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The current thin C02 atmosphere on Mars, the probable evolution of the martian 
atmosphere, and the composition of the basalts which make up Mars1 crust make it highly 
likely that carbonate minerals and/or rocks exist somewhere within the martian regolith. 
A wide range of carbonate minerals with highly varied chemical compositions could occur 
on Mars. Based on analyses of Martian soils by the Lander [I-41 and studies of the 
chemical composition of SNC meteorites, believed by many to come from Mars 15-81 the 
cations available to form carbonate minerals include Ca, Mg, Fe, Mn, Ni, and Na. K, Co, 
Zn, and Cr are also available and while probably not abundant enough to serve as the 
major cation for carbonate phases could occur as a minor element in solid substitution 
in other carbonate minerals. Because the alkaline earths listed here generally form 
carbonate minerals of the rhombohedra1 or calcite group and because extensive solid 
substitution can occur among calcite-group minerals, one is unlikely to encounter the 
pure end member species for these cations, but rather is likely to find manganoan or 
ferroan calcites, nickel-rich magnesites, etc. 

In addition there are a number of ordered double carbonates which can be formed 
with these available cations, of which dolomite is the most familiar example. Others 
include kutnahorite, huntite, and shortite. Solid substitution for the major cation can 
also occur within many of these minerals. For example, Fe may substitute extensively 
for the Mg in dolomite, and indeed the mineral ankerite is essentially an Fe-rich 
dolomite. There are also a number of possible hydrated phases such as monohydrocalcite, 
nesquehonite, and thermonatrite. Mg carbonates are particularly prone to forming 
hydrated phases [9]. Bicarbonates (minerals containing HC03') are also candidates for 
Mars. 

Carbonate minerals could have formed or could be forming in a number of different 
Martian environments, and carbonates produced in different environments would have 
different mineralogies and chemical compositions. 

1. Oceans - It has been suggested that early in its history Mars may have had one 
or more extensive, deep bodies of water, much like those which existed on Earth at that 
time. Carbonate minerals which might have formed on Mars during this early period 
include calcite, magnesite, dolomite, siderite and possibly rhodochrosite, smithsonite, 
and otavite [lo]. Conditions on the surface of Mars are reducing (by Earth standards) 
and such conditions permit the existence of Fe, Mn, Cd, Co, and Ni in the divalent 
state, allowing them to substitute for the major cation(s) in any of the above minerals. 
The high-Mg calcites (up to 15 mole per cent) found in EETA 79001 [11] are an excellent 
example of the type of solid substitution one would expect to encounter in Martian 
carbonates. 

Amounts of H20 outgassed from Mars vary in different models. Amounts outgassed 
could have formed a continuous layer over the Martian surface of depth ranging from 1 m 
to 1000 m depending on the model adopted [12-141 and could have lasted for from 10 
million [I51 to 3 billion [12] years. 

Carbonates formed in such a water-rich environment have time to precipitate as 
well-ordered anhydrous crystalline phases. Extensive deposits of siderite, dolomite, 
ankerite, and calcite were deposited in shallow portions of the Earth's oceans during 
the Archean and Proterozoic [16,17]. Carbonate deposits on the Archean Earth were more 
limited than those which formed later during the Proterozoic apparently because of the 
lack of stable shallow shelves [18]. However, proposed depths for the Martian oceans 
are quite compatible with extensive carbonate deposition. It is suggested that enough 
carbonate could have been deposited to be equivalent to a global shell 20 m thick [191. 

2. Lakes - Many workers feel that while bodies of water may have existed early in 
Mars1 history, they would have been shallow, isolated, and ephemeral features 
[13,14,20]. Even if large oceans existed early in Marst history, they would have been 
succeedec! by shallower, more isolated bodies of water as surface temperatures on Mars 
fell and H20 became tied up in hydrated mineral phases, the polar caps, and permafrost, 
or as water dissociated and hydrogen was lost to space [10,12,15]. Such lakes could have 
produced all of the carbonate minerals (siderite, calcite, dolomite, magnesite etc.) 
which would have formed in oceans. Reducing conditions (by Earth standards) would have 
allowed extensive solid substitution between these different minerals, as is the case in 
Terrestrial hyper saline lakes today [ 21 1. 
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Rapid precipitation of phases, and/or precipitation from highly concentrated brines 
produce other mineral phases not common in marine environments. In contrast with 
carbonates deposited in oceans, and by analogy with deposits formed in hypersaline lakes 
and playas on earth, these sediments would also include metastable phases such as 
aragonite and vaterite, hydrated phases such as hydromagnesite, nesquehonite and 
monohydrocalcite, poorly ordered phases such as protodolomite, and alkali carbonates and 
bicarbonates [21,22]. Like deposits formed in oceans, lacustrine carbonates would be 
concentrated in basins and depressions, but deposits would be thinner and less 
extensive. 

