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Molybdenum accumulation in Cariaco basin sediment over
the past 24 k.y.: A record of water-column anoxia and climate
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ABSTRACT

Molybdenum (Mo) concentrations in a sediment core from the Cariaco basin on the
Venezuelan continental shelf can be partitioned between a marine fraction and a terrigenous
fraction. The accumulation rate of the marine fraction of Mo increased abruptly 15 000 calendar
years ago (15 ka), from <0.5ig - cm2-yr—1to >4 ug - cm2- yr-1, and then decreased abruptly at
9 ka. The accumulation rate remained high throughout this 6 k.y. period, but exhibited maxima
at 15-14 and 12.5 ka, corresponding in time to meltwater pulse IA into the Gulf of Mexico and
the onset of the Younger Dryas cold event, respectively. The marine fraction of Mo is interpreted
in terms of redox conditions of bottom water, as dictated by both the flux of settling organic
matter and bottom-water residence time. Correspondence between geochemical extremes in this
core with changes in sea level and global climate demonstrates the high degree to which this
ocean-margin basin has responded to the paleoceanographic regime throughout the past 24 k.y.

INTRODUCTION are taken to imply the continuous presence b calibrate radiocarbon dates after #6 ka,

The Cariaco basin on the Venezuelan contanoxic bottom waters (Peterson et al., 1991). and correlation of gray-scale measurements in
nental shelf consists of two basins, each greaterCore PLO7-39PC was collected on the saddlores from this basin with accumulation rates in
than 1300 m deep, separated by a saddle (Fig. 4¢parating the two subbasins at 790 m wat#ite GISP2 ice core to calibrate radiocarbon dates
The basin is separated from deep water of tiepth (Fig. 1). The age model for this core ibefore 12.6“C ka. Sedimentation rates derived
Caribbean Sea by a 146-m-deep sill. Watdrased on 29 AMS (accelerator mass spectromfgem this age model were combined with dry
entering the basin at the sill depth is nutrient erter) 14C dates of hand-picked samples of théulk-density measurements on each of our 5-cm-
riched and oxygen depleted (about half of thplanktonic foraminifeiGlobigerina bulloides spaced samples to calculate accumulation rates.
dissolved oxygen content of surface Caribbeatorrected for radiocarbon differences betwee@alendar-year ages (ka) from the Hughen et al.
waters) (Peterson et al., 1991). The combinatiadhe atmosphere and local surface water by su{#998) age model are used in this paper.
of high productivity, restricted circulation, andtracting 420 yr from the measured radiocarbon Although variable, sediment-accumulation
oxygen depletion leads to sulfate-reducing corage (Lin et al., 1997). Hughen et al. (1998) usedrates are fast enough (30 to >100 cm/k.y.) to pro-
ditions in water below about 300 m (Richardvarve chronology to calibrate the corrected radiosde resolution of oceanographic events of a few
and Vaccaro, 1956). carbon dates spanning 12.6-7® ka, tree rings hundred years duration through the use of samples
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that integrate a few millimeters to a few centielements to the sediment and (2) to employ thever, Mo shows no correlation with &, and
meters of sediment, but not so fast as to dilute thiBstribution of the marine component to detereoncentrations are much higher than in the world
marine minor element signature. The sediment imine the paleoceanographic history of redoghale average (Figs. 2 and 3B). This type of rela-
faintly laminated from the sediment-water interconditions in the bottom water. tionship suggests that Mo must have a significant
face to about 300 cm. Laminae are more dis- Trace elements that rain onto the sea floor hageawater source.
tinctly defined and thicker from 600 to 300 cmtwo sources, detrital clastic debris (detritus) and Contributions of trace elements contributed
(Fig. 2); the sediment is bioturbated below theeawater. The seawater-derived fraction also hbg organic matter can only be estimated by
laminated unit. Peterson et al. (1991) interpretetvo components: (1) that which is incorporate¢omparing trace element concentrations in sedi-
the lithologic change occurring between the bionto the hard and soft parts of marine organisnteent with those in organic matter (plankton)
turbated and laminated units (1¥6 ka, or 15 ka) and (2) that which is removed from the dissolvetfom the modern ocean (Collier and Edmond,
as reflecting initiation of anoxia in the bottomelemental load of seawater by some inorganit984; Brumsack, 1986; Piper, 1994). The data
water, which has continued to the presenprocess. The detrital source can be evaluated fiyr core PLO7-39PC (Fig. 3B) show that Mo
Changes in the faunal and stable isotope compelations between the concentration of aluminurmoncentrations (to 150 ppm) are considerably
sition of planktonic foraminifera correspond to(expressed as AD,), a dominantly lithogenic el- greater than can be explained from detritus or
this lithologic change. They were interpreted asment, and the concentrations of other elemenfgdankton (both contain ~2 ppm Mo). We agree
marking the onset of strong upwelling, increaseBor example, concentrations of Co, Ga, and Th iwith Brumsack (1986) that the excess of most
primary productivity, and rising sea level that eseore PLO7-39PC, when plotted against those tface elements in upwelling sediments can be
tablished more open exchange with the Caribbe# O, (Fig. 3A), fall along lines that are close toexplained by a plankton source, but that excess
Sea (Peterson et al., 1991; Lin et al., 1997). the trends for the world shale average (Wedepoo must be derived from seawater, either from
1969-1978) and that pass through the origin. Beulfidic bottom waters during deposition (e.g.,
SOURCES OF TRACE ELEMENTS IN cause Al is derived entirely from detritus, esserPiper, 1994) or by diffusion of Mo into the sedi-
ANOXIC SEDIMENTS tially all of the Co, Ga, and Th also are conments (e.g., Emerson and Huested, 1991; Crusius
In this study we examined the trace elemeritibuted by detritus. Other major, minor, and tracet al., 1996).
composition of piston core PLO7-39PC to (1) diselements that are highly correlated with®@] Several trace elements, such as Se, Re, U, V,
tinguish the marine and terrigenous supplies afclude Ti, Mg, Na, K, Ce, La, Nb, and Nd. How- Ni, Cd, and Mo, are concentrated in sediments
in basins where sulfate reduction occurs in bot-
tom waters (Jacobs et al., 1987; Emerson and

