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CLIMATE 6625
The waxing and waning of Alpine glaciers - a sensitive climate proxy
throughout the Holocene
Walter KUTSCHERA1*, Gernot PATZELT2, Joerg M. SCHAEFER3, Christian
SCHLÜCHTER4
1. Faculty of Physics – Isotope Research and Nuclear Physics, University of Vienna,
1090 Vienna, Austria
2. Patscher Strasse 20, 6080 Innsbruck-Igls, Austria
3. Geochemistry, Lamont-Doherty Earth Observatory (LDEO), Palisades, NY 10964, USA
4. Institute of Geological Sciences, University of Bern, 3012 Bern, Switzerland
Correspondence to: Walter Kutschera; E-mail: walter.kutschera@univie.ac.at
Keywords: Cosmogenic radionuclide dating, Alpine glaciers, chronology

It is well known that the Holocene, i.e. the last 10,000 years after the end of the last glacial
period on Earth (usually referred to as the Ice Age), enjoyed relatively stable temperatures.
Although the retreat of Alpine glaciers since the end of the so-called Little Ice Age in 1850
has been linked to the temperature rise most likely caused by the ever increasing release of
CO2 and other greenhouse gases by human actions, it is now evident that considerable glacial
fluctuations occurred already at much earlier times when the human impact must have been
negligible. The current presentation will first discuss how these glacial fluctuations can be
established with the help of dendrochronology, radiocarbon dating, surface exposure dating
with various cosmogenic radionuclides (10Be, 14C, 26Al, 36Cl), and geomorphological
considerations. These natural fluctuations constitute a background for which one would like to
find the causes. It is possible that small solar activity variations, enhanced by (hitherto largely
unknown) feed-back processes on Earth, ultimately caused the observed glacial fluctuations.
Higher CO2 concentrations in the atmosphere raise the temperature as was already discussed
120 years ago by Svante Arrhenius [1]. Some 40 years ago Wally Broecker introduced the
term ‘global warming’ when he discussed the effect of ever increasing CO2 concentrations [2].
The hope is that by studying the natural fluctuations of Alpine glaciers undisturbed by man,
one will eventually be able to disentangle natural and anthropogenic causes of climate change
in our time.
1. S. Arrhenius. 1896. On the influence of carbonic acid in the air upon the temperature of the ground ,
Philosophical Magazine and Journal of Science Series 5, 41: 237-276.
2. W.S. Broecker. 1975. Climate change: are we on the brink of pronounced global warming? Science
189: 490-463
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CLIMATE 6590
Radiocarbon based chronologies of past and present climatic records—an
overview
Irka HAJDAS
Laboratory of Ion Beam Physics, ETH, Zurich, Switzerland
Correspondence to: Irka Hajdas; E-mail: hajdas@phys.ethz.ch
Keywords: AMS, climate change, Carbon-14 dating, chronology

From early days radiocarbon dating was a most appreciated method in dating archives of past
climatic and environmental changes. Analytical developments as well as advent of the
Acceleartor Mass Spectrometry (AMS), which followed the first 3 decades, resulted in even
wider use of this method in geochronology. For example, in the late 80ties of the last century
14C ages of the hand picked single species of foraminifera were measured allowing to
improve chronologies of marine sediments. Fragments of terrestrial macroffosils were
measured from lake sediments, which helped to avoid such a common problem of hard water
effect in the lakes. These and other examples pushed the research in climate studies and paved
the way to even more sofisticated develpments in AMS techniques allowing for samples as
small as tens of micrograms of C to be analysed. This paper will present an overview of
applications of 14C dating to building chronologies of various archives (marine and
terrestrial), which were critical to climate research studies such as: dating the Late Glacial
boundaries or dating Heinrich Events. The potential of the modern AMS 14C analysis as well
as difficulties encountered in studies of past climate and enviroment will be discussed.
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CLIMATE 6578
A palaeoevironmental picture of the coast of Rio de Janeiro based on
archaeological samples
Kita MACARIO1,6*, Eduardo Q ALVES1,2, Fabiana M OLIVEIRA1, Ingrid S CHANCA1,
Orangel AGUILERA3, Thayse BERTUCCI3, Luciano RAPAGÑA3, Mariana LOPES3, Rosa
SOUZA1,3, Carla CARVALHO1,4, Maria Isabela OLIVEIRA1,3, Izabela HAMMERSCHLAG1,
Maria Cristina TENÓRIO5, Rita SCHEEL-YBERT5, Tania A LIMA5, Maria Dulce GASPAR5,
Fabio B PITOMBO3, André BELÉM6, Maikel D CASTRO1
1. Laboratório de Radiocarbono, Instituto de Física, Universidade Federal Fluminense,
Av. Gal. Milton Tavares de Souza, s/n, Niterói, 24210-346, RJ, Brazil.
2. Oxford Radiocarbon Accelerator Unit, University of Oxford,
Dyson Perrins Building, South Parks Road, Oxford, OX1 3QY, United Kingdom.
3. Departamento de Biologia Marinha, Universidade Federal Fluminense,
Outeiro São João Batista, s/n, Niterói, 24001-970, RJ, Brazil.
4. Departamento de Geoquímica, Universidade Federal Fluminense,
Outeiro São João Batista, s/n, Niterói, 24001-970, RJ, Brazil.
5. Departamento de Antropologia, Museu Nacional, Universidade Federal do Rio de Janeiro, Quinta
da Boa Vista, s/n, Rio de Janeiro, 20940-40, RJ, Brazil.
6. Programa de Pós-graduação em Engenharia de Biossistemas, Universidade Federal Fluminense, Av.
Gal. Milton Tavares de Souza, s/n, Niterói, 24210-346, RJ, Brazil.
Correspondence to: Kita D Macario; E-mail: kitamacario@gmail.com
Keywords: shellmounds, marine reservoir effect, Brazilian coast

The impact of coastal dynamics on the radiocarbon marine reservoir effect has long been
recognised by the radiocarbon community. The upwelling of radiocarbon depleted waters
generally enhances the MRE, while freshwater discharge in estuaries contributes to the
decrease of such effect. Archaeological sites on the coast of Rio de Janeiro, Southeast of
Brazil, constitute an important record of the palaeoenvironmental scenario, containing a
diverse set of materials that includes fish otolith, barnacle, charcoal and both marine and
terrestrial mollusk shells. Using Bayesian analysis and taking advantage of the abundance and
diversity of samples found in these contexts, it was possible to determine marine reservoir
offsets by comparing marine and terrestrial samples. The results reveal a pattern of negative
∆R from the Saquarema and Rio das Ostras regions but positive values for Cabo Frio and Ilha
Grande. We discuss the reservoir effect values distribution through the region and its relation
to ocean dynamics.
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CLIMATE 6556
Radiocarbon dating of European red deer (Cervus elaphus) on the
background of environmental conditions since the Late Pleistocene
Natalia PIOTROWSKA1*, Sławomira PAWEŁCZYK1, Magdalena NIEDZIAŁKOWSKA2,
Maciej SYKUT2, Krzysztof STEFANIAK3, Karolina DOAN4,
Bogumiła JĘDRZEJEWSKA2, Ana STANKOVIĆ5
1

Silesian University of Technology, Institute of Physics - Centre for Science and Education,
Konarskiego 22B, 44-100 Gliwice, Poland
Mammal Research Institute PAS, Białowieża, Poland

2
3

Department of Paleozoology, University of Wrocław, Wrocław, Poland

4

College of Inter-Faculty Individual Studies in Mathematics and Natural Sciences,
University of Warsaw, Poland;
5

Institute of Genetics and Biotechnology, University of Warsaw, Warsaw, Poland

Correspondence to: Natalia Piotrowska, E-mail: Natalia.Piotrowska@polsl.pl
Keywords: red deer, radiocarbon dating, AMS, climate change

Red deer (Cervus elaphus) is an opportunistic species living in different environmental and
climatic conditions. Our ongoing project is targeted at habitat selectivity by red deer since
Late Pleistocene based on the analyses of stable isotopes of carbon (13C) and nitrogen (15N)
in connection with mtDNA analysis. The isotope composition of C and N in animal bones
allows to reconstruct their environments and diets. The results of the analyses will be
compared to the history of red deer populations, phylogeography of the species (based on
ancient and contemporary mtDNA analysis), and data on climate and environmental changes
in Europe from Late Pleistocene until today.
In frame of this project 95 red deer bone samples have been radiocarbon dated by AMS in the
Gliwice Radiocarbon Laboratory. Sample locations stretched from Tyrrhenian islands
(Corsica and Sardinia), through the Central Europe and Ural to Siberia. The calibrated ages of
majority of the samples (n=73), mostly from European sites, fall into the period of the last
10 kaBP. Only one sample, coming from the Apennine Peninsula, was found in the period
between 10 and 27 kaBP, while the oldest bones have been discovered in Siberia and Ural,
reaching the ages from 27 to 48 kaBP. The spatial and temporal distribution of obtained 14C
dating results will be presented on the background of past global and regional climate records.
Acknowledgement: This research was a part of “Genetic diversity and habitat preferences of European
red deer (Cervus elaphus) in Europe and Asia in the Late Pleistocene and Holocene” funded by the
National Science Centre number UMO-2013/11/B/NZ8/00888.
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INSTRUMENTATION 6601
Improving Designs of Present and Future AMS Systems
Hans-Arno SYNAL
Laboratory of Ion Beam Physics – ETH Zurich, Otto-Stern-Weg 5,
8093 Zurich – Switzerland
Corresondence to: Hans-Arno Synal, E-mail: synal@phys.ethz.ch

The technical evolution of Accelerator Mass Spectrometry (AMS) instrumentation over the
last ten years is summarized. AMS is the most sensitive isotope selective detection method,
capable of measuring, in specific cases, isotopic ratios of long-lived radionuclides as low as
1:1016. At present, C-14 is still the by far most important AMS nuclide but there is a great
potential for applications of Be-10, Al-26, Cl-36, Ca-41, I-129, and actinides measurements. A
key characteristic of any AMS system is the destruction of molecular interferences and
subsequent analyses of atomic ions. In the original designs of AMS instruments, highly
charged ions (charge state 3+ or higher) were used for which no stable molecular exist.
However, fairly high ion energies, and as a consequence, large accelerators are required to
reach a sufficient yield of such ion species. Today, 1+ charge state is primarily used in case of
C-14 detection, molecular interferences are destroyed in multiple collisions with stripper gas
atoms or molecules, and a high yield of atomic ions is reached at energies of a few hundred
keV, only. Thus, AMS instruments develop towards lab size or tabletop devices. The use of He
as stripper gas has improved performance with respect to overall detection efficiency and
reproducibility of measurement conditions. In parallel, implementation of permanent magnets
into dedicated C-14 AMS systems has been progressed. This reduces complexity of the
instruments and significantly reduces operation and installation costs. He stripping has
potential to down size instruments for measurements of radionuclides not interfered by
nuclear isobars. Modern simulation technique allows to further optimize designs of compact
AMS systems and replace traditional accelerator technology by high-voltage platforms driven
by commercial HV power supplies. These developments have launched the wide spread use of
AMS in various research fields and has resulted in a boom of new AMS facilities which
impact the wide variety of applications of AMS in modern research.

7

INSTRUMENTATION 6627
The new gas ion source at CEDAD for 14C applications
Lucio CALCAGNILE, Lucio MARUCCIO, Eugenia BRAIONE, Gianluca QUARTA
CEDAD (Centre for Dating and Diagnostics), Department of Mathematics and Physics
“Ennio de Giorgi”-University of Salento
Correspondence to: Lucio Calcagnile, E-mail: lucio.calcagnile@unisalento.it

A new sputtering ion source has been installed at CEDAD (Centre for Dating and Diagnostics)
at the University of Salento in Lecce, Italy. The installation of the new ion source, capable of
accepting both solid and gas samples, required relevant modifications of the existing low
energy injector of the AMS system. They consisted in the installation of a routable 54° ESA
which, according to the position of the electrodes, allow the injection of ion beams extracted
either from the existing HVEE846A or from the new, gas accepting one. The new ion source
is connected, through an in-house designed gas handling interface, to an elemental analyzer
combusting the samples to carbon dioxide and splitting it to an IRMS system and to the gas
feeding line of the ion source. This arrangement allows the simultaneous measurement of C,
N content (in the EA), carbon and nitrogen stable isotopic ratios by IRMS and radiocarbon
by AMS on samples with masses in the microgram range. The design features of the system
are presented together with the results of the different optimisation tests performed in order to
find optimal operational conditions and optimize the system performances. Indeed these tests
demonstrated that δ13C, δ15N and 14C age can be efficiently measured on samples with mass
as low as 10 µgC. The achievable precision and blank levels are also discussed.
The results of experiments aimed at studying the fundamental aspects related to the sputtering
of gas samples are also presented as obtained by setting up a dedicated chamber equipped
with different diagnostics tools to study on-site the interaction of carbon dioxide with titanium.
The new system is now fully operational and the results obtained in routine applications in
different fields are presented.
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INSTRUMENTATION 6643
An easy way of sealed tube combustion for all kind of C-14 dating
Róbert JANOVICS1, Marianna TÚRI1, István FUTÓ1, Mihály MOLNÁR1
1. Isotope Climatology and Environmental Research Centre (ICER), Institute for Nuclear
Research, Hungarian Academy of Sciences, Bem tér 18/c, 4026 Debrecen, Hungary
Correspondence to: Róbert Janovics; E-mail: janovics@atomki.hu
Keywords: AMS, Carbon-14, combustion, MnO2

An effective and rapid sealed tube combustion method was elaborated for AMS 14C
measurements of organic samples which is also appropriate for 13C stable isotope
measurement. For the combustion of the samples, MnO2 (Reagent Plus >99% by Sigma
Aldrich®) was used, and several type of IAEA C-serie standards (oxalic acid, cellulose,
sucrose, wood), collagen samples, aerosol filters, sulfanilamide, and graphite (USGS-24)
were tested. The combustion was performed at 550°C, which is above the decomposition
temperature of the MnO2 but is under the softening temperature of the borosilicate glass, thus,
it is not necessary to use quartz tubes. Sulphur and nitrogen oxides generated during the
combustion get absorbed by MnO2, thus in the most cases the silver and copper catalysts,
used in other combustion methods, are not necessary. The required combustion time is 12 h in
the case of the well-combustible sample types and 48-72 h for graphite or aerosol. The yield
of the combustion is close to 100% even in the case of the graphite. The applied MnO2
reagent does not introduce measurable carbon contamination (typical background is under 0.2
pMC), therefore, it does not influence the specific radiocarbon concentration of the
background or the standards of significant radiocarbon content, either. Decreasing the amount
of IAEA-C9 background samples was combusted with MnO2 and measured by gas ion
soruce- AMS method. The method is applicable until 10 µg of carbon with acceptable (<1
pMC) 14C background. Good agreement of measurement data with the expected values proves
the applicability of the method. The new method was compared with the two most frequently
used methods in our laboratory, i.e. the online combustion with copper oxide and with oxygen
gas. Combustion with MnO2 showed higher average yield and lower standard deviation
(45±2%) than with copper oxide (31±5%) and with pure oxygen (41±6%).
Acknowledgements:
The research was supported by the European Union and the State of Hungary, co-ﬁnanced by the
European Regional Development Fund in the project of GINOP-2.3.2.-15-2016-00009 ‘ICER’.
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ANTHROPOGENIC 6594
Radiocarbon and other anthropogenic radionuclides as tracers of nuclear
processes in the environment
Pavel P. POVINEC
Department of Nuclear Physics and Biophysics, Faculty of Mathematics, Physics and
Informatics, Comenius University, 842 48 Bratislava, Slovakia
Correspondence to: Pavel P. Povinec; e-mail: povinec@fmph.uniba.sk
Keywords: anthropogenic radiocarbon, atmospheric nuclear bomb tests, nuclear reprocessing facilities,
nuclear reactor accidents, nuclear power stations, radioactive waste dumping

