas of 
Africa. 
 
 

 
Fig. 1. Study area in South Africa. 

Circled: precipitation stations,  
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Lake St Lucia is the heart of the iSimangaliso Wetland Park on the northeast coast of South 
Africa. In this study rainfall and groundwater was sampled from 2003 to 2006 for stable 

isotope (2H and δ18O) analyses. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Precipitation data 1955-2004 for three sites in the St Lucia area 

 

 

The relationship between the two isotopes in the St Lucian precipitation constituted a Local 
Meteoric Water Line (δD = 7.78 δ18O + 11.8) that was similar to the Global Meteoric Water 
Line. The isotope values peaked in spring and autumn, and were lower for summer rain than 
winter rain. The content of heavy isotopes in precipitation was significantly inversely related 
to the amount of precipitation (R2 = 0.26 for δ18O and 0.25 for deuterium), and not to local 
temperature. The local thunderstorms, the regional warm Agulhas Current rainfall and the 
sporadic heavy deep convective storm rain in the summer have commonly low isotopic 
values. Attempts to distinguish different types of summer rains on the base of isotope levels 
were not conclusive as the sample number was inadequate. However, the summer rainfalls, 
in particular deep convective rain, are probably generated at higher levels in the atmosphere 
than rain formed as cold front precipitation, which is more common in the spring and 
autumn. This suggested St Lucia’s hydrological cycle to be more closely associated with the 
tropics where amount of rain tend to relate to contents of heavy isotopes (as also found by 
e.g. Treble et al. (2005) in Australia) than with a temperate climate systems where the local 
temperature is positively correlated with the isotopic values.  
 
The deuterium excess was larger than the global mean (~10‰), possibly due to high 
humidity and evaporation during rain. The isotopes in the groundwater to some extent 
followed the variations in precipitation isotopes. Slopes of the Isotopic Water Lines and 
enrichment of isotopes compared to the average rainwater indicated some evaporation 
from the groundwater.  In particular the easternmost samples show positive isotopic values, 
due to recharge of water in the large Mfabeni Swamp area. 
 
The results from St Lucia are similar with those from Cape Town (Harris et al. 2010) with no 
or a weak correlation with temperature. Both places a seasonal variability is seen. However, 
while Cape Town has the most depleted rain during the cold rainy season, St Lucia has the 
most depleted rain during the warm rainy season.  
 
The oxygen isotope composition is one of the parameters used in palaeogroundwater 
temperature calculations, in particular in speleothems records.  The isotopic data from the 

1955-
2006 
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summer rain region in southeast Africa indicates that this correlation is not so simple as the 
isotopic values are more related to the amount of precipitation than to the ground 
temperature. This is different from the winter rain region in the southern coastal region in 
South Africa, where the precipitation is more related to the ground temperatures. The 
boundary between the summer rain and the winter rain regions along the coast of South 
Africa fluctuated considerably in the past, which make climatic interpretations based on 
oxygen and hydrogen isotopes alone difficult.   
 
Key words:  Stable isotopes, oxygen, hydrogen, precipitation types, palaeoclimate 
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ESTIMATING GROUNDWATER RECHARGE RATES AND MECHANISM IN ARID AREAS- 

METHODS AND CASES 

Seifu Kebede1  
1 School of Earth Sciences, Addis Ababa University  

Email: seifukebede@yahoo.com 

Groundwater recharge is key indicator of groundwater resources sustainability. The rule of thumb is 

that the maximum amount of groundwater available for development is equivalent to the amount of 

recharge that an aquifer receives annually. Nevertheless in arid and semi arid setting quantifying 

rate of recharge is the most challenging task. Research over the last six to seven decades shows that 

isotope and geochemical tracing methods provide the most promising and are proven tool not only 

in quantifying recharge rate but in understanding recharge mechanism in arid and semi arid 

environments.  For example tritium and Cl profile in unsaturated zones have been widely used in 

estimating recharge rate in various aquifers (Allison et al, 1984). Chloride and carbon 14 are also 

used in estimating groundwater recharge in arid environments.   

The mechanism through with incident rainfall reaches the water table bear important repercussion 

on the impact of future climate change on the groundwater resources base.  A future change in 

rainfall pattern (intensity and amount) would not necessary end up in changes in recharge to aquifer 

in similar direction (meaning increased rainfall may not necessarily end up in increased groundwater 

recharge). The resultant direction of impact of future climate change in groundwater recharge 

depends on the mechanism of recharge to the aquifer now. Isotopes are proven tool in deciphering 

recharge mechanism to aquifer now and over past periods.   

In a more mountainous setting like the Eastern African highlands running form Eritrea to Southern 

Africa,  isotopes could be used to address key questions around groundwater resources. One of the 

fundamental questions is at what rate, depth groundwater that is recharged at the bounding 

mountains reaches the valley aquifer or in what way the incidental rainfall reaches the water table. 

Related to this several questions arise, most of which are known fundamental questions in mountain 

hydrogeology (Chavez et al. 1994; Manning and Solomon 2004; Wilson and Guan 2004; Manning and 

Solomon 2005): 1. What is the spatial pattern of mountain front recharge: is it diffuse or focused, 

from the surface or subsurface, shallow or deep? 2. What is the temporal pattern of recharge: can at 

least part of it be regarded as quasi-steady instead of intermittent? What is the pattern of shallow 

and deep flow paths and residence times within typical mountain blocks?  

The purpose of this paper is discuss isotopic and geochemical methods used in quantifying recharge 

rates; mapping recharge mechanisms and groundwater movement in diverse hydrological setting of 

Africa. The presentation shall be supported by cases studies across the various regions of Africa.  

