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Introduction: Mg, Fe, Ca-sulphate minerals 

with imbedded hematite spherules was identified at 
the Meridiani Planum site on Mars by the Mars 
Exploration Rover Opportunity (1-2). The presence 
of the sulphate minerals including jarosite, 
gypsum, kieserite and hematite at Meridiani 
Planum and other locations on Mars (Valles 
Marineris, Aram Chaos, and close to the perennial 
northern polar ice cap) not only confirms the 
presence of past water in certain areas on the 
surface of the planet, but also implies that this 
water was acidic (3-4).   

On Earth, there are only a few natural acidic 
environments that are being used as analogue to 
the aqueous processes in Meridiani Planum and to 
the early environment that generated the sulphate 
minerals. These include the Rio Tinto River acidic 
aqueous system in Spain (5) and the Iron Mountain 
site in California (6). However, these sites are 
located in warm environments, which fail to meet 
certain environmental properties that characterized 
Meridiani Planum when water was present on the 
surface of Mars, namely: semi-arid to arid climate 
regimes, prevailing freezing temperatures, and 
frozen soils forming a thick layer of permafrost 
(7). A better Mars analogue to the aqueous 
processes and sulphate minerals formation at 
Meridian Planum could be found in the continuous 
permafrost in polar regions. There are a few sites 
in the Canadian Arctic where sulphate minerals are 
precipitating from natural acid drainage (i.e. near 
Eagle Plains, YT [8]; the Golden deposit near Fort 
Norman, NWT [9]; and at the Haughton impact 
crater, NU [10]). In this study, the 
hydrogeochemical processes responsible for acid 
drainage near Eagle Plains and its implication to 
early Mars aqueous geochemistry is examined.  

Chemical and isotopic composition of 
waters: East of the Dempster Highway, near Eagle 
Plains, acidic Ca-Fe-SO4 waters discharge from 
sandstone bedrock overlying pyrite-rich shales (8). 
The stream affected by acid drainage has a pH 
averaging 3.1 ± 0.3, whereas the unaffected 

drainage has a pH greater than 4.4. The acidity and 
elevated concentration of SO4

2- (2872 ± 640 
mgl/L), Ca2+ (368 ± 47 mg/L), Fetot (133 ± 118 
mg/L), Altot (66.3 ± 11.9 mg/L), Si (7 ± 4 mg/L) 
and trace metals, such as Zn2+ (4.8 ± 1 mg/L), in 
the stream progressively decrease downslope from 
the excavated area.  

The low pH and high amount of solutes in the 
surface and ground waters impacted the depth of 
seasonal thaw at the affected site, which is more 
than twice that measured at the unaffected terrain.  
The active layer soluble ions at the affected site 
have a low pH (< 3.8) and are dominated by SO4

2- 
(1611 ± 326 mg/L), Ca2+ (257 ± 44 mg/L), Mg2+ 
(53.7 ± 12 mg/L) and Altot (48.3 ± 2.2 mg/L) 
solutes and their concentration progressively 
increases with depth.  

Hydrogeochemical modeling using 
PHREEQC predicted that the acidified waters are 
at or near saturation with respect to Fe-hydroxide 
and Ca, Fe sulphate minerals (Fig. 1), which is 
confirmed by the observation of gypsum, jarosite 
and Fe oxides along the acidified stream. Stable S-
O isotope ratios of dissolved sulphate, with 
constant values (δ34S: 7.5 ± 0.5‰; δ18O: –12.4 ± 
0.3‰), provide evidence of microbial sulphate 
reduction (11) and possibly a microbial mineral 
precipitation. The acidophilic and psychrophilic 
microbial diversity present in the soil and water is 
currently being investigated.   

Evolution of acid drainage: The high 
concentration of SO4

2- and Fetot in the stream and 
active layer porewaters are the result of the 
oxidation of the pyritiferous shales under open 
system conditions, whereas the high amounts of 
Altot and Ca2+ are produced during the dissolution 
of clay minerals in the acidic environment and the 
dissolution of the carbonates / gypsum present in 
the shales respectively. Given that the solute 
concentrations of the acidified stream and active 
layer soluble ions versus SO4 plot on very similar 
slopes (Fig. 2), it is suggested that the solutes are 
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being sequestered in the residual water during the 
freeze-back of the active layer, a process that 
operates in the near ground surface in periglacial 
regions. 

Figure 1: Log Fe3+ versus pH diagram for 
intermittent stream and active layer soluble ions.   

 
After acid drainage was initiated, it is 

suggested that the seasonal freeze-thaw of the 
active layer played an important role in 
temporarily storing the acidity within the active 
layer. During the freeze-back of the active layer, 
gypsum, jarosite and Fe oxides minerals would 
precipitate, thus producing a large amount of H+ 
that would be stored as sulphuric acid, or allowed 
to slowly circulate in a residual talik (confirmed by 
T measurements). During the thaw season, this 
acidity would be mobilized, thus enhancing further 
dissolution of clays and alumino-silicate minerals. 
Therefore, the seasonal freeze-thaw of the active 
layer in periglacial regions, a previously 
unrecognized process, might be an effective way of 
temporarily storing acidity, solutes and trace 
metals in the near-surface environment. However, 
some of the minerals could precipitate as 
efflorescent salts during the dry summer season.  

Implication for Mars: The evolution of 
groundwater at Eagle Plains has potential 
relevance to early Mars hydrology and 
mineralization processes. At Eagle Plains, acidic 
Ca-Fe-SO4 waters discharges year-long from 
permafrosted sandstone bedrock overlying pyrite-
rich shales and precipitates gypsum, jarosite and Fe 
oxides minerals. A similar flowpath though 
permafrosted pyritiferous shales was also observed 
at the Golden deposit site near Fort Norman, NWT 

(9). The fact that these natural acidic sites are 
located in regions where the environmental 
conditions are similar to early Mars, makes them 
very interesting analogue to further understand the 
formation of Mg, Fe, Ca-sulphate minerals on 
Mars.   

 

 
Figure 2: Variations of Ca2+and Fetot versus SO4

2- 
in the acidified stream and active layer soluble 
ions.  The freezing slope was calculated using 
PHREEQC where the concentration of solutes was 
recorded by progressive freezing of the water.   
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