Anthropogenic radiocarbon has been dominating in the atmosphere and biosphere over the
cosmogenic one during the last sixty years. Several sources contributed significantly to
elevated anthropogenic radiocarbon levels, mainly the atmospheric nuclear weapons tests and
the authorized releases from nuclear reprocessing facilities. The contributions from
atmospheric nuclear weapons tests peaked in 1963 (similarly as other global fallout
radionuclides, e.g. 3H, 90Sr, 137Cs, Pu isotopes, etc.). Later only limited number of tests with
smaller TNT yields were carried out in the atmosphere, and majority of tests went
underground. The contributions from nuclear reprocessing facilities, mainly from Sellafield
(UK) and Cap de la Hague (France), considerably decreased after the eighties, influencing
radionuclide levels mostly in the Irish and North seas. Contributions from nuclear reactors
accidents (Chernobyl in 1986 and Fukushima in 2011) were much smaller when compared
with previously mentioned two anthropogenic sources, as were potential releases from
dumped radioactive wastes (NE Atlantic, Arctic and NW Pacific oceans) which could affect
mostly only the marine environment. Regular operations of nuclear power plants contributed
negligibly as well, as they were visible only on regional scales.
Acknowledgment.
A support provided by the EU Research and Development Operational Program (funded by the ERDF,
Project No. 26240220004) is highly acknowledged.
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ANTHROPOGENIC 6635
North Atlantic Ocean 14C bomb-pulse data from cod otoliths
Jesper OLSEN1, Mikkel Fristrup SCHOU1, Raimund MUSCHELER2, Peter GRØNKJÆR3,
Hjálmar HÁTÚN4
1. Aarhus AMS Centre, Department of Physics and Astronomy, Aarhus University
2. Department of Geology, Lund University
3. Department of Bioscience, Aarhus University
4. Faroe Marine Research Institute
Correspondence to: Jesper Olsen, E-mail: jesper.olsen@phys.au.dk

We use the radiocarbon activity in cod otoliths from Faroese cods to trace the atmospheric 14C
bomb-curve signal into the North Atlantic Ocean. Our record covers the period from 1950 AD
to 2000 AD and have been retrieved from the archive at the Faroe Marine Research Institute.
A 2D diffusion box model is used to fit the 14C otolith data and is able to explain the diffusion
of atmospheric 14C into the North Atlantic Ocean from 1950 AD to about 1975 AD. From
1975 AD onwards there appears to be a misfit between the 2D diffusion box model and the
14
C otolith data.
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ANTHROPOGENIC 6577
Determination of biobased carbon content in gaseous,
liquid, and solid fuels with radiocarbon

V. PALONEN1,2,3*, K. ESKOLA2,3, J. UUSITALO2,3, A. PESONEN2,3,
J. RÄISÄNEN1,3, M. OINONEN2,3
1. Department of Physics, P.O.Box 64, FIN-00014 University of Helsinki, Finland
2. Laboratory of Chronology, Finnish Museum of Natural History, P.O.Box 64, FIN-00014
University of Helsinki, Finland
3. Radiocarbon Analytics Finland (RACAF)
Correspondence to: Vesa Palonen; E-mail: vesa.palonen@helsinki.fi
Keywords: AMS, fuels, bioportion, biogas

Increasing demands concerning carbon emission reduction and the eventual depletion of fossil
fuels have promoted the expansion of biofuel usage e.g. in transportation. This has caused a
need to accurately determine biofuel fractions of fuels.
14
C-AMS is currently the best method for determining the portion of renewable carbon in a
sample due to its independence from the chemical composition of sample materials and the
large > 200σ difference between the signatures of biobased and fossil carbon.
For liquid and solid fuel samples, we have established an Elemental Analyzer –based sample
preparation process to increase sample throughput and to improve process quality and
accuracy of the analysis. For gaseous samples, we have developed a laboratory- and
field-capable sampling system, capable of collecting AMS-measurable hydrocarbon samples
from target concentrations ranging from 2 ppm to 100 %. Due to the capability to sample very
low concentrations, the hydrocarbon collection system can also be used for environmental
methane studies.
The presentation will give a short overview of biofuels and biofraction determinations, along
with a short description of current standardization. The working environment in Finland,
housing the world’s largest producer of renewable diesel from waste and residues Neste, will
also be discussed. After these, the instrumentation will be described in detail and some quality
control results will be presented.
(talk not presented)
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MARINE 6564
Oceanic 14C and implications for dating, ocean circulation
and climate variability
Quan HUA
Australian Nuclear Science and Technology Organisation, Locked Bag 2001, Kirrawee DC,
NSW 2232, Australia
Correspondence to: Quan Hua, E-mail: qhx@ansto.gov.au
Keywords: Bomb radiocarbon, marine radiocarbon reservoir effect, radiocarbon dating, ocean
circulation, environmental and climatic changes

Radiocarbon has been recognised as a powerful tracer for the study of ocean circulation,
including horizontal advection and vertical transport, and its temporal variations associated
with environmental and climatic changes. Therefore, investigation of temporal 14C changes in
the surface ocean not only is crucial for accurate dating of marine samples but also delivers
useful information on the carbon cycle and climatic systems. In this paper, an overview of
such study is presented.
For the recent period, efforts have been made for sampling ocean water and measuring its 14C
content since the mid-1950s. However, these research programs were very expensive and
provided oceanic 14C information on only a short time scale of several years. For a longer time
scale, corals have been employed as a proxy record for oceanic 14C. Study of 14C in recent
corals is valuable, not only to trace the evolution of the bomb radiocarbon in the surface
ocean but also to improve our knowledge in ocean circulation. Such oceanic 14C records have
been used to date recent marine samples although the distribution of bomb 14C in the surface
ocean is not simple as the zonal pattern of bomb 14C in the atmosphere.
For the remote past, 14C in the surface ocean can be shown in the form of the aging effect of
the surface ocean relative to the atmosphere, which is known as the marine radiocarbon
reservoir effect. This effect for a particular site/region is generally assumed constant through
time when calibrating marine 14C ages. However, several studies have reported large temporal
variability in this effect for a number of regions during the late Quaternary and Holocene.
Recent investigation of temporal variations in this effect and its implications for climate
variability and changes in ocean circulation is also discussed.
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MARINE 6563
Can red snapper live for half a century?
Laser-ablation AMS reveals complete bomb 14C signal in an otolith
Allen H. ANDREWS1, Caroline WELTE2, Lukas WACKER2,
Marcus CHRISL2, Christiane YEMEN2
1. NOAA Fisheries – Pacific Islands Fisheries Science Center, Honolulu, Hawaii, USA
2. ETH-Zurich, Laboratory of Ion Beam Physics, Zurich, Switzerland
Correspondence: A.H. Andrews Email: allen.andrews@noaa.gov
Keywords: Otolith, laser-ablation, Gulf of Mexico, Lutjanidae, Lutjanus campechanus

Red snapper (Lutjanus campechanus) is an important fishery species in the Gulf of Mexico.
Fishery sustainability is supported by knowledge of valid life history parameters, like
longevity. Maximum age for fishes was often underestimated because the age-reading method
was not validated—the maximum estimated age for red snapper ranges from ~35 year to more
than 50 years by counting growth zones in otolith (fish ear stone) cross sections. The age of
some fish species has been validated with bomb 14C dating—using the rise in marine 14C due
to atmospheric testing of thermonuclear devices in the 1950s and 1960s—by extracting
calcium carbonate from the otolith core (earliest growth) with a micromilling machine. This
core material is analyzed for 14C and an alignment with a coral bomb 14C reference. The
method is typically limited to a single sample because the temporal specificity of
micromilling becomes difficult as the otolith grows in successive layers that become thinner
with increasing age. Hence, a fish with a pre-bomb birth year can be aged to only a minimum
birth year of ~1958 because the coral 14C reference levels plateau prior to this date. To
provide a basis for age validation beyond the normal limits of bomb 14C dating, red snapper
otoliths were analyzed for 14C using a novel laser ablation accelerator mass spectrometry
(LA-AMS) technique to provide a nearly continuous record of bomb 14C uptake. As a result,
the maximum validated age for a red snapper is now approaching 60 years.
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MARINE 6549
Laser Ablation AMS for online 14C analysis of marine carbonates
Christiane YEMAN1*, Caroline WELTE1, Bodo HATTENDORF2, Marcus CHRISTL1,
Joachim KOCH2, Lukas WACKER1, Rob WITBAARD3
1. Laboratory of Ion Beam Physics, ETH Zurich, 8093 Zurich, Switzerland
2. Laboratory of Inorganic Chemistry, ETH Zurich, 8093 Zurich, Switzerland
3. NIOZ Royal Netherlands Inst. for Sea Research, 1797 SZ 't Horntje, The Netherlands
Correspondence to: Christiane Yeman; E-mail: yemanc@phys.ethz.ch
Keywords: Laser Ablation AMS, Carbon-14 dating, carbonates, bomb peak

The fastest way of analyzing carbonate samples for their radiocarbon content is using a novel
LA (Laser Ablation)-AMS technique (Welte et al. 2016). By focusing a pulsed laser beam
(ArF excimer laser 193 nm, 200 – 250 Hz) on the sample’s surface, CO2 is produced, which is
directly and continuously introduced into the gas ion source of the AMS and analyzed online
for radiocarbon. A positioning system allows precise movement of the sample relative to the
laser beam. Hence, scanning along the growth axis of a naturally grown carbonate sample
such as stalagmites, corals, shells etc. allows recording a continuous 14C profile with high
spatial resolution down to 75µm. Therefore, the LA-AMS setup installed at ETH Zurich
combines the advantages of high sample throughput, high spatial resolution and thus less
material consumption compared to standard 14C sample preparation methods.
Here, we present the setup of the novel LA-AMS system and apply it for the analysis of
marine shells (Arctica islandica). In less than one hour a 14C profile along the growth axis of
an individual specimen was established revealing the complete 14C bomb peak. The LA-AMS
results are in agreement with the 14C-AMS analysis of micro-drilled samples that had been
done previously (Witbaard et al. 1994). The new technique now can be applied in broader
field studies e.g. to monitor the distribution of 14C in many specimens and with large
geographic coverage.

15

MARINE 6541
How to non-destructively age a protected fish with no otoliths,
spines, or discernible scale annuli?
Stewart FALLON1, David ROBERTS2, Andrew MCDOUGALL3, Tom ESPINOZA3,
Peter KIND4, Steve BROOKS4
1. Australian National University, Canberra, ACT, Australia.
2. South East Queensland Water, Ipswich, QLD, Australia.
3. Department of Natural Resources and Mines, Queensland Government, Bundaberg,
QLD, Australia.
4. Department of Agriculture Fisheries and Forestry, Queensland Government, Brisbane,
QLD, Australia.
Correspondence to: Stewart Fallon, Stewart.Fallon@anu.edu.au
Keywords: bomb-pulse, fish, chronology

The Australian lungfish (Neoceratodus forsteri) is a protected species listed as vulnerable to
extinction and yet has many knowledge gaps hampering sustainable management and
extinction risk. Understanding their population age structure is key for the management of a
threatened species. N. forsteri are the oldest living vertebrates on earth and have many
features atypical of modern teleosts hampering the use of common fisheries population
assessment methodologies. Traditional fish ageing techniques involve destructive sampling of
otoliths, vertebrae or other hard parts, or non-destructively using external bony body parts like
scales or spines, to interpret patterns of annual check marks forming in these structures.
Lungfish do not have hard otoliths and lack external spines, however they possess thick scales
with apparent markings analogous to check marks, however efforts to age them from these
marks has proven inconclusive. To overcome this problem we have developed a novel
technique by measuring the amount of radiocarbon trapped in their scales while they grow.
Radiocarbon has been successfully used destructively to age fish from otoliths and other hard
bony parts of fish, but this is novel in that a non-destructive method has been developed using
scales from a long lived protected species. In this method, we compare the atmospheric
radiocarbon pattern derived from atomic weapon testing in the 1950-1960s to a series of
<1mm slices removed sequentially from the scale. We have aged 90 fish from the Brisbane,
Burnett and Mary Rivers. The data support the view that lungfish are long lived with 35% of
the fish aged being at least 50 years old in 2014. The data also suggest gaps in the recruitment
of Lungfish during the past 50 years. Environmental factors and habitat destruction are being
examined as possible drivers for the recruitment gaps.
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MARINE 6613
Dissolved Organic Carbon in the Deep Pacific Ocean
Ellen R.M. DRUFFEL1, Sheila GRIFFIN1, Ning WANG1,2 and Brett D. WALKER1
1. Department of Earth System Science, Univ. California Irvine, Irvine, CA 92697 USA
2. Guangzhou Institute of Geochemistry Chinese Academy of Sciences,
Guangzhou, GD 510640 PRC
Correspondence to: Ellen R.M. Druffel; E-mail: edruffel@uci.edu
Keywords: dissolved organic carbon, seawater, Carbon-14 dating, Pacific

Marine dissolved organic carbon (DOC) is produced in the surface ocean, though its 14C age in
the deep ocean is 4900-7000 14C years old. We will show that the 14C age of the deep DOC in
the North Pacific Ocean has changed during the last few decades. This indicates that a
significant fraction of the DOC in the deep ocean is of post-bomb origin. It appears that a
portion of deep DOC is more dynamic than previously believed.

17

MARINE 6609
Carbon isotopes in Baltic Sea sediments
G. LUJANIENĖ1*, P.P. POVINEC2, H.-C. LI3, J. MAŽEIKA4, R. BARISEVIČIŪTĖ1,
N. REMEIKAITĖ-NIKIENĖ1,5, V. MALEJEVAS1,5, G. GARNAGA-BUDRĖ5, L.
LEVINSKAITĖ4, K. JOKŠAS4, D. BUGAILIŠKYTĖ1, A. STANKEVIČIUS1,5
1
2

SRI Center for Physical Sciences and Technology, Vilnius, Lithuania.

