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Abstract  

In order to better understand the relationship between the natural radionuclide 234Th 

and particulate organic carbon (POC), marine particles were collected in the northwestern 

Mediterranean Sea (spring/summer, 2003 and 2005) by sediment traps that separated 

them according to their in situ settling velocities. Particles also were collected in time-

series sediment traps. Particles settling at rates of >100 m d-1 carried 50% and 60% of the 

POC and 234Th fluxes, respectively, in both sampling years.  The POC flux decreased 

with depth for all particle settling velocity intervals, with the greatest decrease (factor of 

~2.3) in the slowly settling intervals (0.68–49 m d-1) over trap depths of 524–1918 m, 

likely due to dissolution and decomposition of material. In contrast the flux of 234Th 

associated with the slowly settling particles remained constant with depth, while 234Th 

fluxes on the rapidly settling particles increased.  Taking into account decay of 234Th on 

the settling particles, the patterns of 234Th flux with depth suggest that either both slow 

and fast settling particles scavenge additional 234Th during their descent or there is 

significant exchange between the particle classes. The observed changes in POC and 

234Th flux produce a general decrease in POC/234Th of the settling particles with depth. 

There is no consistent trend in POC/234Th with settling velocity, such as might be 

expected from surface area and volume considerations.  Good correlations are observed 

between 234Th and POC, lithogenic material and CaCO3 for all settling velocity intervals.  

Pseudo-Kds calculated for 234Th in the shallow traps (2005) are ranked as lithogenic 

material ! opal < calcium carbonate < organic carbon.  Organic carbon contributes ~33% 

to the bulk Kd, and for lithogenic material, opal and CaCO3, the fraction is ~22% each. 

Decreases in POC/234Th with depth are accompanied by increases in the ratio of 234Th to 
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lithogenic material and opal. No change in the relationship between 234Th and CaCO3 was 

evident with depth. These patterns are consistent with loss of POC through 

decomposition, opal through dissolution and additional scavenging of 234Th onto 

lithogenic material as the particles sink. 

Keywords: Thorium, Particulate Organic Carbon, C/Th variability, Settling Rate, 

Sediment Traps, Mediterranean 
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Thorium-234, a particle-reactive radionuclide, is a useful tracer of particle export on 

short time scales of days to months (t1/2 = 24.1 d) (Coale and Bruland, 1985). The 

disequilibrium between 234Th and its parent, 238U, results from rapid hydrolyzation of the 

234Th atoms and their adsorption to surface sites of particles (Bruland and Coale, 1986).  

This scavenging process leads to a deficit of 234Th relative to its parent 238U, which can 

be used to determine the flux of thorium out of the upper ocean water column by the 

following equation: 

                                    P                                                                  (1) Th " # AU $ ATh,tot%
z2

z1

& dz

where PTh is the overall flux of 234Th removed from the depths z1 to z2 by the flux of 

particles.  The 234Th decay constant is " (0.0288 d-1), AU is the activity of 238U, and ATh,tot 

is the total activity of 234Th (Buesseler et al., 1992).  The export flux of carbon PPOC, 

through depth z2 can be calculated as (Buesseler et al., 1992): 
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where POC/234Thp is the ratio of POC to 234Th on particles settling through depth z2. 

Measurements of 234Th/238U disequilibrium and the POC/234Th ratio of sinking particulate 

matter in the upper ocean have been used increasingly in oceanographic field programs to 

estimate the downward flux of particulate organic carbon (POC) from the euphotic zone 

(see reviews by Cochran and Masqué, 2003 and Buesseler et al., 2006).  It is clear that 

the POC/234Th ratio (hereafter referred as C/234Th) of marine particles can vary 

significantly in space and time due to changes in biological productivity, particle export, 

particle size distribution, and acid polysaccharide content of sinking particles.  
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Developing a quantitative understanding of the processes controlling the variability in 

C/234Th ratios of marine particles is thus essential for validating the use of 234Th to 

estimate POC fluxes from the surface ocean (Moran et al., 2003; Buesseler et al., 2006).  

 The MedFlux program used indented rotating sphere (IRS) sediment traps to collect 

particles separated by their in situ settling velocities. The traps were programmed such 

that the carousel collected particles separated into 11 settling velocity intervals ranging 

from ~0.7 to >980 m d-1 throughout the trap deployment (Peterson et al., 2005, 2008). 

The IRS sediment traps in settling velocity mode (SV) were deployed along with IRS 

sediment traps operated in a in time-series mode (TS) in 2003 and 2005 at the French 

JGOFS time-series site, DYFAMED (DYnamique des Flux Atmosphérique en 

MEDiterrannée). 

Here we present C/234Th data for samples collected by sediment traps operated in 

TS and SV sampling modes. Our goal is to assess sources of variability for the C/234Th in 

different settling velocity intervals. Samples were collected from the bottom of the 

euphotic zone during two spring phytoplankton bloom periods in 2003 and 2005, 

respectively. In 2005, additional traps were deployed at mid- and deep-water depths to 

evaluate the variability in the C/234Th ratio with particle settling velocity, chemical 

composition, and depth.  

2. Methods 

2.1 Sample collection 

MedFlux sampling occurred at the French JGOFS time-series site, DYFAMED (43° 

25'N, 7° 52'E; water depth ~2300 m), located in the Ligurian Sea, northwest 

Mediterranean. Further information on the region is included in the Preface of this 
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volume (Lee et al., this volume). Collection techniques included large volume in situ 

pumps, moored swimmer-exclusion (IRS) sediment traps, and a large floating sediment 

trap, or NetTrap, used to collect fresh, sinking particles below the euphotic zone 

(Peterson et al., this volume).  
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2.1.1 Sediment traps 

Time-series (TS) traps were deployed from 6 March – 6 May 2003 with cups 

collecting over 5- to 6-day time intervals and from 4 March – 1 May 2005 with 5-day 

time intervals. Particles with settling velocities from 0.68 to >980 m d-1 were separated 

into 11 settling velocity intervals (Table 1); the intervals were slightly different in 2003 

and 2005. Carousel rotation times were changed in 2005 to better resolve material flux 

shifts in the faster settling velocities. Further details on the operation of the IRS traps in a 

settling velocity mode have been given in Peterson et al. (2005).  A single mooring was 

used in each deployment period such that time-series and duplicate settling velocity (SV) 

traps were deployed on the same array. Of the two SV traps (SV1 and SV2) deployed at 

313 m in 2005, SV1 was contaminated; consequently only data from SV2 will be 

discussed. The duplicate SV traps at both 524 m and 1918 m in 2005 operated 

successfully and allowed us to evaluate reproducibility. 

The intended trap deployment depths were 200 m in 2003 and 2005 as well as 400 m 

and 1800 m in 2005.  Actual trap depths were 238 m in 2003 and 313 m, 524 m and 1918 

m in 2005.  Deployment depths were corrected for the mooring wire angle by using 

information provided by current meters mounted on each array. Mean current velocities 

at the shallow traps were 4.5 cm s-1 (238 m) and 12 cm s-1 (313 m) in 2003 and 2005, 

respectively (Cochran et al., this volume).  
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TS and SV trap sampling tubes were split for chemical characterization using a 

McLane™ WSD splitter. One split was filtered on 0.4 µm Nuclepore filters for 

determination of 234Th and another was filtered onto Whatman GF/F filters for 

measurement of POC.  Other splits were taken for organic composition (Wakeham et al., 

this volume), ballast minerals (Lee et al., this volume), and mass flux (Armstrong et al., 

this volume).  

