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Introduction:  Mg/Fe smectites are widely re-

ported from the Martian surface [1]. They are found 
interbedded with sulfate deposits in stratified sedi-
ments that fill craters and other depressions [2], and 
have been detected in deltas and other distributary de-
posits interpreted as supplying basins with water and 
sediment [2-5]. However, the origin and locus of for-
mation these clays remains an open question. 

On Earth, Mg-smectites such as saponite, steven-
site and other Mg and Fe-rich authigenic clays are 
common constituents of modern and ancient lake 
sediments deposited under alkaline/saline conditions 
[6]. They form via transformation of detrital precursors 
washed into the basin, or by direct precipitation from 
pore fluid or solution. The clay assemblage that forms, 
as well as the types of accompanying authigenic min-
erals reflect local chemical conditions and the avail-
ability of reactive detrital clays in sediments. Therefore 
the identification of neoformed clays in lacustrine de-
posits on Mars could yield information about the 
physio-chemical conditions within lakes and the hy-
drological history of basins.  

Neoformed clays on Mars:  The identification of 
neoformed clays in putative Martian lacustrine strata is 
made difficult because the surface is largely basaltic. 
Saponites and nontronites are typical weathering and 
hydrothermal alteration products of basalts [6], and so 
there are probably ample external sources of clays that 
could be reworked by wind or water and deposited in 
basins. Even with detailed crystallographic, textural 
and chemical information the mineralogy alone is 
probably inadequate to prove that a particular clay 
formed in a lake. The types of clays found in terrestrial 
lake deposits may also differ from clays that might 
form in lakes on Mars. For instance, carbonate miner-
als and species in solution play an important role in the 
chemical evolution of lake waters on Earth and the 
precipitation reactions of some clays [7]. But carbon-
ates seem to be a minor phase in Martian sediments 
and are not detected in most clay-bearing strata [8]. 
We propose that a better strategy for identifying clays 
forming in lacustrine settings on Mars is to look at the 
spatial and temporal distribution of clays and other 
authigenic mineral phases via the stratigraphic record. 
Looking for diagnostic stratigraphic patterns in the 
distribution of clays in Martian sediments provides a 
more robust means of distinguishing neoformed clays 
than mineralogy alone because these patterns are a 

determined by physical processes that ultimately con-
trol sedimentation and the hydrology of lacustrine ba-
sins.  

Tests: The following criteria may help identify ne-
oformed clay minerals in Martian lake deposits. More 
detailed information on these criteria will be presented 
based on terrestrial examples of modern and ancient 
lacustrines systems. 

1) Recognizing differences in clay mineralogy of 
hydrologically closed vs. open basins.  Neoformation 
of clays mainly occurs during periods of hydrological 
closure when clays become an important terminal ionic 
sink. At other times when a basin has an outlet the clay 
mineralogy is dominantly detrital and reflects mineral 
inputs from the catchment [9]. Identification and com-
parison of the Martian deposits formed in open and 
closed systems (for which there may be independent 
geomorphic or sedimentological evidence [10]) may 
demonstrate clay neoformation. 

2) Concentric zonation of clays and other authi-
genic minerals.  When a basin contains neoformed 
clays they often display concentric distribution that 
will also be expressed in other authigenic minerals 
such as zeolites, silica, phosphates and evaporites [11].  

3) Stratigraphic changes in mineral assemblages.  
The hydrological balance in closed basins is particu-
larly sensitive to external forcing, such as orbitally 
induced insolation changes. Concentric mineralogical 
facies are a temporal snapshot and over time their dis-
tribution and composition will continuely evolve with 
lake level. If clay neoformation is occurring then these 
changes should show up in the stratigraphic record, 
perhaps in a cyclical fashion, if there is a regular forc-
ing mechanism [12]. 
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