 

Key words: Isotopes, Geochemistry, recharge rate, recharge mechanism, climate. 
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Surface water infiltration recharging Mali aquifers occurs through, underlying perched 

hydrogeological networks, lacustrine zones of the Central Delta or inundation valleys. The 

mapping of both the Surface water and the Groundwater, their types and availabilities, are 

briefly presented, and the focus of the study is on the types of hydraulic connections 

between these water bodies.  The aquifers hydraulically connected to the Niger Central 

Delta flows systems are Continental Terminal/Quaternary, and they concern some areas 

where either inundation or perennial surface water flow occurs. These aquifers belong to 

the hydrogeological Unit of Central Delta where the recharge by surface water is estimated 

to be five percent of the flow loss between the entry and the outlet of this hydrological 

system. Some attempts of simulation along with a review based on the first studies 

synthetized in “Synthese Hydrogeologique du Mali” would permit to pave the way to other 

studies on these hydraulically connected zones in Mali. A previews simulation study, about 

mapping the potential rate of pumping capacity, corroborates some observed structural 

characteristics and leads to subdivide the area in two hydrogeological sectors, and the 

present simulation studies focus on the sector “Macina –Diaka” where surface water are in 

hydraulic relation with groundwater.  

Key words: Surface water, Groundwater simulation, Recharge processes, hydraulic relation. 
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The Namib-Kalahari-Karoo region of southern Africa is characterised by low rainfall (500-100 
mm/yr), frequent droughts linked to the El Niño Southern Oscillation (ENSO), high potential 
evaporation (2000-3000 mm/yr) and consequently high aridity. As a result population 
densities in the region are generally very low, made up mostly of poor rural communities 
dependent on subsistence and commercial agriculture, and groundwater is usually the only 
significant source of drinking water. In recent years, tourism has played an increasingly 
important role in enabling these communities to develop more sustainable livelihoods. 
However, as increasing numbers of tourists venture to these regions, and the communities 
that they support develop economically, pressure on groundwater resources grows. In 
combination with generally low recharge rates, thick unsaturated zones, long groundwater 
residence times and erratic weather patterns (De Vries et al., 2000; Eckardt et al., 2013), the 
potential for deterioration in the quality and quantity of groundwater resources is extremely 
high.  

Over the last two decades the focus of groundwater studies in the Namib-Kalahari-Karoo 
region has either been on coastal aquifer systems, which are vulnerable to salinisation by 
seawater intrusion (REFS), or on aquifer systems within the elevated interior, which often 
have high nitrate levels and can pose a significant health risk (e.g., Stadler et al., 2008). In 
contrast the regions between these two zones have attracted much less attention. The 
Naukluft Mountains of south-west Namibia lie between the Namib Desert and the 
agricultural interior. Incorporated partly within the Namib-Naukluft National Park, they are a 
region of spectacular natural beauty and home to abundant natural wildlife. The mountains 
represent the remnants of a klippe of the foreland fold-thrust belt of the Neoproterozoic-
Cambrian Damara Orogenic Belt and comprise unmetamorphosed to very low grade 750 to 
550 Ma dolomites, shales, and quartzites emplaced over 570 to 530Ma calcareous 
sediments of the Nama Group (Viola et al., 2006). The dominantly carbonate lithologies in 
the region have given rise to a karst terrain with numerous natural springs and as a result, 
the region is reasonably prospective as a potential source of drinking water (Christelis and 
Stuckmeier, 2001).  

In this study, groundwater, spring water and precipitation samples were collected from the 
Namib-Naukluft region between 2008 and 2012 with samples being collected in both the 
wet (Feb) and dry (June-July) seasons. Groundwater samples were collected from existing 
production and monitoring boreholes. The choice of boreholes sampled for this study was 
primarily determined by accessibility and condition of the borehole and most of the 
sampled boreholes were used and pumped on a regular basis. Approximately 90 boreholes 
were sampled over the five year period although not all boreholes were sampled each year. 
In addition natural springs, rivers and surface waters were also sampled where possible. 
Precipitation was sampled opportunistically but is known to be extremely variably both in 
time and space within the region (Ekhardt et al., 2013; Jacobsen and Jacobsen, 2013). All the 
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samples were analysed for major cations and anions as well as EC, pH and temperature. In 
addition selected samples have been analysed for O, H, DIC, Sr, N and S isotopes and for 14C 
dating. The resulting dataset allows us to place better constraints on the groundwater 
system within this important region and improves our understanding of the hydrological 
environment. 

Cation and anion concentrations as well as EC and temperature of the borehole waters 
suggests that at least 3 and possibly 4 different water types are present within the region. 
The dominant water type is a Mg-bicarbonate water type followed by a Na-K-mixed water 
type. A number of other boreholes have compositions with higher EC levels and are either 
chloride or sulphate water types and may reflect contamination of the other water types. 
Comparison of these water types with known depth to water levels and 14C data shows the 
existence of at least two, possibly more, aquifers in the southern and northern parts of the 
study area. In the southern part of the region, where most of the tourism activities are 
concentrated, the groundwater is stored in a deep aquifer and 14C-dating suggests that this 
groundwater is reasonably old (at least about 13 Kyr). In the north, at the western edge of 
the Naukluft Mountains and onto the alluvial plains before the beginning of the desert 
proper, the groundwater is variable in depth but has pMCvalues greater than 100%, 
indicating addition of recent rainwater. In between these two aquifer systems we interpret 
at least one and possibly more aquifer systems hosting groundwater with average residence 
times ranging from a few hundred years to a few thousand years. The distribution of 
groundwater and aquifer systems is further supported by Sr isotope analyses, which indicate 
at least two different water types present, a high Sr-concentration and low 87Sr/86Sr isotope 
water and a low Sr-concentration and high 87Sr/86Sr isotope ratio water. 