The length of the sediment trap deployments necessitated the use of poisons to 

prevent bacterial decomposition of the captured samples. Sampling tubes were poisoned 

with mercuric chloride by a small poison diffuser containing 0.5 g NaCl and 14 mg 

HgCl2 as described in Peterson et al., (2005). A recent study by Liu et al. (2006) has 

shown that the use of HgCl2 as a poison affects the total abundance of organic matter and 

the composition of many classes of organic compounds by abiotic oxidation and 

dissolution. 234Th could be desorbed from particles due to the increased ionic strength of 

the mercuric chloride brine. However, 210Po was measured in the overlying water of each 

sampling tube in 2003 and none was detected (Stewart et al., 2007a). We conclude on this 

basis that there was little release of 234Th due to the trap poison.  

 

2.2 Sample analyses  

2.2.1 234Th activity  

Non-destructive beta counting was used to measure 234Th activities of the particulate 

fractions. Filter material was mounted for beta counting according to the methods of 

Buesseler et al. (1998) and Cochran et al. (2000; this volume). The beta counting 

efficiency (0.41 ±~5%) was determined by evaporating an aliquot of 238U (with 234Th in 
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equilibrium) onto filters mounted in the same manner as the samples.  Filters were 

counted over 2 half-lives of 234Th (t1/2 = 24.1 days).  Errors include the 1'(counting error 

and appropriate calibration errors.  

2.2.2 Decay correction of SV trap 234Th data 

234Th activities must be corrected for decay from the time of measurement to that of 

collection. For the time-series traps, this correction is straightforward because the 

collection interval is small compared with the half-life of 234Th. In the case of the settling 

velocity traps, the material collected for each settling velocity interval may have entered 

the trap uniformly throughout the deployment or at anytime during the trap deployment.  

For a sediment trap collecting particles over a long time interval relative to the half-life of 

234Th, the standard method of decay correction, assuming a constant flux of 234Th during 

the collection interval, is to calculate the effective time during the deployment to which 

the activity must be corrected (Spencer et al. 1978). If t1 is the start of the deployment 

and t2 is the recovery, the effective “mid-point” of the deployment for decay-correction of 

234Th activities is t1 + #t, where: 
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Sample 234Th activities are generally measured some time after trap recovery, but can 

readily be corrected for decay from measurement to trap recovery (t2).  The appropriate 

factor (F) by which activities at trap recovery should be multiplied for decay-correction is 

then 

                                              (4) )(/1 tTeF /$$" #
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where T = t2-t1.  This correction was applied erroneously in Spencer et al. (1978) because 

they corrected radionuclide activities at the time of trap recovery by a factor of 

rather than the formulation in Eqn. 4 

113 

114 

115 

116 

117 

118 

119 

120 

te /$#/1

 For the shallow traps in 2003 and 2005, we have time-series records of the 234Th flux 

that clearly show variation throughout the SV trap deployments (Fig. 1, 2).  Thus an 

alternate approach is to use the variation in 234Th flux with time as recorded in the TS 

traps to calculate a correction factor (F) that can be applied to the SV trap samples. We 

determine F by applying a decay-weighted averaging procedure to the TS trap record:                               
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where dpmi is the activity in TS cup i at the time of trap recovery, ! is the decay constant 

for 234Th and "ti is the time between recovery and the midpoint of TS cup i.  This 

procedure assumes that the temporal pattern of 234Th flux as recorded in the time-series 

trap was the same for all the settling velocity fractions.  If the 234Th flux is constant with 

time, Eqn. 5 yields results identical to Eqn. 4.  

The two methods give decay correction factors that agree to within ~10%. The 

correction factors assuming constant flux into the SV trap (Eqn. 4) were 2.72 and 2.44 for 

2003 and 2005, respectively.  The correction factors calculated taking the TS temporal 

variation of 234Th flux into account (Eqn. 5) were 2.91 and 2.73 for 2003 and 2005, 

respectively.  Time-series traps deployed with the deep SV traps (524 m, 1918 m) in 

2005 did not function, and, in correcting the deep trap 234Th data for decay, we have 

assumed that the temporal variation in 234Th flux observed in the shallow trap applied at 

depth as well.  In fact, 234Th data from a TS trap deployed at 924 m in 2005 gave a decay-
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correction factor (Eqn. 5) of 2.52, in reasonably good agreement with that from the 313 m 

trap (F = 2.73).  In reporting the SV trap 234Th data (Table 1) for 2003 and 2005, we use 

the decay-correction factors derived from Eqn. 5 applied to the shallow TS traps in each 

year.  If information is lacking on variations in 234Th flux coincident with the collection 

of particles in SV traps, decay-correction factors for 234Th must be calculated using Eqns. 

3 and 4. 

We checked the validity of using Eqn. 5 for decay correction by comparing the total 

234Th dpm captured in the SV trap to that of the TS traps at the same depths. In 2003 the 

time-integrated decay-corrected 234Th fluxes in the SV traps were 36.7 × 103 dpm m-2 and 

45.9 × 103 dpm m-2 for SV1 and SV2, respectively (Table 1). For SV1 and SV2 these 

were factors of ~0.7 and ~0.8, respectively, less than the time-integrated 234Th flux 

measured in the TS trap (51.7 × 103 dpm m-2). However, the SV traps also accumulated 

less total mass of material than did the TS trap, by factors of ~0.8 and ~0.9 for SV1 and 

SV2 respectively.  Thus perhaps the differences in the integrated 234Th activity among the 

TS and SV traps may be due, in part, to variability in the fluxes entering duplicate traps at 

a single depth. Offsets between the TS and SV traps at 313 m also were evident in 2005; 

the integrated 234Th and mass fluxes in the SV trap were 1.1 and 1.4 times, respectively, 

those of the TS trap. We conclude that these differences are principally related to the 

ability of traps operated in different modes at the same depth to capture comparable 

fluxes and particle types.    

2.2.3 POC measurements 

Prior to POC analyses, inorganic carbon was removed by fuming the samples with 

concentrated HCl. Two replicate splits of the trap material collected in each sample tube 
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for both the TS and SV traps were designated for POC and total carbon (TC) 

measurements. The trap splits were filtered onto combusted GF/F filters. POC and TC 

were measured on all punches using a Carlo Erba model 1602 CNS analyzer. All carbon 

measurements were blank-corrected and had an error of ± 5%. 

 

3. Results 

3.1. 234Th and OC fluxes in shallow time-series traps-2003 and 2005 

During the first two weeks of the 2003 trap deployment, the OC flux was nearly 3 

times higher than the trap time-weighted average of 2.3 mmol m-2 d-1 (Fig. 1A; Table 1). 

The maximum OC flux coincided with a period of high sea surface chlorophyll observed 

by satellite (see Lee et al., this volume). OC flux then decreased, dropping an order of 

magnitude by DOY 90. Mass flux generally followed OC flux patterns, with maximum 

values of ~1000 mg m-2 d-1 (Lee et al., this volume). Correspondingly, 234Th flux 

followed the temporal trends of OC flux (Fig. 1A).  

Similar to 2003, 234Th and OC fluxes in the shallow trap in 2005 were highest at the 

beginning of the trap deployment period (Fig. 2A). The time-weighted average OC flux 

was 1.3 mmol m-2 d-1. Mass flux peaked at ~900 mg m-2 d-1, and again the pattern in the 

OC flux with time mirrored that of mass flux. The range of 234Th flux values over the 55 

day deployment was comparable to that in 2003 (Fig. 2A; Table 1). The average 234Th 

flux for the spring 2005 deployment was approximately equivalent to that in 2003 (~1200 

dpm m-2 d-1), whereas the average OC flux was a factor of 2 smaller. 

