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___________________________________________________________________________ 

Abstract A sediment core was collected using a box corer from the North Cretan deep basin, at a 

depth of 1500 m, in order to determine the rate of sedimentation, to measure the levels of radioactivity of 
137Cs and to investigate potential past geophysical events. The activity concentrations of the radionuclides 

were measured in the laboratory by the gamma spectroscopy method using a High-Purity Germanium 

(HPGe) detector at the Marine Environmental Laboratory of HCMR. The sedimentation rate was 

calculated applying radio-dating models by both the 210Pb and the 137Cs methods. The low sedimentation 

in the studied area exhibited folded peaks of the Cs deposition due to Chernobyl and nuclear tests. The 

results of the measurements showed that Cs appeared in the first 4 cm of the sediment core and its activity 

concentration ranged from (6.66 ± 0.62) Bq kg-1 to (1.39 ± 0.28) Bq kg-1, with a value of (6.66 ± 0.62) Bq 

kg-1 on the surface sample. The sedimentation rate was estimated at (0.037 ± 0.007) cm y-1 with the 210Pb 

radiochronology model. Additionally, it was observed the signature of the volcanic eruption that took place 

close to Santorini Island (almost 300 years ago) was evident at around 10.5-11.0 cm. The deep basin of 

the North Cretan Sea, although it does not interact with the terrestrial environment, was affected by 

anthropogenic pressures, as well as by the footprint of natural hazards. 

Keywords HPGE, environmental radioactivity, sedimentation rate, gamma-spectrometry, 

radionuclides 

___________________________________________________________________________ 

INTRODUCTION 

The deep ocean basins, as semi-closed systems, do not interact intensively with the atmosphere as well 

as with benthic oceanographic circulation of water masses. Thus, the deep ocean basins are considered 

valuable adequate laboratories for studying the cycle of key physicochemical magnitudes and tracers 

that play crucial role to the better understanding of the environmental processes and the ecosystem 

functioning [1-2]. The sediment is also a valuable marine matrix to study the evolution of any magnitude 

of interest (e.g. related discharged pollutants).  

Due to increased technological activities since the onset of industrialization in the last century, 

several million tons of pollutants have been released into the environment, leaving a distinct 

stratigraphic signature in sediments. In recent years, significant efforts have been devoted to 

understanding the processes driving gradients in contaminant levels in response to changing climate 

conditions. One of the methods frequently applied, as described in the literature [3-5], involves 

reconstructing contaminant levels over the past century and correlating them with 

sedimentation/accumulation processes identified in sediment cores. The evaluation of long-term global 

geological processes, influenced by both natural and anthropogenic factors, is carried out using dating 

methods and appropriate "radio-clocks" [6]. In this context, considerable effort has recently been 

directed toward developing new methods for studying environmental microplastic pollution, 

incorporating radiotracers to better understand the behavior of chemicals and particles [7]. 

Recent research activities have focused on the reconstruction of marine environments in the deep 

basin of Lemnos in the North Aegean Sea [8], as well as in other marine regions, such as the Adriatic 
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and Black Seas. These studies aim to reconstruct radionuclide activity concentrations and analyze 

global change factors [5]. Temporal variations of key parameters were examined using sediment cores 

from deep-ocean environments to estimate sedimentation/accumulation rates and to assess any changes 

linked to climate. Sedimentation rates and chronology were determined using the 210Pb dating method, 

validated by the 137Cs method [3,5]. Regarding the Lemnos basin, it was found to be a semi-enclosed 

system that, despite its isolation, is influenced by anthropogenic activities through the advection of 

material from the northern part of Greece. 