Al 203 (%) Mo (ppm) Lithology Huested, 1991; Crusius et al., 1996). We focus
on Mo in our study because it is the diagnostic

0 10 200 50 100 150 element in sediments that accumulate under
0 —]__ o098 seawater sulfate-reducing conditions. The con-

1.42 centration of Mo in the world shale average is
308 2 ppm, and we assume that this is a good esti-
mate of the Mo concentration in the detrital frac-
tion in Cariaco basin sediment. Thus, the con-
tribution of detrital Mo to the total Mo inventory

is obtained by multiplying the AD, content of

a sample by 1.3 x 1% the world shale average
Mo/Al O, ratio. The residual Mo content (>95%
in most samples) can then be assigned to a
marine origin, i.e., Mo that accumulated as a sea-
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11.01 The present removal rate of Mo from the sul-
__11.96 fate-reducing part of the water column in the
MWP IA 12.60 Cariaco basin (Emerson and Huested, 1991) also
600 =141 supports the interpretation of Mo accumulation
L) 13.99 :
@ predominantly from bottom water. The removal
E _ 1354 rate is determined by the initial concentration of
5 —13.51 Mo in seawater (10 ppb; Bruland, 1983), its
5 | massive| %3¢ lower concentration in bottom water of the basin
800 o gray (85% that of surface water, Emerson and
layer Huested, 1991), the thickness of the sulfate-
__17.18 reducing part of the water column (1000 m;
Emerson and Huested, 1991), and the residence
2079 time of the bottom water (100-200 yr; Deuser,
1000t L 1973). These measurements give a calculated
rate of Mo removal from the water column of
Figure 2. Variations in concentrations of Al ,O, and Mo with depth in core PL0O7-39PC. Sedi- 0.7-1.4ug- cnr?2- yr-l, the same as its accu-

ment is faintly laminated to 300 cm, distinctly laminated between 300 and 600 cm, and bio-

: e X . mulation rate over the past 500-1000 yr of 0.6—
turbated below 600 cm. There is massive, fine-grained gray layer at 700 cm (Lin et al.,

o2 - vr-L(Fi ;
1997). Radiocarbon ages are corrected accelerator mass spectrometer 14C ages, as re- 1'2“9 cme yr‘ (Fig. 4)..Thus, the total mgnne
ported by Lin et al. (1997). Core is divided into three sections: Younger Dryas cold event fraction of Mo in the sediment can be attributed
(shaded) and meltwater pulses IA and IB (diagonal-rule pattern; Fairbanks, 1989). to removal from bottom water.
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Mo ACCUMULATION RATE 40
On the basis of Mo accumulation over the pe
24 k.y. (Fig. 4), the core can be divided into tt
following three sections: (1) 24-15 ka, (2) 15—
ka, and (3) 9-0 ka, which are approximately t
same as the divisions based on plankton distrit
tions and lithology (Peterson et al., 1991). Tt
oldest section has lower marine Mo accumul
tion rates than the rest of the core, but has sligk
elevated values between 23 and 18 ka. The <
tion between 15 and 9 ka has high but variak
marine Mo accumulation rates, and three we
defined maxima. The maximum between 15 al
14 ka corresponds in time to the abrupt start
deglaciation as marked by meltwater pulse |
(MWP-IA; Fairbanks, 1989), the first major in-
put of meltwater from the Laurentide ice she:
into the Gulf of Mexico through the Mississipp
River. The maximum at 12.5 ka corresponds - ® © o o o o
time to the onset of the Younger Dryas cold eve - ©o0o0 oo o
(Fairbanks, 1990). Several lesser maxima - o o o o
marine Mo accumulation rates occurred lat 100+ , o> ° o9
within the \_(oung_er Dry_as interval (Fig. 4_). The § i} oo o
broad maximum in marine Mo accumulation ra c | R 00 o © B, $
g
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between 11 and 9 ka does not coincide in tir
with meltwater pulse IB (MWP-IB; Fig. 4), but 8
rather follows it. The accumulation rate of Mt 50 q';wo g° o
from 9 ka to the present appears to be unifor | o 0386"0 o
compared to variations between 15 and 9 ka. |

