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Introduction: The field of exoplanet research has 

grown rapidly over the last several years.  Studies have 
moved beyond detection to assessing the habitability 
and biosignatures of these worlds.  The biosignatures 
considered thus far focus on biogenic gases such as O2 
(O3) produced by oxygenic photosynthesis, and plane-
tary surface features, such as the light reflected from 
the surface of plants to generate the “red edge” of 
vegetation.   

However, there is a dearth of studies examining the 
biosignatures associated with more evolutionarily an-
cient anaerobic microbial communities, such as anoxy-
genic phototrophs (AP). While the date for the first 
appearance of AP is contentious, multiple geological 
and geochemical lines of evidence from microbial 
biofilms in the Barberton greenstone belt, South Africa 
suggest that they were present on the Earth by at least 
3.3 Ga [1].  These phototrophs did not exist in isolation 
and were likely found in communities with other evo-
lutionarily ancient anaerobic groups, such as sulfate 
reducing bacteria (e.g., [2]) and methanogens (e.g., 
[3]).  These anoxic ecosystems probably dominated the 
early Earth for ca. 1 billion years before the evolution 
of oxygenic photosynthesis by 2.7 Ga [4, 5, 6, 7] and 
the irreversible accumulation of oxygen in the atmos-
phere from 2.45 - 2.2 Ga, otherwise known as the 
Great Oxidation Event [8].   

Our work focuses on characterizing the spectral 
signatures of an Archean Earth inhabited by AP.  The 
experimental measurements of the reflectance spectra 
of AP can be used to characterize exoplanets at a simi-
lar stage of evolution (i.e., pre-oxygenic photosynthe-
sis).       

Methods: Similar to the remotely detectable “red 
edge” of chlorophyll a – containing vegetation, we 
measured the reflectance spectra of pure cultures and 
environmental samples of purple sulfur, purple non-
sulfur, heliobacteria, green sulfur, and green non-sulfur 
anoxygenic phototrophs using a LiCor LI1800 spectro-
radiometer and remote cosine receptor.  Measurements 
were performed using natural sunlight either at NASA 
Ames Research Center, or in situ at hot springs in 
Northern California and Yellowstone National Park.   

Results and Discussion: The vegetation red-edge 
is so called due to the sharp contrast in visible light 

absorbance by light harvesting pigments in plant leaves 
versus their high reflectance in the NIR. This contrast 
occurs around 700 nm in the red/far-red. The high re-
flectance in the NIR is due to scattering caused by the 
difference in the refractive index between leaf cell 
walls and air spaces between turgid, healthy cells, and 
the lack of plant pigment absorbance in the NIR.  

We measured the reflectance spectra of AP and ob-
served an increase in reflectivity just past the absorp-
tion maximum for the bacteriochlorophyll (Bchl) pig-
ments.  Since this reflectance feature is shifted into the 
NIR compared to that of the red edge of vegetation, 
we’re calling this the “NIR edge” of AP. The magni-
tude of this NIR edge is comparable to that of leaves, 
even though the AP lack air spaces in their cell wall  
structure.  Interestingly, when we flooded the air 
spaces in the leaves with water, the magnitude of the 
edge was lower than that of the AP.  Therefore, neither 
the difference in refractive index between air and wa-
ter, nor the 3D structure of the leaves appears to be 
necessary to produce strong reflectance spectra.  

In general, the magnitude of the NIR edge in AP is 
controlled by the contrast between the absorption of 
carotenoids, the Qx ans Qy band of Bchls, the scattering 
of the remaining light in the NIR, and the H2O absorp-
tion feature at ~970 nm.      

Implications: The Bchl pigments of AP are par-
ticularly well suited to absorb the far-red and NIR 
emitted by M dwarf stars, the most common type of 
star in our galaxy.  Detectability of these reflectance 
features on an M dwarf exoplanet will need to be de-
termined by modeling the disk-averaged spectrum. 
Initial modeling efforts using the reflectance spectra of 
purple AP suggest that it would be visible even 
through cloudy conditions, although it was easier to 
detect on the continent rather than oceans [9].          
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