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1. Introduction 
A central goal of the ELNA project is to assess the carbon assimilation capacity of the Northern Adriatic 

Sea. This requires fundamental quantitative information on budgets and sinks of organic carbon. Any change in 
carbon production in the water column should be reflected in the underlying sediments. Moreover, the fraction of 
particulate organic carbon reaching the sea floor which is subsequently preserved in the sediment will be strongly 
coupled to sediment accumulation and mixing. In this study a series of box cores were collected in order to 
characterize a hypothetical eutrophication gradient extending from the Po River outflow region in the north down to 
the shallow meso-Adriatic depression (Jabuka Pit). The main tasks assigned to IAEA-MEL were to provide 2 ! 0 Pb 
derived sedimentation and dry-mass accumulation rates and to examine the possible correlations between 
sedimentary processes, the deposition and preservation of sedimentary organic carbon and pelagic primary 
productivity. 

2. Materials and Methods 
Downcore 2 I 0Pb concentration profiles were measured in 14 sediment cores collected from the Northern and 

Central Adriatic Sea in water depths ranging from 24 to 246 m (Fig. 1). Sediment cores were collected using a box 
corer supplied by Oceanics Inc. (USA). The sediments were subsampled using PVC tubes (10cm diameter), 
sectioned at 1 or 2cm horizons and stored frozen. Water content was determined by weight loss after freeze drying. 
Sediment porosity was estimated from the water content, assuming a dry solids particle density of 2.56 gem'. 
Total carbon (CM.) and nitrogen (N t o t.) were measured by high temperature oxidation using Heraeus CHN-O-RAPID 
elemental analyzer. Carbonate carbon (C i n o r g.) was measured directly using a UIC Coulometrics Analyser and the 
total organic carbon (TOC) computed from the difference (TOC-C i no iB.). Separate samples of fresh sediment stored 
at 4°C were analysed for grain size (3-300u.m) using a Microsizer Micro Laser Particle Size Analyser (Malvern 
Instruments) equipped with a 2mW Helium-Neon Optical unit. 

2 1 0 Pb concentrations in sediments were inferred by measurement of the daughter product 2 1 0Po (Schell and 
Nevisi, 1983). Between 0.5 and 0.7 g of dry, homogenized sediment were weighed into acid-cleaned teflon bottles, 
spiked with ""Po yield tracer and dissolved by microwave digestion using a mixture of HN03-HF. The acid digest 
was transferred to a clean teflon beaker and treated by repeated evaporation with HC104-HF. The dried residue was 
dissolved in 2% HN03-boric acid solution and allowed to stand overnight before final dilution to 50ml in a 
polyethylene volumetric flask. A 2ml aliquot of this solution was retained for ICP-MS analysis. The remaining 
solution was evaporated to dryness, the residue converted to a chloride salt and then dissolved in 25ml of 0.5M 
HC1. Polonium was deposited on a spinning Ag disc (Hamilton and Smith, 1986) and the activity measured by 
alpha-spectrometry using silicon surface barrier detectors (EG&G) coupled to a PC running under MaestroTM data 
acquisition software. 

The radionuclides 1 3 7Cs, , 3 4 Cs, 2 2 6Ra, 2 2 SRa, 2 2 STh and 4 0 K were measured by high-resolution gamma-
spectrometry. The sediment was ground to a fine powder and compressed into a standard geometry of 20 or 50 g 
and the lids sealed. Each sample was counted on a HPGe detector (Canberra) with a relative efficiency of 19.2% for 
a minimum of 24 hours. Standard efficiency curves were prepared by spiking a composite sample of sediment with 
a known activity of I 3 7Cs solution (DAMRI Commmissariat a 1'Energie Atomique - type Csl37-ELSB30) and 
uranium ore (CANMET, type BL-50). The raw gamma spectra were processed using Inter-gamma software (V5.20) 
supplied by Intertechnique-France. All samples were stored for tfiree weeks before activity measurement to allow 
Rn gas daughters to grow into equilibrium. 

