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Abstract—Pore water and sediment Mo concentrations were measured in a suite of multicores collected at
four sites along the northeastern flank of the Santa Barbara Basin to examine the connection between
authigenic Mo formation and pore water sulfide concentration. Only at the deepest site (580 m), where pore
water sulfide concentrations rise to.0.1 mM right below the sediment water interface, was there active
authigenic Mo formation. At shallower sites (550, 430, and 340 m), where pore water sulfide concentrations
were consistently,0.05 mM, Mo precipitation was not occurring at the time of sampling. A sulfide
concentration of;0.1 mM appears to be a threshold for the onset of Mo-Fe-S co-precipitation. A second
threshold sulfide concentration of;100mM is required for Mo precipitation without Fe, possibly as Mo-S or
as particle-bound Mo.

Mass budgets for Mo were constructed by combining pore water and sediment results for Mo with analyses
of sediment trap material from Santa Barbara Basin as well as sediment accumulation rates derived from
210Pb. The calculations show that most of the authigenic Mo in the sediment at the deepest site is supplied by
diffusion from overlying bottom waters. There is, however, a non-lithogenic particulate Mo associated with
sinking particles that contributes#15% to the total authigenic Mo accumulation. Analysis of sediment trap
samples and supernant brine solutions indicates the presence of non-lithogenic particulate Mo, a large fraction
of which is easily remobilized and, perhaps, associated with Mn-oxides.

Our observations show that even with the very high flux of organic carbon reaching the sediment of Santa
Barbara Basin, active formation of sedimentary authigenic Mo requires a bottom water oxygen concentration
below 3 mM. However, small but measurable rates of authigenic Mo accumulation were observed at sites
where bottom water oxygen ranged between 5 and 23mM, indicating that the formation of authigenic Mo
occurred in the recent past, but not at the time of sampling.Copyright © 2000 Elsevier Science Ltd

1. INTRODUCTION

The marine geochemistry of Mo is characterized by its removal
in H2S-containing anoxic basins and its association with Mn-
oxides under more oxygenated waters. Mo concentrations (20 to
160mg/g) well above the crustal background levels (1 to 2mg/g)
have been observed in many anoxic basin sediments, including the
Black Sea, Cariaco Trench, Framvaren Fjord and Saanich Inlet
(Jacobs et al., 1987; Francois, 1988; Emerson and Huested, 1991;
Ravizza et al., 1991; Crusius et al., 1996). Corresponding to the
enrichment of Mo in these anoxic basin sediments, Mo depletion
has been observed in the water column, indicating removal of Mo
in these environment (Berrang and Grill, 1974; Emerson and
Huested, 1991). Pore water Mo depletion has also been found in
sediments from Santa Monica Basin (,5 mM O2) and Chesapeake
Bay (seasonally anoxic), suggesting diffusive loss of Mo into
sulfide-containing anoxic sediments (Shaw et al., 1990; Colodner,
1991; Colodner et al., 1995) .

Molybdenum is also known to be related to the diagenetic
cycling of Mn-oxides. Molybdenum is significantly enriched in
ferromanganese nodules (Calvert and Price, 1977). Molybde-
num associated with Mn-oxides is released to pore water when

Mn-oxides undergo reduction, and is re-precipitated with Mn-
oxides near the sediment-water interface in marine sediment
(Bertine and Turekian, 1973; Brumsack and Gieskes, 1983;
Malcolm, 1985; Shimmield and Price, 1986; Shaw et al., 1990;
Emerson and Huested, 1991; Crusius et al., 1996). For exam-
ple, in sediments underlying oxic bottom waters (Brumsack and
Gieskes, 1983; Shimmield and Price, 1986) as well as the Santa
Cruz Basin (,10 mM O2) (Shaw et al., 1990), one finds Mo
recycled with Mn displaying a constant Mo/Mn weight ratio of
;0.002.

Because anoxic basin sediments have invariably displayed
enrichment of sediment Mo (20 to 160mg/g) over crustal
background, sedimentary Mo can be potentially used as a proxy
of paleo-anoxia. Distinct concentration maxima in Mo up to 50
mg/g in early Quaternary sediment from the Japan Sea (Piper
and Isaacs, 1996), and Mo concentration as high as 150mg/g in
sediment from the Cariaco Basin during the past 15 kyr (Dean
et al., 1999), are interpreted to indicate sulfate reducing con-
ditions of the bottom water. The pattern of enrichment of Mo
and other redox sensitive metals in a sediment core located in
the oxygen minimum zone (OMZ) off the Mexican Margin
at ;23°N in the northeast Pacific was interpreted as reflecting
a change in the intensity of the OMZ with glacial cycles
(Nameroff, 1996). Lack of Mo enrichment in last glacial max-
imum sediment from Panama Basin in the eastern equatorial
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Pacific, on the other hand, has been interpreted as evidence
against bottom water anoxia at the time (Pedersen et al., 1988).

Despite a substantial knowledge about Mo cycling in the
ocean, many questions remain, particularly those related to the
mechanism of Mo removal from the sea (Helz et al., 1996).
Molybdenum is a biologically-essential element (Williams,
1994), but it is not known whether significant amounts of
biogenic Mo exist in plankton matter, and whether it is easily
regenerated from biogenic detritus if it exists. Another un-
resolved issue is the pathway leading to Mo enrichment in near
anoxic sediment: scavenging onto Mn-oxides or diffusion to
the underlying sediment followed by Mo sulfide precipitation.
The mechanism leading to insoluble Mo formation is not clear.
Molybdenum could be precipitated either following a reduction
to Mo(IV), or without reduction. It is also unclear what roles
sulfide plays in authigenic Mo formation. If Mo precipitation
requires a reduction step, it is not known whether the reduction
is microbially mediated or not.

In this study, a transect of sediment cores taken along the
slope of the Santa Barbara Basin (SBB), where the bottom
water oxygen ranges from near zero (;3 mM) to 25 mM, was
used to address some of the remaining questions of Mo marine
geochemistry, particularly its removal by sulfide-induced pre-
cipitation. The rain rate of particulate non-lithogenic Mo sink-
ing through the water column is evaluated using sediment trap
samples, while the diffusive flux of Mo into sediments is
constrained using pore water concentration gradients. These
sources are compared to the authigenic Mo accumulation rate
to test for additional source or loss terms that may be unac-
counted for. In this paper, the term “particulate non-lithogenic”
is used to identify Mo that has become associated with particles

in the water column, and to distinguish this source of Mo from
“authigenic” Mo in sediments, which refers to non-lithogenic
Mo from all sources, including precipitation in situ.