 

3.2. C/234Th ratios in time-series traps  
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C/234Th ratios did not vary significantly with time in 2003 (Fig. 1B). Values ranged 

from 1.8 1 0.2 and 3.6 1 0.2 µmol/dpm with a time-weighted average of 2.8 1 0.1 

µmol/dpm (Table 1). Conversely, the C/234Th ratio of the 2005 313 m TS trap 

demonstrated a marked change over the trap deployment. During the first half of the 

deployment (DOY 65 to 90) there was little variation in the C/234Th, averaging 0.9 1 0.01 

µmol/dpm; however, after DOY 90 the C/234Th steadily increased (Fig. 2B). Over the 55 

d deployment the C/234Th ratios ranged from 0.8 1 0.02 to 4.1 1 0.4 µmol/dpm and the 

time-weighted average C/234Th ratio for the entire deployment was 1.1 1 0.03 µmol/dpm 

(Table 1). The mean TS trap C/234Th values in 2003 and 2005 were lower than prior trap-

derived C/234Th measurements made at the DYFAMED site (4.9 1 0.2 – 7.8 1 0.3 

µmol/dpm; Schmidt et al., 2002).  
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3.3. Fluxes in Settling Velocity Traps 

The SV trap collects material for the settling velocity intervals throughout the 

duration of the trap deployment. Calculation of an average flux in each settling velocity 

interval is not possible because of uncertainty in the constancy of the flux with time. 

Different settling velocity intervals were used in 2005 than in 2003 to increase the 

resolution of the faster settling velocity intervals where fluxes were greatest in 2003, but 

this made it difficult to compare directly the results from the two years. To facilitate the 

analysis of SV trap data from both years and different depths we use a calculated 

parameter referred to as the time-integrated flux density (FD; see Armstrong et al., this 

volume). Used in the sense of “probability density”, the FD indicates the probability or 

frequency that part of the total trap flux fell at a rate a specified settling velocity interval.  

We define FD as the time-integrated flux (the amount of a chemical constituent per 
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square meter integrated over the trap deployment period; e. g., mmol C m-2 or dpm 234Th 

m-2) for an individual SV sediment trap sampling tube divided by the settling velocity 

interval (SVIi) for that sampling tube. The unit-less quantity of the settling velocity 

interval (SVIi) is the log of the maximum settling velocity – log of the minimum settling 

velocity (SVIi = log(SVmax,i) - log(SVmin,i)) for each settling velocity interval, i. This 

normalized flux, FD, allows one to compare how the total flux is distributed over the 

spectrum of settling velocities in different years from observing the box heights as seen in 

Figs. 3 and 4. Furthermore, one may examine the total trap flux between years by 

comparing the summed areas of all boxes, which represent the time-integrated fluxes 

over the period of deployment. The OC and 234Th time-integrated fluxes will henceforth 

be referred to as the OCi and 234Thi where i designates the settling velocity interval and 

the units are the total mmol C m-2 or total dpm 234Th m-2 captured in that settling velocity 

interval over the whole trap deployment (Table 1). 
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In 2003 and 2005, ~ 50% of the OC in the shallow traps (238 m and 313 m) settled at 

rates $ 100 m d-1 (Figs. 3A and 3D). Similarly, a large portion of the 234Th settled at rates 

> 100 m d-1 for both years. The >100 m d-1 portion of the settling velocity spectrum had 

57% and 69% of the 234Th in the 2003 SV1 and SV2 traps, respectively, and 59% of the 

234Th in the 2005 shallow SV trap (Figs. 3B and 3E). The greatest proportion of OC and 

234Th fell within the settling velocity range of 196 to 490 m d-1. This settling velocity 

interval contained nearly 26% (SV1 only) and ~24% of the total OC for 2003 and 2005, 

respectively, and 30–40% of the 234Th (Table 1).  In 2003 and 2005, the OC FD loosely 

followed the mass FD trends with settling velocity (Lee et al., 2008; Armstrong et al., 

2008).   
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3.4. Variation of C/234Th with settling velocity in shallow SV traps-2003 and 2005 

The C/234Th ratios of the shallow SV traps of 2003 and 2005, did not demonstrate a 

discernable trend with settling velocity (Figs. 3C and 3F, respectively, Table 1). The 

weighted average C/234Th in 2003 was 3.4 ± 0.1 for SV1 (Table 1).  Ignoring the 

maximum at 98–196 m d-1 for 2003 SV1, the C/234Th ratios of individual settling velocity 

intervals varied less than 30% in 2003 and in 2005. The weighted average C/234Th for 

2005 (1.2 1 0.03 µmol/dpm) agreed well with the time-weighted average for the TS trap 

deployed on the same array (1.1 1 0.03 µmol/dpm) and was a factor of ~3 less than the 

weighted average values for 2003. In 2005, there was no single settling velocity interval 

that demonstrated a clear peak in the C/234Th ratio as was seen in 2003 (Figs. 3C, F). 

Moreover, the settling velocity intervals covering the range of 98–196 m d-1 generally 

had lower C/234Th ratios in 2005, possibly indicating compositional differences between 

the 2003 and 2005 fast settling particles.  

 

3.5 Variation of OC, 234Th and C/234Th in SV traps with depth (2005) 

In 2005, 60% of the time-integrated OC flux (OCi) occurred in the fast settling 

velocity intervals at 313, 524, and 1918 m (Fig. 4A). The probability that material will 

settle at intermediate settling velocities drops sharply at velocities lower than 326-490 m 

d-1 and 196-326 m d-1 for the shallowest trap (Table 1). The total OC collected in each 

trap decreased with depth (Table 1).  

As with OC flux density, the 234Th flux densities were high at settling velocities of 

196 – 980 m d-1, and decreased within the intermediate settling velocity intervals. 
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Conversely, there was a slight increase in the 234Th FD within the slowest settling 

velocity intervals (Fig. 4B). The time-integrated 234Th flux (234Thi) at 1918 m was higher 

(mean 104 × 103 dpm m-2) than those at 313 m and 524 m (both ~80 × 103dpm m-2), 

largely due to higher 234Th FDs in the faster settling velocity intervals at 1918 m relative 

to the other depths (Table 1). The weighted average C/234Th decreased with depth, with 

values of 1.2 ± 0.03 µmol/dpm, 0.96 ± 0.02 µmol/dpm, 0.47 ± 0.01 µmol/dpm at 313 m, 

524 m, and 1918 m, respectively (Table 1; Fig. 4C). Some overlap was evident in a few 

SV intervals at 313 m and 524 m, while the C/234Th ratios at 1918 m were generally 

lower than those at the shallower depths in all size classes (except the most rapidly 

settling; Fig. 4C).  
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4. Discussion 

4.1 Controls on C/234Th variation with settling velocity in shallow traps 

There is no clear trend of C/234Th with settling velocity in the shallow traps in either 

2003 or 2005 (Figs. 3C, F). The C/234Th ratio might be expected to increase with 

increasing settling velocity, if settling velocity increases with particle dimension and if 

POC correlates with particle volume while 234Th correlates with surface area.  However, 

increases in C/234Th with settling velocity are not evident in the data (other than increases 

from the 0.7–5.4 m d-1 to the 5.4–11 m d-1 interval and from the 490–980 m d-1 to the 

>980 m d-1 interval, indicated by the arrows in Fig. 4C).  Instead, particle composition 

and type are the dominant factors in controlling C/234Th in the shallow traps. Additional 

factors related to changes in C and 234Th as particles settle through the water column 

affect C/234Th in the deeper SV traps (see below).  Organic compositional data show that 

the slowly settling particles in 2003 were bacterially-reworked material, while the rapidly 
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settling material consisted of fecal pellets and fresh and aggregated diatoms (Wakeham et 

al., this volume).  These basic differences in particle type will affect the C/234Th ratio; 

fecal pellets will have low ratios (Rodriguez y Baena et al., 2007), while fresh 

phytoplankton will tend to have higher ratios.  Indeed, Stewart et al. (2007b) noted a 

consistent variation in C/234Th (as well as C/210Po) with particle type in the 2003 time-

series trap at 238 m, with the ratios varying in the sequence: fresh phytoplankton > 

degraded material > fecal pellets. In the time-series trap, these variations are displayed 

with time as the bloom progresses. The SV traps sort the particles into settling velocity 

intervals throughout the deployment, but to the extent that fresh and degraded material 

and fecal pellets have different settling velocities, the trends seen in the TS trap are 

preserved in the SV trap as the settling particles are sorted into settling velocity intervals.   