As a first approximation, dry-mass accumulation rates have been estimated using a simple two layer 
advection-diffusion model where mixing is confined to a single definite layer (Robbins, 1978). Exponential plots 
of excess 2 , 0 Pb against cumulative dry-mass (m, g cm'2) were constructed and the dry-mass accumulation rate (r, g 
cm"2 y' 1) estimated from the slope of the least-squares fit (-AA) below the mixed layer. Dry-mass accumulation 
rates were used in order to correct for variations in sediment porosity and compaction. Sedimentation rates (S, cm 
y-1) have also been reported for a range of reference sediment porosities using the expression, S=r/(p(l-(j))), where 
p is the dry particle density and (j> is the porosity of the sediment at a selected depth. In all calculations, salt 
corrected 21TPb concentrations have been used assuming a pore water salinity of 3.5% . 

3. Results and Discussion 
Previous sediment accumulation rate studies in the Adriatic Sea have concentrated on specific geographical 

areas (Guerzoni et al., 1988; Frignani et al., 1989; Frignani and Langone et al., 1991). During the course of the 



ELNA programme we have collected a series of sediment cores from a range of different environments extending 
from north of the Po delta down to the meso-Adriatic depression (Jabuka Pit) (Fig. 1). For the purpose of our 
study, the northern and central Adriatic Sea have been divided in five hypothetical regions under varying degrees of 
influence from the Po River (region A, B, C, D, and E) (Table C. 1.). At least one sediment core was collected 
from each of tiiese regions in 1993 and again in 1994 in order to examine possible seasonal and interannual effects 
on sediment dynamics and to gain some insight into the local variability of mass accumulation rates. In the 
shallow northern Adriatic Sea there is a high probability of sediments being resuspended and transported as a result 
of severe storms and flooding of river deltas. There is an extensive fishing fleet operating in the northern Adriatic 
and trawling activities could periodically disturb the surficial layers of sediment. Several sediment box cores 
recovered during the ELNA project contained large bentiiic worms, thus a full evaluation of sedimentary processes 
in the Adriatic will not be complete unless the effects of bioturbation and formation of benthic structures can be 
assessed. Some preliminary work using X-rays analyses and studies of benthic irrigation rates has been performed 
by Banson et al. (1995). All these mechanisms will require careful investigation within the context of the present 
study on mass-accumulation and C deposition rates. 

Here we report the distributions of 2 , 0 Pb, gamma-emitting radionuclides, TOC and inorganic carbon in 
northern and central Adriatic Sea sediments. The results have been used to determine estimates of the dry-mass 
accumulation and C burial rates and to provide qualitative information on the type and nature of the different 
sedimentation regimes. The use of salt-free 2 1 0 Pb concentrations and corrections for porosity changes have 
significantly improved the least-squares significance of our calculations compared with earlier evaluations (see 
IAEA-MEL annual ELNA reports for 1994 and 1995). However, several of die sediment cores examined show an 
irregular, non-monotonic downcore distribution of 2 1 0Pb. For these sediments, the application of a simple two layer 
diffusion-advection 2 1 0Pb model may not be applicable and further work will be required in order to improve the 
reliability of the mass-accumulation rate data. 

Pb distribution profiles 
The excess 2 1 0 Pb versus cumulative depth (g cm'2) distribution profiles are shown in Fig. 2. 2 I 0 P b 

concentrations generally decrease with increasing depth except for the two cores collected immediately adjacent to 
the Po River delta (region B). A relatively constant concentration of 2 1 0Pb was observed down the entire length of 
the sediment cores. The most obvious explanation for this observation is very rapid sedimentation and/or sediment 
resuspension. We have observed high concentratons of 1 3 7Cs and 1 3 4Cs in these sediments indicating that 
sedimentary material (and associated contaminants) are being actively transported from land by the Po River (1994 
ELNA Annual Report). The 1 3 4Cs signal is most probably derived from Chernobyl (May 1986) and provides a 
useful time marker. We estimate that the maximum sedimentation rate (i.e. no mixing or resuspension occuring) in 
St. 61 sediments will be around 1.4 cm y"' (or about 0.9 g cm*2 y"1). This compares well with a value of 2 cm y"1 

reported by Schreiber et al. (1985) near the northern tip of the delta and a mean sedimentation rate of 4 cm y"1 

measured by Guerzoni et al. (1985) and Boldrin et al. (1988) for a core collected off the Po River. Our estimate of 
about 0.9 g cm"2 y*1 based on the 'onset date' of Chernobyl derived 1 3 4Cs is also within the range of 2 I 0 Pb and ! 3 7 Cs 
derived rates reported by Frignani and Langone (1991) where for sediments off the Po River delta the mass 
accumulation rates varied between 0.53 and 1.9 g cm' y*. 

