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| Geochemical mechanisms of

carbonate equilibria in the

system
CO2-H20-CaCO3
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Basic geological facts
Basic chemical terms
Simple system (COz- H20)

Resources of CO2 dissolved in soil

e Dissolution of CaCO3

» Precipitation of CaCOs3
e Physicochemical precipitation of limestone
e Biochemical precipitation of limestone
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i Basic chemical terms

Chemical equilibrium
A+B-~C+D

K — —[C][D] we use K — —acaD

|A][B] a,a,

Instead of

*a - activity (=effective 'availability' of component)




COZ(g) + H20 +—> H2CO3*,
H,CO;* = CO,q + H,CO;




Results of these processes:

P =10-100x P
respiration of roots N Oz(tio) CO2(g)

c+0, > CO,
(= pH=2)

microbial decomposition of
the non-living organic substances

. * ------- anaerobic
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The positive factors :

aerobic 3CO, + 3CH, WINTER
CeH1,0, + 60, > -low temperatures

6602 + 6H ZO (acceleration of the dissolution of
gas)
-SNOW
reduction of sulphates (prevention of the CO2 outgassing)
2CH,0 + S0,2 > Y.
HCO; + HS" + €O, + H,0
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CO,;> + H* & HCO;"
HCO, + H* & H,CO,
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9 Equilibrium shift:
‘ H.CO O o () -dissociation of the
2 3 .
A weak acid
® HCO., -dissolution of the
: ionic compound of
® CO32' CaCO3 & Ca?t + C032' relatively low

solubility
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CaCO; + H,CO; & Ca?* + 2HCO;-

@ 1.
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dee CO;

a 2_>KSP(:10—8.3)

CO2 outgassing:
1. equilibrium shift ‘down’
(to compensate for CO2)

2. equilibrium shift to the ‘left’
(to compensate for H2C03) Precipitation of CaCOq




 Physicochemical precipitation of limestone

CO: oitgassing and its transfer over th ace:

(reduction of the dissolution of gas)
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waterfalls: Krka (tufa) ¢* ’
waves: shallow sea (ooid) »<°**

csosee®®®

caves: stalagmites and stalactites °°*°
hot springs : travertine ©eo00t00cc000s0,,

A I



Biochemical precipitation of limestone

Mediation of the organic matrix
(skeletons of organisms)

- Biologically induced mineralization

6CO, + 6H,0 & CiH,0, + 60,
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photosynthetic
absorption of CO2

increase in microenvironment pH
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e pH of most natural waters is controlled by chemical

reactions in the system CO2-H20-CaCOs
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- Limestone/carbonate aquifers of high capacity
- Carbonate minerals: accessorial or as a cement in sandy aquifers

e dissolved CO2 = main agent of weathering of limestones/carbonate
sediments
- equilibrium shifts of dissolved carbon species
— dissolution / precipitation of limestone

- carbonate species adjust mutual ratios according
to Ksp(cacos) and Ki, 2 (H2c03)
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