2. THE GEOCHEMICAL SETTINGS OF
SANTA BARBARA BASIN

Santa Barbara Basin is a shallow, near-shore basin off south-
ern California with suboxic conditions below the sill depth
(Fig. 1). Below the basin sill depth of 475 m the water column
is relatively quiescent with infrequent exchange with waters
outside of the basin, as evidenced by the occurrence of water
column nitrate depletion (Reimers et al., 1990).

Bottom water oxygen concentrations over the coring sites
range from 3 to 25mM (Fig. 2). Dissolved sulfide concentra-
tions of the subsill water vary from 5 to 15 nM, detectable only
by highly sensitive square-wave voltammetry (Kuwabara et al.,
1999). Sediment recovered from the center of the basin is
varved and has an accumulation rate of 0.4 cm/yr, or 92 g/cm2

kyr (Soutar, 1971; Bruland et al., 1981; Kennett and Ingram,
1995; Behl and Kennett, 1996). Variable sediment input is the
primary factor controlling varve formation, with dark laminae
formed during fall-winter periods of high lithogenic flux and
light laminae formed during spring-summer periods of high
biogenic silica flux (Thunell et al., 1995). The organic carbon
flux to the sediment is 2.8 g/cm2 kyr (Thunell et al., 1995).

3. SAMPLING AND EXPERIMENTAL METHODS

During two cruises on board RVPt Sur (November 30 to
December 3, 1995, and April 25 to 27, 1997), six multicore
deployments recovered undisturbed sediment from 4 sites at

Fig. 1. Bathymetry of the Santa Barbara Basin, with location of multicores along the northeast flank of the basin. Cores
M340-2 (340 m), M430-2 (430 m) and M580-2 (580 m) were recovered during a cruise in November/December 1995. Cores
M440-3 (440m), M550-3 (550 m) and M590-3 (590 m) were recovered during a cruise in April 1997. Symbols on this map
are used in later graphs to indicate data from corresponding sampling locations. The location of sediment trap deployed by
Thunell et al. (1995) is almost exactly the same as cores M580-2 and M590-3 (square). The star symbol indicates the
location where a dissolved oxygen profile was obtained outside of the basin (Fig. 2).
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nominal depths of 340 m, 430 and 440 m, 550 m, and 580 and
590m (e.g., Table 1, Kuwabara et al., 1999, note that the core
at depth 440 m is erroneously assigned as M430-3 in that
paper). Cores M340-2, M430-2 and M440-3 (above the sill
depth of 475 m) are designated as “slope” cores; and cores
M550-3, M580-2 and M590-3 (below the sill depth of 475 m)
are designated as “basin” cores. Bottom water oxygen concen-
trations sampled from a Niskin bottle attached to the multicorer
were determined on board by micro-Winkler titration (Ku-
wabara et al., 1999).

Subsamples of a bi-weekly series of sediment trap samples
collected between Aug. 1993 and Aug. 1994 (Thunell et al.,
1995) together with the brine collected in the cup were pro-
vided for this study. The sediment trap was deployed in the
center of SBB at 540 m depth, in 590 m of water. The sediment
traps were poisoned with sodium azide (;11 g/L) and sodium
borate (;0.25 g/L) was added for buffering. The brine samples
were stored frozen in 50 mL centrifuge tubes and thawed after
3 yr of storage before;7 mL subsamples were filtered through
0.45 mm syringe filters and acidified using Seastar HCl to
pH ;2.

3.1. Sediment Collection and Subsampling

A standard multicorer (Barnett et al., 1984) was employed
during both cruises to collect sediment cores. The core tube
sampled for pore waters was immediately transferred to a
refrigerated van cooled to the bottom water temperature of 6°C.
Sectioning was carried out in a nitrogen-filled glove bag. The
overlying water was sampled and filtered through a 0.45mm
acid-cleaned Millipore syringe filter inside the glove bag. Sed-
iments were centrifuged in the cold van, then taken to another
nitrogen-filled glove bag at room temperature where pore wa-
ters were filtered through 0.45mm acid cleaned Millipore
syringe filters. Sectioning, centrifuging and filtration took ap-
proximately 6 to 8 h. Filtered pore waters were acidified to pH
;2 by adding appropriate amounts of Seastar concentrated HCl
(2 mL for every ml of pore water) after the samples were
returned to the shore-based laboratory.

3.2. Chemical Analyses of Dissolved Constituents

Dissolved Mo concentrations in filtered and acidified pore
waters, sediment trap brine samples, and sea water samples
from SBB were determined by isotope dilution inductively
coupled plasma-mass spectrometry (ID ICP-MS) using a pro-
cedure similar to that described by Colodner (1991) and by
Toole et al. (1991). One hundredmL of water samples and an
appropriate amount of isotope spike (94Mo) were diluted to 10
mL in a matrix of 0.1% HNO3 (Seastar) and equilibrated for
over 24 h before measurement. The reproducibility is;4%. A
surface North Atlantic water sample analyzed together with
SBB samples yielded a salinity normalized Mo concentration
of 116 nM 6 3 nM (n 5 4), comparable to previously pub-
lished sea water Mo concentration values (Collier, 1985). De-
tails for sampling and analysis of dissolved H2S in pore waters
from SBB by colorimetry and by square-wave voltammetry and
pore water Fe by graphite-furnace atomic absorption spectrom-
etry are described by Kuwabara et al. (1999).

3.3. Chemical Analyses of Solid Phase

Sediment solids from SBB were analyzed for Mo and Th,
and radionuclides (210Pb and234Th). All results of solid phase
concentrations are normalized to salt-free values. The sediment
samples were freeze-dried and ground using an agate mortar
and pestle before analysis.

Molybdenum and Th in SBB sediment were determined by
ID ICP-MS using95Mo and 236U spikes (Zheng, 1999). The
long term precision for measurement of both Mo and Th is
;4% based on 15 repeated analysis of a SBB sediment sample
over one year. We obtained 1.526 0.03 mg/g (n 5 5) on a
basalt standard BCR-1 with reported value of 1.6mg/g. About
10 mg of sediment sample together with an appropriate amount
of isotope spikes (95Mo and 236U) were digested in concen-
trated HClO4, followed by concentrated HF and HNO3, then
re-dissolved in 1% HNO3. Concentrations of Mo and Th in
solution were measured using a VG Plasma Quad 21 ICP-MS.

