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Recent speculation [1] on the origin of ‘blueberries’—
concretionary Fe-rich nodules—on Earth and their 
relationship to similar concretionary forms on Mars 
invokes a process of variable redox conditions in un-
derground fluids penetrating porous sediment and pre-
cipitating hematite/goethite rich material. The presence 
of concretions on Mars likely involves a process of 
oxidation and reducing conditions where 
crustal/mantle fluids derived oxidized ions while rising 
in hot magmatic fluids or ambient groundwater pene-
trating porous sands and precipitating mobile cations 
as hematite/goethite-rich material. The possible role of 
microorganisms in the origin of martian concretions 
opens an avenue for biological investigations carried 
out by future missions to Mars.  
 
Investigations [2] linking Fe-Mn rich concretionary 
nodules (Fig. 1) in Andean Mollisols (Typic Argius-
tolls) ancient soils (paleosols) to a fluctuating water 
table begs the question as to whether or not similar 
high redox concretions might be present in weathered 
horizons or paleosols on Mars. The concretions (moki 
marbles) from Jurassic sandstones in Utah (Fig. 2) and 
those obtained by the Opportunity Rover in Terra Me-
ridiani, both of larger size than Fe-Mn concretions in 
Andean paleosols, are similar in kind and possibly also 
in origin. Although bacteria and fungi are not present 
in the Andean concretions their proximity to humus-
rich surface soil horizons, and argillic B horizons, sug-
gests that microorganisms may have had a part to play 
in the initial genesis of the small 2-3 mm diameter con-
cretionary nodular forms. The Andean/Jurassic concre-
tions resemble the reduction spheres in Jacobsville 
sandstone of northern Michigan [3]. Although not 
leached to a white color as in the Michigan sandstone, 
they are near spheroidal masses produced in paleosols 
formed in phyllite of Late Paleozoic age (Tostós For-
mation; [4] by localized reducing environments alter-
nating with oxidizing environments. Occasionally they 
are dense masses approximating nodules but mostly 
they form intertwined concentric layers formed around 

a central nucleus, usually a fine silt particle of quartz 
or feldspar composition.  A changing paleohydrologi-
cal regime characterized by fluctuating redox condi-
tions at high elevation (2200 m a.s.l.) in the Andes 
over part of the Late Tertiary and Quaternary periods, 
and in the Navajo sandstone of Jurassic age at lower 
elevations, operating over much longer time spans, led 
to the production of similar diagenetic concretionary 
microforms. Similar geomorphic settings on Mars in 
Terra Meridiani, and elsewhere in high mountainous 
martian topographic locales, may well yield similar 
concretionary forms generated by combinations of 
diagenetic and pedogenic processes, with or without 
entombed fossil microorganisms.     
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Figure 1. A, A two-mm diameter Fe-Mn concretion 
from the Ah3 horizon in the MPOSJA site, northwest-
ern Venezuelan Andes [2], showing drip edges indicat-
ing it may have formed with ground/meteoric water 
draining from lower left to upper right when the parti-
cle formed in the paleosol. Coatings are thinner than in 
B below but the concentric nature of the outer layers is 
visible in the image. B, Mn-Fe concretion with several 
cracked and embedded coated particles in the surface 
skin. The sample is from the Ah3 horizon in an An-
dean Mollisol at 2200 m a.s.l. in a dry woodland, for-
merly tropical alpine grassland (parámo) during glacial 
stages. The concretions make up more than 50 percent 
of the mass of the material in the lower epipedon. The 
outer coating as studied by XPS (outermost surface 
approximately 10 nm thick) is higher in Fe and lower 
in Mn at over 2:1; this ratio changes internally where 
Mn to Fe reaches 5:1.   
 
 
 
 
 
 
 

 
 
 

 
 
 
Figure 2. Diagenetically generated concretions (Moki 
Marbles) from the Navajo sandstone in Utah. These 
concretions, similar in size to ‘blueberries’ observed 
on Terra Meridiani, are over two orders of magnitude 
larger than concretions formed in Andean paleosols.   
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