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Recently, the ability to measure 
Mo isotope fractionation with MC-
ICPMS techniques boosted new re-
search on the Mo oceanic cycle. The 
Mo isotopic composition of ocean 
water was found to be very homo-
geneous, as expected from the large 
ocean residence time of Mo (800ka). 
One of the most prominent findings 
is, that authigenic chemical sediments 
contain Mo with significantly lighter 
isotopic composition than ocean wa-
ter. (-1 permil / amu). In order to link 
this empirical observation to geologi-
cal processes, working hypotheses 
on the fractionation mechanism have 
been established. Thereby the most 
recent ones propose fractionation 
either between different dissolved 
species [1] or at particle surfaces [2]. 
Importantly, in both hypotheses equi-
librium Mo isotope fractionation is 
assumed. Our approach here involves 
theoretical ab initio calculations of 
expected isotope fractionation applied 
to Mo species mentioned in the above 
working hypotheses.

Equilibrium stable-isotope frac-
tionations for the light elements can 
be accurately modeled in terms of 
the small energy difference arising 
from the sensitivity of the vibrational 
frequencies to the masses of their 
constituent atoms. For more complex 
molecules, such as (MoO

4
2-) and the 

(Mo(OH)
6
) complexes, the motion 

of the central atoms, the different 
vibrational modes and the sensitiv-
ity of these modes to isotopic sub-
stitution has to be taken into account. 
Priority will be given to a) the change 
from dominant MoO

4
2- to protonated 

HMoO
4
- (both tedrahedral, but the 

protonated species has a significantly 
elongated M-O bond) and b) change 
from tedrahedral HMoO

4
- to octahe-

dral coordination. 
If the empirical observations can 

be matched with calculations fol-
lowing process a), the Mo isotope 
fractionation may be explained as 
equilibrium fractionation between 
two dissolved species. A better match 
with model b) would require an ad-

ditional process either on particle 
surfaces, biologically mediated or in 
subsurface micro-environments.

The interpretaion of the first re-
sults suggests that a first significant 
fractionation take place in a change 
from tedrahedral to octahedral coor-
dination whereas the protonation of 
the tedrahedral specie has only a very 
weak effect.

A theoretical match would supprot 
the hypothesis, that Mo isotope frac-
tionation in sediments is definitely 
linked to the presence of oxygen. 
Thus, the present study is also impor-
tant to establish combined Mo con-
centration and isotope fractionation 
data as proxy for the rise of oxygen in 
the early atmosphere. 
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