Comenius University, Faculty of Mathematics, Physics and Informatics, Bratislava, Slovakia
3
NTUAMS Laboratory at National Taiwan University, Taipei, Taiwan
4
SRI Nature Research Centre, Vilnius, Lithuania
5
EPA, Department of Marine Research, Klaipeda, Lithuania

Correspondence to: Galina Lujanienė ; E-mail: galina.lujaniene@gmail.com
Keywords: AMS, Baltic Sea sediments, Δ14CTOC, δ13CTOC , compound specific analyses

Distributions of total organic carbon (TOC), petroleum hydrocarbons, Δ14CTOC and δ13CTOC
were studied in bottom sediments collected during 2011-2014 in the Curonian Lagoon and in
the open Baltic Sea waters. Specific biomarkers were measured in surface bottom sediments
(0-3cm), suspended particulate matter (particle size > 1μm) collected in the Baltic Sea and the
Curonian Lagoon. In addition, laboratory experiments were performed with bacteria and
specific biomarkers extracted from biomass of Pseudomonas putida grown on medium with
different carbon sources.
Hydrocarbons and biomarkers were measured using GC-FID (Restek Rxi-1ms column) and
GC/MS - QP2010 (Rxi-5Sil MS 0.22 mm x 25 m column), respectively. Glycolipid and
phospholipid fractions for δ13C measurements were separated by chromatography and
prepared for compound specific analyses (Lujaniene et al., 2016). Samples were analyzed
using the Finnigan Trace GC ultra gas chromatograph, combined with the Thermo Finnigan
Delta plus Advantage stable isotope spectrometer. Measurements of Δ14C in sediments and
in different classes of organic substances were carried out using a 1.0 MV HVE Tandetron
AMS in the Department of Geosciences of the National Taiwan University.
More depleted δ13CTOC values in sediments were found in the Curonian Lagoon as compared to
the open Baltic Sea, indicating a transport of natural organic matter of the terrestrial origin to
the Baltic Sea. Contrary to the δ13CTOC variations, the most depleted Δ14CTOC values were found
in the Gotland Deep, which could result from a leakage of dumped chemical warfare agents,
rich in fossil carbon. The contribution of terrestrial, marine and fossil sources as well as total
petroleum hydrocarbons to organic carbon in the sediments was estimated to be 22%, 55%,
22% and 1%, respectively.
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Geochemical analyses of eastern oysters (Crassostrea virginica) are frequently included in
environmental monitoring and paleoecological studies because their shells and soft tissues
record environmental and dietary signals (Andrus and Crowe 2000; Chanton and Lewis 1999;
Chanton et al. 2012; Ellis et al. 2014). Carbon isotopes in the mineral phase of the shell are
derived from ambient bicarbonate and DIC, while organic carbon present in soft tissue is of
dietary origin. Mineral-bound organic matter within the carbonate shell matrix (“conchiolin”)
is studied less frequently. The purpose of this study was to compare carbon isotope ratios
(δ13C and Δ14C) of conchiolin to those of shell carbonates and soft tissues in eastern oysters.
Eight specimens were live-collected from Apalachicola Bay, USA. Bulk shell organics were
obtained through low-temperature (400°C) combustion of powdered shell. Acid-insoluble
shell organics were obtained by decalcifying powdered shell in concentrated HCl. The
organic carbon pools are significantly depleted in δ13C relative to the inorganic shell
carbonate. Bulk soft tissues are consistently depleted by ~3‰ relative to acid-insoluble shell
organics, and by ~11‰ relative to bulk shell organics. The δ13C values of shell organics and
soft tissues suggest a dietary source of carbon; the offsets may reflect differences in the
constituents of the organic matter phase. Δ14C values varied spatially and among individuals
by as much as 30‰, reflecting variable sources of carbon within the bay. Within individuals,
14
C concentrations of different carbon pools generally were in good agreement, suggesting
that either organic or inorganic carbon can be used for radiocarbon dating.
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Figure: δ13C and Δ14C values of bulk soft tissue, conchiolin, and shell carbonate of eastern
oyster.
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A huge amount of anthropogenic radionuclides were released as a consequence of the
Fukushima Dai-ichi nuclear power plant (FNPP1) accident in March 2011. Radionuclide
inventories of the North Pacific Ocean were affected mainly through direct discharges of
contaminated waters and deposition from the atmosphere. Despite the fact that long-lived
radionuclides, such as radiocarbon, whose overall concentrations in the open sea are rather
low (thus not posing a radioecological threat to the marine environment), a complex
understanding of their distribution after the Fukushima accident might be significant for
various oceanographic studies.
First measurements of tree rings originating from the Fukushima region, and seawater
collected offshore FNPP1, were conducted only recently. The data showed slight increases in
radiocarbon concentrations in both sample sets, which were suggested to be caused by the
Fukushima accident. We shall present results of AMS determination of radiocarbon in surface
and water column samples of the western North Pacific Ocean, which were collected along
149°E lineapproximately, roughly ten months after the FNPP1 accident. While the lowest 14C
concentrations were found in the subarctic region, the highest values were observed in the
subtropical area. The radiocarbon data will be accompanied by tritium results determined in
the same set of seawater samples.
Acknowledgment:
A support provided by the EU Research and Development Operational Program (funded by the ERDF,
Project No. 26240220004) is acknowledged by the Bratislava group.
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The IntCal13 calibration curve is mainly based on data measured by decay counting with a
resolution of 10 years. Thus high frequency changes like the 11-year solar cycle (Stuiver 1993)
or cosmic ray events (Miyake 2012) are not visible, or at least not to their full extent. New
accelerator mass spectrometry (AMS) systems today are capable of measuring at least as
precisely as decay counters (Wacker 2010), with the advantage of using 1000 times less
material. The low amount of material required enables more efficient sample preparation.
Thus, an annually resolved re-measurement of the tree-ring based calibration curve can now
be envisioned. We will demonstrate with several examples the multitude of benefits resulting
from annually resolved 14C records from tree-rings. They will not only allow for more precise
radiocarbon dating. The high frequency fine structure in the 14C records allows also to
synchronize absolutely dated tree-ring records with either floating tree-ring records or with
other archives such as polar ice core records by means of combination of different
cosmogenically produced radioisotopes (Sigl 2015). Furthermore, the 14C records contain
valuable new astrophysical information.
Stuiver, M. & Braziunas, T. F. (1993), Holocene 3: 289-305; Miyake F. et al. (2012), Nature 486(7402): 240-2.
Miyake, F. et al. (2017a) PNAS 114: 881-884.; Wacker L. et al. (2010), Radiocarbon 52(2): 252-62.
Sigl, M. et al. (2015) Nature 523: 543.
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The Haruna volcano located in the central part of
Japan erupted twice in the 6th century (Arai 1962,
1979; Soda 1989, 1996). The first eruption produced a
tephra sequence named as the Hr-FA. Hayakawa et al.
(2015) reported year range of the Hr-FA to be cal AD
491 to 500 (1 ), using 14C wiggle-matching technique
for three wood trunks. The Hr-FP is a product of the
second eruption. In the final stage of the eruptions, the
Futatsudake lava dome (1343 m a.s.l.) was formed.
We conducted AMS radiocarbon dating and 14C
wiggle-matching of a charred wood collected from a
pyroclastic flow of the Hr-FP using computer program

Fig. 1 wiggle-matching of data from Hr-FP.

OxCal ver. 4.2.4 (Bronk Ramsey 2013) with data set
IntCal13 (Reimer et al. 2013). We obtained year range
of cal AD 430 to 450 (2  for the Hr-FP (Fig. 1). This
result is not consistent with pottery chronology
(Sakaguchi 1986, 1993). Based on accumulation rate
of peat layers in Ozegahara marshland (70 km NE
from the volcano), an approximate interval between
the Hr-FA and Hr-FP is estimated to be 30 years
(Sakaguchi 1989). Therefore, we obtained year range

Fig. 2 wiggle-matching of data from Hr-FP and Hr-FA.

of cal AD 515 to 531 (2 for the Hr-FP and
Hr-FA(Fig. 2). It is more concordant with pottery chronology.
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Trees are natural archives of the past climate system. However, tree-ring studies across the
tropics are still scarce. Recently, tropical dendrochronology has shown that several tropical
trees can produce annual bands due to cambial dormancy, driven by annual seasonality in
environmental conditions. Although well-defined visible rings may be present, conventional
dendrochronological crossdating techniques may not allow testing of whether rings are truly
annual. Here we use radiocarbon ‘bomb-peak’ 14C dating to test the periodicity of ring
formation in Cedrela trees from four sites in South America. The `bomb-pulse' approach can
be used to establish the timing of the tree ring formation from recently fixed photosynthetic
products within 1-2 years throughout the last 60 years, and therefore ensure that the tree rings
were not miscounted. Our findings show that growth rings in trees from Bolivia, Ecuador and
Venezuela are reliably annual, while trees from Suriname form approximately two rings per
year. This proves that while tree rings of a particular species may be demonstrably annual at
one site, this does not automatically imply that rings are annually formed at other locations.
Therefore, dendrochronological studies undertaken at new sites require independent
validation of the annual nature of tree rings.
Despite the limited number of samples tested here, the dendro/14C crossdated results shown
demonstrate that our chemical pretreatment to isolate structural carbon produced samples for
meaningful 14C investigations. Since the Southern Hemisphere (SH) 14C calibration dataset is
presently based on samples from the eastern part of the SH, further 14C analysis from single
tree rings from South America species at lower latitudes would greatly improve the
intra-hemispheric 14C time-scale calibration curves.
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There are hundreds of medieval buildings in the mountain part of Ingushetia, including early
Christian churches, crypts, temples, war towers, and living buildings. These buildings contain
a certain amount of timber that may be used for extension of tree-ring chronologies in the
Caucasus. These chronologies are essential for high resolution climatic and environmental
reconstructions as well as for the dating of past human activity supported by wooden artifacts.
Moreover, the chronology of construction activity is very important for the understanding of
the dynamics of human settlements and people migrations in the Caucasus region. It can also
reveal new evidence on climate and environmental history in the Caucasus, because
construction activity is inevitably connected to climate change and human adaptation to it.
For the aims of this study we collected wooden material from medieval buildings of mountain
Ingushetia and analyzed it by means of dendrochronological and radiocarbon methods. 135
samples were collected from wooden construction elements of 40 stone buildings. All the
samples were prepared and tree-ring widths were measured. Maximum length of tree-ring
series reaches 177 years. Most of the wooden elements were made from pine, oak, and lime.
We additionally prepared 18 wooden samples from six buildings (two early Christian
churches, one early war tower, two temples and a crypt) for accelerated mass spectrometry
(AMS) radiocarbon analysis. These samples were collected from distinct tree rings that
allowed us to use wiggle-matching procedure for the enhancement of precision of the dating
results. Four samples of plaster and mortar from two buildings were additionally collected for
AMS analysis for comparison purposes. The time period covered by the samples is about one
millennium (9-19 cc.). In the paper we discuss the results of the AMS analyses and their
potential use for high-resolution climatic and environmental reconstructions in the region.
Acknowledgement:
The study was supported by the RF President grant no. MK-1351.2017.6.
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Our project aimed to construct Scots Pine (Pinus sylvestris L.) chronology for the Late
Glacial and reconstruct changes in the 14C concentrations during this period. Kwiatków
(Kolska Basin, Central Poland) proved to be very perspective site, in which wood from the
end of Allerød was recognized. A level of organic deposits with so-called 'fossil forest' was
encountered within the late-Vistulian terrace of the low valley of the Warta river. During our
work we tested several methods of chemical pretreatment of wood samples in three
laboratories (Gliwice, Kraków and Poznań) in order to find the most stable, repeatable and
reliable one. The results of the pretreatment methods were tested using FTIR spectroscopy
and 13C measurements. Finally AMS radiocarbon dates obtained for samples pretreated using
selected methods were compared. We stated that there is no important differences between
radiocarbon ages obtained from the same sample pretreated using different methods. However
the most stable, repeatable and reliable methods of the chemical treatment seems to be the
following method of alpha-cellulose production: Mercerisation + ABA +
Bleaching(NaClO2+HCl) + 10%NaOH + 17%NaOH.
Dendrochronological analysis of over 267 samples complying to the requirements of the
method allowed, at the present stage of the research, to construct a chronology spanning
almost 300 years. It was absolutely dated with the wiggle-matching technique, which
anchors the chronology to the period ca 13750-13450 cal BP.
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Atmospheric radiocarbon in the form of 14CO2 is absorbed by trees during photosynthesis and
incorporated into the wood’s structure during the growing season. This link between the
radiocarbon in the atmosphere and biosphere allows to study past atmospheric 14C levels by
measuring the radiocarbon concentration in the annual tree rings. Tree-ring records can thus
provide up to several decades of reconstructed radiocarbon data with one-year resolution. The
sampling station at Comenius University in Bratislava has a long tradition of atmospheric 14C
measurements and provides an excellent opportunity to compare atmospheric data with
radiocarbon concentration in annually growth rings from a tree in the vicinity of the sampling
station, and this extend its radiocarbon atmospheric record.
We shall present two radiocarbon data sets from Bratislava, Slovakia - 14C levels in
atmospheric CO2 from 1977 to 2015 and radiocarbon concentration in tree rings from the
period 1970 - 2001. A section of the sampled tree was taken and it provided enough wood
material (30 - 40 g) from individual tree rings for cellulose extraction, combustion, methane
preparation and gas counting. Both the atmospheric and tree ring samples were measured in a
large-volume gas proportional counter. Atmospheric carbon dioxide has been sampled on a
monthly basis and therefore the annual and spring-summer averages can be compared with
the tree-ring data. A long-term exponential trend of 14C concentration decrease was also
evaluated using the atmospheric and tree-ring data. A comparison with clean air data from
Schauinsland sampling station (Levin et al., Radiocarbon 46 (3), 2004, 1261-1272) shows the
anthropogenic effects – a potential influence of 14C from nuclear power plants, and a dilution
by CO2 from fossil fuel emissions (Suess effect).
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We present the first results concerning short-term interannual variations in stable isotope
and radiocarbon concentration in different part of tree (wood and its component, needles) as
bio-indicators. This study indicates that isotopic fractionation data can reflect the responses to
environmental changes and that the combinations of stable isotopes and radiocarbon
compositions analysis is a powerful tool for ecological and dendrochronological research.
Tree rings are a very useful tool in analysis of ecosystem changes in which the they grew.
The aim of research is bio-monitoring of the influence of human activities related to industrial
development and the introduction of pro-environmental policy since 1975. In this study, stable
isotopes ratios and radiocarbon concentration in the samples of pine collected from heavily
urbanized area in close proximity to large point source pollution emitters, such as a heat and
power plant, nitrogen factory and steel mill in Silesia (Poland) and from one comparative area
100km far from emitters, were analysed as bio-indicators of contemporary environmental
changes. The radiocarbon concentration was determinate by using liquid scintillator counter
(Quantulus) and accelerator mass spectrometry (AMS) technique, whereas the measurement
of stable isotopes were carried out using the continuous flow isotope ratio mass spectrometer
coupled to the elemental analyser (CF-EA-IRMS).
The challenge is to establish, with respect to climate changes and environmental
conditions, the significance of the variations from one year to another in the observed isotopes
fractionation. Not only climate factors, but also diffuse air pollution caused the variation in
isotope concentration. The influence of air pollution dependent on the localization in the
space (distance and direction) from factories and some local effect of other human activities.
The research and publication were a part of - “Trees as bioindicators of industrial air pollution during the
implementation of the pro-environmental policy in the Silesia region (BIOPOL)” funded by the National Science
Centre allocated on the basis of decision number

DEC-2011/03/D/ST10/05251; IZOPED (BKM-507/RIF/2013,

BKM-509/RIF/2014 and BKM-513/RIF/2015 ; projects founded by the Ministry of Science and Higher
Education; Publication was supported under the rector's grant in the area of research and development, Silesian
University of Technology, grant no RGJ-45/RIF/2017 (PI: B. Sensuła).
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The olive tree, characteristic of the Mediterranean, has the potential of preserving invaluable
environmental and chronological information. From ca. 4500 BC olive wood remains are
frequently found in archaeological contexts in the eastern Mediterranean. As olive pits
represent a single year of growth, their charred remains have been used for radiocarbon dating
archaeological contexts. However, the stable isotopes of carbon in olive pits have been mostly
ignored. As the ratio between 13C and 12C (δ13C) is widely used as a climate of proxy, the
abundance of olive pits from many archaeological sites in Israel represents a rich source of
information, which has not been previously investigated. Thus they can provide a higher
resolution of climate information both in time and in space, which is imperative for this area,
as the water regime varies greatly across a small geographical gradient.
Firstly, we investigate olive trees growing in Israel today, in order to better understand the
correlation between δ13C of olive pits to environmental conditions. This correlation is not
necessarily straightforward, as the δ13C signal is likely dampened between the photosynthates
produced in the leaf, and the olive pit structural material. Furthermore, olive pits are generally
preserved as charred remains, presenting potential additional fractionation relative to the
original signal. Therefore, we analyze the effect of charring on δ13C of whole olive pits
compared with fresh material and α-cellulose, as well as the correlation of the δ13C of
α-cellulose from modern olive pits to environmental conditions.
Lastly, we compile the Δ13C values from hundreds of charred olive pits found in more than 20
sites across Israel, spanning more than 5000 years, and discuss their contribution for
reconstructing past climate. We have found a general agreement between the climate
indications from the Δ13C from archaeological olive pits and other known proxies.
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Two 14C excursions are caused by an increase of incoming cosmic rays on a short time scale
found in the Late Holocene (AD 774-775 and AD 993-994). The most plausible cause of these
events is considered to be extreme Solar Proton Events (SPE). In addition, a larger event has
also been reported at 5480 BC (Miyake et al. 2017a), which is attributed to a special mode of
a grand solar minimum. Clearly, other events must exist. In order to detect more such events,
we measured the 14C contents in bristlecone pine tree rings during the periods when the 14C
increase rate is rapid and large in the IntCal data. We have analyzed four periods Miyake et al.
(2017b) analyzed every other year for possible mid Holocene events (BC2479-BC2455,
BC4055-BC4031, BC4465-BC4441, and BC4689-BC4681), but no significant events were
discovered. Dee et al. (2017) have also studied a number of events potentially associated with
supernovae, but found no measurable effect. We have also identified locations of other
possible excursions of possible interest and we have now extended our survey to other time
periods where we expect such events may be identified. We also assess whether there are
different kinds of events which may be observed that are consistent with different types of
solar phenomena, or other explanations.
Miyake, F. et al. (2017a) PNAS 114: 881-884. doi:10.1073/pnas.1613144114
Miyake et al. (2017b) Radiocarbon 58 (2): in press. doi: 10.1017/RDC.2016.54
Dee, M. et al. (2017) Radiocarbon 58 (2): in press. doi.org:10.1017/RDC.2016.50
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Carbon stored in soils represents the largest terrestrial carbon pools, and carbon sequestration
in soils is vital for future food security and climate change mitigation. Througth the
understanding of the dynamics of this pool and the mechanisms of C stabilization,, accurate
model predictions of future climate changes as well as agricultural production assessment will
be possible.
Over the past years, research has clarified the mechanisms involved in stabilizing organic
matter in soil. Organo-mineral association, zonal model of organo-mineral interactions, stacks
of organic compounds, long-term preservation of microbial body material, priming effect and
so on have been invoked as new concepts in soil carbon dynamics. However, we still lack of
quantitative constraints to formally integrate these new conceptual mechanisms into
mechanistic models. Here we will present some examples to illustrate how 14C can tackle this
issue and provide quantitative constraints. We will look at lab work as well at meta-analysis of
soil 14C datatsets.
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The landslide peat bogs (landslide fen) formed within landslide depressions, which commonly
occur in the Carpathians, represent specific type of mountainous