The accumulation rate of detrital Mo simpl ° °§
reflects the accumulation rate of the detritus; tl 0 5 _
accumulation rate of any element that resid 0 5 10 15 20
almost entirely in detritus (e.g., Al, Co, Ga, or Tt % Al p
discussed earlier) would have the same shape 3
the profile for detrital Mo. Between 9 and 0 kéFigure 3. Relations between concentrations of Al ,0, and (A) Co, Ga, and Th and (B) Mo in
the accumulation rate of detrital Mo closelysamples from core PLO7-39PC. Solid lines through data for each element give element-Al 204
parallels that of marine Mo (Fig. 4). However,relations in world shale average (WSA; Wedepohl, 1969-1978).
this relation is not maintained throughout olde.
sections of the core. For example, the lowegmerson and Huested (1991) presented both thater, a condition further required to support the
accumulation rate of marine Mo at 16 ka corH,S concentrations and rates of Mo removal ipreserved benthic fauna (Peterson et al., 1991). A
responds to the highest accumulation rate dottom waters of several marine basins. A posiewer sea level during the last glacial interval
detrital Mo. Thus, the close similarity betweertive correlation between these two variable@4—15 ka) meant a shallow sill depth (~25 m) for
the two Mo accumulation rates from 9 ka to th¢Piper and Isaacs, 1995) suggests that they ahe Cariaco basin, requiring that water entering
present (Fig. 4) is not an artifact of our partitionalso linked, although there is considerable debatiee basin would have been well oxygenated but

ing calculation. as to the actual mechanism of Mo removal fromutrient depleted. The planktonic foraminiferal
bottom waters (precipitation as a sulfide, adsorgecord of sediment deposited between 18 and
Mo, PRODUCTIVITY, AND ANOXIA tion onto settling particulate debris, or diffusionl5 ka (Peterson et al., 1991) confirms low pro-

How might variations in the accumulation rateacross the benthic boundary layer). The relatictuctivity for the nearly totally isolated Cariaco
of marine Mo after 15 ka be related to changes Iretween Mo removal and bottom-watgSon-  basin. The oxygen demand in bottom water prior
primary productivity, as proposed by Petersonentration does not address directly the actutd 18 ka is less clear, but elevated Mo values
et al. (1991) to explain the foraminiferal recordmechanism whereby Mo is removed from th€Fig. 4) and low abundance of benthic forami-
when the accumulation of biogenic debris mudtottom water, but it does allow the removal ofifera (Peterson et al., 1991) both suggest oxygen
represent a small part of the total input of Mo tdlo from bottom water to be related to the baldepletion prior to 18 ka.
the sediment? Primary productivity determineance between the two master variables—primary The abrupt increase in Mo accumulation rate
the flux of organic matter that settles through thproductivity in the photic zone and advection oft 15 ka (Fig. 4), together with the sudden preser-
water column. This, in turn, drives the rate of badottom water into the basin vation of well-laminated sediments and the elim-
terial respiration in the water column, i.e., the The very low concentration of Mo betweenination of benthic foraminifera (Peterson et al.,
biological oxygen demand, and the buildup 0800 and 600 cm (Fig. 2; 18-15 ka in Fig. 4) sugt991), are all indicative of a rapid return to
H,S in the bottom water. The influx of oxygen-gests that bottom-water ventilation was strongulfate-reducing conditions in the bottom water,
charged water into the basin opposes this buildigmough (i.e., residence time brief enough), and/@ven more intense than prior to 18 ka. The rapid
of H,S. Thus, primary productivity and bottom-primary productivity weak enough, to preventise in sea level that accompanied MWP-IA
water residence time are inextricably linked irformation of HS in the bottom water. Both may (Fairbanks, 1989) would have reconnected the
the establishment of J$ in the bottom water. have contributed to oxic conditions in the bottonmorthern margin of the basin with the open
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