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Abstract 
 
In this study, the date of the Holocene sediments of Kulakçayırı Lake was determined and the 
sedimentation rates were calculated. The determined sedimentation rates provide important clues about 
the climatic and ecological characteristics of the study area. Especially in aquatic environments, it is 
important to date sediment processes in order to monitor the time-dependent changes in the pollution 
processes of sediments. In this context, radiocarbon (14C) analysis was performed in order to date the 
sediments. Liquid scintillation spectrometry was used to find the radioactivity of the 14C isotope. Three 
drilling samples were taken from the study area (Kulakçayırı Lake / Istanbul) for 14C analysis. 
According to the results of 14C analysis of the samples taken; Sediment deposition in SK-1 sample took 
place in 5599 years, in SK-2 in 7596 years and in SK-3 in 8060 years. Sedimentation rates are; SK-1> 
SK-2> SK-3. From the data obtained, it was observed that the sedimentation rate has different rates at 
different points of the lake. There is no stream bringing material to the lake.  Therefore, it can be said 
that a slow storage dominates the lake in general. 
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1. Introduction 
 
Dating determination in sediments play a very important role in determining the environmental 
effects of natural and anthropogenic events when considered together with the distribution of 
chemical elements throughout the sediment. Many different methods have been developed for 
dating determination in sediment. The Radiocarbon (14C) method, which is based on the 
dissolution of the 14C atom in dead organic substances, is one of the most used methods. With 
this method, it is possible to age a period of 30-40 thousand years [1, 2]. 
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The radioactive isotope of the element carbon (14C), which is common in nature, is caused by 
the reaction of cosmic rays from space in the upper layers of the atmosphere with nitrogen gas 
in the atmosphere. The 14C atoms formed react with the oxygen element in the atmosphere, 
becoming carbon dioxide (CO2) gas. CO2 mixes with other gases in the atmosphere and quickly 
disperses throughout the atmosphere. Most of the carbon dioxide gas in the atmosphere passes 
into the oceans, seas and lakes in the form of carbonate solution. It is found in the bodies of the 
creatures living here. With the death of living things, CO2 also descends to the bottom of aquatic 
environments and precipitates along with living residues. Some of the carbon dioxide gas takes 
part in photosynthesis in plants and passes into the bodies of all living things on earth. Thus, 
every living thing has a certain 14C density and radioactivity by taking 14C from its 
environment continuously during its lifetime. Over time, a balance occurs and the 14C density 
in the atmosphere and living things stabilizes. After living creatures die, the new 14C entry into 
their bodies stops and the 14C concentration and radioactivity in their bodies at the time of 
death decrease over time [3]. 
 
There are previous studies on dating in the sediment (Yümün et al., 2016 [15]; Yümün, 2017 
[15]; Yümün and First, 2017 [4]; Akçer-Ön, 2017 [5]; Bondevik et al. 1998 [6]; Güngör and 
Çağatay 2006 [7]). However, this study will be the first for the study area. With the study, the 
age of the Holocene sediments of Kulakçayırı Lake was determined and the sedimentation rate 
was calculated. And it provided a resource for detecting climatic and ecological changes for the 
study area. 
 
In the study titled “Meiofauna, Microflora And Geochemical Properties Of The Late 
Quaternary (Holocene) Core Sediments In The Gulf Of Izmir (Eastern Aegean Sea, Turkey)” 
conducted by Yümün et al. (2016), the pollution of marine sediments in İzmir Bay was 
evaluated both paleontologically and geochemically. Here, radiocarbon analysis (14C) was 
performed to evaluate the change of pollution with time. 
 
Yümün conducted a similar study for the West Marmara Sea sediments in 2017. Here again, 
the sedimentation velocities of the sediments were determined by conducting radiocarbon 
analysis (14C). With this determination, the effect of coastal geomorphology and rivers flowing 
into the sea on the sedimentation rate was evaluated. The geochronological process of heavy 
metal pollution occurring in the marine environment with the deposition rate has been revealed. 
In his work titled "Monitoring heavy metal pollution in foraminifera from the Gulf of Edremit 
(northeastern Aegean Sea) between Izmir", conducted by Yümün and Önce (2017) [6], 
foraminifera assemblages in the Quvaternary sediments in Balıkesir and Çanakkale (Turkey) 
Northeastern Aegean Sea and the characteristics of anomalous shell structures observed in 
foraminifers were investigated. Within the scope of this study, 14C analyzes were carried out 
in Güre (Balıkesir), Küçükkuyu (Çanakkale) and Dikili (İzmir) regions. According to the result 
of this analysis, the geochronological process of the contamination in the sediment column has 
been evaluated. 
 
In the study by Akçer-Ön (2017) [7], named Climate Changes Due to Solar Effect in Little Ice 
Age: Köyceğiz Lake Sediment Records (SW Anatolia); 14 C analyzes were made on four short 
gravity core samples taken from Köyceğiz Lake. 
 
In the Late Weichselian Marine 14C Reservoir Ages at the Western Coast of Norway study by  
Bondevik et. al.(1998) [8] 14 C analysis was performed at eight different stratigraphic levels in 
the marine reservoir on the west coast of Norway. 
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In the study by Güngör and Çağatay (2006) [9] called sudden environmental changes in the 
Black Sea in the last 3000 years, geochemical analyzes were applied in a total of two cores 
taken from the Western Black Sea basin with the multiple core system. Natural and 
anthropogenic environmental changes that occurred in the last 3000 years were determined and 
these changes were dated with 210Pb method and published 14C data. In this study, analysis of 
three core samples taken from Kulakçayırı Lake with the 14C method was performed, and the 
ages and sedimentation rates of the study area were revealed. 
 

