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Introduction. Schwertrnannite, Fe8@(OH)gSO4, a poorly crystalline oxyhydroxysulfate of 
iron, has been identified on Earth as the primary component of ochrous precipitates from sulfate- 
rich acidic mine waters. More widespread deposits may occur in arid environments, such as 
southern and western areas on the Australian continent. Since acidic permafrost probably occurs 
beneath the Martian regolith, the precipitation of schwertmannite is suggested to occur in equatorial 
regions of Mars when seepages of saline melt waters become exposed to the martian atmosphere. 
Background. Groundwater existing beneath the Martian surface is generally believed to be 

acidic rather than alkaline [I-41. Due to minimal plate tectonic activity on Mars, acidic 
groundwater has probably prevailed near the Martian surface, having originated from: ( 1 } )volcanic 
gases in acid rain; (2) dissolution of sulfide minerals [FeS2 + 0 2  + H20 -, Fe2+ + 2 ~ 0 4 ~ -  + 2 
H+; eq. { I}]; (3) aqueous oxidation of Fe2+ ions derived from leached basaltic glass, 
ferromagnesian silicates and sulfides [F$+ + 0 2  + H+ + Fe3+ + H20; eq. (211; and (4) 
hydrolysis of the Fe3+ ions generated by these oxidative weathering processes [Fe3+ + 2H20 -, 
FeOOH + 3 H + ; eq. { 3) 1. The aqueous solutions with pH 5 6 have remained unbuffered by 
wall-rock alteration of basalts such as that occurring in fracture zones associated with seafloor 
spreading on Earth. 
On Earth, natural acidic groundwater systems are comparatively rare but occur, nevertheless, 

when water seeps through mined sulfide and coal deposits. Outflows of such acid mine-drainage 
water are invariably associated with ochrous ferric-bearing assemblages. On a much larger scale, 
oxidative weathering processes associated with acidic groundwater is occurring across the southern 
half of the Australian continent, yielding deposits of Mars-like yellow-brown hydrous ferric oxide 
and hydroxysulfate minerals. Similar depositional environments may also occur on the martian 
surface. 

Formation of  Schwertmannite in  Acid Sulfate-Rich Groundwater. Schwertmannite, 
recently recognised as a new oxyhydroxysulfate mineral of ferric iron [5-71, is brownish-yellow 
and has an approximate formula Feg08(OH)6S04. Its crystal structure resembles that of 
akaganeite ((3-FeOOH), with S042- ions located in the tunnels formed by double chains of edge- 
sharing Fe03(OH)3 octahedra. Schwertmamite occurs as an ochrous crust on rocks inundated by 
acidic (pH 3.2) drainage water exiting mined sulfide ore and coal deposits [ 5 ] .  The mineral forms 
as a result of aerial oxidation of Fe2+ in acid, sulfate-rich effluents produced by the decomposition 
of primary sulfides. A pH range 3.0 to 4.5 and sulfate concentrations in the range 1 to 3 g 1-I are 
optimum for the formation of schwertmannite [7]. At lower pHs, jarosite may form as an 
ancillary phase if the concentration of S042- is sufficiently high [8]. Goethite is also a commonly 
associated phase and may be alteration product of schwertmannite, especially at pH's exceeding 
4.5 [e.g., Fe808(OH)6S04 + 2 H20 -, 8 FeOOH + H2S04; eq. (411. 
Schwertamite was recently identified as the interlayer phase in smectite clays exchanged with 

acidic ferric sulfate solutions [9]. Such ferric sulfate-exchanged montmorillonites have spectral 
features in the visible and near-infrared regions that closely match remote-sensed reflectance 
spectra of bright regions of Mars, particularly in equatorial regions scanned during the Phobus 2 
imaging spectrometer measurements of the martian surface [ 101. 
The suggested occurrence of schwertmannite in equatorial regions of Mars may have resulted 

from precipitation of this ferric oxyhydroxysulfate phase from acidic saline melt-waters. Relatively 
high concentrations of dissolved Fe2+, derived from dissolution of basaltic glasses, fenomagesian 
silicates and iron sulfides, were oxidized by dissolved atmospheric oxygen. The kinetics of such 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



204 LPSC;IXV 
SCHWERTMANNITE ON MARS: Burns R. G. 

aqueous oxidation reactions [4] indicate that rates of oxidation of Fe2+ dissolved in ice-cold saline 
solutions range from about 1 ppm ~ e - ~  y r l  (pH 4.5) to about 1000 ppm Fe-2 y r l  (pH 6.0). 