The aim of this work was to understand the phenomena occurring in the deep basin of North Crete, 

to study a semi-closed system and tο assess the feasibility of applying radio-tracing techniques already 

implemented in these environments. However, significant information appeared in the core during the 

last five centuries. The activity concentrations of the natural and artificial radionuclides were analyzed 

to estimate the sedimentation rate in the study area. In this work, the sediment core was sampled in 

September 2020 from North Cretan basin. The core was sectioned into separate slices, and the natural 

and artificial radioactivity levels of each segment were measured using gamma spectroscopy. The 

measurements were performed using a calibrated High-Purity Germanium (HPGe) detector operated at 

the Marine Environmental radioactivity Laboratory of HCMR (MERL), which provided the vertical 

distribution of radionuclide activity concentrations. Using a dating model [3,5] based on lead 210Pb and 

the 137Cs radio-dating model, the sedimentation rate in this core was estimated separately for each 

method, and the vertical distribution of radionuclides in the sediment core was time-calibrated. 

EXPERIMENTAL DETAILS 

The sediment core was collected using a box corer from a depth of 1500 m at the coordinates 

35°43'34.68"N, 25°7'50.52"E (Fig. 1). The Cretan basin, the southernmost part of the South Aegean, is 

bordered to the north by the shallow Cyclades Plateau (mean depth of roughly 200 m) and to the south 

by the island of Crete. It extends between 35°N and 37.5°N latitude and 23°E and 27.5°E longitude, 

covering an area of approximately 87,000 km². The basin is characterized by complex bathymetry, with 

depths ranging from 100 m to 2’500 m [9].  

At the north part of the study area, there is a shallow submarine volcano called Kolumbo [10] (see 

Fig. 1), approximately 7 km northeast of Santorini Island [11]. In 1650 A.D., a volcanic eruption 

occurred, significantly affecting Santorini and the surrounding islands [12]. There slices of the core 

sediment samples in Cretan Sea provided new data in terms of radioactivity to better understand 

potential deposition mechanisms. According to the macroscopic description, a sedimentary volcanic 

origin was identified. 

The sediment samples were prepared for measurement following IAEA standards [13]. The core 

was separated into samples of 1 cm-thickness, which were then dried in an oven at 50°C. The dried 

samples were weighed and grinded into a fine powder using an agate mortar. Subsequently, they were 

transferred into cylindrical plastic containers (6.8 cm in diameter, 1.9 cm in height), and the final mass 

of the sediment samples was calculated. Gamma-ray spectroscopy measurements were conducted using 

an HPGe detector (CANBERRA BE5030, diameter 101.6 mm, length 133.35 mm) with the appropriate 

electronic equipment (Digital Signal Analyzer, CANBERRA DSA-LX). The time measurement of each 

sample was 24 hours. To maximize the detection efficiency, the samples were positioned in close 

contact with the detector’s cover, optimizing the sample-to-crystal solid angle. 

The analysis of all spectra was performed using SPECTRW software [14]. For the determination 

of activities, the photopeaks at 46 keV (210Pb), 186 keV (226Ra), 911 keV (228Ac), 661 keV (137Cs), and 

609 keV (214Bi) were used. The activity concentrations of the radionuclides 226Ra, 228Ac, 210Pbex and the 

anthropogenic cesium 137Cs were determined. Appropriate correction factors for true coincidence 

summing (TCS) effects of simultaneously emitted gamma-rays and for sample self-absorption (ET), due 
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to differences in properties (density and composition) between the reference sources [15-16] and the 

samples, were calculated for each photopeak using the software EFFTRAN 4.5 [17]. The specific 

activity or activity concentration A (Bq kg-1) for each radionuclide was determined using the following 

equation [18]: 

𝐴 =
𝑐𝑝𝑠

𝑒𝑓𝑓 ·  𝑚 ·  𝐼𝛾 
· 𝑇𝐶𝑆 · 𝐸𝑇 (1)

 

where cps is the net count rate of each photopeak, calculated from the spectra, eff is the full energy peak 

efficiency of the sample, m is the mass of the sample and Iγ is the gamma-ray emission probability. 

The sedimentation rate was determined using the 210Pb dating method and the 137Cs radio-dating 

model. For 210Pb dating, the sedimentation rate was calculated based on the distribution of excess 210Pb 

activity concentration (210Pbex) using the Constant Flux: Constant Sedimentation (CF:CS) model [3,19]. 