For 210Pb analysis, sediments were dissolved in the presence
of an isotopic yield monitor, after which the radionuclides were
purified and plated onto silver disks for counting of210Po and
208Po by alpha spectrometry following the method of Anderson
et al. (1988). Excess210Pb (xs210Pb) values were calculated by

Fig. 2. Dissolved oxygen concentrations inside the Santa Barbara
Basin (solid line: Nov./Dec. 95, dashed line: Apr. 97) and outside on
the California Margin 90 km west of the basin (dotted line) measured
by an oxygen sensor attached to the rosette-CTD on board R. V.Pt.
Sur. Bottom water oxygen concentrations sampled from a Niskin
bottled attached to the Multi-corer were determined by micro-Winkler
titration for each site for both cruises (solid symbols, 1995; open
symbols, 1997; Kuwabara et al., 1999). The profiles show that the
water column of the Santa Barbara Basin is depleted in oxygen relative
to the open California Margin above the sill depth (475 m, arrow) as
well as in the deepest portion of the basin, partly due to restricted
circulation of the basin water and partly due to the high biologic
productivity of the basin surface water.
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subtracting the background210Pb counted on samples at depth.
Gamma spectrometry was used to measure the activity of234Th
in samples from the uppermost few cm of each core, and the
results were decay-corrected to the date of sampling to yield
initial 234Th values.

4. RESULTS

4.1. Sediment Trap Results

Solid phase Mo concentrations range from 2 to 3.4mg/g with
a flux-weighted average of 2.5mg/g (Fig. 3a). There is on
average an excess of 0.85mg/g of Mo in the sediment trap solid
phase when compared to the detrital background Mo value
(Fig. 3a) derived from the Th concentration in the solid sample
and a detrital Mo/Th ratio of 0.228 (g/g), based on average
shale Mo and Th compositions (Wedepohl, 1978). Concentra-
tions of Mo in brine samples were found to be up to 10 times
greater than in seawater (Fig. 3a). When the released Mo is
added to the solid phase Mo, the flux-weighted mean particu-
late non-lithogenic Mo becomes 1.27mg/g. The origin of the
particulate non-lithogenic Mo is unknown, but the fact that the
supernant brines have dissolved Mn concentrations;3 orders
of magnitude greater than in intermediate depth water of the
northeast Pacific ocean (Landing and Bruland, 1987) suggests
that scavenging by Mn-oxides may have been a contributing
factor.

4.2. Sediment234Th, 210Pb, and Mass Accumulation Rate

Produced almost uniformly in the water column by238U
decay,234Th (t1/2 5 24.1 d) has the tendency to be scavenged
onto particle surfaces. The presence of234Th with such a short
half life within the top 1 to 2 cm of all sediment cores indicates
that fresh material deposited within the past few months was
recovered by coring (Figure 4). One deep basin core (M580-2)
displays an inventory of 26 dpm/cm2 (Table 1). In contrast, the
other deep basin site (M590-3) has a very low inventory of 2
dpm/cm2. Surficial sediment from the deep basin site at 590 m
should have an xs210Pb concentration of 70 to 90 dpm/g based
on two previous studies (Koide et al., 1973; Bruland et al.,

1981). This is consistent with our measurements at M580-2.
The unsupported210Pb concentration in surficial sediment of
M590-3, however, is only 37 dpm/g. The xs210Pb profiles from
cores M580-2 and M590-3 can be matched by shifting the
xs210Pb profile of M590-3 downward by 12 cm. This leads us
to conclude that 12 cm of sediment was lost from M590-3. The
presence of a small, but detectable234Th inventory and con-
centration (;10 dpm/g) at,1 cm depth in M590-3 (Fig. 4)
indicates that the loss of surface sediment did not occur during
coring, but some time between December 1995 and April 1997.
The interpretation is consistent with a sequence of X-radio-
graphs obtained from box cores over the same period (T.
Baumgartner, pers. comm.). It is unclear whether this loss was
due to a natural erosion event or dredging and sampling activ-
ities in this heavily sampled area.

Total sediment mass accumulation rates (MAR) range from
65 to 242 g/cm2 kyr for SBB cores (Table 1), estimated using
the slope (b) obtained on a linear best fit of ln(xs

210Pb) distribu-
tion with the cumulative mass (Fig. 4) (Ricketts and Anderson,
1998). The uncertainty in MAR is propagated from the standard
error of the slope. M580-2 has a MAR (93 g/cm2 kyr) equal to
that estimated previously at a nearby site usingxs

210Pb (Bruland
et al., 1981). Sediment MAR in SBB is influenced by sediment
focusing, as evidenced by a factor of 4 range ofxs

210Pb inven-
tories (Table 1), excluding the low value for perturbed core
M590-3. Focusing-corrected sediment MAR at the slope sites
(Table 1) are twice as high as those of the basin sites, consistent
with the previous contention that near shore sites have higher
lithogenic input than deep-basin sites (Schwalbach and Gors-
line, 1985).

4.3. The Sediment Redox State

Deep basin sediments are characterized by an intense redox
gradient within a few cm of the sediment-water interface,
resulting in overlapping of oxic, suboxic and anoxic diagenetic
reactions (Reimers et al., 1996). These features are observed at
M580-2, which displays the shallowest Fe maximum among all
the sites studied here, at 1.7 cm, and very high values ofsulfide
(Fig. 5). At this site, the sulfide concentration rises to.0.1

Table 1. Unsupported Pb-210 and initial Th-234 inventories, and unsupported Pb-210 derived mass accumulation rates (MAR) in the SBB cores.

Core

Water
Depth
(m)

Inventory
xsPb-210
(dpm/cm2)

Inventory
initial

Th-234
(dpm/cm2)

Focusing
Factor1

MAR
(g/cm2 yr)

1s MAR
(g/cm2 yr)2

Focusing-corr
MAR

(g/cm2 yr)

M340-2 340 387 14 2.9 242 8 84
M430-2 430 103 13 0.8 77 3 101
M440-3 440 147 7 1.1 100 2 91
M550-3 550 216 14 1.6 72 2 45
M580-2 580 256 26 1.9 93 2 49
M590-3 590 76* 2 1.3 65 3 50

Expected Inventory from Sediment Trap deployed for; two months in Spring and Fall 1978 (Moore, 1981)
161 13

* low value due to loss of;12 cm core top
1 focusing factor is defined as measured inventory of xsPb-210 divided by focusing-free inventory of xsPb-210, which is derived by comparison

of sediment trap Th-232 flux and the sediment Th-232 accumulation rate in the deep basin (Zheng, 1999). It is assumed that the scavenging flux of
Pb-210 is uniform throughout the study area.

