
Microbes and Mineral CyclingMicrobes and Mineral Cycling

Biogeochemical cycles on a 
global scaleglobal scale



Photosynthesis Is the Photosynthesis Is the 
Source of Atmospheric O2p 2

C b i  hi h l d h  • Cyanobacteria, which evolved the 
ability to split water into hydrogen y p y g
ions and O2, created atmospheric O2. 

• Accumulation of free O in the Accumulation of free O2 in the 
atmosphere made possible the 

luti n f bic m t b lismevolution of aerobic metabolism.



Extant Microbial Mat Communities



Rust the Crust



Banded iron formations are evidence of oxygenic photosynthesis









I t l i lInterglacial

GlacialGlacial



Balance between biosynthesis and biodegradation



The carbon cycle, closely connected with oxygen cycle

Most carbon in carbonate rocks & sediments



Atmosphere                     720 0.005



Redox states
for the 

carbon cycle



Fate of major biomolecules



Anoxic decomposition



Options for a microbial community in aquatic sediments:  
one microbe’s waste is another microbe’s treasure!





Take Home Message

 The oxygen and carbon cycles are interconnected 
through the complementary activities of g p y
autotrophic and heterotrophic organisms. 

 Microbial decomposition is the single largest  Microbial decomposition is the single largest 
source of CO2 released to the atmosphere.



Microbes and Origins of LifeMicrobes and Origins of Life

Evolution has occurred almost 
elusively in a microbial world !!!y



Oldest Known Fossils of Living Organisms (~3500 Mya)



Living Columnar Stromatolites, Shark Bay, Western Australia



Modern Stromatolites from Yellowstone Natl. Park



LUCA



Impact Frustration
period forces origins of period forces origins of 
life into a narrow time 
period to have gotten 
started!started!

Hydrothermal ventsHydrothermal vents
may have served as 
zones of refuge.



Wow

Impact Frustration
Period



Almost all are 
Thermophiles!

Hot Start 
Hypothesis



Origin of Life???



Simple 2-stroke
metabolismmetabolism

Chemotrophyp y
or 

Phototrophy???

HydrogenaseHydrogenase
or 

Rhodopsin???



Porphyrin Ring opensp y g p
many possibilities for
metabolic pathways!!!

Which ones are 
Domain specific?

Cytochromes: BacteriaCytochromes: Bacteria…
Chlorophyll: Bacteria…
Corrinoids: Archaea only