This model assumes a consistent flux of 210Pbex to the sediment surface and a constant sedimentation 

rate. The activity concentration A is expressed as a function of sediment depth (z) and sedimentation 

rate (v): 

𝐴(𝑧) = 𝐴𝑜 𝑒
−𝜆 𝑧

𝑣  → ln 𝐴(𝑧) = ln 𝐴𝑜 − 𝜆 
𝑧

𝑣
(2)  

where Ao is the activity concentration of 210Pbex for z=0 and λ represents the decay constant. 

The excess of 210Pbex activity concentration in the samples was determined by subtracting the 214Bi 

activity concentration from that of 210Pb (210Pbex = 210Pb - 214Bi), under the assumption that 214Bi and 
226Ra are in secular equilibrium since the sampled remained in the laboratory for about 20 days before 

the measurement process. 

For 137Cs dating, the method utilizes two characteristic peaks of maximum concentration within 

the sediment core. The first peak corresponds to 1963, reflecting the maximum concentrations in the air 

due to the nuclear fallout, while the second peak, dated to 1986, is associated with the Chernobyl 

accident. The identification of these 137Cs peaks in each core enables the calculation of the average 

sedimentation rate, assuming a linear relationship between the peaks and depth. The mean 

sedimentation rates (vi) after 1963 and 1986 are calculated, respectively: 

𝑣𝑖 =
𝑧𝑖

𝑡0 − 𝑡𝑖

(3) 

where t0 is the date of the core extraction, ti refers to 1963 or 1986 and zi represents the corresponding 

sediment depth. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Left picture: Sediment sampling position of North Cretan basin. Right picture: Kolumbo volcano [20] 
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RESULTS AND DISCUSSION 

As a first observation when opening the sediment core, volcanic tephra was observed at a depth of 

9.5–11.5 cm. In this paragraph the activity concentration of radionuclides will be described. More 

specifically, the 226Ra activity concentration ranges from (16 ± 1) Bq kg-1 to (33 ± 1) Bq kg-1, of 228Ac 

from (18 ± 1) Bq kg-1 to (39 ± 3) Bq kg-1 and 210Pbex from the minimum value that the detector can 

measure (MDA) [18] down to (279 ± 13) Bq kg-1 (Table 1). The activity concentration graphs for natural 

radionuclides, as a function of sediment depth, follow a similar pattern (Fig. 2). We observe that the 

graphs for 226Ra and 228Ac exhibit consistent behavior: their activity concentration increases within the 

first cm of the core, remains almost constant between 1.5 cm and 3.5 cm, rises again at 4.5–9.5 cm, 

decreases at 9.5–11.5 cm and stabilizes from 12.5 cm to 30.5 cm. The maximum activity concentration 

is observed at a depth of 9.5 cm. The activity concentration of excess 210Pb decreases between 0.5 cm 

and 3.5 cm, remaining constant below this depth, except for a slight increase at 9.5–10.5 cm. The 

maximum activity concentration is observed at 0.5 cm (Fig. 3). As concerns artificial radioactivity, the 

activity concentration values for 137Cs range from (1.39 ± 0.28) Bq kg-1 to (6.66 ± 0.62) Bq kg-1, but the 

two peaks corresponding to nuclear fallout (1963) and the Chernobyl accident (1986) are 

indistinguishable (Fig. 3).  

Using the 210Pb dating method, the sedimentation rate was measured as v=(0.037 ± 0.007) cm y-1. 

The value of the sedimentation rate taking into account the minimum value at the confidence interval 

within 1 sigma is 0.03 cm y-1 and it was selected for time-calibration according to the time marker of 

Kolumbo eruption as a reference point. The tephra from the eruption was primarily observed at a depth 

of 11 cm. Using v=0.03 cm y-1 and z=11 cm, the time between the eruption and the sampling date was 

calculated as t=367 y (by t=
𝑧

𝑣
 ). Thus, the experimental date of the Kolumbo eruption is 2020-367=1653, 

based on the 210Pb radio-dating model. In case of the mean value of the sedimentation rate, the 

reproduced year is (1720 ± 60) years. This difference may probably come from the compaction factor 

of the sediment core since the studied system is very slow in terms of accumulation/sedimentation. 

