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Radio-dating method of ?°Pb in a marine sediment core
from the deep basin Northern of Skyros Island, Aegean Sea

S.K. Roumeliotil?, D.L. Patiris>”, C. Tsabaris?, S. Alexakis!

L nstitute of Oceanography, Hellenic Centre for Marine Research, 19013, Anavyssos, Greece
2 Department of Physics, National Technical University of Athens, 15780, Athens, Greece

Abstract In this work, the level of natural and artificial radioactivity in a marine sediment core
obtained from the Northern basin of Skyros (Sporades region - Aegean Sea, Greece) was measured by a
high-purity germanium detector. More specifically, the activity concentration was determined for the
radionuclides ??°Ra, 2*4Pb, 2*Bi and 2*°Pb, 2%8T1, and 2?2Ac, the natural potassium radioisotope 4°K, and the
anthropogenic cesium radionuclide *’Cs. The vertical distribution was obtained for each of them in the
core and subsequently, based on the radio-dating method of 2'%Pb, the time reconstruction of their activity
was realized. The sediment accumulation rate was calculated at (0.17+0.02) cm y=* which in the specific
core is equivalent to sediment deposition of 1cm per (6 + 1) years. The vertical distribution of ¥’Cs was
also used to validate the accumulation rate. According to the time reconstruction, a significant increase of
both ??°Ra and 2°8T| was revealed in the period 1950-1960. The results highlight that the radio dating
method of 22°Pb, even though it is widely used in coastal marine areas, can be successfully applied in deep-
sea regions where the accumulation of sediment is high enough (mm per year) due to sediment gravity
flow.

Keywords environmental radioactivity, accumulation rate, gamma-ray spectrometry

INTRODUCTION

The aim of this work was the study of the deep sea and specifically the comprehension of phenomena
that take place in the deep basins of the North Aegean and the evaluation of the possibility of utilizing
radio-tracing methods that are already used in the coastal environments. The study of the vertical
distribution of the activity concentration of natural and anthropogenic radionuclides was performed
deducing the accumulation rate of the sediment in the study area.

For the measurements, a sediment core was sampled in September 2020 from the Northern basin
of Skyros. The core was cut into individual slices and the levels of natural and artificial radioactivity of
each unit were determined with gamma-spectroscopy. The measurements were performed using a
calibrated high-purity germanium (HPGe) detector of the HCMR laboratory providing the vertical
distribution of the activity concentration of the radionuclides. By using a dating model based on lead
210pp, the deposition rate of the sediment in this area was estimated and a time calibration of the vertical
distribution of radionuclides in the sediment core was performed.

EXPERIMENTAL DETAILS

The sediment core was taken from about 1020 m (39° 1'12.00 "N 24°41'24.00 "E) (Fig. 1). It was
separated into samples of 1 cm thickness and after 20 cm to 2 cm thickness. Initially, the samples were
placed in an oven, until all the water evaporates and only the dry mass of the sample remains. The mass
of the dried samples was then measured and pulverized using an agate mortar. They were placed in
cylindrical containers and the activity concentration (C) of each one was calculated after the
measurement of the sediment mass (m) and the activity (A). The latter was defined by the following
equation:
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. counts
4= L, - FEPE - time - m @)
where, counts: the experimental counts, calculated from the spectra, with the SPECTRW software,
FEPE: the full-energy peak efficiency, calculated from the fitted function, I,: the emission probability
of the gamma-ray, time: the time measurement of the sample (24 hours), m: the net mass of the sample
(k).

For the calculation of full-energy peak efficiency (FEPE), two required corrections were applied
to the experimental counts of the '°?Eu calibration source. The corrections were made utilizing the
EFFTRAN code [14] considering the calculation of true coincidence summing correction factors (TCS)
for every gamma-ray energy, as well as due to the density difference between the calibration source and
the mean density of the samples (due to different self-absorption effects).

Figure 1. Sediment sampling position from the Northern basin of Skyros

The accumulation rate, which is a result of atmospheric fallout and gravity flows, was estimated
in three ways. By %!°Pb dating, using two assumptions for the excess activity concentration, and by
187Cs dating. In the first two cases, the accumulation rate was estimated using the distribution of the
excess activity concentration of 2°Pbey by the Constant Flux: Constant Sedimentation (CF: CS) model
[12], which assumes that the 21°Pbey flux to the sediment surface and the sedimentation rate is constant.
The activity concentration, C, is assumed to depend on the cumulative sediment mass m:

-Am A
C(m) =Cpe v =1InC(m) =InCy — Sm 2

where, Co: the activity concentration of 22°Ph,, for t=0, z=0, m: the mass of the sample, /: decay constant,
v: accumulation rate.

The excess activity concentration (C) of %Pbex was measured with the following two ways:
1. 29Pheyi= 21%Pb; - 2%®Ra; |, i: the sample depth
2. 210Ppe, i= 210PD; - 2Ra, , ?°Raay: average concentration of 22°Ra from the depth where it is stable

In the case of *’Cs dating, the method relies on the two characteristic peaks of maximum
concentration in the sediment core. The first peak represents 1963, which corresponds to the maximum
concentrations in the air because of the nuclear cloud, and the second peak 1986, corresponds to the
Chernobyl accident. The occurrence of ¥’Cs peaks in each core allows the estimation of the average
rate of sediment accumulation at the bottom, assuming a linear dependence between peaks along the
depth. The mean sedimentation rates (vi) after 1963 and after 1986 are calculated, respectively:

__ % (3)
oty -t
where, to: the date of the core extraction, t;, zi: depths and dates of high activity concentrations of *'Cs.
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RESULTS AND DISCUSSION

