
18th SWIM, Cartagena (Spain), 31 May - 3 June 2004 

 132

 
RELIC SEAWATER ABSTRACTED IN LOS PLANES BASIN, 

BAJA CALIFORNIA SUR, MEXICO 
 

A. Cardona(1), J.J. Carrillo-Rivera(2) T. Hergt(2) 
 

1) Ciencias de la Tierra, Facultad de Ingeniería, UASLP, 78250, México, acardona@uaslp.mx 
2) Instituto de Geografía, UNAM, CU, Coyoacán, 04510, México 

 
Considering that sea water is surrounding more than 1000 km of its boundaries, salt water intrusion 
has been a permanent concern in some regions of Baja California Sur State. In view of the semi-arid 
conditions prevailing in this part of northwestern Mexico, special awareness has been placed to 
different coastal aquifers used for both drinking and agricultural water supply. The focus of this 
investigation is Los Planes aquifer located in the south-eastern part of the Baja California Peninsula, 
just in front of the Gulf of California. A detailed chemical (major, minor and a complete suite of trace 
elements) and stable isotope (δ18O and δ2H) groundwater study permitted an understanding of 
abstracted groundwater quality response as an indicator of the hydrogeochemical conceptual model. 
With this information the origin of observed salinization trends in groundwater extracted for 
agricultural purposes could be proposed.  
 
The Los Planes drainage basin has an important structural control developed from extensional 
tectonics related with the spreading of the Gulf California. Some regional normal faults with a N-S 
trend, shape the morphology of the basin defining a noticeable graben structure. Geological units 
outcropping in both sides of the graben structure include felsic igneous intrusive and metamorphic 
rocks of Mesozoic age. Tertiary sediments (mostly silt-sandstones) and Quaternary material (gravel 
and sand with minor silt and clay material) represent the basin fill of the graben. This material forms 
an unconfined granular aquifer unit tapped by production boreholes (10 to 50 l/s). Groundwater 
extraction has increased from 6x106 m3/year to 15x106 m3/year with an average extraction rate for 
1970-2003 of about 10x106 m3/year, producing a continuously lowering of the water-table below mean 
sea level; by 2003 negative water-table elevations were found in about 85 km2 of the plain. The 
average water-level elevation has changed from 7 to 1 m above mean sea level from 1970 to 2003. 
Numerical modelling of pumping tests suggests hydraulic conductivities from 6x10-5-6x10-4 m/s for 
the Quaternary units. Lithology implies low hydraulic conductivity values for Tertiary sediments and 
basement rocks.  
 
Analytical results interpretation of major, minor and trace ions and δ18O and δ2H suggest the main 
salinization process in the area include mixing between saline and fresh water. Br/Cl ratios in 
groundwater are close to the ratio of local seawater. Chloride and δ18O data suggests a binary mixing 
trend where the saline water is of marine origin. Calculations considering Cl, Br and two end-members 
(low salinity recent recharge -390 mg/l TDS- and local seawater) and a conservative mixture suggest 
boreholes extract up to 12% (average = 2.8% σ = ±3.3%) seawater. Alkaline and alkaline-earth 
elements concentration suggest that direct and inverse cation exchange reactions produce deviations 
from conservative mixing due to displacement and elution chromatography, the former was identified 
along preferential fast “wadi” recharge during cyclonic events and the latter in the advance of the 
saline front within the drawdown zone.  
 
Rubidium, Sr, I and major cations in the saline end-member are different to the local seawater 
composition; differences could be the result of saline water-aquifer interaction during geological 
times. Theoretical flow velocity considering a “worst-case-scenario” (J=0.003, K=3x10-5m/s, n=0.05) 
suggests modern seawater requires about a century to arrive to extraction boreholes where saline 
encroachment has been identified. Chemical and hydrogeological evidence imply mixing of fresh 
groundwater with relic seawater that has not been totally flushed from the aquifer probably since the 
last high stand of the sea level. 