Region A sediments were collected in an area to the north-east of the Po River delta (Fig. 1). Both these 
sediment cores appear to give reasonable 2 1 0 Pb sediment accumulation patterns although some minor irregular 
features do occur (Fig. 2). The surface of St. 165 sediment appears to be mixed to a depth of about 3 cm. The 
apparent increase in Pb concentration near the bottom of St. 15 sediment is difficult to explain. This may be a 
feature caused by a change in the background or supported 2 1 0Pb concentration ^""Ra) used to calculate the excess 
2 I C Pb. Unfortunately only a few selected horizons from this core could be analysed by gamma-spectrometry to 
obtain a direct measure of 2 2 6Ra supported 2 1 0Pb. This feature will require further investigation. 

The sediment cores from region C were collected in an area directly influenced by the Po River outflow 
(Fig. 1). These four sediment cores from two different sites yield well behaved 2 1 0Pb depth profiles from which to 
calculate mass-accumulation rates (Fig. 2). Region D sediments were taken at progressively greater distances from 
the Po outflow region down the southwestern coast of Italy. The Pb profiles from this area are more irregular 
with several non-monotonic features (Fig. 2.). St. 82 sediment appears to be homogeneously mixed down to a 
depth of about 10 cm with a similar feature occurring near the bottom of the core. Estimates of the mean mass-
accumulation rate for this sediment are very speculative. 



Results have been reported for two sediment cores collected from the Jabuka Pit (region E) (Fig. 1.). Both 
these cores appear to show well-behaved 2 1 0 Pb sedimentation patterns. The natural decay-series gamma-emitting 
radionuclides do not show any significant variations with other measured sediment parameters. However, St. 15 
sediments were composed largely of sand size particles (84.8 % > 64 am) and this appears to give rise to elevated 
levels of ^ ^ a (surface sediment = 55 mBq g'1) and low concentrations of K (surface sediment = 440 mBq g' 1). 

1 3 7Cs concentration profiles in sediments do not show clearly defined peaks associated with a maximum 
input during 1963 and therefore cannot be used to give independent estimates of the mass-accumulation rate. 
Sedimentary 1 3 7Cs, however, appears to be a good tracer of fine sediment transport from the Po delta (Fig. 3). 
Estimated , 0 Pb inventories correlate with surface sediment 1 3 7Cs and can clearly be identified within three 
sedimentological regimes (Fig. 3). 

The downcore 1 3 7Cs distributions in sediments from the Jabuka Pit region (region E., St. 18 & St. 87) 
appear to indicate that these sediments may be significantly modified by mixing processes. The downcore 1 3 7Cs 
distribution for St. 18 sediments shows a relatively uniform concentration ranging from 6.9 mBq g'1 at the surface 
to 5.0 mBq g'1 at a depth of 10cm. Over the same depth interval the 1 0Pb concentration has decreased to about 
10% of its surfacial value - this could only occur after about 74 years or well before the onset of nuclear testing. 
Alternatively, some degree of diffusion of 1 3 7Cs relative to 2 I 0 Pb may have taken place, but this should lead to a 
much sharper gradient in 1 3 7Cs levels between the surface and 10 cm than was the case. The observed anomaly 
between ' Cs and 2 1 0Pb behaviour requires further investigation and could be used to test the reliability of 2 1 0 Pb 
derived mass-accumulation rates. Additional samples from deeper sections of St. 18 sediments will be analysed by 
gamma-spectrometry to compare the inventories and distribution of both isotopes. 

210Pb mass-accumulations rates, inventories and steady state concentrations 
Dry-mass accumulation rates shown in Table 1. were derived from the slope of the log-excess 2 1 0 Pb 

concentration profiles given in Fig. 2. taking a linear regression below the mixed layer. Steady state surface 2 1 0Pb 
concentrations were also computed from the regression lines in order to compare the initial concentration of 2 I 0 Pb 
reaching the sea floor at different sites. For some sediment cores a range of values is given depending on the 
selection of individual data points used in the model (e.g., depth of mixed layer). 