Organic compositional analyses of material from the 2005 traps are not complete, but 

visual observations of the material suggest fewer diatoms and gelatinous zooplankton and 

more crustacean zooplankton relative to 2003. These differences are consistent with 

lower C/234Th ratios in 2005 relative to 2003 (Fig. 3C, F).      

 

4.2. Effect of changes in OC with depth on C/234Th of settling particles 

Recent publications reviewing the use of 234Th as a POC export proxy have 

addressed a number of possible sources for C/234Th variability (e.g., Cochran and 

Masqué, 2003; Moran et al., 2003, Buesseler et al. 2006). These include preferential loss 

or uptake of POC, degradation of the particles, decrease in the volume to surface area 

(V:SA) of sinking particles, and preferential adsorption of 234Th by acidic 

polysaccharides (Buesseler et al., 1995, 2006; Burd et al., 2000; Quigley et al., 2002; 
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Moran et al., 2003; Passow et al., 2006; Santschi et al., 2006).  We are able to consider 

some of these possibilities using the 2005 SV data at 313 m, 524 m, and 1918 m. To our 

knowledge, these data comprise the first record in the literature of changes with depth in 

the chemical composition of particles separated according to settling velocity.  

The time-integrated flux densities for OC (Fig. 4A) are similar for the shallow traps 

(313 m and 524 m) at fast settling velocities (98–980 m d-1). Between 313 m and 524 m 

there is relatively little change in flux of OC with depth in the rapid settling velocity 

intervals (Fig. 4A). This may indicate that when material is settling at fast rates, 

significant alteration of material by degradation does not occur over depths of ~200 m. 

Between the 524 m and 1918 m traps, there is a 25-36% decrease in OCi for the four 

settling velocity intervals in the range of 140–980 m d-1 (Fig. 4A; Table 1).  The %OC on 

a mass basis decreases by a factor of ~1.6 from 524 m to 1918 m for these settling 

velocity intervals. Indeed, the decrease of bulk OC with depth observed in this study has 

been documented previously in sediment traps from the DYFAMED site (Miquel et al., 

1994).  

OC decreases significantly within the four settling velocity intervals of 10.9–21.8 to 

49–98 m d-1 progressively over the three trap depths (313, 524 and 1918 m; Fig. 4A; 

Table 1); the average change in OCi in these settling velocity intervals from 313 m to 524 

m is ~ 3 mmol C m-2 and from 524 to 1918 m is ~2 mmol C m-2.  The %OC of the 10.9–

98 m d-1 settling velocity intervals also decreased with depth by a factor of ~1.5 for both 

depth intervals of 313 m to 524 m and 524 m to 1918 m. As stated previously, the limited 

number of samples (duplicates at only two depths: 524 m and 1918 m) does not allow 

confidence intervals to be placed on the change in time-integrated OC flux with depth. 
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However, it is likely some of the OC decrease was due to dissolution of POC as a 

consequence of cell death as material is exported and undergoes disaggregation and re-

aggregation within the water column (Lee et al., this volume). Goutx et al. (2007) also 

show significant loss of C from slowly settling particles collected at the DYFAMED site 

in 2003.  

The loss of OC from the settling particles is accompanied by a decrease in the 

C/234Th ratio with depth (Fig. 4C).  Processes of aggregation, disaggregation and 

fragmentation, dissolution and degradation of sinking particles can partly explain the 

decreases in %OC and C/234Th (Fig. 5A). Through the mesopelagic (or “Twilight Zone”) 

organic matter may become the limiting factor in the aggregate matrix, maintaining the 

role of a glue such that when the aggregate is saturated or reaches its carrying capacity 

(Passow, 2004; Hamm, 2003; De La Rocha and Passow, 2006), it is disrupted by the 

impinging force of shear erosion resulting from the particle’s fall (Hill, 1998). This 

possible mechanism is consistent with our observations from MedFlux as well as the 

“ballast hypothesis” (Armstrong et al., 2002; Klaas and Archer, 2002). A more extensive 

discussion of the mechanisms controlling the relationship between OC and ballast 

minerals is found in this issue in Lee et al. (this volume) and Armstrong et al. (this 

volume). 

Mechanisms for the decrease in OC FD in slowly settling particles with depth 

include incorporation into particles settling at faster rates and loss to the DOC and DIC 

pools by dissolution or degradation (Fig. 5A). There also may be significant losses of 

POC from the fast settling particles between the 524 m and 1918 m traps caused by 

disaggregation of the material into smaller particles settling at lower rates. Admittedly, 
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Fig. 5A is an oversimplification of the many biotic and abiotic processes involved in 

altering the absolute abundances of OC associated with sinking particles.  However, 

collection of particles separated by settling velocity is a critical first step in modeling the 

rates of processes shown in Fig. 5A.  

 

4.3. Effect of changes in 234Th with depth on C/234Th of settling particles 

Unlike the decreases observed in OC FDs of the fast settling material (98–980 m d-1) 

with depth, the 234Th FD is highest at 1918 m (Fig. 4B).  At the slower settling velocities 

(<98 m d-1), there is no change in 234Th flux density with depth, also in contrast to the 

pattern in OC (Fig. 4A, B).  A simplified conceptual model of the processes affecting 

234Th in settling particles is shown in Fig. 5B.  In addition to transformations among 

particle settling velocity intervals (mediated by aggregation and disaggregation; ß1 and ß-1 

in Fig. 5B) that affect both OC and 234Th, thorium is also subject to additional scavenging 

and decay as particles settle.   

The topic of 234Th decay on particles has received recent attention in the context of 

its effect on the POC/234Th ratios of filterable particles used to calculate the POC export 

from the surface (Cai et al., 2006). Cai et al. (2006) observe various trends in POC/234Th 

with size in filterable particles that they attribute to 234Th decay. Our settling velocity 

data allow us to assign times for transit of particles to depth and thus estimate directly the 

effect of decay on the 234Th of the settling particles.  Particles in the settling velocity 

intervals <49 m d-1 (0.7–5.44, 5.44–10.9, 10.9–21.8, and 21.8–49 m d-1) demonstrate no 

change in 234Th with depth (Fig. 5B) These particles would take 28 to 1991 days to transit 

the distance between the 524 m and 1918 m traps and should show significant 234Th 
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decay. The fact that the 234Th activity is constant with depth suggests that other processes 

must add 234Th to these particle classes as they settle.  Such processes include additional 

scavenging of 234Th (via adsorption), the addition of material and associated 234Th from 

the more rapid settling velocity intervals (disaggregation), and the incorporation of high 

molecular weight dissolved organic material (>10 kDa) that is rich in acidic 

polysaccharides and associated thorium (Quigley et al., 2002, 2006; Passow et al., 2006, 

Santschi et al., 2006; Fig. 5A, B). Given the very large effect of decay on these slowly 

settling particles, the lack of change in 234Th activity with depth implies that 

disaggregation of large, rapidly settling particles (ß-1 in Fig. 5B) or additional scavenging 

of 234Th by the slowly settling particles (k1 in Fig. 5B) are important.       
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In contrast, little change due to decay would be expected for the rapidly settling 

particles.  Assuming a mean settling rate of ~600 m d-1 for the fast settling velocities 

(196–980 m d-1), radioactive decay would cause reductions of less than 10% in the 234Th 

activity between 524 m and 1918 m, yet the time-integrated flux density of 234Th in the 

rapidly settling particles increases by a factor of ~1.3 between 524 m and 1918 m (Fig. 