mires filled up by

organic-minerogenic deposits (Margielewski, 2006). Palaeoenvironmental changes in the Late
Glacial and Holocene are recorded in various ways within the depositional sequences of these
peat bogs. Downpours and/or continuous rains cyclically repeated during phases of climate
humidity growth, caused supplying of mineral material to the peat. As a consequence, illuvial
or mineral horizons were formed within peat bog deposits, as well as thick mineral covers
accumulated in the uppermost parts of peat bog sequences. The loss on ignition curves of
analyzed borehole logs show large variability of mineral inserts and illuvial horizons in peat
deposits, which were formed owing to extensive slope wash during the phases of an increase
in precipitation. However, sedimentological records reflect various interrelated factors such as
climatic changes, human activity (causes e.g. erosion), as well as the specificity of the
depositional conditions in each landslide peat bogs. Therefore, the reconstruction and
interpretation of palaeoenvironmental changes recorded in peat sequences, must be supported
by multi proxy analysis of the sediments, using pollen analysis, peat examination, lithological
(loss on ignition, sedimentological) analysis, as well as radiocarbon

14

C datings of horizons

specific for the environmental changes. The cumulative probability density function was used
for the distribution of over than 100 radiocarbon (14C) datings of mineral/illuvial horizons and
mineral covers in landslide peat bogs of the Polish Carpathians. The concentrations of these
datings are perfectly correlated with climatic changes (mainly climate humidity growths) of
the Late Glacial and Holocene indicated in the Europe by many authors (e.g. Starkel et al.,
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2013; Wanner et al., 2014). It confirms that landslide peat bog deposits are very sensitive
indicators of the Late Glacial-Holocene palaeoenvironmental changes.
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Biomass burning in Indonesia is an important contributor to global and regional budgets
of atmospheric aerosols, including climate-warming and potentially human hazardous air
pollutant PM2.5. During the boreal fall of 2015, Indonesia experienced an exceptionally high
fire season partially due to El Niño induced drought. We analyzed PM2.5 aerosol
measurements taken from Singapore from September 2014 – October 2015 for total carbon
(TC) and black carbon (BC) concentrations and radiocarbon content.
The BC was separated from the TC and measured using a modified thermo-optical
OC/EC analyzer (Sunset Laboratory Inc., Tigard, OR, USA) coupled to an in-house designed
vacuum line to cryogenically trap the CO2 from the BC. The CO2 was then converted to
graphite using the hydrogen reduction method for ultra-small samples. The CO2 from the TC
was derived from combusting the aerosol filters in a sealed quartz tube. The TC CO2 was later
graphitized using a hydrogen reduction method. The radiocarbon content of the TC and
ultra-small BC was measured using a modified accelerator mass spectrometry unit from
National Electrostatics Corporation (NEC 0.5MV 1.5SDH-21 spectrometer) at UC Irvine.
We discovered enhanced TC and BC concentrations during September – October 2015
relative to low fire background periods. The results were positively correlated with regional
active fire counts and aerosol optical depth estimates derived from remote sensing along with
Pollutant Standards Index (PSI) and PM2.5 values reported by the National Environment
Agency in Singapore. The TC and BC radiocarbon content during this time was enriched in
radiocarbon compared to the heavily fossil-fuel influenced background. We used these results
in combination with a simple box model to estimate the depth of burn into the peat lands in
Borneo and Sumatra following previous work. Our study suggests the hazardous air quality
conditions experienced in Singapore during September – October 2015 was dominated by
PM2.5 emissions from biomass burning in accumulated peat.
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The main purpose of the study was to identify the changes in time of soils and soil properties
under influence of the Holocene climate change (natural factor) and long cultivation
(anthropogenic factor). The Gray Forest soils (Albic Luvisols) within southern part of the
Central Russian Upland (50-52o N.Lat., 35-39o E.Long.) were studied. Objects of our study
were soil chronosequences within archaeological monuments and arable fields with different
duration of cultivation. The 14C-dating of wood charcoal was used for detection of ages of soil
burials under archaeological monuments (earthen ramparts of strongholds). Organic carbon of
soil material in crotovinas was also dated by 14C. This information used for identification age
of crotovinas. According to the 14C-dating, paleosols of the studied archaeological monuments
were buried in period from 2450 ± 40 to 1150 ± 110 yrs BP (uncalibrated dates). Comparison
of the surface background Gray Forest soils with their buried analogues reveals a change of
steppe soil formation to forest one in the beginning of Subatlantic period of Holocene. The
Late Holocene evolution of Chernozems (Haplic Chernozems) into Gray Forest soils (Albic
Luvisols) took place through transitional stage of Podzolized Chernozems (Luvic Phaeozems).
In opposite of this natural trend, in the process of the long (>220-250 years) cultivation the
Gray Forest soils transformed into Chernozems in spite of traditional historical practice of
limitation for using organic fertilizers in agriculture. Clear decrease of 14C-age of soil organic
matter in old arable soils we consider as a formation and accumulation of a fresh humus
material in their profiles. Main pathways of transformation for the Gray Forest soils within
the Central Russian Upland under natural and anthropogenic factors are connected with
change of climate conditions after replacement of steppes by forests (1), and of forests by
agricultural crops (2).
35

Acknowledgements:
This study was supported by the Russian Science Foundation, project no. 14-17-00171 «Regional
responses of environmental components on climate change varying periodicity: South forest-steppe
of the Central Russian Upland»

36

SOILS 6550
The age of organic matter in soils developed on cryoconites within the
retreat zone of the Aldegonda Glacier (Svalbard)
Elya ZAZOVSKAYA1, Nikita MERGELOV1, Vasiliy SHISHKOV1, Andrey DOLGIKH1,
Alex CHERKINSKY2, Sergey GORYACHKIN1
1. Institute of Geography, Russian Academy of Sciences, Department of Soil Geography &
Evolution, Moscow, Russia
2. University of Georgia, CAIS, Athens, GA, USA
Correspondence to: Zazovskaya Elya; E-mail: zaszovsk@gmail.com
Keywords: cryoconite, AMS, C14-dating, soil organic matter, Arctic

Cryoconites are the sediments of mostly aeolian genesis which accumulate on glacier surfaces
and include both mineral and biological components. Accelerated ice melting beneath aeolian
accumulations leads to the formation of so-called cryoconite holes, which are characterized by
a specific microclimate that allows colonization of these habitats by communities of primary
producers – cyanobacteria and algae that concentrate biogenic elements within the substrate.
Fragments of mosses are transported together with windblown dust to the glacier surface
where they can resume growth under favourable conditions. The retreat of the glacier is
accompanied by the redeposition of cryoconite material by melt waters and its accumulation
within wind-sheltered locations. The cryoconite material serves as a unique soil-forming and
plant-supporting substrate because of its properties, particularly, a high content of biogenic
elements and a fine particle size, as compared to other deposits within the modern periglacial
zone. The study was conducted on soils formed on moraines of different ages (exposed for 18
and 70 years as a result of the glacier retreat) and also fine earth and moss fragments from
cryoconite holes in the Aldegonda Glacier located in the Nordenscheld Land, western
Svalbard (N 77.98, E 14.11). This glacier is retreating very rapidly (2 km in the last 100
years). The radiocarbon dates were obtained by AMS. Sample preparation for AMS
(separation datable fraction, graphitization, pressing on a target) was performed in the
Radiocarbon Laboratory of the Institute of Geography using an AGE-3 graphitization system
(Ionplus). Graphite 14C/13C ratios were measured using the CAIS 0.5 MeV accelerator mass
spectrometer at the Center for Applied Isotope Studies, University of Georgia. Soil profiles
15-20 cm thick with a carbon content of 2.5-1% were found on young moraines. The carbon
content reached 4% within the fine earth of cryoconite holes. The radiocarbon age of soil
organic matter (SOM) varied from 6600 to 11000 14С years BP on moraines exposed from
under ice 18 and 70 years ago, with the most ancient SOM found on 70-year old surfaces in
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the central part of the glacier bed. The age of organic matter in cryoconite holes was about
7000 14C years BP. The age of moss fragments in cryoconite holes was 30-70 years BP
(CaliBomb). On the basis of isotope, chemical and morphological analyses, it was revealed
that the cryoconite material is the primary source of SOM on the moraines studied. Judging
from the radiocarbon dates, the cryoconite material is supplied as a result of rapid melting of
deep layers of the glacier. The morphological features of cryoconite material are preserved for
several decades within the soils studied, with cryogenic differentiation being the main process
of reorganization of mineral mass and the organic matter being inherited from cryoconites.
Therefore, soils with well-developed profiles, rich in biogenic elements are formed on the
cryoconite material within a period of first few decades. In the absence of cryoconite material
in similar geomorphological situations, a period of a few hundred years would be required for
the formation of similar soil profiles. It is important that carbon accumulated within the
glacier body during the Holocene is incorporated into the carbon cycle.
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The CO2 flux from soil is significant flux in most ecosystems and can be accounted for more
than 2/3 of total ecosystem respiration. In many studied cases the CO2 fluxes from the soil is
estimated by eddy covariance techniques or with the classical chamber method with measures
of bulk concentrations and isotope composition of CO2. Whereas, most these studies
estimated CO2 flux from the soil surface, we analyzed its concentration and isotope
composition directly in soil profiles down to 5m depth into the C-horizon. This experiment
was conducted in Sumter National Forest at the Calhoun CZO. 5 m holes were drilled with a
10cm diameter auger. The 750ml PVC gas reservoirs were buried with two gas lines running
to the surface were placed at the depths 5m, 3m, 1.5m, and 0.5m.The holes were then refilled
with soil material from appropriate horizons. After two weeks the soil gas was sampled and
analyzed tri-weekly in the field for CO2 and O2 concentration and collected in Tedlar bags for
isotopic analysis in the laboratory. Between July and August of 2016 the samples were
collected from 3 different land use history treatment sites: a) reference hardwood stands,
mainly of oak and hickory that are taken to be never cultivated; b) pine stands, which had
been used for growing cotton from beginning of the 19th century and then was abandoned in
the beginning of 20 century and planted with loblolly pine; c) currently cultivated plots,
which were also used growing cotton prior to the 1950’s but for the last 50-60 years for
growing corn, wheat, legume, sorghum, and sunflowers.
We have analyzed 3 replicates of each landuse history treatment and in addition to field
measurements of CO2 and O2 concentration, collected gas samples were analyzed in the
University of Georgia laboratory for Δ14C, δ13C and δ18O in soil carbon dioxide.
Based on the isotope analyses it was revealed that carbon isotopic composition have got a
trend to become lighter with the depth for all three types of land use: in cultivated site it
changes from -18%o at 0.5m to -21%o at 5m; in pine site from -22%o to -25%o and in
hardwood from-21.5 -24.5%o correspondently, the O2 isotopic composition does not change
significantly. The radiocarbon analyses in the soil CO2 profile were conducted for the first
time. It was discovered that concentration of 14C increase with the depth and Δ14C changed
from 40-60%o in the top 0.5m to about 80-140%o at 5m depth depending on land use.
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In the floodplain of the Moscow River and other rivers in Central Russia buried soils
have been found, sometimes forming series of 3-4 soils. The soil ages back to early Holocene,
sometimes allerod. We can distinguish 7 main periods of soil formation (Aleandrovskiy et al.,
1987, Sycheva, 1999).
We analyzed paleosols buried under alluvial deposits, slope deposits, and
archaeological deposits within the catchment area of the Moskva River. Paleopedological
reconstructions were based on studies of soil genesis and correlated with data from
pedoantracological and palynological analyses.
Series of Radiocarbon dates were obtained on humic acids, soil bulk mass, and
dispersed (soil) charcoal from paleosols. They were compared with the age of archaeological
finds from the same sites. The comparison revealed a close correspondence between the ages
of soil charcoal and the timing of archaeological occupations of the area. That allowed us to
conclude that the fire occurrence on a regional level was associated mainly with the human
occupation of the area. The fire record of peopling the landscape is especially pronounced in
floodplain paleosols, due both the role of rivers as human migration corridors and the integral
accumulation of combustion products from the entire catchment area in these paleosols.
One cluster of dates obtained on soil charcoal, from 5 to 7th century AD, was not
associated with any known archaeological cultures in the area. This time period coincides
with a wet and cold climatic phase that does not favor wildfires; in archaeology, it is known as
a “Dark Ages”. The dates with no cultural attribution may indicate the presence of an
unknown yet layer of archaeological occupation(s), that is currently overlooked.
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Study of offshore islands of the Kara Sea is instrumental in determining the
paleogeographic scheme of development of North-West Siberia. Studies in this are rare. The
Belyi Island, which is located north of the Yamal peninsula, is relatively large in size (50x40
km), but has a low altitude, generally no more than 10 meters above the sea level. This is
important because the development of these islands in the Late Glacial and Holocene period
took place during significant sea-level fluctuations. Here, at a relatively shallow depth (1-2 m)
buried peat horizons were found, which deposited both incentive (Fig. A), and redeposited
(Fig. B). They are dated late glacial - early Holocene (13000-9500 Cal BP). Modern peat
horizons began to form in the late Holocene (1390 ± 20, 2480 ± 25 BP). Thus, there is a large
gap in the peat formation on the Belyi Island during the middle Holocene, which was
allegedly caused by the transgression of the sea.
(Figure not available)
Figure. Radiocarbon age of peat layers of Belyi Island
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The three loess-paleosol sequences of Villánykövesd, Máza and Szálka preserved expressive
paleoecological information of the Late Pleistocene environmental conditions of SW-Hungary.
For malacological examinations sampling of 12 cm intervals were used and homogenous
amounts of sediment (cca. 5 kg) were collected. During the malacological examinations more
than 27,000 specimens were identified. Radiocarbon age data were obtained from snail shells
each sequences. Adjusting their environmental and climatic demands, the paleoclimate and
paleoenvironment of the last 80,000 years could be reconstructed.
The results of the malacological investigations of Villánykövesd sequence indicated 5
malacological zones (MZs) by the snail species’ dominance relations. All of the 5 MZs
referred mild climatic conditions with only one cooling phase. The mild climatic conditions
were reconstructed by the high dominance of thermophilous species, especially the Pupilla
triplicata. This warmth loving, xerophilous and open vegetation dweller species is present in
the entire sequence, which indicates a refuge area of P. triplicata around Villánykövesd.
At Máza sequence 9 MZs could be allocated with mainly significant dominance of cold
resistant species, indicating cooler climatic conditions than Villánykövesd. The reason of the
high ratio of cold resistant species and the high number of MZs could be the geographic
exposition of Máza sequence. Máza sequence is located in a bench between higher and lower
reliefs on the northern pediment area of Mecsek Mountains. This indicates the presence of a
fluctuation area of the snail species in the area of Máza sequence. The Late Pleistocene
sequences possess different climatic and environmental conditions during same timeframe, so
it can be said that the previously reconstructed mosaic-like environmental patters in the
Carpathian Basin even here provable. The sequence Szálka contained only 3 MZs, because
the lack of snail shells in the entire sequence. This could induced by severe post-genetic
weathering processes in the area of the sequence.
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Among terrestrial paleoclimatic records for the Quaternary, loess/paleosol sequences (LPS)
are most prominent and widely studied deposits. These thick deposits of wind-born dust
provide a semi-continuous record of climate variations over long time scales even dating back
several millennia and/or million years. In this paper, we are presenting a revised chronology
of the upper part of one of the best developed and longest loess/paleosol profile of the
Carpathian Basin dating back ca. 1 Ma. In previous works, based on MS correlation with
SPECMAP, the boundary of MIS 3 was assigned to the last visible paleosol located at the
depth of 10 meters. This idea can be refuted based on the 14C analysis of 8 samples from the
upper 4 meters of the profile. Per our findings, this interval represents the last 43-44 kys of
environmental evolution in the area. To identify age differences attributable to different
herbivorous gastropod taxa, 2-2 samples were taken from similar depths. Age differences
between the received conventional ages were less than 200 years, which is still acceptable at
the scale of several stadial-interstadial and glacial-interglacial cycles. Samples just below the
modern topsoil yielded ages representing the Late Glacial. Ages below this horizon
correspond to the period of the Upper Pleniglacial (MIS 2: 28-14.65 ka cal BP) and
Interpleniglacial (MIS 3 58-28 ka cal BP) up to an age between 42993 and 44198 cal. BP
years. As expected, the calculated MAR was higher for the Upper Pleniglacial and Late
Glacial than the Interpleniglacial. Compared with other data from the Carpathian Basin, MAR
for MIS 2 was much lower, just like the one recorded at the other antique LPS of Vojvodina
also dating back 1 My.
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This study evaluated the role that carbon source and character have on processes driving
organic carbon (OC) burial in a eutrophic lake, Rostherne Mere, UK. Novel methods
identified anthropogenic impacts such as nutrient loading from sewage treatment input,
subsequent lake restoration efforts, and changes in algal communities and climate. Stepped
combustion radiocarbon analysis was used to identify carbon sources in a sediment core
spanning the last ~100 years, and in contemporary lake carbon pools. Samples combusted at
low and high temperatures split labile (readily decayed) and detrital (recalcitrant) OC
fractions, which were then attributed to terrestrial (allochthonous) or in-lake (autochthonous)
sources through radiocarbon analysis. Historical production rates and phytoplankton
community structure were examined in the sediment core from diatom assemblage
composition, abundance and biogenic silica accumulation, and high performance liquid
chromatography pigment analysis. Fluctuations in production rates and abundances of diatom
and algal pigments, were linked with carbon source/character and used to determine the
primary processes driving carbon sequestration in the lake. This combined approach
characterised OC accumulation in Rostherne Mere, and initial results indicate that the relative
importance of allochthonous and autochthonous carbon has varied over the last century, which
in turn has had significant impacts on burial rate.
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Presented study of Zrmanja River is part of the project Reconstruction of the Quaternary
environment in Croatia using isotope methods financed by Croatian Science Foundation
(2014-2018). The aim of the study is reconstruction of palaeoenvironment / paleoclimate
settings from fresh-water carbonates/tufa and comparison with the similar areas in the Dinaric
Karst. Zrmanja River is 69 km long, located in the Dinaric karst, the NW Dalmatian plateau,
and flows into the Adriatic Sea. Zrmanja River and its tributary Krupa River are characterized
by tufa precipitation in water stream forming tufa barriers. Results presented here cover
analyses of chemical parameters of Zrmanja River important for authigenic carbonate
precipitation, isotopic composition of water as well as isotopic analyses of fresh and old tufa
deposits.
Sampling of water covered: 9 locations at Zrmanja river, 3 at Krupa river and confluence of
Krupa to Zrmanja river. In situ measurements revealed high seasonality of T (8.8 - 27.5°C),
while pH shows a narrow span (7.38 - 8.34) independent of season. Concentrations of calcium,
magnesium and bicarbonates showed neither seasonality nor downstream change. Calculated
values of saturation index of CaCO3 from ≈1 at springs to 5 within the streams of both rivers
indicate conditions favorable for tufa precipitation. Radiocarbon activities of dissolved
inorganic carbon (a14CDIC) from Zrmanja river showed increase from ≈78 pMC at springs to
≈90 pMC downstream, and δ13CDIC values were quite uniform (-13.1 – (-11.4)). On the
contrary, δ13CDIC from Krupa river showed downstream increase, while a14CDIC remained
almost constant (≈88 pMC).
a14C of recent tufa was 83 pMC (1516 BP), and old tufa deposits showed range of a14C from
75 pMC (≈1m above water level) to almost 0 pMC (≈30m above water level) indicated that
the oldest tufa deposits could be older than 50000 years and should be dated by U-Th method.
However, on the basis of presented results, it can be concluded that tufa precipitated
intensively in the past, and the rivers were positioned at much higher elevation.
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Coastal sediments are the ultimate repository of particles and are an active location for
organic matter cycling (Bauer et al., 2013). It is estimated that 50 % of the carbon burial in
the global ocean occurs in deltas, which constitute only 0.7 % of the total surface (Burdige,
2007). The high sedimentation areas in deltas are key locations for the retention and
mineralization of organic carbon. It is important to unravel the rate of recycling related to its
origin and characteristics (Bianchi and Allison, 2009) in order to estimate the air-sea flux of
CO2 (Chen and Borgès, 2009). Indeed, river deltas and estuaries sediments receive particulate
organic matter (POM) originating from land, ocean and coastal wetlands plus autochthonous
production. They may have very different reactivities owing to their nature and residence time
in the soils or aquatic system (Bauer et al., 2013). Details on the sources of mineralized
carbon are needed in estuarine sediments in order to understand the fate of terrestrial and
marine-derived POM in these complex environments (Bianchi and Allison, 2009). Previous
papers (Aller and Blair, 2006; Aller et al., 2008; Zetsche et al., 2011) have shown that only a
fraction of the sediment organic matter is mineralized and can be significantly different from
the bulk organic matter in sediments. They also use paired carbon isotopes measurements
(13C or/and 14C) in porewaters and sediment to estimate the source of mineralized carbon.
The present study describes a technique which allows the measurement of both 13C and 14C on
the same CO2 extract from the same porewater sample, for relating the two isotopic
signatures. 14C is used as a tracer of the anthropic carbon contribution and gives precious
information concerning the origin of mineralized organic matters. In shelf sediments,
mineralization is largely dominated by marine organic matter but in prodelta the enriched 14C
signature of DIC indicates that continental organic matters (marked by anthropogenic nuclear
activities) is preferentially mineralized in prodelta sediments. Porewater DIC signature proves
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to be an extremely useful tool for understanding the fate of organic carbon in marine
sediments. A larger number of analyses is required to reduce the uncertainties and the present
study contributes to this task.
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Rivers play a major role in carbon transfer between continent, ocean and atmosphere. The
organic matter exported from land represents the major source of Dissolved Organic Carbon
(DOC) and Particulate Organic Carbon (POC). The original composition, its abundance
variability and the reactivity of this matter will influence its behavior and fate within the
coastal areas. It is thus important to characterize the nature of the exported matter, the
temporal variability of its sources and the concentrations. The use of stable carbon isotopes
(12C,