2 I 0 Pb derived dry-mass accumulation rates range between 0.04 and 0. 2-0.27 g cm*2 y"1. There is no clear 
gradient in mass-accumulation rates with increasing distance from the Po although the sediment accumulation rates 
off the Po River delta (region B, 0.15-0.2 g cm"2 y' 1) tend to be much higher than those observed in the Jabuka Pit 
(0.03 and 0.042 g cm" y"1). The mass-accumulation rate can also be idientified within at least three distinct 
sedimentological regimes (regions) as shown in Fig. 3. for the surface sediment Cs concentration. 

One site in region C was sampled three times during the course of the ELNA project to examine the 
stability of the sedimentation regime (Fig. 1.). A mass accumulation rate of 0.15 g cm"2 y"1 was computed for St. 
113 sediments (ELNA3 1993) and St. 41 sediments (ELNA7 1994) but the sediment from ELNA6 (St. 33) gave a 
higher mean value of 0.20 g cm"2 y'1 (Table 1.). The range in mass accumulation rates observed for these three 
sediments may reflect the true variability in sedimentation within the region and/or of the reproducibility of the 
2 1 0 Pb technique. Steady state surface 2 1 0 Pb concentrations and fluxes within these cores should be similar. This is 
not the case. The estimated steady state surface 2 1 0 Pb concentrations and fluxes for the three sediment cores vary 
between 146 and 365 mBq g"' and between 30 and 45 mBq cm"2 y"1, respectively. The apparent difference in the 
2 1 0 Pb concentration of material being deposited in the surface of these sediments is difficult to explain because the 
source of the sedimentary material in each case is virtually the same. 

The sediment accumulation patterns of sediment from region D are complex and the 2 1 0Pb accumulation 
rates are given as first approximations only. The most reliable data appear to be from St. 103 which gave a mass 
accumulation rate of 0.054 g cm'2 y'1. The 2 1 0 Pb fluxes into sediments in water depths greater than 50 m (within 
region D & E ) are relatively constant varying between 7.9 and 10.4 mBq cm" y"1. St. 82 sediments located in 
shallow coastal waters south of the Po delta support a slightly higher inventory (14.7 mBq cm'2 y'1) and may reflect 
an input from local rivers along the northwestern coast of Italy. 

The range of 2 1 0Pb derived dry-mass accumulation rates found in sediments from the northern and central 
Adriatic vary between 0.032 and 0.2 g cm"2 y'1 ,or by approximately one order of magnitude. Sedimentation rates 
(cm y"1) normalised to a porosity of 50 % range from about 0.03 to 0.18 cm y'1. The highest accumulation rates 
occur off the Po delta and for a single core located in the central Adriatic (St. 66). Our data appear to be consistent 



with previous studies of accumulation rates off the Po River delta and in the middle Adriatic Sea (Frignani et ai, 
1989; Frignani and Langone, 1991). Mass accumulation rates along the Emilia-Romagna coast in the northwestern 
Adriatic Sea were found to be relatively constant averaging about 0.29 g cm'2 y"1 (or 0.24 cm y'1) (Frignani and 
Langone, 1991). More extensive comparisons of our data with previous work reported in the literature will be made 
before the final ELNA conference. 

We can conclude, however, that the most important factors controlling the mass-accumulation rates and 
deposition of fine sediments in the northern Adriatic Sea are the transport and supply of suspended particles from 
the Po river delta and presumably other local rivers along the northwestern coast of Italy. Mass-accumulation rates 
in the Jabuka Pit are at least an order of magnitude lower than those observed off the Po River delta. At some sites, 
the 2 1 0Pb and I37Cs depth distribution have been clearly modified by physical or biological mixing and more work is 
needed in order to assess the role of mixing on the 2 1 Pb derived mass accumulation rates. This will be particularly 
important in the Pit sediments where the deposition rates are low. 

Carbon deposition rates 
The downward TOC distribution patterns in Adriatic sediments are complex (see 1995 Annual Report). 

The TOC content of surface sediment varies between 0.28 and 1.63% (dry wt.) with the highest values occurring in 
the surface layer of sediment. In our earlier work we have made a crude distinction between 'residual' and 'labile' 
organic matter. The labile carbon was estimated by subtracting the residual fraction, estimated from the downcore 
asymptote, from the total organic carbon. This was only possible in a selected number of cores where we have 
measured the TOC content down the core. For other cores we have only measured the surface TOC. 