4B). If the change is due entirely to scavenging of 234Th, the increase in the integrated 

flux of the rapidly settling particles with depth (~23 × 103 dpm m-2) is equivalent to the 

removal of ~0.01 dpm 234Th L-1 during the trap deployment, if the particles scavenge 

continuously over the ~1400 m between the traps.  This is a small fraction of the total 

234Th present in the deep water at the DYFAMED site (~2.7 dpm L-1; Cochran et al., this 

volume) and the scavenging would not be apparent in water column profiles of 234Th. 

Although advective transport of particles carrying 234Th from long distances into the 

vicinity of deep traps is unlikely due to the prevailing currents at the DYFAMED site, it 
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is important also to consider this as a possible mechanism for increasing 234Th in material 

caught in deep traps. The DYFAMED site is generally regarded as being uninfluenced by 

coastal waters, and it has been suggested that particle variability is predominantly driven 

by local climate effects and phytoplankton growth in the surface waters because a 

geostrophic front cuts off coastal inputs (Béthoux et al., 1998; Millot, 1999; Stemmann et 

al., 2002).  Schröder et al. (2006) showed that infiltration of the deep eastern 

Mediterranean water did not occur at the DYFAMED site in 2005. Lateral transport of a 

nepheloid layer would provide additional particle surfaces for 234Th adsorption, but such 

a feature is uncommon at the DYFAMED site (Stemmann, 1998).  
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Despite this, the influence of lateral transport on Th profiles and fluxes at the 

DYFAMED site may wax and wane depending on variations in the intensity of seasonal 

export events (Cochran et al., this issue). Also, a large “statistical funnel” (Siegel et al., 

1990) influences the deep traps, such that the effective lateral transport of particles to 

deep traps integrates over a larger area than that of shallow sediment traps due to the 

greater amount of time it would take particles to settle to 1918 m (Cochran et al., this 

issue). 

 Data from another thorium isotope are needed to fully constrain even the relatively 

simple model of coupled Th/particle dynamics shown in Fig. 5B.  Cochran et al. (1993, 

2000) and Murnane et al. (1996) used 228Th and 234Th applied to filterable particles in this 

fashion.  Indeed, Cai et al. (2006), have proposed that the comparison of the 234Th/228Th 

ratio on large filterable particles collected by in situ pump relative to the ratio in the 

dissolved phase can be used as to gauge the amount of time for particle aggregation.   

Measurements of 228Th on the 2005 SV and water column samples are in progress. One 
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caveat in incorporating 228Th into the model of Fig. 5B is that its activity in solution 

changes significantly with depth, following its parent 228Ra (Moore, 1969). Thus to fully 

apply the model requires knowledge of 228Th in the dissolved phase.  
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4.4. Effects of composition on POC and 234Th of trapped material 

Additional compound class data will help elucidate the extent of degradation of 

organic matter through the water column and its resultant contribution to the decrease in 

C/234Th with depth. A good correlation between OC and 234Th in the settling velocity 

intervals, coupled with the change in the relationship from the shallow- and mid-water 

traps (313, 524 m) to the deep-water trap (1918 m) in 2005 (Fig. 6A) suggest that both 

OC and 234Th are affected by interactions among the settling velocity intervals as the 

particles settle (Fig. 5A, B).  

 234Th is also correlated to varying degrees with the major ballast mineral components 

of the flux (lithogenic aluminosilicates, calcium carbonate and opal; Fig. 6B–D).  The 

correlations with both lithogenic material and CaCO3 are good, and there is little change 

in the slope of the relationship between 234Th and CaCO3 with depth (Fig. 6C). Indeed, 

both total trap 234Th (dpm) and CaCO3 (mg) increase with depth; the percentage of the 

contribution of CaCO3 to ballast minerals also increases with depth, largely as a result of 

the relative loss of opal.  

In contrast to the correlation between 234Th and CaCO3 (Fig. 6C), the shallow and 

deep traps fall into separate groups for the correlation of lithogenic material with 234Th 

(Fig. 6B). The total mg of lithogenic material settling into the deep traps is ~90% that 

reaching the 524 m traps. This is equivalent to an increase in the specific activity of 234Th 
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with respect to lithogenic material (dpm/glithogenic) and suggests that this fraction is 

scavenging additional 234Th with depth. Indeed, the large role played by sinking 

lithogenic material in scavenging Th has been emphasized by Luo and Ku (2004).  The 

correlation of opal with 234Th is not as good as correlations of lithogenic material or 

CaCO3 with 234Th, consistent with prior work that showed that opal was not a strong 

scavenger of Th (Chase et al., 2002; Luo and Ku, 2004). In addition, the specific activity 

of 234Th with respect to opal (dpm/gopal) increases with depth, likely due to silica 

dissolution (Lee et al., this volume). 

The slopes of Figures 6A–D can be used to calculate particle-water partition 

coefficients (Kds) for a pure end-member representing OC or ballast minerals such as 

lithogenic material, CaCO3 or opal. The particle-water partitioning coefficient or psuedo-

Kd is equal to the specific activity of thorium on the particle (dpm 234Th/gi where i 

represents OC or ballast mineral content) divided by the dissolved 234Th activity (dpm 

234Th /g of water) in the water through which the particles sink. Chase et al. (2002) also 

referred to sediment trap-derived particle-water partitioning coefficients as ‘pseudo-Kd’, 

but unlike the derivation of Chase et al. (2002), we use measured dissolved 234Th activity 

instead of the total 234Th activity. We determine the average water column dissolved 

234Th activities using trapezoidal integration of water column 234Th profiles obtained 

during the trap deployment period (Cochran et al., this volume). The dissolved 234Th 

activity representative of 0–524 m (2.3 dpm/L) for the shallow traps was derived from 

two profiles of water column 234Th activities (March 9 and 13, 2005) and the dissolved 

234Th activity representing the 0–1918 m (2.4 dpm/L) for the deep traps came from a 

single profile that extended to 1800 m (March 13, 2005: Cochran et al., this volume). Via 
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this calculation, we determine a pseudo-Kd using the slopes of the correlation plots (Figs. 

6A-D; Table 2).  
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The pseudo-Kds in the 313 and 524 m traps are ranked in the sequence lithogenic 

material ! opal < CaCO3 < OC (Table 2). For the 1918 m trap, the ranking is lithogenic ! 

CaCO3 < opal < OC.  One must use caution when interpreting pseudo-Kds from deep trap 

data because the slope of the correlation of thorium with organic carbon and ballast 

minerals may change as the composition of sinking particles changes due to degradation 

and dissolution. For example, the increases in the deep trap pseudo-Kds for OC and opal 

(Table 2) likely result from the decreases in OC and silica from the sinking particles. 

Our values for the end-member pseudo-Kds are generally within the range of those 

reported elsewhere (Chase et al., 2002; Luo and Ku, 2004; Li, 2005).  Luo and Ku (2004) 

and Li (2005) used sediment trap data from open ocean sites, including the equatorial 

Pacific and the Southern Ocean to determine pseudo- Kds for 230Th and found lithogenic 

material to be a strong scavenger of Th, with values on the order of 108 g/g.  Our results 

suggest that the pseudo-Kd for lithogenic material is most similar to opal in the shallow 

traps and to CaCO3 in the deep trap (Table 2). The pseudo-Kd for lithogenic material at 

the DYFAMED site is 2 orders-of-magnitude less, and that for opal approximately 10x 

greater than the values derived by Chase et al. (2002), Luo and Ku (2004) and Li (2005). 