2 error is propagated from the error of slope of linear regression used to obtain MAR.
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mM right below the sediment water interface, reaches 100
mM less than 10 cm depth downcore (Fig. 5), and exceeds
1000mM below 25 cm (Kuwabara et al., 1999). Less reduc-
ing conditions are found at the shallow basin site (550 m),
where the maximum sulfide concentration is 0.05mM at 10
cm (Fig. 5). The Fe peak at 550 m is also much broader than
at 580 m (Fig. 5), suggesting less active removal of Fe at the
shallower site by sulfide precipitation.

The sediment redox gradient is much weaker at the slope
sites (Fig. 5), as shown by deeper Fe maxima and much lower
sulfide concentrations. The maximum sulfide concentration is
0.02 to 0.04mM at 10 cm downcore for the 430 m site, and
is ,0.005mM at 10 cm downcore for 340 m site.

4.4. Pore Water and Solid Phase Mo

The degree of pore water Mo concentration deviation from
bottom water follows the sediment redox gradient, with the
largest depletion in the most reducing sediment in the deep
basin, and the largest enrichment in the least reducing sediment
on the slope. Substantial depletion of Mo throughout the core is
observed only in M580-2 (Fig. 5). Pore water Mo concentra-
tions in M580-2 decrease from the bottom water value of;120
nM to ;80 nM at 2.3 cm downcore, and to;10 nM at 11 cm
downcore (Fig. 5). At the shallower basin site (M550-3), pore
water Mo concentrations are only slightly below bottom water
values, and there is no systematic trend with depth in the Mo
profile (Fig. 5). At the slope sites, pore water Moconcentra-
tions are higher than bottom water values of;120 nM by 5
to 40 nM. Pore water Mo concentrations increase downcore
at 340 m and at 430 m, more so at the shallower site.

Elevated pore water Mo concentrations in the upper 4 cm of
core M590-3 may reflect a transient feature associated with
dissolution of authigenic Mo following the loss of 12 cm core
top. Further downcore in M590-3, pore water Mo concentra-
tions follow a trend similar to that in M580-2, decreasing
to ;10 nM at 10 cm (Fig. 5).

Sedimentary authigenic Mo is found at all sites (Fig. 5), but
concentrations reach much higher values (up to 30mg/g) in the
more reducing basin cores than in the slope cores (;1 mg/g).
Sedimentary authigenic Mo is defined as Mo enrichment over
its detrital background value, which is calculated using Th
concentrations in the sediment and a detrital end member
Mo/Th ratio of 0.228 (g/g). This detrital end member ratio is
based on a detrital Mo concentration of 2mg/g (Wedepohl,
1978) and a detrital Th concentration of 14.6mg/g (Taylor and
McLennan, 1985). The large number of samples from the upper
5 cm of M340-2 core without detectable authigenic Mo indi-
cates that the average shale Mo/Th ratio provides an appropri-
ate detrital end member for SBB, a conclusion further sup-
ported by results from sites along the open California
continental slope (Zheng, 1999).

5. DISCUSSION

5.1. Mass Budget of Mo in SBB Sediments

A mass budget of authigenic Mo in SBB sediments is con-
structed based on the sediment authigenic Mo accumulation
rate, the diffusive Mo flux calculated from Mo pore water
concentration gradients, and the particulate non-lithogenic Mo

Fig. 3. a) Concentrations of Mo measured in two-week duration
sediment trap solid (solid circles and lines) and brine (triangles and
dashed lines) samples collected in Santa Barbara Basin during the
period of August 1993 to August 1994 (Thunell et al., 1995). The open
symbols indicate the solid phase Mo after adding the Mo mobilized into
the brine. The thin dotted line indicates the detrital background level of
Mo estimated from the Th concentration of the solids assuming a
detrital end member Mo/Th ratio of 0.228 (g/g). Hollow arrow indi-
cates the flux-weighted mean concentration of corrected Mo, at 2.9
mg/g. Solid arrow indicates the concentration of Mo (;120 nM) in
SBB waters.b) Concentrations of Mn (square) and Mo (triangle) in
sediment trap brine samples. The annual mean of sediment trap brine
Mn concentration is 4.4mM (indicated by hollow arrow), nearly three
orders of magnitude higher than the Mn concentration of;10 nM in
the OMZ waters of the eastern tropical Pacific (Landing and Bruland,
1987). Solid arrow indicates the concentration of Mo (;120 nM) in
SBB waters.c) Time series of particulate non-lithogenic fluxes of Mo,
both un-corrected (solid symbols) and corrected (open symbols). Hol-
low arrow indicates annual average rain rate of particulate non-litho-
genic Mo, at 87mg/cm2 kyr. Time series of organic carbon flux to the
basin (pluses, dash line) does not correspond very well with the
non-lithogenic Mo fluxes. Solid arrow indicates annual average flux of
organic carbon, at 2.8 g/cm2 kyr.
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Fig. 4. Depth Profiles of initial234Th and un-supported210Pb. Data from Nov./Dec. 95 (M340-2, M430-2 and M580-2)
and from Apr. 97 (M440-3, M550-3, M590-3) are shown by solid and open symbols, respectively. Measured234Th was
decay corrected to the date of sample collection to yield initial234Th. Un-supported210Pb is also plotted with cumulative
mass (the right column) to illustrate the inventory differences of each core, noticeably the high inventory at the 340 m site.
The penetration depth of234Th is .2 cm in slope cores, while the penetration depth is,1.5 cm in basin cores, indicating
reduced bioturbation in the basin cores. Low values of unsupported210Pb at the surface of core M590-3 together with the
low un-supported210Pb inventory in this core suggests that sediment has been lost from the top of this core.
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Fig. 5. Pore water profiles of dissolved Fe, sulfide and Mo in the upper 10 cm at four sites along the northeast flank of
the Santa Barbara Basin, as well as the sedimentary Mo depth profiles where the dotted lines indicate the calculated detrital
background values of Mo based on Th concentrations of the sediment assuming that the detritus has a Mo/Th ratio of 0.228
(g/g). The values for overlying water drawn at;10 cm above the sediment-water interface are plotted at 0 cm in all pore
water depth profiles. Notice the change to a log scale for sulfide at the 580/590 m site, and the scale for pore water Mo at
this site is different as well. Sedimentary Mo scales are 0 to 35mg/g for sites at 550 and 590 m, compared to 1 to 5mg/g
for sites at 340 and 430/440 m. Data from Nov./Dec. 95 (M340-2, M430-2 and M580-2) and from Apr. 97 (M440-3,
M550-3, M590-3) are shown by solid and open symbols, respectively.
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input flux to the sediment evaluated using sediment trap sam-
ples.

