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Molybdenum is the main catalyst 
in nitrogen-fixing Fe-Mo nitrogenase 
coenzymes, and also in Mo-coen-
zymes that enable oxygen transfer and 
reduction/oxidation reactions in cells. 
In some prokaryotes, V or Fe can be 
substituted for Mo in nitrogenase, 
whereas W can be substituted in Mo-
coenzymes in some Archea. In the 
overwhelming majority of organisms 
including all eukaryotes, no substitu-
tion for Mo is observed (Williams and 
Fraústo da Silva, 2002). 

Mo is water soluble as MoO
4
2- 

under oxidising conditions and is 
abundantly available to biota in the 
modern environment. Further, Mo 
displays strong isotope fractionation 
in modern oceans. The 98Mo/95Mo 
ratio of ocean water is 3 o/

oo
 heavier 

than that of ferromanganese crusts 
and oxidised pelagic sediments. Black 
shales from suboxic and anoxic envi-
ronments have intermediate values. 
(Siebert et al. 2003). These Mo frac-
tionation patterns seen today require 
globally oxidising conditions as well 
as a large reservoir of dissolved Mo 

- an ocean (Wille et al., 2004).
We have studied Mo characteris-

tics of Archean and early Proterozoic 
shales from Southern Africa. Shales 
and siltstones from the 3.2 Ga Fig 
Tree and Moodies Groups in the Bar-
berton Greenstone Belt, South Africa, 
have 1-2 ppm Mo, similar to average 
continental crust, and Mo is isotopi-
cally unfractionated relative to this 
crust. This indicates that no Mo trans-
port in solute form occurred: Mo was 
insoluble in the reducing hydrosphere 
at 3.2 Ga. In black shales of the 2.7 Ga 
Manjeri Formation of the Belingwe 
Greenstone Belt, Zimbabwe, Mo is 
enriched up to 8 ppm and 98Mo/95Mo 
is fractionated up to +1 o/

oo
 relative to 

a continental source. This indicates 
access to an at least partly oxygen-
ated ocean. After an ambivalent sub-
sequent period, strong fractionation 
of Mo (1.8o/

oo
) accompanied by high 

Mo concentrations is first seen in c. 
2.2 Ga upper Transvaal Supergroup 
sediments. We suggest that early 
growth of biomass was limited by 
the non-availability of Mo in Archean 

reducing oceans, and that V-, W- and 
Fe substitutions for Mo in enzymes of 
primitive life forms are relics from 
this era. Slow buildup of oxygen 
by sparse life led to widespread Mo 
availability at about 2.2 Ga, enabling 
efficient nitrogen fixation, explosive 
expansion of life and rapid further 
oxygenation of the atmosphere.
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