The difference in Kds for the lithogenic material at the DYFAMED site relative to the 

Equatorial Pacific and Southern Ocean may be due to the fact that pulses of lithogenic 

material followed intense dust deposition events in 2005 and are evident in high 

percentages of lithogenic material in the fast settling velocity intervals (Lee et al., this 

volume).  Because this material settled at accelerated rates, 234Th may not have had time 
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to attain sorption equilibrium before reaching the traps.  As well it may have had different 

surface area-to-volume characteristics than lithogenic material at open ocean sites.  

Chase et al. (2002) showed carbonate was at least as important as lithogenic material 

for the adsorption of Th and our results this conclusion.  Chase et al. (2002) and Luo and 

Ku (2004) assumed that the contribution of Th sorption onto organic matter played an 

insignificant role in the bulk partition coefficient of Th.  We observe the highest Th 

pseudo-Kds for OC in the shallow and deep traps (45.4 × 106 and 86.3 × 106, 

respectively).  This may be due to the presence of acidic-rich polysaccharides that form 

organic coatings on biogenic particles (Passow, 2002).  Indeed, Quigley et al. (2002) 

found the Kd for 234Th to colloidal organic matter with a high percent of acidic 

polysaccharides to be ~108.  Li (2005) pointed out the importance of including the 

contribution of OC to the bulk Kd of Th and found that it contributed 22 ± 6%.  Following 

the approach of Li (2005), we calculate that OC contributes 33% to the bulk Kd of 

particles settling into the 313 and 524 m traps and 30% to the bulk Kd in the 1918 m trap 

(Table 2).   

5. Conclusions 

 The use of sediment traps to collect particles separated by settling velocity permits 

relationships among 234Th, organic carbon and ballast minerals to be determined.  Data 

from sediment trap deployments in the northwest Mediterranean in spring, 2003 and 2005 

show no clear trend in C/234Th ratios with settling velocity.  Instead variation in C/234Th 

appears to be more strongly influenced by composition of the material, type of particle, 

and processes that affect OC and 234Th with depth such as remineralization and 

degradation of OC and the continuous scavenging of 234Th onto sinking particles.  
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The preponderance of the 234Th flux is associated with rapidly sinking particles.  

Greater than 60% of the 234Th is associated with particles settling at rates >100 m d-1.  In 

2005, SV traps were deployed at several depths, and the total 234Th reaching the deep trap 

(1918 m) was a factor of 1.3 greater than that reaching the trap at 524 m. The largest 

increase in 234Th was observed for the fast settling velocities (196–980 m d-1).  The effect 

of radioactive decay on 234Th may be estimated because the settling velocities are known.  

Such estimates predict very large decreases in 234Th for the slowly settling particles and 

negligible change for the rapidly settling material.  The contrast between predictions and 

observations suggests either that 234Th continues to be scavenged as particles settle, or 

there are significant interactions (aggregation, disaggregation) between the fast and 

slowly setting particles. In contrast to the pattern seen in 234Th, organic carbon decreases 

by a factor of ~2 through the water column, with the greatest decrease in the slowly 

settling particles. These changes resulted in a ~ 3-fold drop in the C/234Th ratio with 

depth. 
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 Correlations between 234Th and OC, CaCO3, lithogenic material and opal show 

varying relationships with trap depth.  Good correlations (R2 > 0.8) are evident between 

234Th and OC, CaCO3 and lithogenic material.  The relationship between 234Th and 

CaCO3 is similar at all depths, largely because both the total 234Th (dpm) and the total 

CaCO3 (mg) increase proportionally the same with depth. The ratio of 234Th to lithogenic 

material increases in the 1918 m trap relative to those at 313 m and 524 m, possibly due 

to additional scavenging of 234Th onto this material as it sinks. Decreases in the slope of 

the OC-234Th relationship and the opal-234Th relationship with depth are due to 

decomposition of the organic material and dissolution of opal, respectively. Pseudo-Kds 
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calculated for the shallow (313 m and 524 m) 2005 traps range from 5.5 × 106 for opal to 

45.4 × 106 for organic carbon. OC provides the greatest contribution to the calculated 

bulk Th Kd (~33%), with lithogenic material, CaCO3 and opal each contributing ~22%. 

Pseudo-Kds for the deep trap material range from 5.9 × 106 for lithogenic material to 86.3 

× 106 for OC, with OC comprising the largest relative contribution (~30%) to the bulk Kd, 

followed by CaCO3, lithogenic material and opal at 20-26%.  
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Measuring the OC, 234Th, ballast minerals and organic composition of particles 

separated by settling velocity over multiple depths provides valuable information on the 

effects of composition and particle dynamics on variations in OC, 234Th and the C/234Th 

ratio. With settling velocities and fluxes known, data on additional radionuclides (e.g. 

228Th and 210Po) can provide powerful constraints on the rates of transformations and 

interactions among settling particles.  
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Figure Captions 

Fig. 1. 2003 time-series sediment trap data (238 m) A) 234Th and OC fluxes and B) 

C/234Th ratio (µmol C/dpm Th) ratios. 

 

Fig. 2. 2005 time-series sediment trap data (313 m).  A) 234Th and OC fluxes and B) 

C/234Th ratio (µmol C/dpm Th) ratios. 

 

Fig. 3. A), B), D) and E) histograms of flux density (FD – see text) for 2003 (238 m) and 

2005 (313 m) in which the area of the rectangles represent the time-integrated fluxes 

(OC: mmol m-2; 234Th: dpm m-2) and the heights of the box and mid-point plotted 

represent the time-integrated flux densities of OC and 234Th (OC: mmol m-2 SVI-1; 

234Th: dpm m-2 SVI-1). C) and F) C/234Th ratio values for SV traps. See text and 

Armstrong et al. (this volume) for explanation of the calculation of time-integrated 

flux densities. 

 

Fig. 4. Settling velocity plots of OC, 234Th time-integrated flux densities and C/234Th 

ratios for 2005: 313 m SV2, average of SV1 and SV2 at 524 m, and the average of 

SV1 and SV2 at 1918 m. A) Time-integrated flux densities (FD) OC with depth  B) 

Time-integrated FD of 234Th with depth, and C) the C/234Th ratio with depth. Error 

bars represent the standard deviation of the duplicate traps. Arrows represent settling 

velocity intervals where there is an increase in C/234Th with settling velocity. 
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Fig. 5A. Schematic diagram of the transfers among DOC, POC and DIC pools. Biotic and 

abiotic losses of POC are represented in a simplified way by dissolution and 

degradation of POC. The settling of material from one depth horizon to another 

results in a loss of POC from each settling velocity grouping and is represented by 

Sslow and Sfast. Exchange between the slow to fast settling pools is indicated by the 

rate constant ß1 representing processes such as aggregation and incorporation POC. 

Transfer in the opposite direction from fast to slow settling particles might include 

processes of disaggregation and degradation and is represented by the rate constant 

ß-1.  

5B. Schematic diagram of the exchange of 234Th between dissolved and particulate 

pools. 234Th activities of the dissolved (Adiss), slow settling particles (Aslow), and fast 

settling particles (Afast) are represented by boxes. The activity of the dissolved 

parent, 238U, is denoted by AU and the radioactive decay from each phase is 

represented by ". Sslow and Sfast represent the loss of particulate thorium by vertical 

settling. The first-order rate constants of adsorption of dissolved 234Th onto slow and 

fast settling particles are k1 and k2, respectively. First-order rate constants for 

desorption from the slow and fast settling pools are k-1 and k-2, respectively. Particle 

exchange is indicated by rate constants ß1 for transfer of 234Th from slow to fast 

settling particles and ß-1 for transfer from fast to slow settling particles.  