5.1.1. Sediment authigenic Mo accumulation

The authigenic Mo mass accumulation rate (MAR, Table 2)
is calculated using the following equation:

MARMoauth 5 @Moauth# 3 MARsed (1)

where MARsed is the sediment MAR (Table 1). To estimate
authigenic Mo MAR, we adopt the average authigenic Mo
concentration value for samples below the depth of active
diagenesis for [Moauth]. The depth of active diagenesis is 6 cm
for site M340-2, 4 cm for sites M430-2 and M440-3, and 10 cm
for basin sites.

5.1.2. Diffusive input flux

The diffusive flux of Mo into the sediment is calculated from
the pore water Mo concentration gradient with the following
equation:

Flux 5 2
DMoO4

42 ~68C!

f2

DMo

Dz
(2)

Diffusivity of dissolved Mo in sediment has not been measured.
The molecular diffusivity at 6°C (bottom water temperature of
SBB) is calculated to be 5.823 1026 cm2/s based on the
diffusivity at 25°C estimated by Li and Gregory (1974), and the
temperature dependence equation (Stokes-Einstein relation-
ship) described in Li and Gregory (1974); ø is porosity;
DMo/Dz is the pore water Mo gradient near the sediment water
interface. The pore water gradient of Mo is calculated by taking
the difference between the first sampling point in sediment and
the overlying water, divided by the first sampling depth (Dz 5
0.17 cm). At basin site M580-2, the Mo diffusive flux into the
sediment (741mg/cm2 kyr; Table 2) is estimated by using the
gradient between the first and second sampling points in pore

water because the bottom water value obtained from this core
appeared to be too low. The uncertainty in the calculated
diffusive flux derives primarily from the need to estimate the
concentration gradient at the sediment-water interface, using
results from discrete depths. It is difficult to quantify this
uncertainty, which could be as large as 50%. No diffusive Mo
flux is calculated at perturbed site M590-3. There is an apparent
Mo diffusive flux into the sediment at basin site M550-3 of 414
mg/cm2 kyr (Table 2). However, pore water sulfide concentra-
tions are low (,0.05mM) at the 550 m site, and the pore water
Mo profile is highly irregular (Fig. 5), suggesting that the
authigenic Mo formation is not an ongoing process at the site
(see discussion 5.2).

5.1.3. Particulate input flux

The annual particulate non-lithogenic Mo rain rate, after
correcting for Mo released to the supernant, amounts to 87
mg/cm2 kyr (Fig. 3c). The contribution of particulate non-
lithogenic Mo to sediment authigenic Mo MAR is probably not
uniform within the SBB, due to: 1) less preservation or less rain
rate of particulate non-lithogenic Mo at the slope sites; and 2)
pronounced and variable amounts of sediment focusing (Table
1). To evaluate this contribution, we assume that particles
redistributed laterally by sediment focusing have a particulate
non-lithogenic Mo content equal to that of the surface-most
sample of each core at the slope sites, or equal to that of
annual-average (1.27mg/g) sediment trap samples at the basin
sites. Then we multiply this preserved and buried particulate
non-lithogenic Mo concentration by the sediment MAR to
obtain the particulate non-lithogenic Mo flux to each site (Table
2). At the slope sites, the fluxes of particulate non-lithogenic
Mo are,40 mg/cm2 kyr (Table 2).

At the basin site M580-2, the diffusive flux of Mo into the
sediments (741mg/cm2 kyr; Table 2) is 5 times greater than the
flux of particulate non-lithogenic Mo (118mg/cm2 kyr; Table
2), and is within a factor of 2 of the current authigenic Mo

Table 2. Mo mass budget in the Santa Barbara Basin.

Core
Water

Depth (m)
Oxygen
(mM)1

Sulfide
(mM)2

Avg. Moauth
3

(mg/g)
Sed Moauth MAR4

(mg/cm2 kyr)

Diffusive Mo
Flux5

(mg/cm2 kyr)

Particulate
Mo Flux6

(mg/cm2 kyr)

M340-2 340 23 0.005 1.2 290 2435 31
M430-2 430 15 0.040 0.7 52 2538 19
M440-3 440 11 0.025 1.0 97 22413 37
M550-3 550 5 0.050 6.5 468 414 91
M580-2 580 3 100 13.6 1265 741 118
M590-3 590 3 500 12.9 839 N/A 83
Sediment Trap 540 — — — — — 87

1 obtained by micro-Winkler titration of water collected by a niskin bottle attached to multi-corer
2 pore water concentration at 10 cm depth in sediment
3 average authigenic Mo concentration for sediment samples below the depths of Mo diagenesis (see text)
4 burial rate of authigenic Mo estimated from average authigenic Mo concentrations below the zone of active diagenesis (see text) and sediment

MAR (Table 1)
5 calculated using equation (2) in section 5.1, positive flux indicates diffusion into sediment, negative flux indicates diffusion out of sediment. The

imbalance between burial rate and diffusive flux, particularly at the slope sites, indicates that authigenic Mo formation at SBB is not at steady state.
6 supply of particulate non-lithogenic Mo to sediments. For sites at 340, 430 and 440 m, the flux of particulate non-lithogenic Mo preserved and

buried at each site is assumed to equal the sediment MAR multiplied by the authigenic Mo concentration in the shallowest sediment sample. For sites
at 550, 580 and 590 m, it is estimated similarly, except that the concentration of particulate non-lithogenic Mo that is preserved and buried is 1.27
mg/g, as constrained by the annual average of the sediment trap samples.
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MAR (1265 mg/cm2 kyr; Table 2). Diffusion of Mo into sed-
iments, followed by precipitation in situ, must therefore be the
dominant process supplying Mo to the basin sediments. At the
slope sites, large negative diffusive fluxes of Mo (Table 2)
indicate remobilization of Mo. The source of the remobilized
Mo could be the particulate non-lithogenic Mo (,40 mg/cm2

kyr; Table 2) supplied currently, or authigenic Mo that was
formed in the sediment previously at a time when conditions in
SBB were more reducing (see discussion 5.4).