Stable isotope data collected during 2008 and 2009 indicates that the O and H isotope 
composition of the boreholes is clearly more depleted in the heavy isotopes than average 
precipitation in the region. Precipitation that was collected during heavy rainfall events, 
however, has similar values to the groundwater from the boreholes. Likewise, the natural 
springs that were sampled indicate that deeper springs, which generally flow throughout 
the year, are recharged by heavy rainfall events whilst shallow springs, which are generally 
dry during the winter months, are recharged by isotopically heavier precipitation. In 
combination with the other geochemical parameters outlined above, the groundwater in 
the Naukluft-Namib region appears to only recharge during heavy storm events where the 
rainwater can infiltrate more rapidly without evaporation. This is consistent with recharge 
estimates based on Cl concentrations that indicate maximum recharge to the groundwater 
system in this area of around 1.5 to 5 mm/yr. 

Taken together the data suggests that the groundwater system in the Namib-Naukluft 
region is vulnerable to both over abstraction and contamination through anthropogenic 
activities. Increases in EC particularly within the Tsauchab River catchment are likely the 
result of small scale agricultural practices to the north of the area but are exacerbated by 
increasing abstraction levels in the south of the area. Anecdotally, it appears that 
subsistence farmers and small rural communities are experiencing increasing problems with 
boreholes drying up as the number of boreholes drilled in the south to maintain water 
supplies to tourism infrastructure increases. This suggests that the aquifer systems may be 
laterally continuous over scales in excess of 50 kms. The implication of these findings is 
therefore that a region wide management policy must be put in place to mediate any 
contamination of the groundwater system. It also suggests that the groundwater system in 
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the region will be vulnerable to changes in rainfall patterns that may be induced by 
predicted climate change patterns. Because of the strong dependence of the Namibian 
economy on tourism activities particularly within the region, any change in the groundwater 
system is thus likely to have a serious financial impact on a wide range of interest groups. 
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Groundwater is an essential source of water for agricultural, industrial, and environmental 

uses as well as for drinking water supply due to its generally good quality and widespread 

occurrence. However, negative environmental impacts of groundwater depletion from 

overexploitation are well known, e.g., groundwater quality deterioration, ecosystem 

degradation etc. Therefore, the assessment of sustainable yield is of paramount important 

for groundwater management (Alley et al., 1999). The main focus of this paper is to assess 

the sustainability of groundwater resource in Kahe Basin by using the groundwater flow 

model. The Kahe Basin is formed as a large-scale structural basin (Figure 1). The Kahe 

catchment has total area of about 1038 km2, extending from the top of Mt Kilimanjaro (Kibo 

peak) to Nyumba ya Mungu Dam. Kahe alluvial aquifer has an area of 646 km2. 

 

 

Figure 1 Kahe Catchment with geological map as background 

 

Geologically, the basin is filled with Kilimanjaro volcanics and alluvial deposits washed out 

by the mountain streams. Volcanics include lava and pyroclastics. The pyroclastics are 

inserted between new alluvial deposits, which consist of sand, gravel, loamy clay, originating 

from the weathered volcanics, clay, sands and gravel. These layers are mostly 

unconsolidated. The base of the structural basin is Precambrian gneiss, which is distributed 

mailto:ichikira@yahoo.com


24 
 

at the depths exceeding 200 m at the northern area of the basin and becomes shallow at 

the Nyumba ya Mungu. 

The groundwater flow model was successfully constructed and developed for the Kahe 

alluvial aquifer. The model was simulated as steady-state and calibrated to ascertain the 

aquifer hydraulic parameters, specifically, hydraulic conductivity. The Visual MODFLOW v. 

2010.1 Pro (SWS, 2010) was used and MODFLOW 2000 was selected as the code because it 

is a well-documented, extensively tested and verified model (e.g. Anderson and Woessner 

1992) that can be readily incorporated into future studies for optimal groundwater 

management. Steady-state simulation has many applications in hydrogeologic 

investigations. It is used to analyze the natural (pre-development) flow system as well as any 

new equilibrium conditions that have been attained during the course of development 

(Franke, et al., 1987). Water balance calculations obtained after simulation using 

ZONEBUDGET. It indicates that a total recharge from the mountains of 170 Mm3/day enters 

the Kahe groundwater system at an average infiltration rate of 515 mm/year. This indicates 

that the Kahe Basin is recharged through; inflow from the mountain and adjacent aquifer, 

direct rainfall and snow melting. Kahe Basin has several springs (like Miwaleni, Soko, 

Mdidimko etc) draining the aquifer. The total drainage estimated by the model amounts to 

6.54 m3/sec and the largest spring being Miwaleni Spring with discharge of 3.5 m3/sec. 

Sustainable yield is considered as a fractional of natural recharge and was calculated 

according to the concept proposed by Ponce (2007); average percentages estimated at 

around 40% (i.e. 90 x 106m3/year), the least conservative around 70% (i.e. 157.5 x 

106m3/year), and reasonably conservative around 10% (i.e. 22.5 x 106m3/year). The current 

total abstraction in Kahe Basin is 27.80 x 106 m3/year and hence, the current abstraction is 

over the “reasonably conservative” of 10%. It can be concluded that there are two sources 

of recharge to the Kahe Basin: (i) net recharge from total precipitation as local recharge and 

(ii) recharge from upland subsurface inflow along the boundary, which results from high 

precipitation in the forest area and snow melting. The study recommends the following: 

more pumping test data equally distributed over the entire basin should be collected in 

order for the model to reflect field situation; the detailed study of the hydraulic connectivity 

between the Kahe Basin and Nyumba ya Mungu Dam and monitoring groundwater levels as 

current well abstractions have exceeded the reasonably conservative value of 10% of 

recharge rate. 

