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It has recently been suggested 
that the Mo isotopic composition of 
oceanwater may reflect changes in 
the relative proportions of anoxic 
and oxic sedimentation in the oceans 
through time, and that this variation 
may be archived in marine anoxic 
sediments. However, with regards to 
black shales, the potential of Mo iso-
tope fractionation as diagnostic tool 
for detecting an ocean water signal 
in this depositional environment is 
not yet well constrained. In particular, 
the following questions need to be 
addressed: (1) Is there a Mo isotope 
fractionation between dissolved Mo 
and Mo precipitated in the presence of 
H

2
S? (2) Can Mo in anoxic sediments 

be used to distinguish between ocean 
water and other input, or mixtures of 
different sources? And finally, (3) Is 
the deposited Mo signal conserved 
under anoxic diagenetic conditions?

In an effort to address these ques-
tions we have analysed samples from 
a section spanning the transition from 
oxic-limnic to marine reducing condi-
tions at the start of the Holocene in the 
Black Sea. Samples were taken from a 
gravity core drawn at a water depth of 
396m. Samples deposited under oxic 
conditions range from δ98/95Mo

MOMO
 

-2.2 to -1.95 (relative to ocean wa-
ter, MOMO) while samples depos-
ited under anoxic conditions from 
δ98/95Mo

MOMO
 - 1 to -0.54. The change 

of sedimentary environment is also 
recorded in the Mo concentration in-
crease from oxic to anoxic sediments. 
The Mo isotopic composition and in-
variably low Mo concentration of the 

oxic, limnic (and brackish) sediments 
are compatible with a pure detrital 
origin of the Mo. Further, Mo concen-
tration and isotopic compositions are 
identical below and above a sulfidisa-
tion front, caused by downcore dif-
fusion of H

2
S after establishment of 

anoxic conditions, and no Mo signal 
of the overlaying marine sapropels 
can be traced into the oxic sediments. 
Thus, migration of H

2
S has not mobi-

lised Mo during diagenesis. This is in 
contrast to Fe and S.

The heavy δ98/95Mo
MOMO

 values of 
anoxic samples indicate seawater as 
the dominant source of Mo. However, 
even the heaviest Mo value of the 
anoxic period recorded in this core is 
δ98/95Mo

MOMO
 = -0.5, with an average 

of -0.7 for all reducing sediments, i.e. 
0.7 ‰ below seawater. All samples 
can be explained qualitatively as three 
component mixtures of detrital, riv-
erine dissolved and marine Mo. For 
the lower units a mass balance model 
can be successfully applied. Within 
the youngest unit, mixing models do 
not yield satisfactory results given 
present day water fluxes. It is there-
fore likely that additional Mo isotope 
fractionation effects are involved. 
First order modelling suggests that the 
lower δ98/95Mo

MOMO
 values of the most 

recent anoxic samples reflect the pres-
ence of some Mo remaining dissolved 
as MoO

4
2- in larger parts of the water 

column above the sediment-water 
interface, thus allowing for a preser-
vation of a net fractionation between 
MoO

4
2- and MoS

4
2-. The correspond-

ing alpha value would then be 1.0033, 

very similar to the one observed for 
Mo isotopic fractionation under oxic 
conditions (1.003). At greater water 
depth, increased H

2
S concentrations 

lead to almost complete Mo removal, 
erasing this fractionation signal. Dif-
ference between Unit I samples from 
this study, and those from earlier 
publications (with samples taken at 
greater depth) may thus just reflect the 
fraction of Mo scavenged at different 
water depths. The degree of Mo scav-
enging in fossil black shales and the 
continental Mo contribution are both 
difficult to constrain. Therefore black 
shales from restricted semi-enclosed 
basins may not document the exact 
Mo isotopic composition of coeval 
ocean waters. However, oceanic Mo is 
a dominant Mo source in these basins, 
and anoxic sediments give reliable 
minimum values for coeval ocean wa-
ter Mo isotopic compositions.samples 
from this study, and those from earlier 
publications (with samples taken at 
greater depth) may thus just reflect the 
fraction of Mo scavenged at different 
water depths. The degree of Mo scav-
enging in fossil black shales and the 
continental Mo contribution are both 
difficult to constrain. Therefore black 
shales from restricted semi-enclosed 
basins may not document the exact 
Mo isotopic composition of coeval 
ocean waters. However, oceanic Mo 
is a dominant Mo source in these ba-
sins, and anoxic sediments give relia-
ble minimum values for coeval ocean 
water Mo isotopic compositions.
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