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Introduction:  The ancient landscape of Mars pro-

vides morphological and mineralogical evidence that 

significant amounts of liquid water once flowed on its 

surface.  Previous research has identified the amount of 

water stored in the polar caps and in high latitude sub-

surface ice [1].  The amount of water lost to space has 

also been constrained [2].  But how much water is stored 

in Martian rocks?  

Chemical alteration hydrates Martian minerals, stor-

ing water within Martian rocks.  A large variety of hy-

drated minerals have been detected on the surface of 

Mars [3,4], and a significant abundance of hydrated 

minerals has been detected inside Martian craters [5,6].  

We use published surveys of the global distribution and 

abundance of hydrated minerals to calculate the total 

volume of water stored in hydrated minerals within the 

Martian crust. 
 

Hydrated Mineral Surveys:  Crater surveys pro-

vide a glimpse into the Martian subsurface, and the cra-

ters in the Southern Highlands (SH) and Northern Low-

lands (NL) contain different abundances of hydrated 

minerals [5,6].  Therefore, the amount of water stored in 

the surface, the SH subsurface, and the NL subsurface 

were calculated separately.   

 Surface [4] – An OMEGA and CRISM global hy-

drated mineral survey reports that hydrated minerals 

are detected on 1.8% of the Martian surface, or 3.4% 

of the dust-free Martian surface. 

 SH subsurface [5] – A global crater survey analyzed 

the central peaks of craters using CRISM and HiRISE 

to determine their mineralogy and related morphol-

ogy.  Analysis of survey data suggests that 24% of cra-

ters contain hydrated minerals in uplifted central 

peaks. 

 NL subsurface [6] – A northern lowlands crater survey 

using CRISM data determined that 7.75% of craters in 

the NL contain hydrated minerals.  
 

Calculation:  All hydrated minerals used in this cal-

culation can be found in a list provided in [4].   

Oxygen mass/thickness:  The empirical formula for 

each hydrated mineral was used to determine the per-

centage of its molecular mass that is comprised of oxy-

gen from either water or hydroxyl (or SO4, in the case 

of sulfates).  The oxygen mass/thickness (kg/m) was 

calculated for each mineral detected in each survey by 

multiplying the mineral’s percentage of oxygen from 

water by the mineral’s density and the surface area of 

Mars.   

As Fe/Mg phyllosilicates are the most abundant hy-

drated mineral on Mars, nontronite will be used for an 

example calculation.  Nontronite’s empirical formula 

and all other values used in the example calculation can 

be found in Table 1.  Nontronite has 6 oxygen atoms 

from water and hydroxyl, which comprises 19.36% of 

its molecular mass.  The oxygen mass/thickness of  

nontronite is: 

(0.1936)*(2300 kg/m3)*(1.449×1014 m2) 

=6.45×1016 kg/m 
 

Nontronite - Na0.3Fe3+
2Si3AlO10(OH)2•4(H2O) 

Molecular mass (kg) 0.4959 

Oxygen from water 19.36% 

Density (kg/m3) 2300 

Surface area of Mars (m2) 1.449×1014 

Oxygen Mass/thick (kg/m) 6.45×1016 

Table 1 – Values used in example calculation of the 

oxygen mass/thickness of nontronite 
 

In other words, if Mars were covered in nontronite 

to a depth of 1 meter, the mass of oxygen from water 

within that layer would be 6.45×1016 kg. 

Abundance determination:  The overall abundance 

of each mineral depends on the reported mineral detec-

tion abundances, along with the abundance of hydrated 

minerals per detection.  Each survey reports the abun-

dance of detected hydrated minerals in spectral or min-

eral groups.  The oxygen mass/thickness of each group 

was averaged and then multiplied by its reported detec-

tion abundance. 

The abundance of hydrated mineral per detection is 

not reported in the global surveys used.  However, stud-

ies modeling mineral abundances suggest that concen-

trations of hydrated minerals ranging from 40-60% exist 

in Mawrth Vallis [7,8].  This is likely an upper limit.  A 

more recent, more comprehensive modeling study [9] 

created global hydrated mineral abundance maps and 

determined that areas with hydrated mineral detections 

have an average water content of 2.5 wt.%.  This is 

equivalent to 13.5% hydrated mineral abundance per 

detection, on average.  The total oxygen mass/thickness 

was multiplied by the appropriate hydrated mineral 

abundance per detection. 

