
Brine Convection Dynamics
 Chemical (C) and thermal (T) buoyancy 
 both drive brine convection                                 cold surface
                                                              heavier                             ice
Rayleigh number is given by
                                                               ΔT                                   ΔC
Ra = ρ g (α ΔT + β ΔC) k H / κ µ 

µ = µ (T, C)     ρ = ρ (T, C)
                                                               lighter
permeability k = ko(x,y,z) (1 - ice)3                                                  
                                                                                             Q
Ice is excluded from solution
as a brine cools towards eutectic

Surface slumping/heaving likely
reflect differences in subsurface             
extent of freezing/thawing 
of H2O in soil pores.                              

                                                                        salts depress freezing point

Simulations use the MAGHNUM model which solves the governing 
equations of mass, momentum (Darcy’s law), and energy 
conservation in 2-D or 3-D geometries, with ice/water phase change 
and salt transport, and realistic values of water and ice properties.

CONCLUSIONS
• A briny aquifer will convect under reasonable assumptions of  
   heat flux, permeability and Martian surface conditions. 
• Ice lenses will precipitate out of the brine as temperatures 
   approach the salt’s eutectic. 
• Patterns of convection and ice distribution vary significantly 
   depending primarily on salt content of soil.  The lower the total 
   soil salt, the more ice will precipitate out of solution.
• Patterns range from polygonal ground with raised centers located 
   over upwellings of brine, to deep pits a few meters in diameter.
• Polygon diameters range roughly from 10 - 50 meters, in 
   agreement with the range of observed polygon sizes.
• Surface elevation changes can affect distribution of surface rock.
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T H E M I S D C S i m a g e 
(I08831002) of spectrally distinct 
region of southern highlands on 
Martian surface.  As argued in 
Osterloo et al (Science 319, 1651, 
2008) the blue color corresponds 
to chloride salt deposits.

Water and Salts on Mars
There is abundant evidence that large quantities of water were 
released on Mars in its early history and that some of it is still 
present in the subsurface, probably mainly as ice.  There is also 
evidence for salt deposits on the surface of Mars, suggesting that 
any subsurface water would be salty; brine aquifers might exist. 
Given published estimates of heat flux Q and assuming 
reasonable permeabilities for the Martian regolith, convection of 
brines in the soil is very possible, despite the cold temperatures. 
Brine convection will lead to non-uniform distribution of ice in 
the soil, and that can lead to patterned ground.   

Images to left and 
below are examples of 
patterned ground seen 
on Mars. Left, HiRISE 
P S P - 0 0 1 3 3 4 - 2 6 4 5 . 
Polygon sizes range 
from less than 10 m to 
over 30 m. Below, 
HiRISE PSP-001381 
-2485. Individual rocks 
can be seen, tending to 
collect in troughs that 
define the edges of 
polygons. Polygons 
f r o m m o d e l s i m u -
lations, with raised 
centers surrounded by 
troughs, are similar to 
observed polygons.  
Images courtesy of M. 
Mellon. 

ice lenses precipitated 
out of the brine

Eutectic brine “drain pipes”, 
also called chimneys

completely liquid brine 
in soil pores

Surface Deformation

Freezing of soil pore water results in a volume change, which 
in turn, leads to either heaving of soil (upon freezing) or 
slumping (due to melting of ice). We have estimated the 
surface deformation, that is, spatial distribution of elevation 
change, due to the spatial pattern of subsurface ice formation 
in our model simulations, by integrating volume change over 
depth, that is,
 
        Δz(x) = ∫ i(x,z) ε(x,z) (ρw - ρi)/ρw dz ,   
             
where Δz is the local surface elevation (compared to an 
unfrozen soil), i(x,z) is the local ice fraction, ε(x,z) is local 
porosity, ρi and ρw are ice and water densities.
Image above plots surface deformation for a 3-D simulation, 
corresponding to high total soil salt concentration. The image 
reveals essentially polygonal patterns, with high centers 
surrounded by troughs; downwelling of brine occurs in the 
troughs, upwelling below the center mounds. Mounds are 
about 0.15 m high, while troughs are roughly 0.3 m deep.

3-D Simulations of Brine Convection
Images above show snapshots of the ice distribution from two 3-D simulations.  
System is 200 m deep, and 200 m in each horizontal direction. Top left: High total 
soil salt case: Brine convection results in ice lense formation in the top 20-25 m. 
Lenses vary in size from about 10 m to about 50-60 m. No ice is present below ~25 
m depth. Despite the cold temperatures, brine circulates. Top right: Low total soil 
salt case: Ice distribution is characterized by many narrow down-welling tubes that 
contain eutectic brine solution. A multi-scale structure is seen.  Many small icy 
lumps a few meters in diameter form near the surface. Upwelling of brine occurs 
outside the tubes. The lower the total soil salt content, the more ice must precipitate 
out to yield a nearly eutectic brine solution, given the same porosity.

Left: Horizontally averaged profiles of temperature (T), ice, 
aqueous salt concentration (C) and precipitated salt S vs. depth 
for three cases.  Note that temperature is very low throughout 
the aquifers, nevertheless brine can convect.  Depth of ice 
varies significantly with amount of salt assumed present in pore 
water.  Left - 10% salt, middle, 20% salt, right, 29% salt.

Vertical distributions of soil ice as simulated with MAGHNUM in 
three 2-D scenarios (salt=5%, 20%, 25%). Brine flows upward 
broadly; narrower drain pipes called chimneys form, and transport 
completely liquid brine back to the deeper aquifer. Ice distribution 
depends strongly on total salt content in the soil pores. 
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