2. Material methods 
 
The study area is Kulakçayırı Lake and its surroundings, which is a surface water source 
between Istanbul province, Arnavutköy and Hadımköy districts and the Black Sea. The study 
area location map is given in Figure 1 and sample coordinates are given in Table 1. 
 

 
Figure 1. Study Area Location Map [10]. 
 
 
Table 1. Kulakçayırı Drilling Coordinates [10] 

 BH X Y 
Kulakçayırı 

Lake 
BH-1 645459.77  4572767.77 
BH-2 645529.00 4572399.00 
BH-3 645511.81 4572001.24 

Radiocarbon 14C dating technique was used to age these levels after certain lithostratigraphic 
units were distinguished (14C) in the cores. Dating determinations were performed by 
Accelerator Mass Spectrometry (AMS) method. While performing the analyzes, care was taken 
that the samples were not moved. In order to be able to compare with the dates in other studies, 
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the reservoir date correction for dating and calibration to the calendar year were not performed 
and the margin of error was calculated as ± 1 ơ (1 standard deviation). Thanks to the radiocarbon 
14C dating analysis in the cores, information was obtained about the chronological sequences 
of the different sediment units within the 14C analysis limits, and thus precise 
chronostratigraphic studies of the core sediments were performed [11,17,18]. The land has a 
rough topography in places, almost flat in places. The region is located in the Marmara climate 
zone. 
 
Depending on the Marmara climate type, the region is cold in winters and hot in rainy summers. 
There is an increase in surface waters in the region due to precipitation. The study area consists 
of hilly and undulating plains in the northern and eastern regions, and slightly undulating plains 
in the southern and western regions [12, 24, 25, 26].  
 

 
Figure 2. Geological Map of the Study Area and its Close Vicinity [13]. 
 
 
In the study area, the Lower Carboniferous Trakya Formation (Unsalted) is located at the 
basement. Upper Cretaceous (Campanian-Maastrichtian) aged Sarıyer Formation 
unconformably overlies this basement. The unit consists of lava, tuf and agglomerate 
interbedded marl, conglomerate and sandstone lithology. Upper Eocene aged İhsaniye 
Formation comes on the Sarıyer Formation with an angular unconformity. The unit consists of 
tuff intermediate level, clayey limestone, sandy limestone, marl, claystone and sandstone. Over 
this unit is the Upper Oligocene Danişment Formation with a discontinuity with gaps. The 
Danişment formation consists of an alternation of thin to medium bedded sandstone and 
laminated claystone. Miocene-Pliocene aged Belgrad Formation is located on the Danişment 
Formation. All units in the base are covered with sand dunes in places near the Black Sea coast, 
and are covered by alluviums in valley beds and flat areas with angular unconformity. 
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Figure 3. The Generalized Stratigraphic Colon Section of the Study Area and its Vicinity 
(Unscaled) [13].  
 
 
Three samples were taken from the study area for analysis (SK-1, SK-2, SK-3). Sediment 
samples were first washed with acid and made ready for analysis. 14C analysis was carried out 
with the total carbon insoluble in acid in the sediment sample. In order to apply this method, 
samples have been converted to benzene by various chemical processes. Liquid scintillation 
spectrometry was used to find the radioactivity of the 14C isotope in synthesized benzene. After 
counting, the necessary calculations were made and the samples were dated [14, 15, 19, 20]. 
Each radioactive isotope has a specific half-life. The half-life of the 14C isotope is 5730 years, 
and the 14C radioactivity at the time the carbon-containing find died is Ao, the time elapsed 
from the moment the residue died to the present is called age and is called T. The relationship 
that gives the age of the residue is as follows. 
 

T = 8267 ln(Ao/A)  
 
The number 8267 in the relation depends on the half-life of the 14C isotope, and this number is 
called the average life of the 14C isotope. In the relation AO indicates the current concentration 
or activity of 14C in the find, and A the concentration or activity of 14C that the find had at the 
time of its death. As can be seen, the age of a find is directly proportional to the natural 
logarithm of the Ao / A ratio. The greater this ratio, the greater the age of the find [2, 16, 21, 
22,23]. 
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3. The main result 
 
The results of the 14C analysis of three samples taken from Kulakçayırı Lake are given in Table 
2. While sediment deposition took place in 5599 years in SK-1 sample, it occurred in 7596 
years in SK-2 and 8060 years in SK-3. Sedimentation rates are; SK-1> SK-2> SK-3. 
 
 
Table 2. AMS radiocarbon ages of SK-1, SK-2 and SK-3 drillings taken from Kulakçayırı 
region 

SAMPLE 
LOCATION 

DEPHT (cm) C-14 ANALYSIS 
AGE 

SEDIMENTATION 
RATE (years) 

BH-1 50 5599 -+ 66 5599 
BH-2 100 7596 -+ 55 7596 
BH-3 150 8060 -+ 60 8060 

 
 

 
Figure 4. Graphical representation of C-14 analysis of SK-1, SK-2 and SK-3 C-14 samples 
 
 
According to the analysis results, it was observed that the sedimentation rate and age have 
different rates at different points of the lake. There is no stream bringing material to the lake. 
Therefore, it can be said that a slow storage dominates the lake in general. It is concluded that 
the sedimentation that took place was a result of seasonal precipitation and runoff. This study 
will give the opportunity to interpret the scientific studies made and to be done in Kulakçayırı 
Lake in terms of geochronology. In addition, there will be scientific infrastructure in terms of 
methodology for scientific studies conducted in aquatic environments such as lakes, seas and 
oceans. 
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