 

Fig. 6. Correlations of 234Th with particulate organic carbon and ballast minerals 

components for shallow SV traps (313 m and 524 m) and deep SV traps (1918 m) of 

2005. A) OC vs.234Th; B) Lithogenic particles vs. 234Th; C) CaCO3 vs. 234Th, D) opal 
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as SiO2•H2O vs. 234Th. Error bars represent one standard deviation. Best-fit lines for 

the shallow (313 m and 524 m, solid line) and deep (1918 m, dashed line) trap data 

are shown with their correlation coefficients, R2. 

Tables 

Table 1. Fluxes and compositional data for Settling Velocity and Time Series Sediment 

Traps (2003 and 2005)  

Table 2. Pseudo-Kds and trap component weight %s for OC and ballast minerals in 2005 

SV sediment trap material 
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Table 1. Fluxes and compositional data for Settling Velocity and Time Series Sediment Traps (2003 and 2005)

Year Date
Depth 

(m) Trap ID

Settling Velocity 
class, i         
(m d-1)

Midpoint 
date

Mass    
(g m-2)

OCi    
(mmol m-2) % OC

2003 238 SV1 0.68-1.4 NA 1.32 14.8 12.9 3.37 ± 0.21 4.41 ± 0.29
1.4-2.7 " 1.37 10.7 9.5 2.90 ± 0.18 3.67 ± 0.23
2.7-5.4 " 1.19 11.8 12.0 2.71 ± 0.18 4.36 ± 0.30
5.4-11 " 0.93 7.4 9.5 1.66 ± 0.16 4.48 ± 0.45
11-22 " 0.66 5.6 10.1 1.45 ± 0.15 3.86 ± 0.40
22-49 " 0.98 7.2 8.8 1.68 ± 0.09 4.28 ± 0.24
49-98 " 1.05 6.2 7.1 1.92 ± 0.16 3.21 ± 0.28

98-196 " 1.43 12.3 10.3 1.97 ± 0.16 6.24 ± 0.51
196-490 " 5.59 32.1 6.9 13.7 ± 0.94 2.35 ± 0.17
490-980 " 1.71 12.7 8.9 4.07 ± 0.25 3.13 ± 0.20

>980 " 1.07 2.9 3.2 1.33 ± 0.16 2.15 ± 0.26
Total 17.30 123.7 8.5 36.7 ± 1.1 NA

Weighted Avg 3.37 ± 0.12

238 SV2 0.68-1.4 NA 1.04 10.7 12.3 2.85 ± 0.27 3.74 ± 0.36
1.4-2.7 " 0.92 M M 1.89 ± 0.22 M
2.7-5.4 " 0.63 4.3 8.2 1.42 ± 0.18 3.03 ± 0.39
5.4-11 " 0.72 4.3 7.2 2.13 ± 0.19 2.02 ± 0.19
11-22 " 0.68 5.2 9.2 1.64 ± 0.18 3.19 ± 0.35
22-49 " 0.77 4.9 7.6 1.94 ± 0.19 2.51 ± 0.25
49-98 " 1.35 M M 2.47 ± 0.22 M

98-196 " 2.68 16.4 7.4 5.35 ± 0.80 3.07 ± 0.46
196-490 " 8.24 40.5 5.9 18.7 ± 1.47 2.17 ± 0.18
490-980 " 1.92 13.3 8.3 7.56 ± 0.36 1.76 ± 0.09

>980 " 0.07 M M BD M
Total 19.02 99.58 - 45.9 ± 1.8

238 TS NA 3/8/03 4.03 20.9 6.2 11.44 ± 0.97 1.82 ± 0.16
" 3/13/03 4.13 29.6 8.6 8.58 ± 0.78 3.46 ± 0.32
" 3/18/03 4.55 22.1 5.8 11.40 ± 0.73 1.94 ± 0.13
" 3/23/03 2.47 18.8 9.2 5.77 ± 0.52 3.27 ± 0.30
" 3/28/03 1.06 5.0 5.7 2.98 ± 0.33 1.68 ± 0.19
" 4/3/03 0.83 5.7 8.3 1.81 ± 0.14 3.18 ± 0.30
" 4/9/03 0.72 6.0 10.0 1.90 ± 0.13 3.15 ± 0.26
" 4/15/03 0.94 10.6 13.6 2.92 ± 0.12 3.64 ± 0.20
" 4/21/03 0.96 9.8 12.3 3.10 ± 0.11 3.17 ± 0.15
" 4/27/03 0.49 6.4 15.7 1.84 ± 0.08 3.50 ± 0.19
" 5/3/03 0.92 7.7 10.1 3.01 ± 0.09 2.57 ± 0.10

Total 21.09 142.79 8.1 51.7 ± 1.6 NA
Weighted Avg 2.76 ± 0.10

2005 313 SV2 0.68-5.4 NA 4.88 15.8 4.1 15.4 ± 0.54 1.02 ± 0.04
5.4-11 " 1.15 5.3 5.5 3.34 ± 0.36 1.59 ± 0.18
11-22 " 1.20 7.5 7.5 3.38 ± 0.34 2.22 ± 0.23
22-49 " 1.28 5.6 5.3 3.94 ± 0.35 1.42 ± 0.13
49-98 " 1.47 8.6 7.0 5.24 ± 0.37 1.64 ± 0.12

98-140 " 1.64 5.8 4.3 4.60 ± 0.38 1.26 ± 0.11
140-196 " 2.16 6.7 3.7 5.55 ± 0.43 1.21 ± 0.10
196-326 " 4.43 12.9 3.5 12.4 ± 0.61 1.04 ± 0.05
326-490 " 4.15 10.2 2.9 11.0 ± 0.54 0.93 ± 0.05
490-980 " 3.42 14.2 5.0 10.7 ± 0.50 1.32 ± 0.07

>980 " 0.33 3.0 11.0 1.64 ± 0.19 1.82 ± 0.22
Total 26.10 95.5 4.4 77.2 ± 1.4 NA

Weighted Avg 1.24 ± 0.03
Continued

234Thi            
(103 dpm m-2)

6 March-6 
May

4 March-
28 April

C/234Th†        

(!mol dpm-1)



Table 1. Fluxes and compositional data for Settling Velocity and Time Series Sediment Traps (2003 and 2005)

Year Date
Depth 

(m) Trap ID

Settling Velocity 
class, i         
(m d-1)

Midpoint 
date

Mass    
(g m-2)

OCi    
(mmol m-2) % OC

313 TS NA 3/6/05 4.53 10.9 2.9 12.5 ± 0.39 0.87 ± 0.03
" 3/11/05 4.34 10.9 3.0 11.3 ± 0.32 0.97 ± 0.03
" 3/16/05 1.64 3.9 2.8 4.4 ± 0.21 0.88 ± 0.05
" 3/21/05 2.10 7.2 4.1 7.4 ± 0.23 0.96 ± 0.04
" 3/26/05 2.08 6.2 3.6 6.6 ± 0.20 0.94 ± 0.03
" 3/31/05 4.40 10.3 2.8 12.5 ± 0.23 0.82 ± 0.02
" 4/5/05 1.73 6.8 4.7 4.5 ± 0.13 1.52 ± 0.05
" 4/10/05 0.41 2.7 7.8 1.2 ± 0.06 2.25 ± 0.13
" 4/15/05 1.35 7.6 6.7 2.3 ± 0.08 3.23 ± 0.13
" 4/20/05 0.73 5.7 9.3 1.5 ± 0.06 3.85 ± 0.17
" 4/25/05 0.13 1.5 13.4 0.4 ± 0.03 4.06 ± 0.36