The inventories of organic carbon preserved in sediments over the past 50 years were estimated from the 
mass accumulation rate, the in-situ solids density and TOC content of the sediments. The organic carbon 
inventories range from 16 mg C cm'2 in the Jabuka Pit (region E, St. 18) to over 380 mg C cm"2 adjacent to the Po 
River delta (St. 1, region B). In region A and B sediment to the south and nothera-east of the Po River delta there 
appears to be clearly defined labile C component in the sediment. The total C inventory for the past 50 years in 
two cores off the Po River delta (region C) averaged 75.5±0.5 mg C cm'2. The labile component averaged 35±1 
mg C cm"2. St 165 sediment has a 50 year total C inventory around 49 mg C cm"2. However this core has a very 
high surface TOC (1.63%) which decreases to < 0.6 % at 2-3 cm. The high flux of carbon into the surface sediment 
may reflect a recent depositional eposide and accounts for much of the TOC in the total core profile. The total 50 
year carbon sediment inventories has been plotted against the total 2 I 0Pb inventory (Fig. 4.). These two quantities 
appear to be strongly coupled and may again reflect a depositional gradient from the Po River delta southwards into 
the Jabuka Pit. Unfortunately it was not possible to assess the behavour of labile C because of the lack of 
comparative data from different regions. Although the effects of mixing and C remineralisation rates need to be 
evaluated, the presence of an 'labile' carbon signature in sediments off me Po River delta can be attributed to either 
deposition and preservation of a riverine source of labile C or higher C export from production in the water column 
or both. 

The rate of carbon deposition into sediment, Js, can be obtained from the following expression, Js = wGO 
(mMol C cm'2 y'1) where w is the mass-accumulation rate (g cm"2 y") and GO is the TOC content of the surficial 
layer (mMol g"1). The results are presented in Table 2. Carbon deposition rates have been calculated assuming that 
there has been no mixing of sediments out of the surface layer into the underlying sediment and the rates of C 
remineralization within the surface layer can be neglected. These results provide a broad spatial view of carbon 
deposition into surficial sedimentsof the Adriatic Sea. 

The region of highest of C deposition occurs close to the Po delta ( >1.5 mMol C cm"2 y"1) and probably 
indicates that the Po river is a direct source of carbon (as suspended particles) in delta sediments. Immediately off 
the Po River delta the rates vary between 0.13 and 0.25 mMol C cm"2 y'1. The ratio of C deposition to mass 
accumulation in this region is consistent with a riverine source of carbon and there appears to be no clear indication 
of biogenic inputs. It is probable that any biogenic flux of carbon is being masked by inputs from the Po river 
and/or is being rapidly recycled in the water column or at the water- sediment interface. 

Along the southwest coast of Italy (region D) and in the Jabuka Pit (region E) carbon deposition rates are 
up to an order of magnitude lower or in the range 0.025-0.11 mMol C cm"2 y'1. This can be explained purely on 
the basis of supply and sedimentation of suspended particles from rivers in the north and southwestern Adriatic. 



However, sediments in the Jabuka Pit (St. 18) do appear to contain a small component of 'labile' carbon in the 
upper layer of sediment (1.06 % C, dry wt). This represented about 50% of the total C deposition rate. Hence, 
biological production and export from the water column may be an important source of carbon to the water sediment 
interface where it is rapidly recycled in the water column. This data will need to be integrated with other studies 
conducted under the ELNA project before making our final assessment. 

4. Conclusions 
2 1 0Pb derived mass accumulation rates of sediments in the northern Adriatic Sea appear to be strongly 

coupled to the supply of sedimentary riverine materials. Mass-accumulation rates defined by the distribution of 
134Cs exceed 0.9 g cm'2 y'1 (1.4 cm y* ) near the Po delta. 2 I 0Pb derived rates decrease southward from between 0.15 
and 0.2 g cm'2 y" in Po outflow region to less than 0.04 g cm'2 y'1 in the Jabuka Pit. The mass-accumulation rates 
obtained in the Jabuka Pit correspond to sedimentation rates of about 0.03 cm y'1 (ref. porosity = 0.5) and fall 
between 5 to 20 times lower than rates found for north Adriatic shelf cores. We are not aware of any previous 
estimates of sediment accumulation rates in the Jabuka Pit. We do, however, suspect that our estimates may be 
biased by active physical and/or biological mixing processes which will tend to redistribute the 2 1 0Pb in the 
sediment column. More work will be required to assess the effects of mixing on the 2 1 0Pb distribution patterns 
especially those in the Jabuka Pit where sedimentation rates are low. 