Thickness determination:  Finally, the total oxygen 

mass/thickness was multiplied by an estimate of the 

thickness to produce a total mass of oxygen from water, 

converted to global equivalent layer (GEL) water.  Rea-

sonable thickness estimates are substantially different 

for the surface, the SH subsurface, and the NL subsur-

face. 
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  Lower 

Limit 

Lowest 

Plausible 

Best 

Estimate 

Highest 

Plausible 

Upper 

Limit 

Surface 

Thickness 0.1m 1m 5m 50m 300m 

Abundance/detection 1% 7% 13.5% 25% 50% 

Global Abundance 1.8% 1.8% 3.4% 3.40% 3.4% 

GEL water 8.4×10-6m 5.9×10-4m 0.011m 0.20m 2.4m 

Northern 

Lowlands 

Subsurface 

Thickness 1km 1.5km 3km 4.5km 6km 

Abundance/detection 1% 7% 13.5% 25% 50% 

GEL water 0.16m 4.8m 6.6m 18.4m 49.0m 

Southern 

Highlands 

Subsurface 

Thickness 1km 2km 5km 6km 7km 

Abundance/detection 1% 7% 13.5% 25% 50% 

GEL water 0.78m 17.0m 52.5m 117m 272m 

 Total 0.9m 22m 59m 135m 324m 

Table 2 –The total volume of water stored in hydrated minerals in the Martian crust is presented by area, in-

cluding parameters used in the calculation 
 

 Surface – An upper limit of 300 m is based on an ap-

proximate average thickness of large crustal outcrops 

in Western Arabia Terra [10], Mawrth Vallis [11],Val-

les Marineris [12,13] and Nili Fossae [13].  A better 

estimate of 5 m is based on 120 weathering sequences 

of Fe/Mg clays overlain by Al clays with an average 

thickness on the order of several meters [14]. 

 Subsurface – Data provided by the crater surveys al-

lowed for the performance of simple statistical analy-

sis.  For the SH subsurface [5], the percent of craters 

with hydrated minerals was plotted vs. uplifted central 

peak depth, and the full width at half maximum 

(FWHM) of the distribution is 5 km.  For the NL sub-

surface [6], the number of craters with hydrated min-

erals was plotted vs. elevation relative to MOLA, and 

the FWHM is 3km.  A reasonable thickness estimate 

of hydrated minerals in the SH subsurface ranges from 

2-6 km, whereas the NL subsurface reasonable thick-

ness estimate ranges from 1.5-4.5 km. 
 

Preliminary results and uncertainties:  The total 

volume of water stored in hydrated minerals in the Mar-

tian crust is detailed in Table 2.   

 While curiosity confirmed a CRISM detection of 

hydrated minerals in the upper Murray formation at 

Gale Crater [15], the accuracy of CRISM and OMEGA 

is not very well constrained by ground-truthing.  Addi-

tional uncertainties include:  survey spatial sampling, 

CRISM and OMEGA detection limits, Martian dust 

cover, the possibility of hydrated minerals in craters 

forming due to hydrothermal alteration, and the possi-

bility that the empirical formulas of hydrated minerals 

are different on Mars than on Earth. 
 

Conclusions:  The calculation of the volume of wa-

ter stored in hydrated minerals in the Martian crust re-

sults in a best estimate of 59m GEL, a realistic range of 

22-135m GEL, and absolute (hard) limits of 0.9m GEL 

and 324m GEL.  This  further constrains the range of 

GEL water reported for a similar calculation of water 

sequestered in hydrated minerals, performed using as-

sumptions regarding the wt.% water and the thickness 

of the altered crust [16].  

Including hydrated minerals as a sink increases the 

total inventory of water lost from Mars or stored in Mar-

tian sinks to more than 100m GEL.  As Table 3 demon-

strates, a significant amount of water may be stored in 

hydrated minerals within the Martian crust. 

Water lost or stored 
GEL water 

(m) 

Upper atmosphere loss to space [2] 23 

Stored in polar caps [1] 22 

Stored in high latitude ground ice [1] 10 

Stored in hydrated minerals 59 

Total 114 

Table 3 – Inventory of Martian water 
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