13

C) and radiocarbon (14C) provides information on carbon sources, turnover and

exchange processes between the different compartment of the carbon reservoir (dissolved and
particular or biological and detrital). Water and suspended matter were sampled in 2013-2014
in the Loire watershed in order to study the exchanges of carbon. This study presents 12C, 13C
and 14C data of dissolved inorganic carbon (DIC), Dissolved Organic Carbon and Particulate
Organic Carbon coupled with biogeochemical parameters recorded during our campaigns.
Here, we discuss variability of these parameters linked to the geological context, the Loire
River and tributaries hydrology and the anthropogenic activity.
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C groundwater ages can be excellent tools to verify and calibrate groundwater flow models
if they were really “ages” i.e. represent the time elapsed since infiltration. The main goal of
our presentation is to prove the reliability of 14C groundwater ages comparing them with
paleoclimate signals (i.e. temperature at the infiltration) of stable water isotopes (18O and
2H). A pilot area of this proving is a regional groundwater flow system on a transboundary
groundwater basin, the Maros alluvial fan. Previous groundwater modelling, hydrogeological,
water chemical and isotope studies proved the presence of this regional flow system
recharging in W. Romania and discharging in SE Hungary. 14C content of groundwater
gradually decreases along flow paths from recharge to discharge area indicating groundwater
ages increasing from zero (fresh) to more than 35 ka. The climate in Carpathian basin showed
great changes in this period including the Last Glacial Maximum (LGM) about 20 ka ago.
Previous studies have demonstrated a good correlation between annual mean temperature and
18O and 2H of precipitation and of the infiltrating groundwater respectively. Therefore
groundwater 18O and 2H preserved along flow path can serve as paleoclimate signals about
temperature at their infiltration using 18O = 0.40*T – 13.4 [‰] relationship.
The empirical relationship between 14C ages and 18O data of groundwater in our pilot area
confirms the reality of 14C ages. All groundwater younger than 10 ka (14C content >15 pmC,
Holocene infiltration) show 18O values about -9.5 ‰ similar to the multiannual mean 18O of
precipitation in Hungary. Groundwater older than 10 ka (14C content <15 pmC, Ice-age
infiltration) show more negative 18O values suggesting 1 to 10 oC colder infiltration
temperature. Lowest infiltration temperatures (0 to 2 oC) are estimated in groundwater of 20
to 25 ka old similar to the period of Last Glacial Maximum proving the reliability of
groundwater age data.
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Dinaric karst is the region in Croatia formed largely of sedimentary rocks of limestone and
dolomite. It spans along the coast of the Adriatic Sea in northwest-southeast direction. It
covers half of the Croatian territory, including islands and coast, high mountain region, partly
central Croatia, and vast part submerged by the sea. The karstic forms such as tufa deposits
and sediments in karst lakes and rivers, terrestrial and submerged speleothems in numerous
caves and marine algal rims in the coastal area present good material for studying the
palaeoclimate and environment in the Dinaric karst.
Precipitation of carbonate sediments (speleothem, tufa, lake sediment, algal rims) in karst
region occurs from water supersaturated with calcium carbonate, but conditions of
precipitations are different. Tufa formation from lake or river water is favoured where
well-developed plants exist in streams resulting in different morphological forms and the
isotopic equilibrium is often not established. This process is very sensitive to
physico-chemical or biological changes in the water and also to seasonal fluctuation. Lake
sediments are formed from lake water under more stable conditions than those of tufa
precipitation, and therefore the lake sediments are more often formed under isotope
equilibrium conditions. Lake sediments may provide a continuous, high-resolution record of
environmental changes within the lake ecosystem and regional catchment and have been used
widely to study natural environmental changes or human-induced impact. Speleothems are
carbonate deposits precipitate from drip water in the caves under stable microclimate
conditions and represent valuable high-resolution records of paleoclimate. Submerged
speleothems as well as marine algal rims in the coastal area can be used as sea-level change
indicators.
An overview of the paleoclimate and environment investigation of different carbonate
deposits in the karst area of Plitvice Lakes, Krka and Zrmanja river, several caves and coastal
area of Adriatic sea using carbon isotope analyses (14C and 13C) will be presented.
Acknowledgement: The project Reconstruction of the Quaternary environment in Croatia using
isotope methods financed by Croatian Science Foundation will be also presented.
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In October 2010 a 22m sediment core was collected from the Unsaturated Zone (USZ) on the
Israeli coastal plain near Ashdod. The local climate is semiarid with winter precipitation only.
The vegetation of C3 type plants is sparse and is composed mostly of Retamaraetam, whose roots
can reach in excess of 8m. Moisture (%) and CO2 (from the dissolved inorganic carbon DIC])
were quantitatively abstracted from the sediment. The mineralogy of the sediment was dominantly
quartz sands with ancillary clay and carbonate. The porosity was high ~40 to 55%, with a
consequently low field capacity. The DIC ranged from 2 to 13 mmole C /litersediment. In a nearby
sediment core it was found that rainfall recharge traverses the entire sediment profile (21m) in a
single season in a piston-type mode (Rimon et.al. 2007). The present core was sampled in a low
rainfall year, which followed an even sparser rainfall year. By analyzing the extracted moisture in
the field capacity a great variability is noted, with a maximum at the high clay region. The oxygen
isotopes enter the unsaturated zone with rain from the surface. The soil moisture shows δ18O
enrichment in the top 6 meters due to evaporation during the 5 months sojourn following the
winter rains. Below this depth δ18O values of ~ -5‰ prevail, as in the local aquifer. The carbon
isotopes (δ13C and Δ14C) enter the USZ laterally from CO2 exhalation from plant roots. The δ13C
varies from -5‰ to -23‰, which represent the various stages in carbon isotopic fractionation that
have taken place: CO2gas becomes dissolved CO2aqueous which then forms carbonic acid and HCO3- .
The carbonic acid dissolves marine shells(~0‰). These processes occur in distinct isotopic steps
in the field capacity which is "frozen in" during the summer. The highest radiocarbon activity
noted is at 8m depth from root exhalation of the flora. The almost equally high 14C activity at the
22m depth most probably represents the 14C activity of 8m depth from the previous 2008/9 rainy
season that was subsequently pushed down ~ 12 meters during the winter of 2009/10. It remained
in the field capacity for almost two rainy seasons.
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Speleothem-like deposits in urban areas have been very recently highlighted as powerful
archives for reconstruction of historical anthropogenic imprint within environment. The study
of key geochemical tracers within these carbonate deposits such as lead or sulfur isotopes can
indeed permit to identify pollutions sources contained within the water that permitted their
deposition.
Precise chronology of these secondary carbonate deposits is a key issue for the precise time
reconstruction of environmental conditions. 14C chronology in these deposits is hampered by
the presence of dead carbon, from calcareous host rock or old organic matter contained within
the soil. Moreover, the target period covered by the study of urban speleothems includes
mainly the three last century, a critical period for radiocarbon calibration. 14C analysis within
these deposits need thus in many cases to be coupled with other chronological tools or
constrains.
We will present two 14C data sets for urban speleothems that developed in contrasted highly
anthropised environments. They both record radiocarbon bomb pulse. The first one was
sampled in an underground technical gallery of the Versailles Palace (France), and the second
one in an underground historical aqueduct of Paris town (France). The comparison of these
records with bomb peak and relative chronology (laminae counting) allows to determine the
dead carbon proportion and discuss water interaction with urban soils/host rock. This
chronology permits to discuss geochemical proxies.
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Combustion processes convert biomass and fossil fuels (i.e. wood, coal, oil and gas) into
greenhouse gases but the incomplete combustion also causes the formation of pyrogenic
carbon (PyC). PyC can originate from natural (biomass burning) and anthropogenic (fossil
fuel combustion) sources. It can be carried away from the place of production by wind and
water transport with the distance being a function of particle size. Subsequently, it will, be
deposited at the ultimate site of burial and may experience temporary storage along the way.
However, even though fire has shaped the global carbon cycle for hundreds of million years,
the biogeochemical cycle of PyC has not yet been well understood and virtually no data are
available on sedimentary deposits. We reconstructed the combustion history over 250 years
(1750-2000 AD) from anoxic, laminated sediments from Pettaquamscutt River, RI, US, in
high temporal resolution and found decoupled combustion records (Hanke et al. 2016). Here,
we compare molecular 14C records of two molecular markers of combustion: polycyclic
aromatic hydrocarbons (PAHs, trace markers of combustion condensates) and benzene
polycarboxylic acids (BPCAs, specific measures of combustion residues). We identified three
pools contributing to sedimentary PyC burdens: (1) contemporary PyC from biomass burning
(2) pre-aged PyC stemming from temporary storage in the catchment, and (3) fossil PyC from
fuel combustion. A simple model allowed us to approximate the fraction of pre-aged C for
different scenarios in the pre-industrial age (before 1840). The average scenario of pre-aged
PyC accounts for the vast majority of total PyC [g kg-1]. Conversely, PyC derived from the
fossil fuel combustion accounts for a maximum 27 % of PyC [g kg-1] in the early 1900s.
Hanke et al. (2016), Decoupled sedimentary records of combustion: causes and implications,
Geophysical Research Letter 43(10),5098-5108, doi: 10.1002/2016GL069253.
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Carbonaceous atmospheric aerosols are a substantial fraction of the particulate matter (PM) in
ambient air and contribute to climate and health effects of PM. For the reduction of the
atmospheric burden of these particles and for air quality improvement, the sources of
carbonaceous aerosols should be known. This is a difficult task, however, due to the vast
number of individual emission sources and the complex reactions in which new carbonaceous
aerosols are formed in the atmosphere from gaseous precursors. Here, 14C is an important
source apportionment tracer, as it allows the differentiation of carbonaceous aerosols that
were formed from fossil-fuel usage (i.e., that are 14C-free) from PM that originates from
contemporary carbon sources.
This work presents on the one hand the technical realization of the isolation of the
carbonaceous aerosol fractions organic carbon (OC) and elemental carbon (EC) for 14C
analysis (Zhang et al., 2012). This separation is performed in a commercial OC/EC analyzer
that is directly coupled to gas inlet system of the MICADAS (Agrios et al., 2015) at the Bern
Laboratory for the Analysis of Radiocarbon with AMS (LARA) (Szidat et al. 2014). On the
other hand, the importance of this source apportionment approach is demonstrated based on
results from different field campaigns in Europe and Asia (e.g. Huang et al., 2014; Zotter et al.,
2014).
Agrios et al., Nucl. Instr. Meth. Phys. Res. B 361, 288-293 (2015).
Huang et al., Nature 514, 218-222 (2014).
Szidat et al., Radiocarbon 56, 561-566 (2014).
Zhang et al., Atmos. Chem. Phys. 12, 10841-10856 (2012).
Zotter et al., Atmos. Chem. Phys. 14, 13551-13570 (2014).
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Availability of high quality background 14CO2 records at remote sites is a necessity for the
application of bomb-radiocarbon in the carbon cycle studies, especially for discriminating
between fossil and biosphere carbon emissions. However observations of 14C variation in
atmospheric CO2 exist for only a few locations. We report here a continuous, high precision
and high temporal resolution Δ14CO2 record obtained at the Point Barrow Observatory, Alaska
(71°N, 157°W) since July 2003 to 2016. Sample collection was through the NOAA/ESRL
flask sampling network program, which enables us to compare radiocarbon data with other
trace gases and isotopes, including CO, CO2 mixing ratios and δ13C and δ18O of CO2. During
the collection period, Δ14CO2 decreased by ~4.3‰/year. The overall bomb-radiocarbon
decreasing trend is due to mixing with the ocean and land carbon reservoirs, but in recent
years, it has been dominated by the dilution of fossil fuel CO2 emission. We find distinct
seasonal cycles for Δ14CO2, with a broad minimum around Mar-Apr and a maximum in
Sep-Oct with an amplitude of ~7‰. This seasonal pattern is variable from year to year.
Increasing 14C values may reflect injection of stratospheric air in April and May, and higher
soil respiration with enriched 14CO2 between May to Aug; rapid declines may be due to
reduction in soil respiration and changes in the poleward advection of fossil fuel origin CO2
burned in the winter months. 14CO2 seasonal cycle lags those of CO and CO2 by ~ 1.5 and 0.5
month respectively. Our record adds to a few available records worldwide to provide
observational constraints for the roles of 14C isotope exchange among different reservoirs, and
hopefully it can enhance our ability to trace natural carbon exchanges in the global carbon
cycle and to study the atmospheric dynamics as well.
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In this contribution, I present an estimation of the rate of decline in atmospheric radiocarbon
and the amplitude of its seasonal cycle for the past six decades for the northern and southern
hemispheres, and forecast the time required to reach pre-1950 levels. The rate of change in
14C has decreased considerably since the 1960s and reached in 2010 a rate of -6.8 and -2.1
per mil year-1 for the northern and southern hemisphere, respectively. The time-series
forecasts predict that radiocarbon concentrations will reach pre-1950 levels within the next
years in the northern hemisphere and within the next 10 to 20 years in the southern
hemisphere. However, at regional levels radiocarbon concentrations have already reached
pre-1950 levels in several industrialized cities around the world as a consequence of
fossil-fuel emissions.
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Studying depletion of the 14C/C ratio in atmospheric CO2 in a polluted area compared to clean
background air is a well-established and entirely observation-based top-down approach to
quantify fossil fuel CO2 (ffCO2). To the present day, the 14C method yields the most reliable
and accurate ffCO2 estimates to independently support the bottom-up verification of the
nationally determined contributions (NDCs) for the CO2 emission reductions under the
UNFCCC after COP 21.
Here we present the updated 14CO2 time series measured in Heidelberg, Germany, from 1986
to 2015. These data comprise a new dispersion model-based correction for the influence of
14
CO2 emissions from the surrounding nuclear power plants as well as corrections for the
combustion of 14C-enriched fire woods. Regional ffCO2 estimates using different background
stations (Schauinsland, Black Forest, 1205m a.s.l., or Jungfraujoch, Swiss Alps, 3450m a.s.l.)
show a clear reduction of the ffCO2 concentration in Heidelberg. Compared to 1995, the
ffCO2 concentration decreased on average by 10±2% for the period from 2006 to 2010 and by
20±4% for the period from 2011 to 2015. These reductions are in good agreement with
trends in bottom-up emission inventories for the Heidelberg region.
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The determination of the proportion between the bio and the fossil derived fraction in carbon
dioxide emissions from industrial stationary sources is a relevant aspect in the frame of the
worldwide efforts to reduce greenhouse gases emissions into the atmosphere. In this field the
14
C-based method has gained importance over the years and has been include in standard
protocols accepted at both the national and international levels. The advantages of the
method, based on the large different in term of 14C signature between fossil and biogenic
carbon, are reviewed as well as some critical aspects related to its application. The results
obtained in the analysis of carbon dioxide stack emissions from different sources in Europe,
with different expected bio-fossil fractions, are presented and discussed in terms of the
different sampling strategies, laboratory processing procedures, AMS measurements and data
analysis. Particular emphasis is dedicated to the discussion of the achievable precision and
accuracy levels and time resolution.