Deposition in Arid Environments. In the southeastern part of Western Australia, deep- 
weathering of basement igneous rocks in the Yilgarn Block comprising Archean komatiitic basalts 
has yielded saline groundwater systems, drainage of which in a semi-arid climate has resulted in 
extensive playas [ 1 1 - 161. The discharging water contains high concentrations of dissolved Al, 
Si and Fe2+, oxidation and hydrolysis of which generates very acidic groundwater (pH 2 2.8), as 
a result of the ferrolysis reactions (eqs (2) and (3)) .  The acidity prevents the precipitation of 
aluminosilicate clay minerals. Instead, jarosite [KFe3(S04)2(OH)6] - alunite [KA13(S04)2(OH)6] 
assemblages are precipitated in the pH range 2.8 to 6 from solutions with ionic strengths ranging 
from 1 M to 5 M, occurring in evaporite deposits with gypsum and halite. Femhydrite and 
schwertmannite, instead of jarosite-alunite assemblages, are deposited from groundwater depleted 
in dissolved K and Al. A similar situation may exist on Mars where ground water associated with 
parent iron-rich komatiitic basaltic rocks may also have low Al and K contents. 

Two stages were important in the development of the acidic hydrogeochemical and arid 
weathering environment of southern Australia. Initially, there were periods of laterizatiodfemc 
oxide deposition under a warm humid climate during the Tertiary. The laterite profiles are 
characterized by a surface duricrust of Fe and A1 oxides over deep clay silicate zones depleted of 
alkali and alkaline earth elements. Subsequently, periods of aridity and semi-aridity have 
continued to the present. 

An explanation for the acidic saline groundwater systems on such a large scale and only in 
Australia lies in the recent climatic history of the continent. After the break from Antarctica began 
65 million years ago, Australia moved into the sub-tropic region. The climate through the Eocene 
was humid and warm, much like that proposed on early Mars, and periods of laterization occurred. 
Laterite profiles became abundant in Western Australia on deeply weathered bedrock depleted in 
alkalis and alkaline earths but enriched in Fe, Al and Si. Little chemical weathering is now 
occurring on the Australian continent today due to arid conditions. However, periodic discharges 
of anoxic acidic groundwater into the arid enviroment and oxidation of the dissolved ferrous iron 
continues to generate ferric-bearing mineral assemblages in contact with the oxygenated 
atmosphere. 
Applications t o  Mars. A similar scenario may apply to the present-day surface of Mars, in 

which periodic precipitation of hydronium jarosite, schwertrnannite and femhydrite may be 
precursors to nanophase hematite identified in bright regions of the martian surface. 

References. 11 1 Clark, B. C. and Van Hart, D. (1981) Icarus, 45, 370; [21 Banin, A., Clark, B. C. and Wanke, 
H. (1992) In Mars (eds. H. H. Kieffer et d., UUni Arizona Press), p. 54; [3] Plumlee, G. S., Ridley, W. I. and 
DeBraal, J. D. (1992) MSAZ7"PI Tech. Rept 92-04, 31; [41 Bums, R. G. (1993) GCA, 57,4555; [5 I Bigham, 
J. M., et d, (1990) GCA, 54, 2743; [6] Bigham, J. M., Calson L. and Murad, E. (1993) Amer. Mineral. (in 
press); 171 Murad, E., et al(1993) ACS Symp. Sex, in press; 181 Bums, R. G. (1988) Proc. 18th LPSC, 713; 19 I 
Bishop, J. L., Pieters, C. M. and Bums, R. G. (1993) MSATT,/LPI Tech. Rept 93-06,6; Icarus (submitted) [ lo]  
Murchie, S., Mustard, J. and Saylor, R. (1993) MSATT/LPI Tech. Rept. 9 3-06, 32; [ 1 11 Long, D. T. and 
Lyons, W. B. (1992) GSA Today, 2, 185; [12] Long, D. T. et al. (1992) Chem. Geol., 96, 183; [13] Mann, A. 
W. (1983) GCA, 47, 181; [14] McArthur, J. M., et d. (1991), GCA, 55, 1273; [I51 Long, D. T. et al. (1992) 
Chem. Geol., 96, 33; [ 161 Macumber, R. G. (1992) Chem. Geol., 96, 1; [I71 Enver Murad is thanked for 
providing unpublished manuscripts; research supported by NASA grants NAGW-2049 and NAGW-2220. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


