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Karsts

What is a karst ? :

• Environment

• Process

• System

Broad variety of karsts :

• Endokarsts

• Exokarsts

• (Cryokarsts, paleokarsts, perched karst, etc...)

Erosion of the host 
rock through physical 
and chemical 
processes by a fluid

2



• Flow induced by a difference in the gradient pressure --> inlet (recharge 

area) and outlet (discharge area)

or : thermal gradient --> thermal buoyancy effect

• Fluid driven into the soils through different types of porosity --> connection 

of those porosities enhance the permeability of the rock

• Acidification mostly through dissolved atmospheric CO2 enrichment of the 

fluid

• Dissolution of the minerals depends on the specific surface area --> area of 

the mineral which might be in contact with the fluid

• Flow following preferential paths : concentration of the advective alteration 

and dissolution until a breakthrough --> changing in the flow regime, 

concentration of the most part of the fluid flow in one main path

• 2 governing numbers in karst formation :

• Péclet number : Describes the rate of influence between advection and diffusion 

processes in the model (depends on the fluid rate and the coefficient of diffusivity)

• Damköhler number : Describes the rate of influence between reaction and flow of the 

reactives in the model

• (a third indicative number, the Reynolds number, used in the calculation of the Péclet

number, describes the linear or turbulent nature of the flow)
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Ghost-rock process

I – Chemical alteration of the matrix

-Slow alteration of the matrix by a weak acidic 
fluid infiltrating in apertures such as 

fracturations

-High Damköhler number

-Low advection

-Dissolution affected by heterogeneities and 
tortuosity of the apertures

II - Emptying the altered matrix

-Carried by advection of the fluid

-Collapsing by the effect of gravity

-Deep structures, emptied while getting closer 
to the surface, and affected by a changing in 

the hydraulic gradient
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Key elements governing karst formation

Matrix :

Porosity Tortuosity Permeability Chemistry :

Species
Specific surface 

area
Heterogeneities

Pressure 
Gradient

Fluid :

Flow :

Gradient Behavior

Chemistry :

Species Ph

Coefficient of 
diffusivity
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Purpose of the simulation

• Karsts : major water management possibilities : source of ¼ of water consumption 

worldwide, and major domestic water source in Mediterranean region (Ford D. et 

al.) --> need of more understanding of this phenomenon which can highly impact 

human water consumption

• Main objective of the simulation : numerical simulation of ghost-rock karstification 

process in a fractured matrix

• Simulations inspired by laboratory experiments carried-out by Linda LUQUOT in 

2016 (Interaction between a fractured marl caprock and CO2 -rich sulfate solution 

under supercritical CO2 conditions) --> reproduction of this experiment on 

PFLOTRAN software
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Simulation
• Flow equation : Richards model (saturated 

matrix)

• Transport equation : GIRT (Global Implicite

Reactive Transport) : requires high 

computational capacities --> OSRT 

(Operator-Split Reactive Transport) might 

be an alternative

• Solver : Linear (Newton ?)
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System Environment

• Fractured matrix

• High porosity (0.15) and 

permeability (1e-12)

• Secondary continuum : 

only diffusion considered

Slab

Nested cubes
8Lichtner P.C. et al., 2020, modified
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/!\ : Diffusion coefficient 
identical for all species in 
the simulation

Injected flux as inflow
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Chemistry of the 
system

Injection of a CO2-enriched water in a carbonate rock

• Weak acid --> high concentration but slow 

reaction

• 2 main processes of particles kinetics : 

diffusion and advection --> controlled by 

the Peclet number, requiring the diffusion 

coefficient (set as identical for every 

chemical species)

• Definition of primary species and 

secondary species to be precipitated

• Very low flow rate to be settled --> 

uniform dissolution ; if too high --> risk of 

wormhole structure, then breakthrough 

and end of the phantomisation
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Chemical mass 
conservation equations

ALP HA =  1 -->  EQUATIO N 

SIMPLIFIED

QJ -->  S OURCE/ SINK = 0
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Boundary conditions

• One inlet on the left border of the model 

: Flux of 3.17e-5 m/s

• One outlet at the right border of the 

model

• Other faces of the model : no 

specification --> defined as no flow

Type Dirichlet :
Only advection 
considered --> 
no diffusion at 
the boundary 
conditions
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Grid view of the model

• 1cm/1cm/1,1cm (X/Y/Z)

• On X axis :

• 100 cells : 0.0001m resolution

• On Y axis :

• 1 cell : 0.01m resolution (2D simulation)

• On Z axis :

• 10 cells : 0.0001m resolution

• 10 cells 0.001m resolution
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What was done so far

• Bibliography/Familiarisation with 

the topic

• Karsts

• Ghost rock

• Geochemistry

• Introduction to PFLOTRAN

• Test simulations with different 

grids/materials

• Test simulations with a fracture in 

the model

• Modeling of a cloud points on 

python of the surface of a natural 

fracturation mesh
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Next step

• Run a simulation reproducing the 

experiment of Linda :

• New mineralogy

• New fluid compositions and flow rates

• New size of model

• New matrix properties

• New elements



Upcoming steps

• Continue to accumulate knowledge about karstic and Ghost rock 

mechanisms, as well as geochemistry and PFLOTRAN software

• Simulate in 2D, then in 3D the model with a fracture

• From this model :

• Add heterogeneities to the model

• Simulate different natures of matrix

• Combine different fractures
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