The activity concentration of 26T ranges from (29 + 5) Bq kg*to (76 + 5) Bq kg, of 22Ac from
<MDA to (86 + 11) Bq kg*, and “°K from (262 + 24) Bq kg™ to (714 + 182) Bq kg™. We observe that
208T] and 2Ac behave in the same way, their concentration is almost constant in the first 10 cm, at 10-
12 cm there is a slight increase, and below 12 cm of depth, the concentration decreases to the initial
range of values and remains almost constant. The activity concentration of “°K exhibits the maximum
activity concentration at 1 cm and below that, it decreases and exhibits an almost constant value below
2 cm (see Figure 2). The activity concentration of 2“Bi ranges from <MDA to (105 + 8) Bq kg, 24Pb
from <MDA to (87 + 7) Bq kg, and ??°Ra from <MDA to (97 + 11) Bq kg*. The aforementioned
radionuclides have the same distribution since 2**Pb and 2“Bi are daughters of ??°Ra. In particular, the
value is stable except for 10-12 cm where an increase is observed, which concerns an event that
disrupted the constant flux (Figures 2 and 4). The activity values of $*’Cs range from <MDA to (7 * 3)
Bq kg?, #°Pbex from <MDA to (351 + 197) Bq kg?, and ?*°Pb from <MDA to (368 + 196) Bq kg™.
The activity concentration of *¥’Cs exhibits two non-intense energy peaks and appears to be close to
zero at 20 cm and below. The activity concentration of the total and excess 2!°Pb have constant
concentrations in the first 20 cm and below that it appears to be close to zero (Figure 3).
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Figure 2. The activity concentration distribution of 2%8TI,228Ac,%°K,2“Bi as a function of core depth

By the 2%Pb dating method, the accumulation rate was measured to be v =(0.17 + 0.02) cm y* and
v = (0.16 + 0.02) cm y* for the two assumptions, respectively, while by the **’Cs dating method was
found to be v =(0.12 + 0.05) cm y*. All the accumulation rate values are in very good agreement within
errors. Moreover, the activity concentration distribution of ?®Ra, calculated based on 2%Pb, is
presented in Fig. 4 as a function of depth and time.

The estimation of the two accumulation rates differs due to the very low activity concentration of
187Cs (high uncertainty), to the instability of the accumulation rate throughout the decades (especially
1950-1960), to severe geophysical events increasing the gravity flow and the mobility of *’Cs
vertically in the sediment core.



S.K. Roumelioti et al. HNPS Advances in Nuclear Physics vol. 30, pp. 241-245 (2024) doi: 10.12681/hnpsanp.6286
HNPS2023 page 244

T T T T T 7 T 77 T T T T
0 - 40 5 {OF g
3 N d
10 | @H H 10 —4 10 F R
gzo-g 420§ H20 ¢ -
HOH i Q
- FOA I o L o
= "o 5 o
830 3 4303 4308 e
A HH o o
o ['eY] F O F O
o s S
0F 3 44013 ~H40+9 4
FOH o] (o]
F HOH F O F O
HH o] [o]
50 2 450+3 +450+2 -
HA 0o o]
r 137CS 1 r ZIOPbeX- F ZIOPb'
60 | 1 1 1 1 60 | B B b e 60 (s v il B
0 6 12 0 200 400 600 0 200 400 600
137 -1 210- -1 i
Cs (BgKg™) Pb, (BqKg™) #%Pb (Bq Kg™)

Figure 3. The activity concentration distribution of 3'Cs, 21%Pbey, 21°Pb as a function of core depth

T
OfF—a—— e R
=) My = = 4 2000
F l + F F {
g [ ey
2l . T B S o —m— o 1950
: | e L " - =
-i. ) '—‘— )
\'$<' >_q|
20 L ¥ T i - ¥ >-l|-< < 1900
= - 4
=1 i
2 ok - - H4 1850 o
o= HH - E
.a_’&(l B HH T ff; a
o -
2 et L - 4 1800
- "}‘.‘
40 - - -
iy - - 4 1750
HH
. HEH
- -
50 \I'- . - - - 1700
= -
- - 1650
()(] 1 1 1 1 1 1 1 1
0 30 60 90 120 0 30 60 90 120

26pa (BqKg™) 26pa (BqKg")

Figure 4. The activity concentration distribution of 2?Ra as a function of core depth and date

CONCLUSIONS

This study aimed to use natural and anthropogenic radionuclides to understand the phenomenon
of sediment deposition in deep basins and to apply radio-dating methods to a sediment core. According
to the measured data, the studied radionuclides proved to be a sufficient tracer for the deep basin of the
North Aegean validating that the gravity flows transport and deposit sediment. They are useful for
dating the sediment column, the calculation of the accumulation rate, and the identification of possible
geophysical phenomena. The activity concentrations of 2°Ra and 2*2Th series show an almost constant
distribution, except the 10-12 cm part of the core, which in chronology is estimated between 1950-
1960, where the concentration is much higher. The sediment in this section is richer in natural
radioactivity, which may be attributed to geophysical incidences after 1950 (seismic activity 1960-70).
However, the activity concentration of “°K, in this part of the core, does not change significantly, which
suggests that such an event affected only the activity concentrations of the Ra isotopes. The atmospheric
deposition of °Pb in a deep-sea environment was found to be very low. However, the gravity flow of
sediment from the slopes of the basin provides additional sediment material. The radio dating method
of 21%Pp (CF: CS model) proved to be an efficient tool for the estimation of the accumulation rate,
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although it was not constant throughout the decades where geophysical events took place. The *¥'Cs
radio dating method was also applied effectively since it validated the results of the 2°Pb model.
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