5.2. Authigenic Mo Formation Mechanism:
The Role of Sulfide

The master variable regulating Mo precipitation and regen-
eration seems to be the concentration of sulfide in pore waters.
Two threshold levels of dissolved sulfide seem to be prerequi-
sites for the formation of large amounts of authigenic Mo, as
indicated by the trend observed in pore water and sediment Mo
profiles from the depth transect of sediment cores from SBB. A
first critical sulfide value appears to be;0.1mM. This value is
chosen based on a smooth decrease of pore water Mo concen-
tration from the bottom water value of;120 nM to,60 nM
at ;3 cm depth in core M580-2, indicating active Mo precip-
itation through this interval (Fig. 5). Active Mo precipitation is
also supported by the elevated sediment Mo concentration of
7.4mg/g at the very surface of the sediment at 580 m, which is
not bioturbated (Fig. 5). Yet throughout this interval, pore
water sulfide concentrations remain close to;0.1mM (Fig. 5),
indicating that this level is sufficient for Mo precipitation.

A second critical level of;100mM sulfide appears to trigger
a depletion of pore water Mo to concentrations,10 nM down-
core in M580-2 and M590-3. The loss of the surface sediment
at the site of M590-3 fortuitously allows us to better constrain
the second critical sulfide level. The most dramatic change of
pore water Mo concentrations in M590-3 occurs at;3.8 cm,
below which pore water Mo concentrations decrease rapidly
with depth (Fig. 5). In conjunction with this Mo removal, the
pore water sulfide concentration increases abruptly from;100
mM to ;300mM at ;5 cm (Fig. 5). Above 3.8 cm, pore water
sulfide concentrations are less than 100mM and the exposed
authigenic Mo (;40 mg/g) that was formed and buried deep in
the sediment is dissolving, thereby elevating the pore water Mo
concentration to 3 times that of the bottom water (;120 nM).
This could be explained by dissolution of a Mo-sulfide phase
that is only thermodynamically stable when the sulfide concen-
tration is greater than 100mM. The second critical sulfide level
therefore appears to be somewhere between 100mM to 300
mM.

It is possible that the form of authigenic Mo precipitated at
the lower threshold level of sulfide (;0.1mM) is different from
the authigenic Mo formed at the higher threshold level of
sulfide (;100mM). Comparison of Fe and Mo pore water
profiles indicates that Fe is completely precipitated by;5 cm
down core in M580-2, while substantial Mo removal is still
ongoing at greater depth. This suggests that Mo-sulfide co-
precipitation with Fe-sulfide is a viable mechanism when the
sulfide concentration is low (;0.1mM). In addition, pore water
sulfide and Mo profiles in cores M580-2 and M590-3 indicate
that precipitation of Mo continues after Fe is completely re-
moved and sulfide concentrations rise above 100mM (Fig. 5).

Helz et al. (1996) hypothesized that removal of Mo occurred
either as Mo-sulfide or as particle-bound Mo at threshold levels
of sulfide between 50 to 250mM. Our observations are con-
sistent with either mechanism.

Although the sedimentary authigenic Mo concentrations at
the 550 m site are nearly as high as at the 580 m site (Fig. 5),
the pore water Mo profile at 550 m fails to show the extensive
depletion seen at 580 m, possibly reflecting a relaxation from a
previous more reducing condition (section 5.4). The lack of a
large pore water Mo depletion at 550 m, and no consistent
downcore depletion to,10 nM, suggests that formation of
authigenic Mo was not active at this site during the few weeks
before the April 1997 cruise when the sulfide concentrations
were below 0.025mM throughout the upper 8 cm. While the
pore water Mo profile in this depth interval suggests that there
were intermittent zones of Mo precipitation, clearly there was
not the extensive depletion of dissolved Mo that was observed
at the 580 m site (Fig. 5).

Several factors could contribute to the “spikiness” of Mo
pore water profiles in both basin and slope cores (Fig. 5). These
include: 1) the profiles reflect relaxation from previous more
reducing conditions (section 5.4); 2) the irregularities reflect
“micro zones” of sulfate reduction and sulfide oxidation, where
Mo minima are associated with maxima of sulfate reduction,
and Mo maxima are associated with maxima of sulfide oxida-
tion; or 3) there may be unknown sampling artifacts. The
“spikiness” of pore water Mo profiles seems to be a common
feature that is also observed in several other California Bor-
derland Basins and in the Chesapeake Bay (Shaw et al., 1990;
Colodner, 1991).

5.3. Authigenic Mo Formation: The Role of Microbes

A comparison of Mo data for a series of anoxic basins
(Cariaco, Saanich, SBB and, perhaps, Framvaren Fjord) sug-
gests that authigenic Mo MAR is more sensitive to carbon flux
than to bottom water sulfide concentration. The authigenic Mo
MAR is .7000mg/cm2 kyr in Saanich Inlet with 30mM H2S,
;700 mg/cm2 kyr in the Cariaco Basin with 50mM H2S,
;240 mg/cm2 kyr in the Black Sea with 400mM H2S,
and ;1200 mg/cm2 kyr in Framvaren Fjord with 8000mM
H2S (Table 3).However, because the Mo concentration in
the Black Sea water column has greatly decreased to;5 nM,
and the Mo concentration in Framvaren Fjord has decreased
to ;20 nM, these basins are not easily included in this
comparison. For Saanich Inlet and the Cariaco Basin with
comparable bottom water concentrations of Mo and sulfide,
much more authigenic Mo is formed in Saanich Inlet where
the carbon flux is higher (5.7 g/cm2 kyr) than the Cariaco
Basin where the carbon flux is lower (0.7 g/cm2 kyr). Fur-
thermore, the authigenic Mo MAR at the basin sites (550 and
580 m) in the Santa Barbara Basin where the concentration
of sulfide in bottom water is,,1 mM but the organic carbon
flux is 2.8 g/cm2 kyr is comparable to that of the perma-
nently anoxic Cariaco Basin (Table 3).

There are two possible explanations for the apparent relation
between the organic carbon flux and authigenic Mo MAR in
basins where water column Mo is not significantly depleted.
The first is that organic carbon, the food source for sulfate-
reducing bacteria, controls pore water sulfide concentrations
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near the sediment-water interface and therefore the rate of in
situ precipitation of authigenic Mo. The second explanation,
based on laboratory observations by Tucker et al. (1997), is that
sulfate-reducing bacteria also reduce Mo(VI) to Mo (IV) and,
therefore, that an increase in organic carbon determines the
formation of authigenic Mo by controlling the activity of these
bacteria. The available pore water sulfide data from these
anoxic basins are insufficient to test these two pathways.
Whichever mechanism applies, our compilation demonstrated
that the accumulation rate of authigenic Mo in marine sedi-
ments depends as much on the rain of organic matter to sedi-
ments as on the sulfide concentration of bottom waters, and
perhaps more so.