3. Weathering of the Regolith - Carbonate minerals could also form by weathering 
processes within the Martian regolith. Such weathering products would be distributed 
throughout the regolith and/or concentrated in duricrusts near the surface over large 
areas of the planet. Different scenarios have been suggested for Martian weathering. 

A. Gas - solid interactions between atmospheric C02 and mafic and ultramafic 
rocks can produce carbonates under present-day conditions on Mars and such reactions 
have been suggested as a sink for CO on Mars [23,241. It is suggested that the 
principle carbonate minerals formed gy these processes would be calcite and magnesite 
[a]. Volumes as well as mineralogies of carbonates formed in this way would be 
extremely limited [25]. 

B. Liquid-Solid reactions between ground water or ice and mafic and/or 
ultramafic rocks could also produce carbonate minerals. Weathering would be facilitated 
by impacting which makes minerals more susceptible to alteration and exposes new 
materials to weathering [13,26]. It is suggested that the equivalent of a surface layer 
of carbonate 200 - 500 m thick could have been produced early in Mars1 history during 
heavy bombardment, and thoroughly mixed with the regolith in the highlands 131. If, as 
suggested there is an extensive ground water circulation system on Mars [27,28], cations 
may be dissolved from basaltic parent rocks and reprecipitated as carbonates. A wide 
variety of carbonates could be produced by weathering, including hydrated, metastable 
and amorphous or poorly ordered phases. Weathering products found in soils in 
Antarctica are thought to be similar to minerals which might form from weathering of 
basalts on Mars. Carbonate minerals detected in Antarctic soils include calcite, 
aragonite, monohydrocalcite, trona, dolomite, and thermonatrite [29,30]. 
REFERENCES: [l I Baird, A.K. et a1 (1976) Science 194 1288-1293. [2] Clark, B.C. et a1 
(1977) J. Geophys. Res. 2 4577-4594. [3] Clark, B.C. et a1 (1982) J. Geophys. Res. 3 
10059-10067. [A] Toulmin, P. et a1 (1977) J. Geophys. Res. 82 4625-4634. 151 Gooding, 
J.L., and D.W. Muenow (1986) Geochim. Cosmochim. Acta 50 1049-1059. [6] Laul, J.C. et a1 
(1986) Geochim. Coscmochim. Acta 50 909-926. [71 McSween, H. Y., and E. Jarosewich 
(1 983). Geochim. Cosmochim. Acta ,7 1501 -1 51 3. [a] Trieman, A.H. (1 986) 
Geochim. Cosmochim. Acta 2 1061 -1070. [9] Lippmann, F. (1973) Sedimentary Carbonate 
Minerals Springer-Verlag, New York, 228pp. [lo] McKay, C.P. and S.S. Nedell (1988) 
Icarus 73 142-148. [11] Gooding, J.L. et a1 (1988) Geochim. Cosmochim. Acta 2 909-915. -- 
[I21 Brandenburg, J.E. (1987) LPI Technical Report 87-01, p. 20-22. [I31 Carr, M.H. 
(1986) Icarus 68 187-21 6. [I41 Kahn, R. (1985) Icarus 62 175-190. [I 51 Pollack, J.B. 
et a1 (1987) Icarus 71 203-224. [I61 Holland, H.D. (1984) The Chemical 
Evolution of the Atmosphere and Occam Princeton University Press, Princeton, N.J., 
582pp. El71 Lowe, D.R. (1980) Ann. Rev. Earth Planet. Sci. 8 145-167. [la] Knoll, A.H. 
(1984) in Patterns of Change in~arth Evolution (H.D. Holland and A.F. Trendall, eds.) 
Springer-Verlag, New York. p. 221-242. [I91 Warren, P.H. (1987) Icarus 70 153-161. [20] 
De Hon, R.A., 1988a,b Lunar Planet. Sci. XIX 261-262; m, 263-264. [21] Sonnenfeld, P. 

(1984) Brines and Evaporites Academic Press, New York, 613pp. [22] Dean, W.F., and T.D. 
Fouch (1983) in Carbonate Depositional Environments (P.A. Scholle, D.G. Bebout, and C.H. 
Moore, eds.), AAPG Memoir 33, pp. 97-1 30. [231 Booth, M.C., and H.H. Kieff er (1978) 
J. Geophys. Res. 83.1809-1815. [241 Gooding, J.L. (1978) Icarus 33 483-513. [251 
Berkley, J.L., and M.J. Drake (1981) Icarus 45 231-249. [261 Boslough, M.B., and R.T. 
Cygan (1988) Proc. Lunar Planet. Sci. Conf. 18th pp. 443-453. [27] Clifford, S.M. (1985) 
LPI Technical Report No. 85-3, p. 20-22. [28] Clifford, S.M. (1987) LPI Technical Fieport 
No. 87-01, p. 32-34. [29] Gibson, E.K. (1985) NASA Technical Memorandum 88383, p. 158- 
160. [30] Gibson, E.K. et a1 (1983) Proc. Lunar Planet. Sci. Conf. 13th J. Geophys. Res. 
pp. A91 2-A928. 

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


