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Introduction:  Permeable sediments created by 

weathering of parent igneous or metamorphic rock 

types into smaller grain sizes (sand, silt) on Earth are 

often colonized by a complex assemblage of microbes, 

living within the pore spaces between mineral grains 

and resulting in coherent laminated structures known as 

microbial mats [1]. The enormous variety of types of 

microbes and sediments varying in mineralogy and 

particle size in different environments results in a di-

verse array of microbially influenced sedimentary 

structures (MISS) [2].  Characteristics of sediments 

provide many features that create suitable habitats for 

life on Earth and potentially other planets, including: 

refuge from ultraviolet light, while still permitting ac-

cess to visible irradiance for photosynthesis, source of 

elements necessary for biological processes, and pro-

tection from erosion by water flow or wind processes.  

Closer examination of how these properties influence 

microbial colonization may provide valuable clues to 

inform our understanding of the complex relationships 

between microbes and their sedimentary habitats and 

how those interactions influenced evolution of life on 

early Earth.  These considerations will also be critical 

in assessing potential habitable niches on other worlds. 

 To contribute to our understanding in these fields, 

we are taking a reductive approach, exposing natural  

microbial ecosystems and a large library of cyanobac-

terial cultures derived from diverse, hypersaline, fresh, 

marine and arid high altitude ecosystems, to defined 

conditions of sedimentary type, irradiance and flow, 

collecting data on resulting colonization patterns, sed-

iment coherence, creation of oxidizing-reducing gradi-

ents, and morphological biosignatures in response to 

imposed conditions.  

 Spectral characteristics:  Prior radiative transfer 

modeling has calculated substantial decrease in light 

penetration with decreasing grain size in packed sand 

bed substrates [3]. Changing ratios of translucent 

(quartz) to opaque minerals, or alterations in incident 

spectral intensity or quality also result in different mi-

crobial colonization patterns.  

Physical Structure and flow dynamics:  Variance 

in flow rates have been shown to change the morpho-

logical structures of microbial mats [4].  Our approach 

will be to expose natural and grown microbial mats to 

stagnant, low and high flow regimes, examining chang-

es in photosynthetic efficiency, layer formation and 

macromorphology under full solar, defined shade and 

directional irradiance regimes.  

Prior Investigations: Initial studies have shown 

that introducing new deposits (mimicking a burial 

event) onto the surfaces of microbial mats can produce 

rapid colonization and binding of the introduced sedi-

ments.  Changing the mean grain size of introduced 

siliciclastic sand deposits, resulted in observable dif-

ferences in the distributions of the primary cyanobacte-

rial populations, and also produced differences in sed-

iment binding, coherence and other observable mor 

phological features (Fig 1).  

 
Figure 1. Left most column, Elkhorn Slough microbial mat 

covered with top to bottom, sorted: fine (.075-.15 mm), me-

dium (0.15-0.5mm) and coarse (0.5-2mm) grain size sand 

fractions.  Next 4 columns progressively show images of 

surface colonization at weeks 1 through 4.  Last column 

shows newly developed vertical cross section at week 4.  

Trials conducted under natural solar irradiance conditions in 

greenhouse housed flumes. 

Future Work: Additional trials with defined sedi-

ment types, grain sizes, irradiance and flow conditions 

are planned, Surface images and additional characteri-

zations of live and post-mortem mat-mineral assem-

blages, will be archived in the Astrobiology Habitable 

Environments Database (AHED) [5] contributing to a 

public access database of potential mineral, morpho-

logical and organic biosignatures formed by defined 

microbial – mineral assemblages. 
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