2 1 0Pb inventories and flux measurements in sediment also show a well-defined southward decrease away 
from the Po delta region. In general, the sedimentary 2 1 0Pb inventories show a good correlation with mass-
accumulation rates and the two parameters are clearly related to the transport of sedimentary particles originating 
from riverine deltas in the northern Adriatic. 

Total surface sediment C deposition rates range from more than 1 to 0.028 mMol cm'2 y*1 between the Po 
delta and the Jabuka Pit regions, respectively. Sediments collected from me Po river outflow region do appear to 
contain a significant fraction of 'labile C which we at least partially attribute to higher primary production and 
export from the overlying water column in this region. The relatively high mass accumulation rates and the 
preservation of a 'labile C signature at depth in the sediments may be directly coupled. By comparison, we did not 
always observe a 'labile C component in sediments from the deep waters of the Jabuka Pit. In this region, any 
biogenic material reaching the seafloor is apparently being recycled before burial in the deeper layers of sediment. 
Physical mixing of the surface sediment would also tend to mask the 'labile C contribution in the sediment. 
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Table 1. Estimates of mass-accumulation rates, ^^"Pb inventories and fluxes. 

Station Water Mass-accumulation SttJdv State 2 1 0 P b " "210p b~~ 
Depth Rate 2 I 0 P h Inventory .- Flux 

(m) fg cm' 2 y ' 1 ) fmiiq g-*j fmBq cm' 2) (mBq cm' 2 y ' 1 ) 

574 17.8 
814 25.2 

>1396 >45 
>1778 >55 

950 30 
1066 33 
1468 45 

556 17 
478 14.6 
301 9.4 
308 9.5 
258 7.9 
336 10.4 

ELNA3-165 28 0.16 108.5 
ELNA6-15 31 0.09 332 
ELNA2-61 26 0.9* -
ELNA6-01 24 0.9* -
ELNA6-33 32 0.20 146 
ELNA6-41 36 0.15 235 
ELNA3-113 35 0.15 365 
ELNA3-126 34 0.15 158 
ELNA3-82 27 0.12 245 
ELNA6-103 112 0.054 292 
ELNA6-66 68 0.2-0.27 30-42 
ELNA6-87 238 0.042 347 
ELNA3-18 230 0.032-0.045 230-2270 

•Estimated from the 'onset' of Chernobyl derived 



Table 2. Organic carbon depositional rates in sediments from the Adriatic Sea 

Station Mass \cL-uniulation Surface TOC C Deposition Rate l.I^) 
Rate (« cm '">" ' ) Content iniMul c m - \ " ' ) 

imMol u ' l total ' labile ' 

ELNA3-SL 165 0.16 1.36 0.21 0.14 
ELNA6-St. 15 0.09 0.53 0.048 
ELNA6-St. 01 >0.9 1.28 >1.15 
ELNA6-St. 33 0.20 1.26 0.25 0.17 
ELNA7-St. 41 0.15 1.38 0.21 
ELNA3-St. 113 0.15 1.06 0.16 0.083 
ELNA3-St. 126 0.14 0.84 0.13 
ELNA3-St. 82 0.12 0.88 0.11 0.044 
ELNA6-St. 103 0.054 0.46 0.025 
ELNA6-St. 66 0.20 0.23 0.046 
ELNA6-St. 87 0.042 0.66 0.028 
ELNA3-SL 18 6^032 0.88 0.028 0.011 

file:///cL-uniulation
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Fig. C 1. Geographical area and sample locations for sediments. 



Fig. C2a. 2 1 0Pb, particle size (< 63 nm silt fraction), TOC and CaC0 3 content 
of sediments from the northern and central Adriatic Sea. 
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Fig. C2b. 2 1 0Pb, particle size (< 63 urn silt fraction), TOC and CaCC>3 content 
of sediments from the northern and central Adriatic Sea. 
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Fig. C3. 1 3 7Cs in surface sediment as a function of 2 1 0Pb derived 
sedimentation parameters. 
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Fig. C4. Calculated TOC sediment inventories based on the 
amount of carbon preserved during the last 50 years of sediment 
accumulation compared to the total excess 2 1 0Pb inventory in the 
same sediments. 