59

ATMOSPHERE 6574
Isolation and 14C analysis of humic-like substances (HULIS)
from ambient aerosol samples
VONWILLER M.1,2,3, SALAZAR G.1,3, SZIDAT S.1,3
1. Department of Chemistry and Biochemistry, University of Bern, 3012 Bern, Switzerland.
2. Laboratory of Radiochemistry, Paul Scherrer Institute,
5232 Villigen-PSI, Switzerland.
2. Oeschger Centre for Climate Change Research, University of Bern,
3012 Bern, Switzerland
Correspondence to: Matthias Vonwiller; E-mail: matthias.vonwiller@dcb.unibe.ch
Keywords: Carbonaceous Aerosols, radiocarbon, source apportionment, humic-like substances.

HUmic-LIke Substances (HULIS) are an unresolved complex mixture of organic compounds,
which accounts for 12-60% of the total organic carbon (OC) in ambient aerosols (Graber and
Rudich, 2006). As the characterization of HULIS is still incomplete and because their
composition and amount is strictly method-dependent, a meaningful comparison of different
studies about this class of compounds is difficult. Testing of different isolation methodologies
resulted in a straightforward HULIS extraction procedure for 14C source apportionment by
accelerator mass spectrometry (14C-AMS). The presented methodology corresponds to a
modified method of Varga et al. (2001). The complete procedure is summarized as a flow
chart in Fig. 1. The procedure blank was quantified in terms of its mass and its 14C/12C ratio
by isotopic dilution analysis using a fossil and a modern reference material. Due to this blank,
the sample mass for the AMS measurement should exceed 20 µg C for an adequate accuracy
and precision of 14C data. The application of the presented method on different ambient
aerosol filters strongly indicates modern sources for HULIS.

Fig. 1: Flow chart of the HULIS isolation procedure for subsequent 14C-AMS measurement.
Graber, E.R. and Rudich, Y. (2006) Atmos. Chem. Phys., 6, 729-753.
Varga, B., Kiss, G., Ganszky, I., Gelencser, A., Krivacsy, Z. (2001) Talanta, 55, 561-572.
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A multipurpose gas-handling system was installed for the gas ion source (GIS) of
EnvironMICADAS type AMS at HEKAL Laboratory (Debrecen, Hungary). The GIS is
designed by ETHZ for the measurement of small environmental origin samples (<50 μg
carbon) with moderate precision requirements.
In the gas handling system, a stepping-motor driven syringe presses a mixture of helium (95%)
and sample CO2 (5%) into the gas ion source, allowing continuous and stable measurements
of different kinds of samples. As a primary method, off-line prepared CO2 can be delivered in
glass or quartz ampoules. As an alternative way, solid samples can be combusted in an
elemental analyzer or a thermo-optical OC/EC aerosol analyzer, where in a carrier He flow
the produced CO2 is transferred on-line to the GIS syringe via a zeolite trap for gas
concentration. This unique instrumentation gives us the possibility to analyze as small
samples (10-100 μg C) like as compound specific radiocarbon from airborne aerosol.
In this study, we would present the performance of the gas ion source based C-14 AMS
technique at HEKAL for aerosol analyses, including blank level, memory-effect, overall
precision and sample throughput. Newly developed special aerosol sample preparation
techniques will also be presented and evaluated using some real sample examples.
Acknowledgement:
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This paper addresses the chronology and environmental context for cultural changes during the
Late Greenland Interstadial-1 (LGI-1) and the Greenland Stadial-1 (GS-1) in the Benelux
countries and Southern Scandinavia (SS). It has been suggested that different environmental
and cultural factors forced material cultural changes during this period. However, their exact
timing and the cultural relationships between Federmessergruppen (FMG), Bromme and
Ahrensburgian remained unclear during this period. In this paper, different hypotheses
concerning the cultural changes occurred in the study area during this period are reviewed.
Furthermore, a transparent and rigorous quality assurance procedures are applied to audit
radiocarbon dates from FMG, Bromme and Ahrensburgian sites in order to assess data
heterogeneity. Then, a series of Bayesian calibration models are formulated using the IntCal13
curves for assessing the timing of cultural continuity/discontinuity, probable duration of the
cultures in questions, and their relationship between environmental changes and material
culture transitions. The beginning, duration and end of these archaeological phases are
correlated with environmental proxy data for the major northern hemisphere climatic changes
at that time. These models suggest that the end of FMG culture is synchronous with the Laacher
See eruption (LSE) during the LGI-1 in SS. Subsequently, the Bromme culture emerged in SS
as a consequence of the redistribution of hunter-gatherer populations following the LSE.
Moreover, these models suggest that the Ahrensburgian culture first emerged in the early GS1 in the Benelux countries at a time when the FMG culture was also present in the region. In
SS, the Ahrensburgian culture appeared to emerge only toward the very end of GS-1.
Moreover, these models indicate a hiatus in human occupation of SS between the Bromme and
the Ahrensburgian cultures.
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Miyake et al. (2012, 2013 and 2014) described a sudden increase of radiocarbon (14C)
concentration in annual tree rings of Japanese cedar (Cryptomeria japonica) and Hinoki
cypress (Chamaecyparis obtusa) between AD 774 and 775 and between AD 993 and 994. In
both analysed periods, the sudden increase was observed almost in a single year. The increase
in the 14C content was about 12‰ in the period AD 774-775 (Miyake et al. 2012) and about
11.3‰ in the period AD 993-994 (Miyake et al. 2013, 2014 ). Single-year samples of dendrochronologically dated tree rings of deciduous oak (Quercus robur) from Kujawy, a village near
Krakow (SE Poland), spanning the years AD 765-796 and years AD 908-1027, were collected
and their 14C content was measured using the AMS system in the Leibniz Laboratory. The
results clearly show a rapid increase of 9.2±2.1‰ in the 14C concentration in tree rings between
AD 774 and 775, with maximum radiocarbon concentration of Δ14C = 4.1±2.3‰ noted in AD
776, and increase of 6.2±1.6‰ in tree rings between AD 993 and 994, with maximum Δ 14C =
-9.4±1.0‰ noted in AD 994.
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The data of 14C measurements of the annual tree rings in the period of 1984-2016 of the Ignalina
Nuclear Power Plant (INPP) surroundings and background area of Lithuania are presented in
this work. The concentrations of 14C were studied by measuring samples using the single stage
accelerator mass spectrometry. 14C/12C ratio in the tree rings of the INPP surroundings in
comparison with 14C/12C ratio in the background area of Lithuania had shown an enhanced 14C
activity due to the operation of INPP for the period from the 1984 to 2010. In the study of
Mazeika et al. [1] author determined the maximal 14C value of normalized release rate 11 TBq
Gwe-1 year-1 which was estimated over the first 18 years (1984-2002) of INPP operation. The
data from that study covers half of whole operation period of the Ignalina NPP. The first reactor
of the INPP was shut down on December 31, 2004 and the second on December 31, 2009. This
study represents all this period and is a continuous work of previous studies [1]. Moreover the
sensitivity of the method allows us to observe the correlation between the decommission
chronology of the INPP and the 14C concentrations in the tree rings.
[1]

J. Mazeika, R. Petrosius, R. Pukiene, Carbon-14 in tree rings and other terrestrial samples in
the vicinity of Ignalina Nuclear Power Plant, Lithuania, J. Environ. Radioact. 99 (2008) 238–
247. doi:10.1016/j.jenvrad.2007.07.011.
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Compound specific radiocarbon analysis provides precise molecular-level information on the
isotopic signatures of pyrogenic carbon in environmental samples. However, the chemical pretreatment and purification via preparative chromatography often yields less than 50 µg C. Small
sample sizes are thus largely impacted by non-sample blank, or extraneous carbon added during
extensive sample transfers and exposure to various reagents. This makes such analyses prone
to contamination and can have a large affect on the results.
In this study, we quantified the impact of extraneous carbon upon radiocarbon analysis of
benzene polycarboxylic acids (BPCAs) molecular markers of combustion residues. We
allocated sources of contamination to three sub-procedures: chemical pre-treatment,
chromatographic purification and wet chemical oxidation (combustion procedure). For all
analyses we used 14C depleted and modern process reference standards that were measured
with the gas ion source-equipped AMS (MICADAS). Statistical evaluations using the
Pearson’s chi2 test include a detailed description of uncertainties and propagation of errors. To
test the applicability to environmental samples, we analyzed of four different types of reference
materials in triplicate (urban dust, marine sediment, soil and riverine natural organic matter)
and compare uncorrected vs. corrected results. In total we analyzed 55 samples that had been
combusted on a single day and measured on the AMS the day after.
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Investigation of archaeological monuments of the Late Bronze Age in Southern CisUrals and identification of chronological succession of Srubnaya and Alakulskaya
(Andronovskaya) cultures led to development of chronological scales in 1970-1980’s.
Beginning with the second half of 1990’s in Volga-Ural Region traditional
archeological chronology of the Late Bronze Age started to transform. These processes were
connected with the fact that natural sciences started to be comprehensively applied. In 1960’s1970’s the concepts of successive population groups of the Late Bronze Age (17 – 10 BC.)
were developed. The Late Bronze Age on the territory of Southern Cis-Urals reveals significant
amount of archaeological monuments.
However, in the beginning of 2000’s using more extensively data of radiocarbon dating,
archeologists supposed that for investigated area such scientific conclusions are not correct. It
has been found out that radiocarbon analyses performed aged the communities of the Bronze
Age as well as didn’t confirm succession of these cultures being proved before.
In 2014 while continuing to investigate Kazburun I burials belonging to the Late Bronze
Age and located in Dema-Urshak interfluve of Southern Cis-Urals right at the burial site one
more settlement was discovered – Usmanovo III. To define functioning time of Kazburun I
burial mound and Usmanovo III settlement the following scientific analyses have been carried
out. In the Laboratory Beta Analytic they tested ceramics samples of Kazburun I burial and
Usmanovo III settlement by means of AMS-radiocarbon dating, and also AMS-dating of teeth
buried in Kazburun I burial mound was performed.
Data obtained in the process of radiocarbon dating performed in Beta Analytic also
confirmed synchronism of two traditions – Srubnaya and Alakul, moreover, results of this
dating were the same as data of radiocarbon dating performed for Muradymovo settlement, and
technical and process analysis of ceramics also implies similarity of traditions to prepare
ceramics. This research was sponsored by the RFH and the RB in the framework of a scientific
project number 16-11-02003 a/u.
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Table 1.14C dates d13C and d15N values from Kazburun (Usmanovo) archaeological microdistrict of Central Bashkiria presented in or used for this study.
Site, year