Total 23.45 73.5 3.8 64.6 ± 0.7 NA
Weighted Avg 1.14 ± 0.03

524 SV1 0.68-5.4 NA 4.88 13.9 3.4 16.3 ± 0.38 0.92 ± 0.04
5.4-11 " 1.23 4.7 4.6 4.50 ± 0.20 0.88 ± 0.02
11-22 " 0.93 4.2 5.4 2.94 ± 0.15 1.09 ± 0.03
22-49 " 0.88 4.2 5.7 3.04 ± 0.15 0.93 ± 0.03
49-98 " 1.01 3.9 4.6 3.46 ± 0.15 1.18 ± 0.05

98-140 " 0.98 3.6 4.5 3.13 ± 0.15 1.16 ± 0.06
140-196 " 1.23 4.4 4.3 3.72 ± 0.15 1.12 ± 0.05
196-326 " 3.04 8.5 3.4 9.17 ± 0.23 1.38 ± 0.07
326-490 " 2.84 9.7 4.1 8.89 ± 0.22 1.41 ± 0.08
490-980 " 7.00 15.6 2.7 17.8 ± 0.29 1.04 ± 0.05

>980 " 1.86 4.6 3.0 4.96 ± 0.16 0.85 ± 0.03
Total " 25.88 77.2 3.6 78.0 ± 0.72 NA

Weighted Avg 0.99 ± 0.02

SV2 0.68-5.4 NA 5.13 14.1 3.3 16.6 ± 0.33 1.48 ± 0.10
5.4-11 " 0.62 4.0 7.7 2.22 ± 0.11 1.02 ± 0.03
11-22 " 1.06 3.2 3.6 3.73 ± 0.16 0.83 ± 0.03
22-49 " 1.30 4.2 3.9 5.23 ± 0.18 0.84 ± 0.03
49-98 " 1.89 5.1 3.2 6.90 ± 0.21 1.11 ± 0.05

98-140 " 1.76 5.1 3.5 5.15 ± 0.24 1.00 ± 0.05
140-196 " 2.66 7.1 3.2 6.44 ± 0.24 0.73 ± 0.03
196-326 " 4.29 9.4 2.6 11.2 ± 0.31 0.80 ± 0.03
326-490 " 3.94 9.2 2.8 11.1 ± 0.30 0.85 ± 0.04
490-980 " 5.50 14.4 3.1 14.1 ± 0.36 1.79 ± 0.09

>980 " 0.75 4.1 6.6 2.78 ± 0.17 0.85 ± 0.02
Total 28.89 79.8 3.3 85.5 ± 0.82 NA

Weighted Avg 0.93 ± 0.02

924 m TS NA 3/6/05 2.02 6.73 4.0 8.5 ± 0.30 0.79 ± 0.03
" 3/11/05 1.93 4.82 3.0 6.2 ± 0.24 0.77 ± 0.03
" 3/16/05 2.14 5.02 2.8 8.4 ± 0.22 0.60 ± 0.02
" 3/21/05 1.89 5.03 3.2 8.1 ± 0.21 0.62 ± 0.02
" 3/26/05 2.56 6.38 3.0 9.9 ± 0.20 0.65 ± 0.02
" 3/31/05 3.10 3.28 1.3 10.2 ± 0.20 0.32 ± 0.01
" 4/5/05 2.53 5.61 2.7 7.9 ± 0.17 0.71 ± 0.02
" 4/10/05 0.47 3.34 8.5 2.2 ± 0.09 1.54 ± 0.07
" 4/15/05 0.37 2.63 8.6 1.9 ± 0.08 1.42 ± 0.07
" 4/20/05 0.20 2.16 13.3 2.5 ± 0.13 0.88 ± 0.05
" 4/25/05 0.47 3.19 8.2 1.6 ± 0.06 1.95 ± 0.08

Total 17.67 48.2 3.3 67.2 ± 0.62 NA
Weighted Avg 0.72 ± 0.02

Continued
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Table 1. Fluxes and compositional data for Settling Velocity and Time Series Sediment Traps (2003 and 2005)

Year Date
Depth 

(m) Trap ID

Settling Velocity 
class, i         
(m d-1)

Midpoint 
date

Mass    
(g m-2)

OCi    
(mmol m-2) % OC

1918 SV1 0.68-5.4 NA 2.73 5.0 2.2 11.5 ± 0.26 1.13 ± 0.06
5.4-11 " 0.66 2.0 3.7 2.64 ± 0.13 0.46 ± 0.01
11-22 " 0.52 1.5 3.5 2.27 ± 0.12 0.43 ± 0.01
22-49 " 0.65 1.6 3.0 3.16 ± 0.13 0.40 ± 0.01
49-98 " 0.99 2.4 2.9 4.78 ± 0.15 0.49 ± 0.02

98-140 " 1.18 3.9 4.0 5.65 ± 0.17 0.69 ± 0.03
140-196 " 1.76 4.0 2.7 8.18 ± 0.21 0.50 ± 0.02
196-326 " 3.48 6.1 2.1 15.4 ± 0.30 0.51 ± 0.02
326-490 " 4.79 8.4 2.1 19.8 ± 0.34 0.66 ± 0.04
490-980 " 6.31 11.3 2.2 24.7 ± 0.37 0.75 ± 0.04

>980 " 1.01 4.0 4.7 3.50 ± 0.16 0.44 ± 0.01
Total 24.09 50.3 2.5 101.6 ± 0.76 NA

Weighted Avg 0.50 ± 0.01

SV2 0.68-5.4 NA 3.09 6.9 2.7 17.2 ± 0.32 1.38 ± 0.15
5.4-11 " 1.05 3.1 3.6 5.59 ± 0.19 0.45 ± 0.01
11-22 " 0.59 1.8 3.6 3.12 ± 0.14 0.45 ± 0.01
22-49 " 0.79 2.3 3.5 3.71 ± 0.16 0.40 ± 0.01
49-98 " 1.32 3.9 3.5 6.99 ± 0.19 0.35 ± 0.01

98-140 " 1.93 2.7 1.7 9.08 ± 0.21 0.30 ± 0.01
140-196 " 2.50 4.1 2.0 11.8 ± 0.25 0.56 ± 0.02
196-326 " 4.47 7.3 1.9 18.1 ± 0.29 0.61 ± 0.03
326-490 " 3.43 5.6 2.0 12.3 ± 0.27 0.58 ± 0.03
490-980 " 4.80 7.8 2.0 17.4 ± 0.32 0.56 ± 0.02

>980 " 0.15 1.0 8.0 0.73 ± 0.08 0.40 ± 0.01
Total 24.13 46.5 2.3 106.0 ± 0.77 NA

Weighted Avg 0.44 ± 0.01
NA-Not Applicable
M- Missing sample
BD- Below Detection

234Thi            
(103 dpm m-2)

C/234Th†        

(!mol dpm-1)



Depth (m) OC Lithogenic CaCO3 Opal bulk Kd

313 and 524 Kd (106 g/g) 45.4 4.9 7.3 5.5 7.9
wt% 3.76 25.0 15.8 21.2

% contribution to bulk Kd 33 23 22 22
1918 Kd (106 g/g) 86.3 5.9 6.9 10.4 10.0

wt% 2.41 27.2 25.3 13.4
% contribution to bulk Kd 30 24 26 20

Table 2. Pseudo-Kds and trap component weight % for OC and ballast minerals for 2005 
SV sediment traps



Figure 1 

A 

B 



 
 
Figure 2 

A 

B 



 
 
 
 

  Figure 3 

A D 

E 

F 

B 

C 



Figure 4 

A 

B 

C 



 
 
 
 
 
 

 
Figure 5 

 

A 

B 



 

Figure 6 

A B 

C D 


