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Introduction:  Physical structures and spatial 

patterns have been the very foundation of 

understanding the rock record of life on Earth, catching 

the eye of ancient scholars like Aristotle, Pliny the 

Elder, and Avicenna who correctly interpreted them as 

the remains of past life.  With the rise of modern 

science, fossils comprised an important new field of 

study as early as Leonardo da Vinci’s agreement with 

the fossil interpretations of Aristotle, observations by 

Robert Hooke and Georges Cuvier, and the linkage of 

modern life to ancient life by Darwin.  However, with 

the rise of the astounding array of chemical and other 

non-visual detection and characterization capabilities 

that we now possess, structure and pattern have not 

only been greatly augmented by other lines of 

evidence, but in many cases are being dismissed 

because the community does not trust morphology as a 

reliable type of evidence [1].  This is justifiable 

because there are many physical and chemical 

phenomena that can superficially mimic structure and 

pattern that we know are produced by modern 

organisms [e.g. 2, 3].  

However, we argue that rather than stripping 

ourselves of a valuable set of tools for understanding 

ancient (and perhaps recent or current extraterrestrial 

life), that a more sophisticated approach to structural 

and biopattern understanding, combined with vigorous 

and rigorous efforts to identify possible bioimposters, 

must be developed for us to fully use the clues with 

which nature has gifted us.  As with many arenas of 

science, the rise of machine learning, neural networks, 

and general advances in artificial intelligence may 

allow us to greatly exceed the refinement of our 

interpretations of structure and pattern in a way that 

eludes the unaided human eye and brain.  We present 

two of several case studies within our own research 

experiences that can help to put structure and 

biopattern into a new context. 

Patterns as expression of ecological behavior: As 

an example of a potentially universal biosignature 

type, we are mathematically modeling distinctive 

growth patterns of Earth organisms that we have 

observed ranging in spatial scale from microscopic to 

landscape-scale, in an attempt to uncover the 

underlying mechanisms that govern the production of 

such patterns. Using Cellular Automata (CA) 

mathematical relationships, we can reproduce such 

patterns and are attempting to uncover the underlying 

interactions that produce them [4,5,6].  Originally 

noticing such patterns on cave walls, we have now 

documented them in a host of surface and other 

subsurface examples and are attempting to distinguish 

them from other patterns in nature that are not 

produced by the same interactions of biological, 

physical and chemical processes. Little work has yet 

been done on strictly physico-chemical possible 

production of such features, but clearly this is an area 

that must be interrogated. The plethora of measurable 

and comparable features within these patterns 

(including physical and chemical properties) make 

them a perfect trial case for testing machine learning 

techniques. 

Micro-organisms that “masquerade as 

minerals”: The potential for preservation of 

microbially produced or influenced textures in 

sediments, minerals, and rocks is widely 

acknowledged, but the caveats are many e.g. [1, 3, 7, 

8]. Interpretations can be quite controversial [9, 10]. 

But, the potential for using difficult and potentially 

confusing types of data should not be abandoned just 

because dealing with them is challenging. Work of co-

authors Northup, Spilde, and Boston and other 

colleagues have repeatedly shown intimate links 

between microbial, phylogenetic, geochemical and 

other lines of evidence e.g. [11, 8].  Recent work by 

co-author Medley [12], pushes this multiple line of 

evidence connection further in a student thesis where 

the author points out that, “Results showed a potential 

continuous relationship among the various parts of our 

continuum (moonmilk, bare rock, fingers, mineral 

crusts, coralloids, microbial mats, and ooze). NMDS 

[SIC, “non-parametric multidimensional scaling”] 

showed some relationships among the data while 

alpha-diversity revealed differences compared to prior 

studies. Biofilms were found on all samples, microbial 

mats showed fuzzy biological morphologies, and small 

putative coccoid morphologies were found on fingers, 

mineral crusts, coralloids, and ooze. This continuum 

could be used to help train scientists and Martian 

rovers what to recognize as potential indicators of 

life, past or present.” Such new, mathematically-based 

analyses of the continua between biologically 

produced and abiotic patterns and other characteristics 

can provide new directions for understanding our first 

billion years on Earth and perhaps the early histories of 

future biospheres to be discovered. 

Conclusions: The potential for extremely simple 

unicellular structure to be used as evidence of early life 

or extraterrestrial life detection is beset with many 

pitfalls.  However, in our modern biosphere we see that 
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higher orders of complex behavior in microorganisms 

(not to mention multicellular forms) in response to 

environmental conditions can produce distinctive 

higher order patterns. Such patterns should not be 

ignored but mined for their ability to point us in the 

direction of where to employ chemical, biochemical, 

and multi-spectral methods to corroborate and validate 

the potential biogenicity of such occurrences. 

Questions to be tackled before we can confidently 

employ morphology include: How early in the history 

of life were higher order patterns produced?  Are 

features such as stromatolites indicative of higher order 

patterning or abiotic sedimentation? and Can we tell 

the difference by training devices with vast numbers of 

examples so that they become more sensitive than we 

humans can become? 
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