
Tracing metabolic pathways of Archean microbial 

community’s 

Sami Nabhan (1), Johanna Marin-Carbonne (2), and Christoph Heubeck (1)  

(1) Institute of Geosciences, Friedrich-Schiller University, Jena, Germany, (sami.nabhan@uni-jena.de); (2) Univ Lyon, UJM 

Saint Etienne, Laboratoire Magma et Volcans, UBP, CNRS, IRD, St Etienne, France 

 

Abstract 

The ca. 3.22 Ga old Archean Moodies Group is the 

oldest, well preserved siliciclastic shoreline system. 

The excellent preservation allows to track a number 

of Archean habitats like microbially populated tidal 

plains, paleosols and shallow water BIFs that formed 

in anoxic, CO2 rich environments possibly very 

similar to those of early Mars. Similar Ages and 

conditions under that Archean environments and 

potentially former habitable environments on Mars 

have been active allow us to use Moodies Group 

rocks as analogous for Mars. The challenging 

investigation of the Archean rock record allows us 

also to use approved methods in future missions. The 

complex behavior of Sulfur phases in the Archean, 

due to the lack of an ozone shield needs to be 

understood to apply investigations of the Sulfur cycle 

on Mars since the modern Earth has an efficient UV 

shield that prevents mass independent fractionation 

effects that are to be expected on Mars. 

1. Introduction 

The Moodies Group of the Barberton Greenstone 

Belt in southern Africa contains up to 1000 m of 

strata with fossilized microbial mats of excellent 

morphological preservation that are laterally about 15 

km traceable [2]. However, metamorphic alteration 

under lower greenshist facies conditions (400-450°C) 

maturated the remaining carbonaceous matter to a 

degree that does not allow the extraction of 

biomarkers to determine former microbial pathways. 

Alternatively, variations of stable isotope ratios (e.g. 

C, S, N) can be used to track such pathways. A major 

target to trace such isotopic variations are early 

diagenetic and pedogenic minerals that most likely 

formed under the influence of microbial activity. 

Aridisols that formed in the same stratigraphic 

position adjacent to the microbial mats contain 

pedogenic nodules with remnants of sulfate partly 

connected to pedogenic pyrite formation [3]. The 

common occurrence of both minerals and the 

formation of gypsum in the Archean both are highly 

unusual and may already indicate a biogenic 

contribution to the pedogenic development.   

2. Moodies biogenic involvement 

The now silicified Moodies nodules still contain 

numerous inclusions of anhydrite and barite evident 

for their initial formation as gypsum nodules. 

Primary sulfates and especially gypsum are 

exceptional in the Archean rock record. The 

terrestrial environment in which they formed is more 

sensitive to changes than that of the otherwise marine 

sulfates of this age. Therefore, the Moodies nodules 

open a unique possibility to study the evolution of 

Sulfur based microbial pathways. The measured mass 

dependent fractionation between sulfate and sulfide 

of up to 34‰ is similarly high as in modern 

environment and clearly caused by microbial sulfate 

reduction while variations in the δ34S composition 

and the recorded mass independent fractionation 

(Δ33S) of the sulfate inclusions are clearly caused by 

microbial sulfur oxidation which is in part 

photosynthetic. Therefore, the Moodies paleosols 

record one of the oldest microbial communities 

known to date. The consequences of MSO on the S-

isotopic composition of the Moodies sulfate may thus 

explain the steady Δ33S increase of Paleoarchean 

sulfates over a period of ca. 330 Ma. Indicating that 

MSO was an active microbial pathway since the 

formation of the oldest known sulfate deposits (3.55 

Ga). 

3. Moodies equivalents on Mars 

The Sheepbed member of the Yellowknife Bay 

formation in Gale crater on Mars contains a number 

of diagenetic features, amongst which nodules are 

considered to be of early diagenetic origin. Sheepbed 
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and Moodies both contain solid and hollow nodules 

with a macroscopically granular surface texture (Fig. 

1). Solid nodules are simple round bodies that appear 

to lack zoning. Hollow nodules appear as spherical 

cemented bodies with a central void. Sheepbed and 

Moodies nodules differ significantly in mean size. 

Solid and hollow Sheepbed nodules have mean 

diameters of 0.8 mm and 1.35 mm, respectively [1,4]. 

Moodies nodules are about 10 times larger, so that 

the largest Sheepbed nodules (5-8 mm) roughly equal 

the smallest Moodies nodules that can reach up to 3 

cm in diameter. The size of Sheepbed nodules 

decreases stratigraphically upward with smaller but 

more nodules in the upper part and slightly larger and 

fewer nodules in the lower part of the Member. 

Moodies nodules increase in size and number 

towards the top of each nodule containing paleosol 

bed. 

 

Figure 1: Solid and hollow (white arrows) nodules. A: 

In the Moodies paleosols the nodules are ca. 1 cm 

large and formed in sandstones of fluvial origin. B: 

The Sheepbed nodules are in average ~1 mm large 

and formed in a presumably lacustrine mudstone. 

Courtesy: NASA/JPL-Caltech. 

4. Summary and Conclusions 

Moodies nodules are a good analog to the nodules of 

the Sheepbed member. Both show solid and hollow 

morphologies and their formation processes may be 

similar with the hollow cores most probably resulting 

from preferential weathering of poorly cemented 

material. Sheepbed and Moodies nodules both 

formed at a similar time (~3.3-3.2 Ga) under similar 

conditions on planets that then resembled each other 

more than they do today. The involvement of a sulfur 

based microbial community in the formation of the 

Moodies nodules strengthen the case for an ancient 

habitable environment during the deposition of the 

Sheepbed mudstone and the subsequent formation of 

the Sheepbed nodules. 
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