Key words: Groundwater flow Model; Recharge rate; Sustainable yield 
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The Nubian Sandstone Aquifer System (NSAS) covering an area of ~2.35 million km2is one of 

the most significant and potable groundwater basins in NW Africa extending over vast areaa 

of Egypt, Libya, Sudan and Chad. The area occupied by the aquifer extends between latitudes 

15° and 25° north and longitudes 20° and 35 ° east.. The Nubian was deposited in extensive 

basins, with thickness varying from 500 to 3500 m depending on the location. It has a 

complex structure consists of a thick sequence of coarse clastic sediments (sandstone with 

siltstone) interbeded with impermeable shale and clay beds. These beds of lower 

permeability, however, are lenticular and discontinuous at some locations (Idris & Nour, 

1990; Thorweihe & Heinl, 2002) Thorweihe (1990) subdivided the Nubian Sandstone Aquifer 

in Egypt into three structural units, which are not completely independent of one another: 

a-The Northwest Basin 

b-The upper Nile Platform 

c- The Dakhla Basins 

Regional faults and uplifts divide the entire Nubian Sandstone Aquifer System into four basins 

(Ezzat 1959; FAO 1980; Attia 1954 and Thorweihe and Heinl 2002). 

Drinking groundwater quality is a big concern in Dakhla Oasis, Western Desert, New Valley 

governorate, Egypt.  The most commonly employed method of iron removal from 

groundwater is oxidation-floc formation and involves three basic processes, e.g. oxidation of 

ferrous iron by aeration, settling of the filtration and iron removal.  The system is operated  

 

 

 

 

 

 

 

 

Fig (2): adsorption capacity of different filters 

 

 

 

 

Fig (1)  The Nubian Sandstone Aquifer System 
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under aerobic condition to promote the oxidation of ferrous to ferric iron which is removed 

by adsorptive filter. 

The main objectives of this work were to study: 

1. The suitability of the Nubian groundwater for drinking and irrigation . 
2. The distribution, harms levels, factors affecting iron in drinking groundwater in the 

New Valley, western desert of Egypt. 
3. Testing the efficiency different atmospheric aeration methods such as, cascades, 

falls, sprinklers 
4. Testing utilization of low coast filters such as: Peatmous, charcoal, ground rock 

phosphate, vermiculite, limestone and sand. 
 

MATERIALS AND MEHODS: 

1-Groundwater data base of the Western Desert Groundwater Authorities were used to 

evaluate its suitability for drinking and irrigation according to WHO and FAO organizations 

limits.  

2-Atmospheric Aeration Device was constructed and used the groundwater well of Balat 

village (13 ppm) to test the efficiency of three atmospheric aeration  methods such as, 

cascades, falls, sprinklers. Six filtration materials of low coast such as: Peatmous, charcoal, 

ground rock phosphate, vermiculite, limestone and sand were tested. 

The filtered water was tested for the total iron by colorimetric method given by Olson (1965) 

using spectrophotometer 

RESULTS AND DISCUSSION: 

The most problematic contaminant in the groundwater is iron. Soluble iron varies widely, 

depending on hydrogeological conditions type of sediments, pumping period, depth of 

aquifer.  

Iron is the primary source for coloration problems in the drinking water distribution system. 

Water with a high concentration of iron may cause corrosion and staining of plumbing 

fixtures or laundry, give water an unpleasant appearance and taste. 

The results indicated that most of the Nubian basin water is good for irrigation except if its 

salinity was high (the shallow groundwater).   

Atmospheric Aeration methods: 

The falls aeration showed the advantage on the two other aeration methods. Arranging the 

methods will be as it follows falls > spray≥ cascades. By calculating the pass of the water in 

falls aerator it was about 110 cm, while the total pass of water in both spray and cascade was 

60 cm (the highet of the outlet to the bottom of the collector) .That may explain the highest 
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aeration efficiency of the falls, While sprays comes next due to the short pass of the water 

droplets in the air .In cascade the water may accumulate and stand for sometimes on the 

cascade plates. Therefore it will be less exposure to air than the two other methods. 

Arranging the filtration capacity in descending order was as it follows figure (3) the 

percentage of iron removal  : organic Peatmous>charcoal>vermiculite>ground lime stone & 

sand>sand>ground rock phosphate. Peatmous was found to be the best .That may due to it’s 

highest cation exchange capacity .The next was charcoal and that may due to it's high specific 

surface area followed by vermiculite, which posses medium cation exchange capacity. The 

activity of limestone may due to its p H effect, which induce iron precipitation. The lowest 

capacity was for rock phosphate which may complexed the soluble iron in ferric phosphate. 

4.1. Langmuir isotherm: by applying the Langmuir equation and there linearization with the 

experimental data,  the adsorption capacity of the different filters was shown in figure (2) the 

correlation coefficient, R2 obtained for the Langmuir equation were  0.811, 0.217, 0.87,0.046, 

0.928 and 0.917 for the Peatmous. charcoal, vermiculite, lime stone & sand  .phosphate and 

sand filter. The highest adsorption capacity was 9.73 for Peatmous filter 

CONCLUSION 

The most problematic contaminant in the groundwater is iron. Soluble iron varies widely, 

depending on hydrogeological conditions type of sediments, pumping period, depth of 

aquifer.  

Most of the Nubian basin water is good for irrigation except if its salinity was high (the 

shallow groundwater).  

Falls aerators showed that it was the most efficient aerators .science it produced the highest 

efficiency and percentage of iron removal from groundwater. 

The efficiency of the spray aeration depended on the fall height of the water droplet.  

The advantages of Atmospheric Aeration treatment for removal of iron from groundwater 

included simplicity, low cost design, natural filters no need for chemical addition. The high 

removal efficiencies range from 80% to 92%. In addition, the only maintenance required in 

these methods periodic washing of filters or replacement of filter materials in order to 

maintain reasonable flow rate through the system. 

