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Introduction: Microbialites are important deposits 

for studying early Earth ecosystems. The morphology 
in the millimeter- to meter-scale structure of some mi-
crobialites can be used to understand the microbial 
communities that created them even when all microbial 
cells have degraded [1-3]. Archean fenestrate micro-
bialites from the Gamohaan Formation, South Africa, 
display complex morphologies that are distinctly mi-
crobial [4]. Two of the most complex textures consist 
of cuspate and plumose microbialites. Whereas plu-
mose microbialites are not generally represented in the 
rock record, cuspate microbialites have been reported 
from several sites.  

Motivation: The morphology of cuspate micro-
bialites has been suggested as a marker for phototaxis 
and possibly oxygenic photosynthesis [5-6]. If cuspate 
structures were created exclusively by oxygenic cya-
nobacteria, their appearance and distribution would 
greatly improve our understanding of the rise of oxy-
gen on Earth. However, other growth models for cus-
pate structures have been proposed, including the up-
ward growth of supports due to random gliding and 
entanglement of filamentous communities [5, 7] or due 
to chemical gradients rather than phototaxis [8]. Thus, 
it is important to fully understand the microbial pro-
cesses giving rise to this intricate microbialite mor-
phology. 

 
Using the growth orientation and relationships be-

tween the microbialite components of cuspate and 
plumose microbialites we show that their growth can 
be reconstructed in terms of three microbial communi-
ties with distinct growth forms. Our new growth model 
for cuspate microbialites suggests that the outward and 

sometimes downward growth of supports is not con-
sistent with growth towards light, instead diffusion-
limited growth is most likely. Caution is suggested 
when using cuspate microbialites as markers for pho-
tosynthesis.  
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Left Laminae (l) drape from supports (s) to create 
fenestrate cuspate microbialites [4]. Changes in cus-
pate microbialite occur as the number of supports 
decrease and the thickness of laminae groups in-
crease towards the top of each bed. Orange arrows 
point to supports that end under groups of laminae. 
Top Cuspate microbialite. Supports that grew on 
inclined surfaces grew horizontal to near-horizontal. 
Outward and sometimes downward growth of 
supports is not consistent with growth towards 
light. 
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