5.4. Authigenic Mo Response to Changing Redox
Conditions in SBB

Variations in the redox conditions of the Santa Barbara Basin
bottom waters (Figure 6d) are manifestations of circulation and
climatic events outside of the basin (Reimers et al., 1996) and
possibly, the El Nino Southern Oscillation (ENSO). Flushing of
SBB appears to be relatively weak during the El Nin˜o years, as
indicated by low oxygen and nitrate concentrations of the deep
basin waters (CalCOFI time series; Fig. 6d) corresponding to
the several moderate positive sea surface temperature anoma-
lies between 1990 and 1994 (NINO3 index; Fig. 6c). The
linkage between SBB bottom water redox state and ENSO lies
in how the basin water is ventilated: upwelling brings denser
water to sill depth which can then spill over to ventilate the
basin (Reimers et al., 1990), but suppression of the thermocline
during El Niño years reduces upwelling intensity (Cane, 1996)
and therefore ventilation of the SBB.

Sediment redox conditions, notably the sediment pore water
sulfide concentrations, responded to changes in the redox con-
ditions of the SBB bottom waters. Reimers et al. (1996) re-
ported that during four cruises in February, June and October
1988, and later in June 1991, sediment pore water sulfide
concentrations at deep basin sites reached 10mM at down core

depths of;3 cm. In contrast, Kuwabara et al. (1999) showed
that sulfide concentrations did not reach 10mM until ;8 cm
downcore in February and December 1995. A spill-over event
occurred in May 1988, causing the basin to ventilate (Fig. 6d).
However, the pore water sulfide values remained high in June
and October 1988 (Reimers et al., 1996), suggesting that there
might be a lag of sediment redox state response to the basin
bottom water redox conditions.

Accumulation of authigenic Mo at the deep basin site (580
m) varied in response to the changing redox conditions of SBB
bottom waters. Three large peaks of authigenic Mo concentra-
tion in the downcore record of M580-2 and M590-3 occurred at
years 19726 3, 19826 1 and 19906 1 (Fig. 6b). The most
recent Mo peak (15mg/g; 1990 6 1) reflects the reducing
conditions of the bottom water of SBB from 1990 through 1992
(Fig. 6d), and corresponds to small SST anomalies as well (Fig.
6c). Unfortunately, the CalCOFI time series does not extend
back far enough for a direct comparison with the 19726 3 (Mo
40 mg/g) and 19826 1 (Mo 28 mg/g) peaks. But, these two
time periods are intense El Nin˜o years with significant SST
anomaly greater than 2.5°C (Fig. 6c) and, therefore, presum-
ably SBB could have been more reducing. This comparison
shows that the concentration of authigenic Mo in SBB sedi-
ments could perhaps be used as a qualitative proxy for past
redox conditions in the deep basin, and therefore for the recon-
struction of past ENSO cycles.

In a system with varying redox conditions, one might expect
authigenic Mo precipitated under more reducing conditions to
be later remobilized when conditions become less reducing.
Our results from SBB constrain the conditions under which
authigenic Mo is remobilized as well as precipitated. Although
conditions in 1995 were less reducing than those that existed in
mid-1991 and in early 1988 (see above and Fig. 6d), conditions
at the site of deep basin core M580-2 remained sufficiently
reducing that pore water profiles of Mo show no evidence for
remobilization of authigenic Mo from surface sediments (Fig.
5). Rather, precipitation of Mo remained active at this site,

Table 3. Authigenic Mo mass accumulation rate in anoxic basins.

Basin
Carbon Flux
(g/cm2 kyr)1

Sulfide
(mM)2

Bottom Water
Mo (nM)3

Auth Mo MAR
(mg/cm2 kyr)4

Auth Mo
(mg/g)5

Supply limited by bottom water depletion
Framvaren Fjord 2 8000 20 1170 130

Black Sea 0.9 400 5 239 48

Supply not limited
Cariaco Basin 0.7 50 90 713 57
Saanich Inlet 5.7 30 90 7719 81

Santa Barbara Basin 2.8 0 120 500–1200 10

1 Sediment trap flux at the deepest water depth, refs for each basin in sequence are:
NÆS (1988), Muramoto (1991), Thunell (unpublished data), Anderson (1989) and Thunell (1995)
2 maximum concentration in bottom water (Saanich Inlet is seasonally anoxic):
Skei (1988), Murray (1989), Scranton (1987), Crusius (1996), and Kuwabara (1998)
3 Refs for Mo concentration in bottom water of each basin in sequence are:
Emerson and Huested (1991); Zheng (unpublished data for Santa Barbara)
4 Refs for sediment MAR for each basin in sequence are:
NÆS (1988), Anderson (1991), Anderson (1987) & Dean (1999), Anderson (unpublished data), and this study
5 Refs for sediment authigenic Mo concentration for each basin in sequence are:
Crusius (1996), Ravizza (1991) & Crusius (1996), Crusius (1996) & Dean (1999), Francois (1988), Crusius (1996), and this study.
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Fig. 6. a) Comparison of depth profiles of un-supported210Pb between cores M590-3 (open square) and M580-2 (solid
square) after the depth scale of core M590-3 was shifted downward by 12 cm.b) After the depth adjustment on core M590-3,
both deep basin cores showed a Mo peak of;40 mg/g occurring at year 19726 3, increasing our confidence in the210Pb
chronology. Additional Mo peaks were also observed in core M580-2 in y 19826 1 and 19906 1. The dotted line without
symbols indicates the calculated detrital background values of Mo based on Th concentrations of the sediment assuming that
the detritus has a Mo/Th ratio of 0.228 (g/g).c) NINO3 monthly-averaged sea surface temperature anomaly in the eastern
equatorial Pacific obtained from a blend of ship, buoy, and bias-corrected satellite data from the Integrated Global Ocean
Services System web page (http://ingrid.ldgo.columbia.edu/SOURCES/.Indices/ensomonitor.html). d) Variation in oxygen
and nitrate concentrations of Santa Barbara Basin subsill waters (.500 m). Except for values determined during cruises in
this study (open circle and closed square), these data are from the CalCOFI station 82.47 time series from 1986 to 1998.
Bottom water oxygen concentrations during the cruises were determined by Micro-Winkler titration (J. Bernhard,
unpublished).
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albeit at a rate lower than that which existed previously when
conditions were more reducing.