Key words: Groundwater, Dakhla Oasis, New Valley, Iron removal, atmospheric aeration, Peatmous, 

Charcoal, Phosphate, vermiculite. 
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Bukavu is the area of our study. It is the highest town in DR Congo with an average altitude 

of about 1620m. It is located at 2 ° 30 'south latitude and 28 ° 50' east longitude. It is 

bounded on the north by Lake Kivu to the south and west by the Kabare and east by the 

Rusizi river, weir Lake Kivu Lake Tanganyika. Bukavu, -the main town of the province of 

South Kivu has 3 towns namely Kadutu, Ibanda and Bagira. The city has a humid tropical 

climate of altitude, to slightly above 20 ° C temperature range where the annual 

temperature is below 5 ° C, heavy rainfall extending over a period of 8 to 9 months of the 

year, against 3 to 4 months of drought. Lake Kivu and the Rusizi River are two points that 

characterize the hydrography of Bukavu. To this are added some groundwater sources and 

different rivers: Mukukwe, Lubembe, Mubengere, Kamagema, Kahwa Nyamuhinga, Bwindi 

Tshula, Wesha and Mugaba (Fig.1).  

 

The populations living in urban and peri-urban zones of Bukavu town are generally 

disfavored in terms of safe water supply services by the national water corporation 

REGIDESO. (Munyuli et al, 2012). Some groundwater sources are polluted by bacteria, they 

are used by more than half million people living in peri-urban areas and in over populated 

areas in Bukavu town (Munyuli et al, 2012). There is also water scarcy in Bukavu town while 

the population growth is fast. A mapping of hydrogeological basins and hydrogeochemical 

parameters in Bukavu has been made. Considering the growth of the population and the 

absence of research related to this matter, there is a need to assess the hydrogeochemical 

parameters and to reconstruct the palaeoclimatic information in identifying the different 

groundwater aquifers. The objective of this research is to analyze the hydrogeochemical 

parameters, to map the main hydrogeological basins and to have an idea about the 

palaeoclimatic information. 
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Fig.1. Localisation of Bukavu town showing the hydrography (Sadiki, 2009) 

Key words: Groundwater, Hydrogeological basins, Palaeoclimatic information, Bukavu. 
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Since the 1960 Egypt has a strategy of reclaiming dessert land through groundwater 

abstraction, in order to increase their agricultural production. What effects, this strategy has 

on the Nubian sandstone underlying large parts of the Western Dessert, has up to now been 

unknown.  

The Gravity Recovery And Climate Experiment (GRACE) twinsatellite mission might be a way 

to examine this effect, since the mission is designed to measure changes in groundwater in 

aquifers on a scale of a few hundred kilometers and up. 

A total of 102 temporally unevenly spaced GRACE datasets covering the period from 2002 to 

2010 were acquired from Center for Space Research, University of Texas consisting of a set 

of Stokes coefficients to degree and order 100. These were then gaussian filtered using a 

halfwidth of 0km, and averaged over a region of  300×300km. 

 

 

 

 

The time-series show a seasonal signal, but no interannual trend. As the groundwater head in the 

wells are dropping. This indicates that the confined Nubian sandstone is recharged from the south.  

mailto:tbo@ruc.dk
mailto:schroeder@ruc.dk


33 
 

G@GPS PROJECT: PALAEO-HYDROLOGY OF ZEALAND 

 

Niels Schrøder and Paul Thorn 
Department of Environmental, Social and Spatial Change (ENSPAC), Roskilde University (RUC), Denmark 

E-mail: schroeder@ruc.dk; pthorn@ruc.dk. 

 

Zealand (Danish: Sjælland) is the largest island (7,031 km²) in the Baltic Sea. Zealand 
contains a coastal aquifer systems with a “palaeosignal” potential, which can be used to 
identify the impact of sea-level fluctuations in the past 150.000 years (150 ka). 
 
 

 
 
Sea- level history: Comparison of probabilistic assessment of sea-level history (Red Sea). Confidence 
interval of 95% (light gray) and probability maximum (dark grey)(Grant et al. 2012), with the 
recorded sea-level (or erosion base level) in the Roskilde area (red). The green curve represents 
changes in the oxygen isotopes in the ice core from north Greenland (NGRIP). The blue area represent 
the time during the LGM (last glacial maximum) when Zealand was completely covered by ice. 
 

Detailed mapping in the pilot study area around Roskilde reveals several buried valleys as 
well many buried karst structures, which combined with OSL dating, provide the basis for a 
reconstruction of the Weichsel erosion base levels (sea level history) and ice-advances.  
The mapping of these structures, combined with OSL dating, provide the basis for a 
reconstruction of the Weichsel erosion base levels (sea level history) and ice-advances.  
In the area around Roskilde it has been possible to reconstruct the palaeo-hydrological 
history since the Eemian interglacial with the help from dating of core localities and the 
mapping of a marker formation - the Hedeland formation. The depth of the valleys suggests 
a very low erosional level (50 m below present sea level) at the time of their formation. 
Therefore, they likely were initially developed in front of the advancing Balltic  ice from the 
south at 50 ka, when the base (sea) level was below -50m.  
As the ice moved over the valleys, they became over-deepened by sub-glacial steams 
(tunnel-valleys). During this time, also karst structures were developed in the eastern part of 
the area.  
After the melting of the first Baltic ice reaching Zealand , a new Baltic ice  advanced into the 
area from the south around 32 ka BP, and the Kattegat ice from the north arrived around 28 
ka . The Kattegat ice coming from Norway also blocked the drainage toward north so the 
drainage has to go to the English Channel. 

mailto:schroeder@ruc.dk
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At the LGM (last glacial maximum) a new advance from NE arrived to the Roskilde area 
around 23 ka. At this time, an E-W trending sandur developed – the Hedeland formation. 
The high elevation of the sandur, combined with the E-W trend indicate that dead ice was 
still present at this time and the local erosion base level was 50 m above current sea level.  
 

