Dating of marine sediments by using unsupported 210Pb method
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Introduction

Within the study of the radioactivity in Sicily led by our department, a very long time, we looked at the dating of a sediment core taken in the Gulf of Palermo (Sicily). The study was requested by some colleagues, who were conducting a research on the presence of foraminifers in the same area.

The main goal of the research was to study the environmental pollution in the same area, using foraminifers as an environmental indicator. For this purpose an extensive study of sediment cores in the Palermo Bay has been carried during two years.

The foraminifers are single-celled organisms appeared about a billion years ago and they are able to live both in fresh water than salt. Most of them indeed live in marine environments. The benthic foraminifers live in close contact with the seabed and have a behavior dependent on environmental conditions, for which their study gives useful information on the pollution of the place. To this aim an estimate of the age of the sediment core sections was needed.

Radionuclide dating allows absolute measure of the age and its use is well known in literature (Carroll et al. 1999a, b; Tanbay and Yener   2001; Carroll and Lerche 2003; Jha et al. 2003; Vaalgamaa and Korhola 2004; Álvarez Iglesias et al. 2007). The method of the unsupported 210Pb, i.e. whose activity is not derived from the radioactive decay of its 226Ra parent, was chosen to date the sediment core (Goldberg 1963; Koide et al. 1972), assuming constant sedimentation rate model (Carroll and Lerche 2003).
The unsupported 210Pb ( 210Pbex ) activity can be calculated as difference between total 210Pb and 226Ra activity, since its activity can be considered equal to that of the supported 210Pb. The unsupported 210Pb decays with its own half-life time, equal to 22.3 years, so being very suitable to the aim of dating the sediment core we were interested in. 

The 226Ra activity (supported 210Pb) can be determined through the 214Pb activity, after secular equilibrium has been reached. High performance gamma spectrometry, based on low-energy detector, has been used in order to determine 210Pb (46.5 keV) and 214Pb (351.9 keV) activities.

The dating has allowed us to estimate the age of the column equal to 55 years. The average sedimentation rate has been estimated to be about 0.6 cm y-1. This result has been checked measuring the 137Cs activity in the same sediment core. Using the above sedimentation rate, the maximum in cesium activity vs. year can be estimated to occur around the year 1986, due the Chernobyl event.

Materials and methods

 Site and Sampling
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The analysis was conducted on a sediment core of 10 cm diameter and 30 cm long, taken in the Gulf of Palermo (Sicily) at a depth of 21 m and a distance of about 1 km from the coast (Fig. 1) on 4 December 2004. 
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The sediment core was cut into layers of 1 cm long and the samples thus obtained were dried in an oven at 105 ° C for 24 hours. Each section was divided into 2 aliquots. One of theme was subjected to gamma spectrometric analysis.

The wet mass of each sample was approximately 40 g. After drying, the mass of each sample was reduced to about 20 g. Each sample was sieved with a sieve of 0.7 mm in order to eliminated larger mollusk fragment and placed in a container like Petri dishes 60 mm in diameter and 11 mm height with a volume of 23 cm3.
Figure 1.- Sicily
Radiometric determinations
The container was sealed for 20 days, in order to obtain equilibrium between 226Ra and its progeny including 214Pb  (Fig, 2), and it was analyzed by high-resolution gamma ray spectrometry. In this way the activities of the two isotopes can be considered equal. Determining the activity of 214Pb we can be obtain 226Ra activity with which it is in equilibrium. 

Subtracting this activity from the total 210Pb activity we go back to that of Pbex.
The measurements were made using a thin germanium CANBERRA detector 2000 mm2 surface associated with a suitable chain spectrometry. Since the activities of 210Pb and 214Pb were very low, the length of the measurements ranged from a minimum of 5 to 7 days, in order to improve the counting statistics. 