The varying redox conditions of SBB might also be respon-
sible for the absence of the Mo peak one would expect to find
corresponding to the 1987 ENSO event. A relatively large
negative SST anomaly in 1988 (Fig. 6c) might have caused
strong flushing of SBB as indicated by high nitrate values in
May 1988 (Fig. 6d). The oxygenation of SBB could have
caused remobilization of authigenic Mo deposited during the
1987 El Niño year. Therefore, concentration maxima of authi-
genic Mo in SBB sediment indicate that an El Nin˜o event has
occurred, but because of the potential for remobilization of
authigenic Mo, the absence of an authigenic Mo peak does not
suggest that an El Nin˜o event has not occurred.

In contrast to the deep basin site, the less reducing conditions
encountered in 1995 and 1997 had an impact on Mo geochem-
istry at the shallow basin (M550-3) site. Concentrations of
authigenic Mo in excess of 15mg/g in sediments of the shallow
basin site (Fig. 5) indicate the existence of active Mo precipi-
tation at some time in the recent past, although the absence of
strong depletion of Mo in pore waters indicates that intense
precipitation of authigenic Mo was not occurring at the time of
sampling in 1997. While a change in redox conditions has led
to a decline in the rate of authigenic Mo formation at the
shallow basin site, there is no evidence for extensive remobi-

lization of authigenic Mo either. Redox conditions are poised at
a level where neither precipitation nor remobilization domi-
nates the flux of Mo at the shallow basin site. The diffusive flux
of Mo out of sediments at 340 m and 430 m (Table 2 and Fig.
5) indicates regeneration of authigenic Mo under redox condi-
tions that existed at the time these sites were sampled.

5.5. Authigenic Mo as Paleo-Anoxia Proxy

The Santa Barbara Basin depth transect of cores clearly
demonstrates that formation and preservation of authigenic Mo
requires the presence of sulfide close to the sediment water
interface, at a concentration greater than 0.1mM. This very
reducing condition is achieved under highly productive waters
of SBB only when the bottom water oxygen concentration is
less than 10mM (Fig. 5). There are very few places in the ocean
where the biologic productivity surpasses that of the SBB
(Eppley and Peterson, 1979; Platt, 1985). In the cases where the
biologic productivity is less than that of SBB, authigenic Mo
precipitation probably requires anoxic bottom water, as in the
case of the Cariaco Basin (Dean et al., 1999). Sediments from
SBB slope sites bathed in waters with.10 mM showed very
little authigenic Mo precipitation, even if the carbon flux reach-
ing these sites is the same as the flux reaching the sites of the
basin cores. Therefore, there is a clearly an empirical relation

Fig. 7. A compilation of sedimentary Mo concentrations show that enrichment of Mo is dependent on the oxygen
concentration of the bottom water. Mo data are from the California Margin (Zheng unpublished data); Mexican Margin
(Nameroff, 1996); Oman Margin (Morford and Emerson, 1999); Pakistan Margin (Crusius et al., 1996) and near shore ocean
basins (Saanich Inlet: Francois, 1988; Crusius et al., 1996; Black Sea: Crusius et al., 1996; Ravizza et al., 1991; Japan Sea:
Crusius et al., 1996; Cariaco Basin: Emerson and Huested, 1991; Framvaren Fjord: Emerson and Huested, 1991; Santa
Barbara Basin: this study; and other California Borderland Basins (Patten Escarpment, San Clemente, Santa Cruz and San
Nicholas): Zheng unpublished data). Compilation excludes sediments in which Mo enrichments are believed to be
associated with Mn oxyhydroxides (Shimmield and Price, 1986; Shaw et al., 1990). Cores with high Mn concentrations have
also been excluded from the California Borderland Basin data.
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between bottom water oxygen and authigenic Mo formation, at
least within SBB.

This empirical relation between sedimentary authigenic Mo
and bottom water oxygen concentration is further supported by
a compilation of data from various locations (Fig. 7). Except in
Pakistan margin sediments (Crusius et al., 1996), sedimentary
Mo is found to be 5 to 140mg/g when the overlying water
oxygen concentration is less than 10mM. At present we do not
understand why there is no authigenic Mo enrichment in Paki-
stan margin sediments because we would expect levels there to
be similar to maximum values of;30mg/g observed in surface
sediments located in the oxygen minimum zone at the nearby
Indian margin (Sirocko, 1995). We also realize that the empir-
ical relationship between authigenic Mo and bottom-water ox-
ygen concentration is indirect, and is established via non-linear
relationship between oxygen and pore water sulfide. Further
tests of this relationship under settings where both bottom
water oxygen concentration and carbon flux are high are
needed. With the above caveats, we propose the following two
interpretations for past authigenic Mo enrichments: 1) enrich-
ment of Mo indicates the presence of sulfide in bottom waters;
or 2) the presence of authigenic Mo indicates a combination of
low bottom water oxygen (,10 mM) and high carbon flux,
similar to modern conditions in the SBB and on the Mexican
and Oman margins.

6. CONCLUSIONS

Concentrations of pore water sulfide control the formation of
authigenic Mo in marine sediments. There are two critical
dissolved sulfide concentrations for authigenic Mo formation.
The first critical value is;0.1 mM, where authigenic Mo
formation starts, probably by co-precipitation of a Mo-Fe-S
phase. Pore water and solid phase Mo data from Santa Barbara
Basin indicate negligible formation of authigenic Mo at sulfide
concentrations below 0.1mM. The second critical value
is ;100 mM, where direct Mo-sulfide precipitation or the
switching of Mo behavior from conservative to particle
reactive occurs. If Mo is removed by Mo-sulfide precipita-
tion, then the second critical value of sulfide is dependent on
the concentration of Mo as the solubility product must
remain constant at given temperature and pressure.

The linkage of authigenic Mo formation with sulfide can be
exploited for paleo-reconstruction because often such condi-
tions require bottom water anoxia, or bottom water near anoxia
(,10 mM O2) and high carbon flux.

A mass budget of Mo for the deep SBB site (580 m)
demonstrates that the dominant source of the sedimentary au-
thigenic Mo is precipitation in situ of Mo supplied by diffusion
from bottom waters, with at most 15% derived from particulate
non-lithogenic Mo input.
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