 
 
Figure showing how the drainage and landscape around Roskilde developed the last 50.000 years. 
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The Western Desert occupies about 68% of the Egyptian surface area and has a huge 

groundwater Nubian sandstone aquifer which is considered a part of the major Nubia 

Sandstone Aquifer System (NSAS). This aquifer is the world’s largest known fossil water 

aquifer system. It is located underground in the Sahara Desert and spans the political 

boundaries of four countries in north-eastern Africa. It covers a land area spanning just over 

two million km2, including north-western Sudan, north-eastern Chad, south-eastern Libya, 

and most of Egypt.  The Great Sand Sea situated in Western Egypt is considered as the third 

largest sand-accumulation in the world (Fig.1) . The area covered by this sand sea remains 

largely unknown and is so rarely visited for the geological point of view but may be for rally 

tourism.  

 
Fig. 1: Former geologic map of Egypt showing the Great Sand Sea and photos showing the 

sand ridges observed in the field 

 

In 28 June 2011, the author was planning a visit to the Great Sand Sea area together with 

geologists from the Geology Department of Assiut University, and the Institute of Desert 

Researches, Cairo. From the surface observation (Fig. 1), the researchers found that, the 

Great Sand Sea is not consisting of Pleistocene-Recent sand dunes as previously described 

and mapped in the geologic map of Egypt. It is essentially made up of a series of parallel 

longitudinal sandstone ridges extending North Northwest- South Southeast and belonging 

to the well known Nubia Sandstone rock unit which was first introduced to the Egyptian 

stratigraphy by Joseph Rüssegger in 1837, who used the term "Sandstein von Nubien" to 

designate nonfossiliferous sandstone sections of Paleozoic to Mesozoic age, later re-defined 

by Said (1962) as Nubian Sandstone. The ridges represent a series of upraised Nubia 

Sandstone strata that are highly jointed and covered by a thin veneer of recent loose sands 

obscuring the original bed rock. 

The Nubia Sandstone parallel ridges and tracks are intersected by a number of wide flat 

depressions and broad flat plateaus running northeastward in parallel lines oblique (~45⁰) to 

mailto:mmsenosy@yahoo.com
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the long axes of the sandstone ridges. The depressions and plateaus cover wide areas, being 

exclusively made up of Nubia Sandstone and show well-marked evidence that they are all 

structurally controlled, thus being different from the previously known depressions in the 

western Desert.  They are formed as a result of intersection of two major fault systems, one 

is running north-northwest parallel to the long axes of the sandstone ridges while the other 

is oriented northeast parallel to the long axes of the depressions and plateaus.  The 

depressions represent down-faulted blocks sliding towards the Northeast and Southwest 

and extend for many kilometers long and wide while the plateaus form uplifted flat-topped 

blocks between the depressions, thus constituting fault-block mountain ranges (horsts).  

The thickness of the Nubia Sandstone exposed in the Great Sand Sea does not exceed 180m 

as deduced from the maximum height of the sandstone plateaus on surface floor. However, 

the subsurface extension of the Nubian sandstone was estimated from analysis of the 

aerogravity and aeromagnetic data which bringing by contact with the GEOTECH data center 

in UK (Fig. 2)  

 

 

Fig. 2: The Bouguer gravity map (A) and the tatal magnetic intensity map (B) of the Great 

Sand Sea area. (the unit of gravity in mgal and for magnetic in nanotesla) 

 

Different filters were carried out on both the aerogravity and aeromagnetic data for 
enhancement and focusing toward the critical thickness of the Nubian sandstone and the 
expected basins. The subsurface structures and its relation with the surface observation 
were also inspected. From the interpretation results of the filtered areogravity and 
aeromagnetic data in addition to the borehole information of the adjacent areas an 
empirical relationship between the sedimentary thickness and the gravity and magnetic 
values in the Great Sand Sea area was established. This relationship is used in estimating the 
subsurface thickness of the Nubian sandstone and hence a contour map showing the aerial 
distribution of the thickness was prepared (Fig. 3). From the map the Nubian sandstone 
thickness in the Great Sand Sea area is ranging from 3000m in the middle and southern 
parts and around 1000m in the northern and eastern parts. About three basins encountered 
with three uplifts are will defined and extend in the northeast- southwest direction in 
combined with the surface depressions and ridges. The fresh saline water interface is observed in 

the map as zero contour in the northern parts, where at the interface the density contrast between rock units 

is almost zero. This conclusion is agreed with expectation of Thorweihe, 1990 about the north 
extension of Nubian aquifer from the Gilf El Kebir area in the south Western Desert.  
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Fig. 3: Thickness of the Nubian Sandstone as estimated from the aerogravity and 

aeromagnetic data. (Contours are in meters) 

 

Said, R (1962). The Geology of Egypt. Elsevier. Amsterdam, 377 pp. 
 
Thorweihe, U, Heinl M, (1999). Groundwater Resources of the Nubian Aquifer System. 
 UNESCO, IHP V, Technical Documents in Hydrology, 42, 23 pp. 
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The semi-arid High Plains aquifer (HPA) is critical for agriculture production in the United 

States and accounts for ~23% of all groundwater withdrawals in the United States (Maupin 

and Barber, 2005). After years of extensive groundwater mining in western Kansas, in some 

areas, water-level declines exceed 30 m, with depth to water between 60 and 90 m. As a 

result, a large area of the Kansas HPA is on a fundamentally unsustainable path (Fross et al., 

2012); large pumping-induced declines in groundwater levels have called into question the 

viability of the aquifer as a continuing source of water for irrigated agriculture (Dennehy et 

al., 2002 ; Waksom et al., 2006). Continued large-scale irrigation withdrawals in the western 

HPA will result in resource exhaustion in some areas by the end of the decade (Butler et al., 

2013).  

