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Groundwater Chemical Evolution
by: David Banks, Hydrogeologist and thermogeologist
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Province , Afghanistan 

NORPLAN
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Mishkin’s 1968 Hydrogeological map

In mountain areas 

(limestone and silicate aquifers)

The main reactions are probably

1) Weathering of carbonates FAST
CO2 + H2O + CaCO3 ⇔ Ca++ + 2HCO3

-

2CO2 + 2H2O + CaMg(CO3)2 ⇔ Mg2+ + Ca++ + 4HCO3
-

2) Weathering of silicates, such as feldspar SLOW
2NaCaAl3Si5O16 + 6CO2 + 9H2O 

⇔ 2Ca++ + 2Na+ + 6HCO3
- + 4SiO2 + 3Al2Si2O5(OH)4

So we would expect

the highland, newly

recharged ground-

waters

� To be mainly of 
Ca-HCO3 or of 
Mg-HCO3 type

As we travel north, 

salinity increases

� And groundwater 
becomes more 
dominated by 

� Na, Cl and SO4
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Salinity Salinity

of groundwaters

along main river valleys

Salinity

Hydrochemical type

changes with salinity
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So, we start off with low salinity

Ca-HCO3 and Mg-HCO3 water 

as expected

But then the waters start accumulating 

Na, SO4
= and Cl-

Is this evapo-concentration?

Is it dissolution of halite / gypsum?

Yes, possibly both!

Groundwater types
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� There is evidence of calcite and 
gypsum in shallow soils. Less evidence 
of halite, except in extreme north
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and stable isotopes provide clear evidence 

of evapoconcentration
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The meq ratio Mg/Ca in calcite is often around 0.1....but Mg 

continues to increase in groundwater after calcium has been 

suppressed by calcite saturation
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Yes, calcite (CaCO3) 
becomes saturated

And gypsum become 
almost saturated in the 
most saline samples

Thus calcite and bicarbonate stop accumulating early in 
the evolution....sulphate stops accumulating north of 

Andkhoi (gypsum saturation), leaving Na-Cl waters

Na-Cl

↑

Na-SO4-Cl

↑

Mg-Na-SO4-HCO3

↑

Mg-CO3
↑

Ca-CO3

Mishkin’s 1968 Hydrogeological map

This is almost directly analogous to groundwater 

evolution in semi-arid southern Siberia
After Parnachev et al 1999. Hydrochemical 

evolution of Na-SO4-Cl groundwaters in a 

cold, semi-arid region of southern Siberia
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This is almost directly analogous to groundwater 

evolution in semi-arid southern Siberia

After Banks et al 2004. The 

evolution of alkaline, saline 

ground- and surface waters

in the southern Siberian 

steppes