Using the 137Cs radio-dating method, the sedimentation rate v=(0.021 ± 0.009) cm y-1 was 

calculated. For the 137Cs model, it was assumed that the peak associated with the Chernobyl accident 

occurs at 0.5 cm and the peak for nuclear fallout at 1.5 cm depth, as no distinct energy peaks were 

observed in the graph. However, the Cs model is not effective since the system in terms of 

sedimentation/accumulation is very slow and the different Cs contributions are not distinguished. 

The artificial radionuclide 137Cs is hardly detected in sediments due to its low concentration, 

variable residence time in the water column and mobility within sediments caused by diffusion 

processes [9]. It should be noted that the diffusion model applied in this study is a simplification, and 

alternative approaches should be sought. The activity concentration of 137Cs (above the minimum 

detectable activity, MDA) was observed at depths 2.5 cm and 3.5 cm. The presence of these peaks, 

which appear earlier than the timeline of nuclear weapon tests and the Chernobyl accident, suggests 

that diffusion of 137Cs occurred along the sediment core depth. To study this phenomenon, the diffusion 

of 137Cs was calculated for these four sediment layers of the core. The diffusion equation is [21]: 

𝐶 = 𝐴 · 𝑒
−

𝑧2

4·𝐷·
𝑧
 𝑣 (4)

 

where C is the activity concentration of 137Cs (Bq kg-1), A is the initial activity concentration of 137Cs 

(Bq kg-1) before diffusion, z is the depth of the core (cm), D is the diffusion rate factor (cm2 y-1) and the 

sedimentation rate v=(0.037 ± 0.007) cm y-1. The factors A, D and coefficient of determination, R2, 

were measured using the function y=a·eb·x, as shown in Fig. 3, with values of (7.65 ± 1.91) Bq kg-1, 

(0.016 ± 0.005) cm2 y-1 and 0.86, respectively. The diffusion model used in this work should provide 

better results if the 137Cs data were made in a better depth resolution.  
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CONCLUSIONS 

In this work, naturally occurring and anthropogenic radionuclides were studied in a sediment core 

from the Cretan deep basin 25 miles northern from Heraklion port, Crete. The sedimentation rate was 

estimated mainly using the 210Pb dating model, assuming that the flux of 210Pbex to the sediment surface 

Table 1. Table of activity concentration values of 226Ra, 228Ac, 210Pbex and 137Cs 

Radionuclide Range of activity concentration (Bq kg-1) 

226Ra (16 ± 1) - (33 ± 1) 

228Ac (18 ± 1) - (39 ± 3) 

210Pbex from MDA - (279 ± 13) 

137Cs (1.39 ± 0.28) - (6.66 ± 0.62) 

 

Figure 2. The activity concentration distribution of 226Ra and 228Ac as a function of core depth 

 

Figure 3. Left picture: The activity concentration distribution of 210Pbex as a function of core depth. Right picture: 

Graph of the diffusion of radionuclide 137Cs. 

and sedimentation rate remain constant. Additionally, the 137Cs dating method is not adequate to be 

exploited as a radiotracer for dating purposes due to the very slow accumulation rate of material in the 

Cretan basin system (~0.03 cm y-1). Vertical mobility of 137Cs within the sediment core was observed 

and the diffusion rate factor was determined. The time marked of the Kolumbo eruption was identified 

by a distinct color change in the core at a depth of 11 cm. However, the maximum activity concentration 

of radionuclides was observed at a depth of 9.5 cm. Following the eruption, the volcanic plume and 

tephra were dispersed into the atmosphere, with their subsequent delayed deposition to the Cretan Sea 

and subsequently to the deep part of the deep basin at 1500 m. Further investigation is planned to 

measure chemical substance to identify the different deposition processes through the atmosphere 

and/or to the marine system reaching the seabed of the deep basin. 
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