In addition to measurements regarding 210Pb, in the same sections were performed measurements of the 137Cs activity. For this purpose we made use of a HPGe detector, whose relative efficiency was equal to 35% and resolution 1.8 keV. The length of the measurements was of 600000 s.

Figure 2.-  Final part of Uranium decay series
Data processing was performed with program Gamma Vision-32 Version 6.0 supplied by ORTEC and other our programs. To determine the activity of 210Pb we referred to the line of 46.5 keV, while for the activity of 214Pb we used photons of 352 keV. For the efficiency calibration we used calibrated sources containing the isotopes of interest. The activities obtained were corrected to take into account the different densities of the samples, which affects the self absorption of photons according to Cutshall et al. 1983. Minimum detectable activities (MDA) (Currie 1968) range from 2.2 to 6.4 mBq g-1 and from 0.9 to 3.3 mBq g-1, for total  and supported (from 214Pb) 210Pb, respectively.

Results and Discussion
 
The activity of supported lead was obtained from the activity of  214Pb in equilibrium with 226Ra. Finally from all these measurements we obtained the graphs shown in Fig. 3 for total and supported lead respectively.  Then subtracting the supported from the total lead we can get the lead Pbex (Fig. 4).
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Figure 3.-  Total and supported 210Pb activity

Figure 4.-  Unsupported 210Pb activity
As we can see from Fig. 4, the first part, until to a depth of about 6 cm, is affected by movement of foraminifers that stir the sediment, making fluctuating response and can be considered constant. So, in order to calculate the decay, we should refer only to the portion after 6 cm onwards: only from this section on, the initial surface activity of 210Pb can be considered constant. The sections to be taken into account for the exponential fitting are shown in the Fig. 5.                                  
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Figure 5.-  Decay of the Unsupported 210Pb activity
From the exponential fitting we obtained that the activity decreases as a function of depth according to the law: 
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Considering a constant sedimentation rate V (Carroll and Lerche 2003), the depth is related to the time by x = V * t and we can write:


[image: image4.wmf]00

1/2 

0.693

A=A exp(-0,057Vt )= A exp(-  )

T

t

*

**


where T1/2 = 22.3 years is the half-life of 210Pb. Then:
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from which it follows that the sedimentation rate is 0.55 cm y-1. In practice to obtain 1 cm of sediment would require about 2 years and since the measurements are performed on layers of 1 cm thick, any change in sedimentation rate and the specific surface of 210Pb activities are indeed mediated over 2 years.
Now we can date the sediment core and conclude that the age of the oldest part is about 55 years. The error resulting by fitting is 12.5%. This implies an uncertainty of about 7 years for the deeper part of the sediment. 

These results are comforted by the measurement of 137Cs performed in each layer of the sediment core. Indeed it is highlighted the presence of 137Cs dating back to the passage of radioactive cloud caused by the Chernobyl accident in 1986. The trend of the activity of 137Cs is shown in the next Fig. 6.
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Figure 6.-  Trend of  137Cs  vs.  depth and sediment core age
As we can see the figure shows a diffuse peak around 1986. The fact that the peak is off can be attributed to the effect of mixing the sand carried by the foraminifers. The upward trend since 1960 can be explained by the arrival of sand contaminated with radioactive cesium due to nuclear French tests in North Africa that lasted more than half of the sixties. Even today, it is possible to observe the arrival in Sicily of sand contaminated with radioactive cesium, when the wind blows southeast.

Around the year 1963, the period of highest concentration of cesium in air pollution by nuclear explosions caused by the Soviets and Americans, there is no hint of a peak, statistically significant because of the distance between Sicily and the sites chosen by these countries.
 
. 
Conclusions

The method of 210Pbex applied to a sediment core sampled in Palermo gave satisfactory results. The calculation of sedimentation rate equal to 0.55 cm y-1 made it possible to estimate the age of the various sections. Comparing with the distribution of 137Cs allowed to monitor the quality of our estimates.
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Fig. 3 Total and supported 210Pb activity
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