Despite these dire warnings and a relative wealth of historical data compared with nearby 

states, in reality, data coverage is temporally sparse, with poor spatial understanding of 

recharge rates, and it is increasingly evident that local differences in aquifer architecture 

play an important role in recharge. Efforts are currently underway to improve 

understanding of these critical issues through a combination of scientific coring, increased 

water level monitoring frequency and groundwater age sampling. These data are combined 

with historic data, which include annual water-level measurements dating to the 1960s, 

collected in January (non-pumping season) and water use information from every extraction 

point dating to the early 1990s. Two major research sites illustrate how local differences can 

result in substantially different outlooks for the aquifer and contradict commonly held 

beliefs that the aquifer is simply “one big (homogenous) bathtub”, with water declines in 

one area affecting other areas hundreds of kilometres away.  

The first site, located in south-western Kansas, USA, consists of unconfined and confined 

aquifer intervals separated by a thick (>34 m) aquitard. Pumping-induced water level 

changes in the unconfined intervals indicate a closed (surrounded by no- or low-flow 

boundaries) system, with no indication of vertical inflow. Given the current rate of decline 

(~1.5 m/yr), most irrigation wells in this interval will be unusable within ten years (Butler et 

al., 2013).  
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The dewatering of the unconfined interval has significant ramifications for the sustainability 

of pumping from the lower confined interval. Hydrograph analysis indicates most of the 

pumped water from the lower interval appears to be originating as downward vertical 

leakage induced by the large drawdown (>35m) resulting from interference between 

irrigation wells in the lower interval. An uncorrected 14C age of 11,572 BP for water sampled 

beneath the aquitard provides an initial confirmation of the physical interpretation of the 

system, and compare well with data from a HPA site located in west-central Kansas (uncorr. 
14C age = 11,474 BP). These values compare well with analyses conducted on samples 

collected from wells south and southwest of the study site in a previous study (McMahon et 

al., 2004). Scientific coring conducted at this site proceeded through the ~70 m unsaturated 

zone with a hollow-stem auger, equipped with a split-spoon sampler, and through the 

unconfined aquifer with a Sonic drill. Stable isotope data (δ2H, δ18O), collected from core 

samples and nearby irrigation wells, indicate distinct water masses in the upper and lower 

aquifers. As coring continues through the aquitard, the stable isotope data are expected to 

provide important information on how the upper and lower aquifers are connected. 

A second site, located in northwestern Kansas, has a HPA sequence that consists of a single, 

relatively thick, unconfined aquifer. Unlike the classic groundwater-mining condition to the 

south, previously unrecognized vertical inflow (possibly both from above and below) can be 

discerned in higher-frequency water level measurements despite indications of a closed 

system laterally. In years of relatively low pumping withdrawals, this inflow can produce 

year-to-year increases in water levels, unexpected in an aquifer that has been “mined” for 

decades. Hypotheses regarding the source of this inflow are currently being tested through 

a variety of methods. Groundwater has been sampled for chemistry, and environmental 

tracers such as 2H, 18O, 3H, and 14C. Tritium detected (1.12 TU) in one of five wells 

sampled in the area, combined with younger 14C age (uncorr. 4,223 BP) compared with the 

other HPA sites, indicate that modern recharge is mixing with older water. Scientific coring 

beneath an irrigated field, through the 60 m unsaturated zone, was completed in March 

2013 with a split-spoon core barrel-equipped hollow-stem auger. Core samples have been 

carefully sealed and are being prepped to provide detailed Cl-, NO3
-, 2H/18O, water 

content, and sediment size profiles. This information will be used to calculate diffuse 

recharge rates and investigate the potential for recharge from (1) irrigation return water or 

(2) perched aquifers. 

Key words: Groundwater, High Plains aquifer, Recharge processes, Water levels, 
radiocarbon. 
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Benin territory extends over 112,622 km² and shares many hydrogeological basins such as 

the Coastal Sedimentary Basin, the Kandi Sedimentary Basin, the Old Covers Basin and the 

Basement Basin (Fig. 1). The Coastal and Kandi basins correspond respectively to the units 

414 and 411 of the African Transboundary Aquifers Systems (BGR & UNESCO, 2006). 

Groundwater is a major source of drinking water across the world (UN/WWAP, 2006; IPCC, 

2007) as in Benin. So, sustainable management needs reliable knowledge on key aspects of 

groundwater resources (ages, distribution, interaction with surface system, recharge 

sources, water supply potentiality, quality, etc). For this purpose, isotopic and geochemical 

techniques appear necessary to help groundwater management. 

 

 

Fig. 1 Hydrogeological basins of Benin: 1- Coastal Sedimentary Bbasin; 2- Kandi Sedimentary Basin; 3- 

Old Covers basin; 4- Basement Basin; 5- Fault of Kandi. 
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This paper aims to evaluate the level of isotopic techniques use for groundwater studies in Benin. To 

carry out this review, existing literature has been collected and analysed.  

Groundwater supply in Benin is from the Coastal Sedimentary Basin, the Kandi Sedimentary Basin, 

the Old Covers Basin and the Basement basin (Boukari, 2007). According to the groundwater 

resources on the world map establish by BGR & UNESCO (2008), Benin extends on two global 

transboundary aquifers zones. The first zone corresponds to the ‘’major groundwater basin’’ 

covering the southern and the north-eastern Benin with high recharge (100 – 300 mm/yr) and 

medium recharge (20 – 100 mm/yr). The second zone is the ‘’local and shallow aquifers’’ in the 

central Benin with very high to high recharge (>100 mm/yr) and medium to very low recharge (<100 

mm/yr).  

To provide detailed information concerning the identified hydrogeological basins the isotopic 

techniques are used by some authors.  

The IAEA projects BEN8/002 and BEN8/003 (2011) in Benin are related to the water resources 

development and management in the southern Benin isotope hydrology and. Isotopes analyses (18O, 
2H, 3H) and 13C and 14C activities help to improve modelling of the coastal aquifers. Water of 

Maestrichtian and Paleocene has negative isotopic signature (respectively -4.77‰ and -4.66‰). This 

old water corresponds to a recharge under a colder climate (thus more depleted). This is confirmed 

by the study of the 14C ages estimated for water from the Continental Terminal aquifer. So water of 

more than 8000 years is depleted approximately 1‰. On the other hand, the Quaternary and 

Continental Terminal aquifers form only hydrogeological complex in relation to the isotopic 

homogeneity (approximately 1‰ difference on the 18O). 

