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Figure:1 Tectonic uplift and weathering effect on Dhupgarh(Pachmarhi) Solid Mass 



ABSTRACT 
The study of structural features of the Pachmarhis rock, decomposed by the action of external agencies, is the main theme of 

this paper. Tectonics as well as climates play important role in the weathering. Tectonic control of weathering implies that the 

process of weathering was controlled by orogenic activities; a Mathematical Model is presented to demonstrate structural 

features. The CO2 consumption rates decrease with rock residence time. Under far-from-equilibrium regimes (typically 

occurring for rapid uplift rates), carbonate weathering dominates the CO2 consumption. Silicate weathering dominates in 

regimes with low uplift rates, as well as high fluid flow rates and low trace calcite abundances. 

 

INTRODUCTION  
Silicate and carbonate weathering consumes atmospheric : 

 

However, only silicate weathering causes a net drawdown of over geological timescales. 

I have developed D reactive transport model to examine how tectonic uplift and climate (i.e., 

temperature and soil water flow rate) control silicate vs. carbonate weathering at the soil profile scale. I will use the 

model to identify Earth surface conditions that maximize silicate weathering. I also examine fundamental chemical 

weathering phenomena, such as reaction front propagation and regolith production.  

 

MODEL EQUATIONS  
The model consists of solid and fluid mass-conservation equations coupled by the terms for mineral dissolution: 
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Figure.2 Schematic depiction of the model. 

 



 

 

  mineral concentrations (mol/ cm
3
 of rock)   

C elemental solute concentration (mol/cm
3
 of fluid)  

Ceq elemental solute concentration at thermodynamic equilibrium (mol/cm
3
 of fluid) k dissolution rate constant (mol/ 

m
2
/yr)  

F formula weight (g/mol)  

A reactive surface area (m
2
/g) υ stoichiometric coefficient for the occurrence of element i in mineral j  ϕ soil porosity  

λ Reaction front velocity (cm/yr) 

 
Nondimensionlization of equation (1) and (2) yields Damköhler numbers, the ratio between chemical weathering 

rate and advection for the solid and fluid 
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MODEL PARAMETERS 

“Granite” consisting of 30% plagioclase (An20) and up to 3% disseminated calcite is considered to represent the 
initial rock composition. values represent 25°C. 
 

 
 

Figure.3 Alveolar weathering at Pachmarhi 

 

 

 



TABLE 1 MODEL INPUT PARAMETERS. 

 PLAGIOCLASE CALCITE 

Chemical Formula   

Formula Weight F (g/mol) 259.6                      100 

Dissolution rate constant 

log(k) (mol/m
2
/s) 

-11.8 ~ -16.5                    -3 ~ -8 

Surface Area A (m2/g) 0.0003 ~ 1.90                       0.18 

Equilibrium concentration 

Ceq (mol/cm
3
) 

[Na+]eq = 6 × 10
-10

 [Ca
2+

]eq = 6 × 10
-8

 

Porocity ϕ        0.2 ~ 0.8 

MUTUAL TRANSPORT PARAMETERS 

Uplifting rate ω (cm/yr)         10-7 ~ 0.2 

Fluid rate ν (cm/yr)          10-1 ~ 104 

  

 

 
Figure:4  Weathering penetration along linear planes 

 

 



MOVEMENT OF THE REACTION FRONT 
Analytical solutions are obtained by appropriate coordinate system. This transforms the PDEs to ODEs. The moving 

coordinate system is given by the equation: 

 

            (5) 

 

The transformed equations are thus: 

 

      (6) (7) 

 

For large Da numbers, the solution should satisfy the following Boundary conditions:  

 

 

 

 

Equations (6) and (7) yield the reaction front velocity 
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Figure.5 The coarse surface mantle is much weathered of extraordinary sharp, lie scattered copiously on their 

surface in most area, serve to distinguish  

 

 



 
 

Figure.6 Chemical Weathering in Sonbhadra Gorge 

 

 



Carbonate weathering has a higher λ than silicate weathering because Ceq for carbonate dissolution is 2 orders of 

magnitude larger than that for silicate mineral dissolution. 

 

WEATHERING RATES 
The Instantaneous Volumetric Chemical Weathering Rate Is Given By the Equation 

 

          (9) 

 

Where r has a unit of mol/cm3/yr. integrating over z gives a weathering rate normalized to land surface area: 

 

          (10) 

 

Where R  has units of mol/cm
3
 /yr. Then, the average volumetric weathering rate is given by the equation: 

 

            (11) 

 

Where R’ has units of mol/ cm
3
/yr and Zmax is the depth where the mineral occurs at 80% of its initial 

concentration. 

 

RESULTS 
1. Steady state 

At steady state, the model equations are 

 

     (12 (13) 

 
 

Three scenarios achieved following the definitions in Lebed Eva et al, 2010. 

 

 
 

Figure.7 Steady-state reaction front profiles for plagioclase at v = 1cm/yr and different uplifting rates. 
 

 



ω >2.93e-5 cm/yr. The kinetic regime occurs when plagioclase occurs at the soil-air interface. 

1e-5 < ω < 2.93e-5cm/yr. The transition regime occurs when the reaction front is thick, but no plagioclase occurs at 

the soil-air interface.  

ω <1e-5 cm/yr. The local equilibrium regime occurs when the pore fluid is everywhere in quilibrium with 

plagioclase defining a sharp reaction front.  

 

The kinetic regime controlled by the high uplift usually has a fixed and finite Zmax near the soil-air interface. This 

Zmax is unrelated to the choice of model domain length L, while Zmax of transition and local equilibrium regimes 

depends on L. 

 

2. NON-STEADY STATE WEATHERING  

 
Kinetics has no bearing on the timescale of mineral depletion. According to eq. (3), plagioclase has a slow 

front velocity and persists for long timescales, whereas calcite has a fast front velocity and persists for short 

timescales. Chemical kinetics however controls the sharpness of reaction front, where large values for k yields sharp 

reaction fronts and vice versa. 

 

 
 
Figure.8 Advancement of the reaction front for ω=1e-6 cm/yr and ν=1 cm/yr. Concentrations of solid (blue) and (green) 
are normalized against initial bedrock composition M0 and equilibrium concentration Ceq. The normalized weathering 

rate r(z,t) is shown in red. 

 



 
 

Figure.9 Temporal evolution of R(t) (blue) and R’(t) (green) for the profile illustrated in  Figure 3. R(t) is the area under 

the r(z,t)curve. After the reaction front is fully developed, R(t) does not change until the front ‘breaks through’ the 
bottom of the model domain.  

 

3. The coupled calcite-silicate weathering zone 

 
The multi-mineral system is coupled because plagioclase and calcite both yield dissolved Ca: 

 

        (14) 

 
 

Atmospheric CO2 consumption rates are calculated with the equation: 

 

WCO2 = Wsilicate-CO2 + Wcarbonate-CO2 = 2 × Rsilicate + Rcarbonate      (15) 

 

The results show that the CO2 consumption rates decrease with rock residence time. Under far-from-equilibrium 

regimes (typically occurring for rapid uplift rates), carbonate weathering dominates the CO2 consumption. Silicate 

weathering dominates in regimes with low uplift rates, as well as high fluid flow rates and low trace calcite 

abundances. 
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Figure. 10 Steady state plagioclase and calcite CO2 consumption rate using equation (15) against A. tectonic uplift rate 

for ν =0.1 cm/yr; B. fluid flow rate for ω =1x10-3 cm/yr. 
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