Sample

Lab
code

Measured
Radiocarbon
Age
3420±30 BP

13C/12
C
Ratio
-19.7
o/oo

Conventiona
Radiocarbon
Age
3520±30 BP

Kazburun I
burial mound
2009 Barrow
№4, burial №1
Usmanovo III, a
settlement in
2013
Kazburun I
burial mound
2014 Barrow
№23, burials
№4.
Kazburun I
burial mound
2014 Barrow
№23, burials
№5
Kazburun I
burial mound
2014 Barrow
№23, burials
№3
Kazburun I
burial mound
2014 Barrow
№23, burials
№2

tooth

Beta –
347344

bulk
sherd
organics

Beta –
352489

4130±30 BP

-30.7
o/oo

4040±30 BP

tooth

Beta –
395800

3340±30 BP

-19.7
o/oo

3440±30 BP
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Lab
code

Sample

d15N

d13C

Beta –
439417

bone
collagen

+11.0
o/oo

Beta439415

bone
collagen

+10.6
o/oo

-19.7
o/oo

Beta439416

bone
collagen

+10.7
o/oo

-19.0
o/oo

Beta439414

bone
collagen

+11.2
o/oo

-19.4
o/oo
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To determine vegetation change in Adak Island (central Aleutians), we collected peaty
sediments (ADK13083002 Core) from Haven Lake in the island. We confirmed six apparent
tephra layers (Black, 1976), 40 Years (0.4 cal kBP), YBO (3.6 cal kBP), Sandwich (4.7 cal
kBP), Intermediate (7.2 cal kBP) and Main (9.5 cal kBP) and Upper and Lower Gritty (ca. 10
kBP). Four major pollen assemblage zones (HL-1 to -4 in descending order) are recognized in
the cored sediments. The HL-1 pollen zone is dominated by Poaseae, Cyperaceae, Empetrum
and Lycopodiaceae. The HL-2 pollen zone is dominated by Poaseae and Empetrum. The HL3 pollen zone is dominated by Poaseae, Ranunclaceae, and Empetrum. The HL-4 pollen zone
is dominated by Ranunclaceae and Empetrum. The charcoal chips increased above
Intermediate Tephra. It's contemplated that the Aleut people arrived at Adak Island and started
settling down from ca. 7 cal kBP.
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Unalaska in the Fox Islands group of the Aleutian Islands, Alaska includes active Makushin
volcano (2036 m asl) and two Early Anangula phase archaeological sites (ca. 9 cal kBP) in
Unalaska Bay. To determine environmental change and tephra deposition on Unalaska, we
collected peat samples from the Iliuliuk River watershed, 30 km east of the volcano (53° 51'
00.6" N, 166° 28' 42.8" W). We recognized at least four andesite and/or basaltic andesite ash
layers, IL-1 to -4 in descending order, in the profile (Fig. 1). Four AMS radiocarbon dates were
obtained from peat sediments and
are mostly consistent with the
stratigraphy. Based on thickness
and grain size, all ash layers most
likely originate from Makushin
volcano.
The
Ash
IL-1
corresponds
to
historical
eruptions (VEI=3) reported in the
19th century. Similar eruptions
occurred at ca. 0.9, 1.5 and 1.8 cal
kBP. We also report on paleovegetation based on pollen
analysis from the Iliuliuk profile
and discuss the impact of volcanic
eruptions on the environment.

Fig. 1 Radiocarbon dates for peat in Iliuliuk profile. Open
circle indicates median probability.
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The234U/238U ratios in natural water sources of different genesis have been found to be different
(Tuzova T., 2005, 2006). It is determined that the isotopic ratio is stable over time in individual
water sources if the hydrological environment is invariable (Uralbekov B. et al, 2014). The
examples of closed water bodies in Central Asia (Aral Sea, Balkhash, Issyk-Kul, Chatyr-Kul)
show that uranium isotope ratios can be used for absolute dating of their waters (Tuzova Т.,
1966-1980). For Kyrgyzstan, the uranium isotope method has proved to be an effective tool in
tracing underground water flows in alluvial cones of mountain rivers (Chalov et al, 1968-1980).
Over the past decades, the method has been increasingly used to define the genesis of surface
and ground waters, in studies of transboundary mountain rivers with limited hydrometric
networks, and in radiological water monitoring (Tuzova Т. et al, 1980-2016). The table shows
in uranium isotope ratio variations in waters in the periglacial zone of the Adygene river basin
as a result of leaching (234U/238U ratio increases while total U concentration does not) and
dissolution of water-bearing rocks (total uranium increases while the isotopic equilibrium does
not change).
Sample code –
year of
sampling
1А-2014
3А-2014
7А-2014
4А-2014
10А-2014
11А-2014
12А-2014

234

U/238U

Location
Adygene glacier snow
Lake 1P – Periglacial
Lake 6T – Thermocarstic
Lake 2D – Bolshoe Adygene
Lake 11T - Thermocarstic
Lake 11T - Thermocarstic
Adygene River from under the moraine
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1.00±0.04
1.00±0.04
1.10±0.05
1.26±0.10
0.97±0.08
1.01±0.04
1.16 ±0.08

Uranium
content,10-6 g/l
0.11± 0.01
0.33±0.04
1.54±0.05
0.7 ±0.2
4.1±0.7
54.6±0.2
1.9 ±0.2
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Geologic reserves are devoid of radiocarbon and CH4 and CO2 emissions from fossil fuel dilute
the atmospheric 14C/C ratio when emitted into the atmosphere, providing a potential constraint
in the estimation of fossil fuel-derived CH4 and CO2 using bottom-up inventories (Graven and
Gruber, 2011). However, the atmospheric radiocarbon ratio is perturbed by emissions of 14C
from nuclear power plants (NPPs), which may affect such 14C/C-based estimation if they are
not correctly defined.
In pressurised water reactors (PWRs) 14C is mainly released as 14CH4, due to the reducing
environment characterising the reactor core, while in all other reactor types nearly all 14C is
released in the form of 14CO2 (EPRI Report, 2010). Due to the growing influence of PWRs,
production of 14CH4 became a significant contributor to the atmospheric radiometric burden.
However, since 14C estimates are not reported for every NPP, 14C emissions from all sites have
been estimated by using emission factors that relate 14C emissions to electrical energy output.
In this study we update the nuclear power plant electricity production database and
associated 14C emissions from Graven and Gruber (2011) to cover the period 1970 to 2016.
New emission factors based on intrinsic characteristic of nuclear reactors (i.e. age and model)
for nuclear reactors in Europe and North America, were calculated and used to determine
historic 14C and 14CH4 emissions trends for PWRs, providing alternative yearly global 14C and
14
CH4 estimates. Updated global and regional estimates of 14C and 14CH4 emissions from
nuclear sites will help to discriminate the radiocarbon enhancement caused by nuclear
emissions, and therefore to accurately assess the contribution of fossil fuel emissions to the
CH4 atmospheric budget.
Electric Power Research Institute (EPRI) (2010). Estimation of Carbon-14 in Nuclear Power Plant
Gaseous Effluents, TR-1021106.
Graven, H. D., & Gruber, N. (2011). Continental-scale enrichment of atmospheric 14CO2 from the
nuclear power industry: Potential impact on the estimation of fossil fuel-derived CO2, Atmospheric
Chemistry and Physics, 11(23), 12339-12349.
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Charcoals and 10 mollusc species (+2 identified at the family level) were subject to accelerator
mass spectrometry (AMS) radiocarbon dating from the Dunaszekcső loess record, Hungary.
Charcoal 14C ages are found to be protocol-dependent, with ages obtained from the high
temperature (800 ºC) fraction of the two-step combustion (TSC) protocol being always the
oldest and likely most reliable. One step combustion (OSC) at 1000 ºC produces comparable
ages with those obtained from the low temperature (400 ºC) fraction of the TSC protocol.
Discrepancies between the ABA-TSC400 and TSC800 ages become larger for older, and less
well-preserved charcoal fragments. Testing of shell ages against those of charcoals reveals that
Succineidae sp., Chondrula tridens, Trochulus hispidus and members of the family Clausiliidae
yield 14C ages that are statistically indistinguishable from charcoals recovered from the same
stratigraphic interval, or with the ABA-TSC800 charcoal age. Thus, these species show great
potential for creating accurate and precise chronologies for loess records within the useful
range (<~40 ka) of 14C dating of land snails. Conservative estimates of 95% uncertainties of
the resulting Bayesian age-depth models are in the range of 500‒800 yr. However, these
uncertainties are strongly dependent on the number of dates available and the resolution of
sampling, but they are usually well below those of luminescence chronologies.
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Moraines have traditionally been considered to be chronologically “silent” formations because
autochthonous organic matter, which is essential for reliable radiocarbon dating, has not been
identified in moraines until recently. Our research has shown that moraines contain glacierspecific organic matter that is disseminated in fine morainic debris and that this organic matter
is autochthonous and syngenetic with the moraines. The source of disseminated organic matter
is glacio-chionophilous (glacier-specific) organisms and their humification products. The
habitat of these organisms is fine aeolian deposits (Fig.1). The organic material consists of
blue-green algae and diatoms and detritus of other origin.

Fig.1. Aeolian fine deposits at glaciers
To date, we have produced a range of ages for moraines by radiocarbon dating
ofdisseminated organic matter (in years):
7545±110 (LU-5557А), 7440±120 (LU-5557В), 3790±110 (LU-5581А),
5605±310 (LU-5581В), 3380±180 (LU -5992), 8560 - 8400 (VERA), 4850 - 4420 (VERA)
LU dates were produced using traditional radiometric equipment, and VERA dates were
produced by the AMS method. It can be said now that the geochronological “veil” has been
liftedfrom moraines, which are highly important climatic and stratigraphic benchmarks of the
Pleistocene and Holocene time.
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Radiocarbon can be used to quantify fossil fuel CO2 (CO2 ff) emissions, due to complete
depletion of 14C in CO2 ff. (Levin, 2003). Modelling studies using 14C to quantify CO2 ff have
suggested that more measurements are needed to support this method and provide verification.
(Graven, 2011, Vardag 2015). Correction need to be applied when calculating the CO2 ff
component including a nuclear correction. In the UK the nuclear power plants emit a larger
amounts of 14CO2, this needs to be corrected for. (Graven, 2011)
Several labs are already measuring 14CO2 (Turnbull, 2010, Levin, 2003), however to meet the
demands for more measurements using this method a set up in the UK is required. The
installation of the new MIni CArbon DAting System (MICADAS) Accelerator Mass
Spectrometer (AMS) in Bristol in 2015 has proposed the opportunity for this. This system will
be used to make more measurements in the UK and provide improved verification of the
corrections that are applied.
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The atmospheric CO2 over urban areas and in their vicinity indicates seasonal variability in the
isotopic composition of carbon caused by emission into the atmosphere of CO2 from burning
fossil fuels as well as changes in ecosystem respiration and also photosynthetic uptake. In
Gliwice, especially high CO2 emission is associated with the movement of the automobile
communication and coal usage for house heating.
The measurements of carbon isotopic composition (14C and δ13C) in atmospheric
CO2 were made for samples collected in years 2011-2013 on a weekly basis, on the roof of a
building in the academic district of Gliwice. In additions, 14C and δ13C were measured in the
early and late wood from annual tree rings of pine, for years 2008-2013. The cores of trees
were derived from five sites distant about 10-15 km from the place of atmospheric
CO2 sampling, evenly distributed in the area surrounding Gliwice. The measurements of
radiocarbon concentration were performed using AMS and stable carbon isotopic composition
were determined using mass spectrometry in Gliwice Radiocarbon Laboratory.
The concentration of the isotope 14C is much lower in relation to the concentration of this
isotope in the “clean air”. During spring, summer and autumn seasons some decreases of the
14C could be observed. A strong correlation between 14C and δ13C may also be noted. The
concentration of carbon isotopes in seasonal increments of trees from different positions is
conditioned by horizontal mixing of air (wind direction).
This research was a part of:
“Isotopic method of monitoring anthropogenic CO2 emission using tree rings for Upper Silesia region.
” funded by the National Science Centre allocated on the basis of decision number 0970/B/P01/2010/39.

76

C14-6569
Radiocarbon Content in Deciduous Tree Leaves in Industrial Area at
North Lebanon
Rana BAYDOUN1*, Omar EL SAMAD1
1. National Council for Scientific Research, Lebanese Atomic Energy Commission,
Beirut, Lebanon
Correspondence to: Rana Baydoun ; E-mail: rbaydoun@cnrs.edu.lb
Keywords: Carbon-14, deciduous tree leaves, radiocarbon isotopic ratio Δ14C, Suess effect, fossil fuel
fraction