Zuppi (2005) used the environmental isotopes 18O, 2H, 3H, 13C, 14C, 87Sr/86Sr to strengthen the 

understanding of the interconnection between the crystalline and sedimentary aquifers in West 

Africa, including Benin. Environmental isotopes and hydrochemical data define the present recharge 

conditions of the aquifers in the multilayered system of the Guinean Sedimentary Coastal Basin. 

Infiltration occurs through the crystalline basement, which plays the role of “water-tower” for the 

whole basin, and through direct hydraulic connection with rivers and water courses. The depleted 

isotopic compositions of groundwater from deep aquifers suggest that groundwater represents 

palaeowater infiltrated during a cooler period.  

In the framework of the IMPETUS Project Fass (2004) shows in the Aguima basin on the Oueme 

Upper River basin (Northern Benin) the existence of two different aquifers based on the 

hydrochemical and isotopic water analyses. There are a deeper, fractured basement aquifer and an 

overlying shallow, temporarily saturated aquifer in a weathered saprolite zone. Both aquifers have 

different recharge modes. The saprolitic weathered zone aquifer is only recharged by actual 

precipitation during the wet season. This was proven by soil moisture analyses. Preferential flow is 

one of the key processes in the context of the flow system in this temporarily saturated vadose zone. 

Groundwater in the migmatitic basement aquifer has longer residence times compared to the 

weathering zone aquifer clearly depicted by the hydrochemical data. There is no or only minor 

interaction between both aquifers. The recharge of the basement aquifer cannot take place in the 

local research area but has to occur in other regions and on other, more regional scales due to the 

results of isotopic labelling. 
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Fass & Reichert (2003) worked on the transport processes in a structured vadose zone above 

migmatitic basement in Benin. Tracer techniques such as environmental isotopes (3H 2H, , 18O) had 

been used. It results a clear dependence of the soil moisture content on the substrate and a strong 

influence of low permeable horizons on the percolating water is evident. The lateritic strengthened 

soil horizons act as aquitards, where the percolation of the infiltrating precipitation water is deviated 

and forms interflow. However, a part of the percolate is able to pass the nearly impermeable 

lateritic horizons through preferential flow-paths and thus contribute to the groundwater recharge. 

Dray et al. (1989) carried out an isotopic (18O, 3H, 13C and 14C) study with conventional 

hydrochemistry and hydrogeology. This integrated approach helped to identify, for the Cretaceous 

confined aquifer on the coastal sedimentary basin of Benin, a recharge at basement level, a 

northwest-southeast direction of flow and a velocity of a few metres per year. 18O varies from -2 to -

4.4 ‰ for respectively unconfined aquifers and confined aquifer (Paleocene and Cretaceous). 3H is 

practically absent while 14C range from 105 pMC   soil derived 13C (= -20.5‰) to 5.4 pMC with 13C, 

partially exchanged (-7.4‰).  

Available isotopic studies in Benin show a partial coverage of the country. So information is weak to 

assess groundwater sustainable development in Benin. Indeed, more needs to be done in the way of 

environmental isotopes use in Benin. Apart from Dray et al. (1989) in the Coastal Sedimentary Basin, 

any other work conducted to better understand the whole aquifers systems in their various aspects, 

lack relevant information for sustainable groundwater management. Also the Kandi Sedimentary 

basin, the Old Covers Basin and the Basement Basin where ages, residence-time, water potentiality 

information need to be provided. Opportunities could be groundwater initiatives such as the G@GPS 

(Groundwater@Global Palaeoclimate Signals), the Sahel Project (Illumenden aquifer)…  

Key words: Groundwater, environmental isotopes, recharge, age, Benin. 
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Global sea-level curves suggest a change of ~130 m since Late Quaternary, with a Holocene 
sea-level maximum. The configuration of coastal groundwater systems in southeast Africa 
were strongly controlled by the Late Glacial and Holocene sea-level changes, with a an Early 
Holocene transgression of ca 15 m (10,000-5000 cal BP, Ramsey, 1990), and two assumed 
high-stand events in the Middle and Late Holocene with levels higher than the present.  
 
The fluctuation of the salt-fresh groundwater interface under Inhaca Island in Mozambique 
during the Holocene has been studied using an adapted version of the numerical code 
SUTRA (Saturated-Unsaturated Transport, Været et al, 2012). In this study, small-scale 
variations such as tidal effects have not been considered.  At first a steady state model was 
run for different sea levels. Thereafter a number of transient simulations were run with 
constant boundary  

 

  
 
conditions until the steady state condition was reached. The simulations were carried out in 
order to study the sensitivity of response time, salt-fresh interface position, and thickness of 

Fig. 1 Key map showing the location 

of the study area and the fresh-salt 

groundwater interface during the 

Holocene (Været et al., 2012) 
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the transition zone to different parameters such as hydraulic conductivity, porosity, 
recharge, and dispersivity.  
 
An increase in recharge from 8% to 20% of mean annual precipitation (MAP) causes a 
downward shift in the interface position of >40 m.  
 
A full transient simulation of the Holocene dynamics of the salt/fresh groundwater interface 
showed a response time of several hundred years (Været et al., 2012), with a duration 
sensitive to porosity, hydraulic conductivity and recharge and a position determined by the 
recharge rate and the hydraulic conductivity. Dispersivity controls the thickness of the 
transition zone in this non-tidal model. 
 
Physical processes, such as changes in recharge and/or the sea level, may cause rapid shifts 
in the interface position and affect the thickness of the transition zone. 
 
Keywords: Fresh-salt boundary, sea-level fluctuations 
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