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Location 

Google Maps 



Location 

From Farid, et al (2015) 



Background 
•  Endorheic basin 
•  Multiple aquifers within 

basin 
•  Discontinuous 
•  Mean annual precip < 

350 mm 
•  Mean annual temp = 

19.8˚C 



Geology 



Geology 
•  Horst and Graben 
•  Different 

lithologies 
throughout basin 

•  Mio-Pliocene: 
sands, clays, 
gravels, and 
conglomerates 

•  Upper Cret.: 
limestones and 
marly chalks 



Reference study 

•  Comprehensive study of groundwater within the 
Chougafiya Basin 

•  45 water samples from the mentioned aquifers through 
boreholes 

•  Calculated SI’s of halite, gypsum, anhydrite, dolomite, 
calcite, and aragonite for each sample using Phreecq 

•  Gave possible hypotheses for dissolution and 
mineralization 



Reference Study  

•  Stated that high Mg²⁺ in Upper Cretaceous 
and Mio-Pliocene aquifers is evidence that 
the ion is increased in solution by 
incongruent dolomite dissolution 







•  Authors state that 
“such a process is 
obviously justified 
by the graph” (left) 

•  Notice 
undersaturaion of 
dolomite, with 
relatively low levels 
of Mg²⁺ 



Geochemical Model 

•  Is Mg²⁺ more prevalent due to dissolution 
of dolomite? 

•  Model: Equilibrium phase 
•  Input water data as solution 
•  Input dolomite with SI=0 
•  Mg should increase as more dolomite 

dissociates 



Results: Mio-Pliocene Aquifer 
Aquifer	   Number	  

Mg (Initial) 
(ppm)	  

Mg (final) 
(ppm)	   Difference	  

Mio-pliocene	   1	   0.001714	   0.001955	   0.000241	  

Mio-pliocene	   2	   0.001005	   0.0009673	   -3.77E-05	  

Mio-pliocene	   3	   0.001581	   2.984912423	   2.983331423	  

Mio-pliocene	   4	   0.0002757	   0.0002992	   0.0000235	  

Mio-pliocene	   5	   0.0004074	   0.0004081	   7E-07	  

Mio-pliocene	   6	   0.0003292	   0.0003378	   8.6E-06	  

Mio-pliocene	   7	   0.0002798	   0.0002891	   9.3E-06	  

Mio-pliocene	   8	   0.0002839	   0.000288	   4.1E-06	  

Mio-pliocene	   9	   0.0008568	   0.0008439	   -1.29E-05	  

Mio-pliocene	   10	   0.0009102	   0.0008761	   -3.41E-05	  



Results: Upper Cret. Aquifer* 
Aquifer	   Number	   Mg (Initial)	   Mg (final)	   Difference	  
Up. Cret	   1	   0.001857	   0.001875	   0.000018	  
Up. Cret	   2	   0.00293	   0.002839	   -9.1E-05	  
Up. Cret	   3	   0.004204	   0.004086	   -0.000118	  
Up. Cret	   4	   0.002102	   0.002148	   4.6E-05	  
Up. Cret	   5	   0.002965	   0.002861	   -0.000104	  
Up. Cret	   6	   0.003366	   0.00332	   -0.000046	  
Up. Cret	   7	   0.003449	   0.003223	   -0.000226	  
Up. Cret	   9	   0.003099	   0.003009	   -9E-05	  
Up. Cret	   10	   0.00421	   0.003951	   -0.000259	  
Up. Cret	   11	   0.005448	   0.005358	   -9E-05	  
Up. Cret	   12	   0.003083	   0.00306	   -0.000023	  
Up. Cret	   13	   0.005491	   0.005402	   -8.9E-05	  
Up. Cret	   15	   0.003845	   0.003456	   -0.000389	  
Up. Cret	   16	   0.136	   0.05926	   -0.07674	  
Up. Cret	   20	   0.0155	   0.01517	   -0.00033	  
Up. Cret	   21	   0.007468	   0.007571	   0.000103	  

*Not all water samples used. Only 
the ones with a given temperature. 



Discussion 

•  7/10 Mio-Pliocene 
samples increased in 
Mg²⁺ 

•  3/16 Up. Cret. 
Increased in Mg²⁺	  

•  Is	  dissolu*on	  of	  
dolomite	  really	  the	  
controlling	  mechanism	  
of	  the	  release	  of	  Mg²⁺? 



Discussion 

•  All waters in basin 
participate in 
exchange of Na⁺, 
Ca²⁺, K⁺, Mg²⁺	  ions	  

•  Exchange	  in	  clays	  
•  More	  reasonable	  for	  
the	  Upper	  Cretaceous	  
aquifer	  

•  Mio-‐Pliocene? 



Discussion 

•  Upper Cretaceous Aquifer likely gains 
Mg²⁺	  from	  ca*on	  exchange	  

•  Mio-‐Pliocene	  Aquifer	  likely	  gains	  Mg²⁺	  from	  
dissolu*on	  of	  dolomite	  

•  One	  problem.. 



Discussion 



Discussion 
•  Local hydraulic connection 
•  Both rock layers are  

permeable 
•  Water could flow between  

the beds 



Significance 

•  Upper Cretaceous is far more briny 
•  Mio-Pliocene water is used for domestic 

purposes, farming, ranching, drinking 
•  Since 1980’s-intensive over pumping 
•  A hydraulic connection between the two 

aquifers could impact the viability of the 
aquifer 



Tritium 

•  ³H	  
•  Reliable	  tracer	  of	  modern	  waters	  (1950’s	  to	  present)	  
•  Most	  of	  tri*um	  reached	  groundwaters	  during	  
thermonuclear	  bomb	  tes*ng	  

•  ³H	  <	  1	  TU	  =	  pre-‐1952	  age	  
•  ³H	  >	  1	  =	  very	  recent	  
•  Upper	  Cret	  =	  0.3-‐2.6	  TU	  	  
•  Mio-‐Pliocene	  =	  0-‐1.7	  TU	  
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