Tree leaves assimilate carbon from air during photosynthesis reflecting any possible alteration
in radiocarbon content in the atmosphere. Thus, knowing the C-14 concentration in biogenic
samples is essential to determine the anthropogenic impact on the ecosystem. In urban and
industrialized areas, depletion in radiocarbon content could be predicted due to the high
emission of dead carbon rich in 12C. Based on the variation of 14C concentration between clean
zones and urban zones, assessment of the degree of pollution as well as estimation of the total
emission of fossil-fuel-derived carbon dioxide could be carried out (Pataki et al. 2010;
Rakowski et al. 2013).
In Lebanon, various sources of pollution could affect the 14C concentration in the atmosphere.
The main are the transport sector, electrical power stations based on fuel combustion, and other
industries. In this study, the selected sites are located in rural areas at North Lebanon Province
along the Mediterranean coast in the vicinity of a cement factory and a fertilizer industry. A
total of twenty leaves samples, including those collected from clean area, were gathered from
deciduous tree (Ficus) in autumn 2016, the end of vegetation season. All samples were
subjected to chemical pre-treatment based on acid-base-acid method (Bronić et al. 2009; Park
et al. 2013). Conventional Radiocarbon method was used based on benzene synthesis, followed
by measurement using low level Liquid Scintillation Counter. Isotopic ratio Δ14C was
calculated. The radiocarbon concentration in the selected sites was significantly lower than that
determined in leaves collected from clean areas in the same year. This was significantly
reflected in Δ14C values that ranged from -55‰ to 10‰ while that in clean areas were 45‰
and 44‰.
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Since its advent, radiocarbon dating is by far the most used method for age determination of
bones in archaeological and paleontological studies. Typical modern bone consists of organic
(25-30%) and inorganic (mineral) fraction (70-75%). While the former is almost exclusively
composed of a single protein (type I collagen), the latter is mainly formed of carbonate
hydroxyl apatite. Although both parts are susceptible to contamination via various diagenetic
processes, the organic fraction is rather resistant to alteration, therefore collagen, also
considered to represent age of the whole bone, is usually chosen as the final material for dating.
Extraction of collagen in the form of gelatin which is usually achieved by improved Longin
method is nowadays included in the routine protocol of many laboratories.
Development of accelerator mass spectrometry (AMS) represents a revolution of radiocarbon
applications in archeology through small samples and high throughput capabilities, yet there
are institutes regularly exploiting conventional decay-counting techniques, i.e. liquid
scintillation (LSC) or gas proportional counting (GPC). Here we shall present results of
radiocarbon dating of 11 bones samples of ancient verebrates with a mass ranging from 40.6
to 77.9 g which were processed with a simple ABA method and combustion to obtain CO2, a
pre-cursor for methane, used as a gas filling of a proportional counter. A comparison of the
GPC results with the results of the AMS measurements of collagen, extracted from the same
samples, will be discussed as well.
Acknowledgment. The Bratislava group acknowledges a support provided by the EU Research and
Development Operational Program (funded by the ERDF, Project No. 26240220004).
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Measurement of 14C concentration in wines is one of the possibilities how to study the changes
in radiocarbon levels in the biosphere and in the atmosphere as well. The atmospheric CO2 is
absorbed by grape vine via photosynthesis and carbon is stored in the sugar precursors of
ethanol that is produced during the fermentation process. Radiocarbon concentration in the
resulting annual wine therefore reflects 14C levels in the atmosphere during the grape’s growth
season. In addition to environmental studies, radiocarbon dating of wines can be used for
vintage verification and can help to uncover fraudulent wines.
The large-volume gas proportional counter used for 14C concentration measurements at the
Department of Nuclear Physics and Biophysics of the Comenius University in Bratislava
requires approximately 6 L of methane for optimal measurement conditions. Therefore, at least
8 ml of ethanol need to be combusted. Because of the volatility of ethanol and the explosive
nature of ethanol-oxygen mixture, a modified combustion methodology had to be established
and tested. The efficiency of modified combustion process is 85-95% when using 68-80%
ethanol (percent by volume). The distillation process was tested on several modern wine
samples and yielded 13-15 ml of ~70% ethyl alcohol. After combustion, CO2 purification and
methane synthesis, the radiocarbon concentration of the samples was measured in the
proportional detector. The results of the testing phase and the measurements of modern wine
samples of Slovak origin will be presented.
Acknowledgement:
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Methane contributes substantially to global warming as the second most important
anthropogenic greenhouse gas. Methane sources are diverse and remain poorly quantified and
not well understood. The radiocarbon (14C) content of these emissions is of growing interest
since it can be used as a tool for a methane source apportionment (Lassey et al., 2007). Indeed,
contemporary methane (e.g. agriculture, biomass burning) contains present-day 14C levels
whereas fossil methane (e.g. fossil fuels, geologic sources) is 14C-free. However, this task is
challenging given the very large amounts of methane required and its very low concentration
in the atmosphere. Methane is usually cryogenically separated from other trace gases (mainly
CO and CO2) but cross contamination remains an issue difficult to overcome
(Pack et al., 2015).
Our research aims at enabling the extraction of methane from various kinds of environments
(atmosphere, fresh waters and wetlands) and performing 14C measurements with the AMS
MICADAS in our laboratory (Szidat et al., 2014). We adapt and develop analytical setups to
preconcentrate methane directly in the field in order to bring small samples to the lab where
methane is purified and prepared for 14C measurements. We develop a preparative gas
chromatography technique to obtain pure methane from the preconcentrated samples and
prepare them for 14C analysis with an AMS.
References
Dlugokency et al., Philos. Trans. R. Soc. London Ser. A, 369, 2058 (2011)
Lassey et al., Atmospheric Chemistry and Physics, 7, 2141 (2007)
Pack et al., Organic Geochemistry, 78, 89 (2015)
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Dating of cave ice bodies settling deep in the high mountain karstic environment is often a great
challenge due to the relative scarcity of embedded organic materials. We have tested tritium and
radiocarbon analysis on archived ice samples available from a cave ice core extracted from the Saarhalle
ice block, Dachstein-Mammoth cave (Mammuthöhle), Austria at September, 2009.
Twelve samples were selected from the upper 2 m section for 3He-ingrowth analysis and three samples
were selected from the Saarhalle ice core to test the radiocarbon analysis of the sub-microscopic
carbonaceous particulate matter dissolved/dispersed in the ice. Sample codes and corresponding depth
of these three samples are: MH21: -1.11 m; MH92: -4.62 m; MH98: -4.92 m. A standard pre-treatment
with C-free diluted phosphoric-acid was applied to remove inorganic C and then samples were
combusted at a lower (Step1: 400°C) and a higher (Step2: 800°C) temperature and the developed CO2
of the two fractions have been measured separately by a MICADAS AMS system in Debrecen. At Step1
the 'easy burning organic carbon' is released from the ice samples, while at Step2 all the rest are
mobilized including elemental and/or mineral sources.
Tritium activity data clearly suggested contribution of modern water down to 1.21 m depth and the peak
(37.2±1.2 TU) argues that the cave ice layer from -0.76 to -0.86 depth range enclosed the atmospheric
water representing the mid-1960s period. Obtained conventional 14C results for the MH21, MH92, and
MH98 samples at Step1 fraction were 1177±41 yr BP, 4549±41 yr BP and 4992±72 yr BP, while at
Step2 fraction were 4976±42 yr BP, 17136±82 yr BP and 10458±156 yr BP, respectively.
These results provide an immediate methodological warning message, because the applied slight
acidification and 800°C combustion is the standard protocol. However, in that case one will get a 'mixed'
result from the different carbon-pools which can be turned to a false age estimate. In addition, the agerelation obtained for the 800°C fractions contradicts to the stratigraphic position of the samples; while
the 400°C fractions are conform to stratigraphy. The 400°C results can provide only maximum age
estimates (the ice layer cannot be older than this age) because the water froze into the ice layer might
have already carried aged organic carbon (e.g. dissolved from the aged soil carbon at the surface during
infiltration). It is in agreement with the observation that the estimated date of MH21 sample using the
mean ice accumulation rate, calculated based on the tritium activity peak, is ~1958 AD, suggesting a
~1140 years old bias for the 14C age of the Step1 pool in the MH21 sample. Assuming that the old bias
in the 14C signal was continuous and constant over the deposition history of the Saarhalle ice block the
corrected deposition date for the bottom ice layer is ~3000 BC.
The research was supported by the European Union and the State of Hungary, co-ﬁnanced by the
European Regional Development Fund in the project of GINOP-2.3.2.-15-2016-00009 ‘ICER’and
LP2012-27/2012.
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A one-meter long peat core was taken from the Wolbrom fen (Silesian-Cracovian Upland,
Southern Poland). An age-depth model was constructed using 14 conventional radiocarbon
dates and 13 lead-210 dates from the upper part of deposit. The core has been also tested for
the presence of trace elements (Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn) using ICP-OES. There are
considerable variations in the concentrations of tested metals – in many cases the concentration
starts to rise at a depth about 40 cm (2040 ± 85 BP) and may be connected with the human
activity. This is confirmed by stable lead isotopes measurements which shows that lead
pollution in the middle part of core comes from the lead from the local ore.
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Sediments from the lakes of oases (ice-free areas) of Antarctica are a great source for highresolution reconstructions of paleoenvironmental and paleoclimate records. Here we are
represent first results of radiocarbon dating and paleoenvironmental reconstructions in coastal
oasis Thala Hills of central part of Enderby Land (S67°40’ E45°51’, 19.9 km2). Previously
radiocarbon dates were obtained from shells of shellﬁsh in ﬂuvial deposits along the Soya Coast
(western part of Enderby Land, E39°). These dates suggest that there are two well-recognized
stages of deglaciation in the coastal lowlands of Enderby Land, including the late Pleistocene
(30–46 ky BP) and the Holocene (3–7 ky BP) (Takada et al., 1998; Zwartz et al., 1998). A 175
cm long sediment core from Lake Nizhnee (40 m a.s.l.), a periglacial lake of Thala Hills Oasis
in Enderby Land was retrieved in 2012 year. The 11 radiocarbon dates were obtained by AMS
in 2016 year. Sample preparation for AMS (separation of datable fraction - TOC,
graphitization, pressing on a target) was performed in the Radiocarbon Laboratory of the
Institute of Geography, Russian Academy of Science using an AGE-3 graphitization system
(Ionplus). Graphite 14C/13C ratios were measured using the CAIS 0.5 MeV accelerator mass
spectrometer at the Center for Applied Isotope Studies, University of Georgia. On the basis of
diatom, elemental (C%, N% and C/N), isotope (δ13C), particle size (sand-silt-clay percent) and
lithological analyses bottom part of sediments (160-175 cm) is corresponds to moraine
complex (11-9 cal ka BP). Middle and upper parts (160-0 cm) of these sediments are
corresponds to lacustrine deposits with minimum of 3 stages of sedimentation from 6.5 cal ka
BP. Thus, the beginning of the deglaciation after Last Glacial Maximum in coastal oases in
central part of Enderby Land can be dated at least 11 cal ka BP.
Acknowledgement:
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Stromatolites are one of the oldest remains of living beings which inhabited the Earth´s surface
and their study represents an important advance towards understanding ancient environments.
Stromatolites are sedimentary rocks, usually calcareous, characterized by laminated, lithified
facies that grow in specific environmental conditions. The origin of stromatolites has been
associated to microbial mats, which are phototrophic, layered microbial communities that grow
on sediment surfaces of some illuminated aquatic environments. In the present work, we will
present some results obtained for recent carbonatic stromatolites from Lagoa Vermelha (Rio
de Janeiro, Brazil), a shallow coastal hypersaline lagoon. In order to study the mechanisms and
rate of formation of the stromatolites, mineral composition by X-ray diffraction was associated
to a sequential age model based on Accelerator Mass Spectrometry radiocarbon dating (14CAMS). If the deposition model assumes a smooth growth and if the whole period is considered,
a mean growth rate of 0.22 ± 0.07mm/y is obtained. However, the results disclose two different
rates, the highest between 1100 and 1300 cal AD and lowest until 1500 cal AD, suggesting
different environmental conditions. The mineral composition shows an enhancement in the
dolomite content between these two sections. Many studies have shown that the dolomite
formation is related to high availability of Mg+2, confirmed by an expressive presence of (Ca,
Mg)CO3. Based on this interpretation, the growth rate variation was related to a more arid
environment, during 1091-1211 (cal 14C yr AD), with higher temperatures and consequently
popromoting water evaporation and salinity enhancement.
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Different dimensions of carbon based nanomaterials (1–3D, tubes, bundles, films, papers and
sponges, graphene sheets) have been created and their characteristic properties are discussed
in the literature. Due to their unique advantageous, tunable properties these materials became
promising in new generations of applications in many research laboratories and, recently in
industries as well. Protein-based bio-nanocomposites are referred as ‘materials of the future’,
which may serve as conceptual revolution in the development of integrated optical devices, e.g.
optical switches, microimaging systems, sensors, telecommunication technologies or energy
harvesting and biosensor applications.
In our experiments we designed various carbon based nanomaterials either non-doped or doped
e.g. with nitrogen or sulfur. Also, the effect of various metals in different catalysts on the
quality of carbon nanotubes during CVD synthesis were tested. The amount of heteroatoms
was determined by radioanalytical and isotope analytical methods and their physico-/chemical
properties were compared.
The yield of protein (horseradish peroxidase) functionalization was determined by C 14analytics and the absolute enzyme activity was determined.
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A Consortium has been organized for radiocarbon dating of Rotunda of St. George (Nitrianska
Blatnica, Slovakia). Samples of wood, charcoal and mortar were collected from the inner walls
of the Rotunda. After suitable pre-treatment of the collected samples, they were burned to form
carbon dioxide, which after cleaning was used to prepare either methane (for gas proportional
counting), benzene (for liquid scintillation counting) or graphite (for accelerator mass
spectrometry). Mortar samples were dry sieved and CO2 for radiocarbon analysis was collected
for different dissolution time. These fractions have very small content of carbon (tens of micro
grams), therefore AMS analyses on CO2 were performed using gas ion source of MICADAS.
Radiocarbon dating results obtained by participating laboratories will be presented and
discussed. It is expected that the final age of the Rotunda will be estimated on the basis of the
Consortium radiocarbon data.
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Carbonaceous aerosols are a major component of fine particulate matter and span a range of
compounds – from small, light-scattering organic carbon (OC) to highly-condensed, lightabsorbing elemental carbon (EC, or black carbon). For Earth’s climate, OC and EC play
important, often contrasting roles through their effects on solar radiation, cloud formation, and
snow and ice albedo. Carbonaceous aerosols also matter for human health; exposure to fine
particulate matter has been linked to respiratory, and cardiovascular and neurological diseases.
Hence, we need to quantify the relative contribution and sources of OC and EC to advance our
understanding the climate-impacts of aerosols, and to mitigate emissions.
Radiocarbon analysis is a powerful tool for quantifying the relative contribution of major
emission sources (fossil fuel vs. biomass burning) to the total aerosol load. To facilitate
radiocarbon analysis, laboratory protocols must physically separate operationally-defined OC
and EC mass fractions from complex mixtures of aerosols, and then oxidize each fraction to
CO2 and, or convert the CO2 to graphite for analysis with accelerator mass spectrometry. A
major concern is that some OC may be transferred into the EC fraction during laboratory
processing to affect the radiocarbon content of both fractions.
Here, we evaluated the effectiveness of separation of OC and EC using the EnCan-total-900
protocol for radiocarbon-based source apportionment studies. Specifically, we analyzed the 14C
content of OC and EC isolated with the EnCan-total-900 protocol from modern or 14C-depleted
OC and EC reference materials (Sigma-Aldrich sucrose, adipic acid, Aerodyne Regal Black,
C1150) and complex reference materials (NIST SRM1649, UZH rice char). Reference
materials were analyzed as single compounds and as mixtures ranging in mass from 5-56 gC.
Our results indicate that the EnCan-total-900 protocol successfully separates OC and EC
fractions with a low total carbon blank of 1.20.6 g C of which 60% originates from the
isolation with the EnCan-total-900 method, and the remaining 40% from combustion and
graphitization of the samples at KCCAMS/UCI. The EnCan-total-900 method thus provides
an alternative approach for carbonaceous aerosol apportionment studies.
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Seven radiocarbon data, four new measurements and three recalibrated ones, were evaluated
from three cave ice deposits from the Velebit Mt, Croatia. The studied sites were Kugina Ice
Cave (Kugina ledenica) located in the Central Velebit, Vukusic Ice Cave (Vukusic snieznica)
and Ice Pit (Ledena jama) located in the North Velebit.
Handful of leaf-material (~10-20 leaves) have been harvested from two major horizons,
representing gelosedimentation gaps, in Kugina IC, in addition a larger piece from a decayed
trunk found at the base of the ice deposit was also collected. Disk samples of a medium-sized
trunk and a smaller branch were collected from the most developed organic rich horizon
observed on the accessible lateral upper ~4 m of the ice deposit of Vukusic IC.
Roughly 20 g of decontaminated samples have been converted to benzene and radiocarbon
analysis has been performed at the C-14 LSC Laboratory of the University of Szeged. All the
results were calibrated taking into consideration the relative stratigraphical position of the
samples.
The new data revealed the preservation of old ice, likely from the early/mid-Holocene, in the
lower section of both Kugina and Vukusic deposits. While relatively much modern
accumulation can be found in Ledena Pit since the estimated age of the bottom of this deposits,
by extrapolating the age-depth model, is 1680 A.D. (95% range: 1530-1860 A.D.).
Probability densities of the 8 calibrated ages show rather scattered distribution over the past
~5000 years. Results suggest that local conditions govern ice mass balance in these caves and
the stochastic component of the deposition/preservation potential of organic materials will
make challenging to track regional-scale relationships in the mass balance fluctuations of ice
caves of the Dinaric Mountains. However, further samples should be analyzed from these
deposits, and other ice caves as well in order to clarify possible coincidences that could be
indicator of regional climate fluctuations.
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The Katymár brickyard profile, found at the northernmost fringe of the Bácska loess plateau,
is one of the thickest and best-developed last glacial loess sequences of Central Europe. High
resolution (2 cm and 4 cm intervals representing ca. 35 and 70 years) magnetic susceptibility,
grain-size, organic and carbonate matter and water-solution trace elements measurements,
besides pollen, phytholithic, anthracological and malacological analyses were implemented on
samples deriving from the 11,5 m profile. This corresponds to a period between 35 and 13 ky
cal BP (from the terminal phase of MIS3 to the end of MIS2). One aim was to correlate the
findings with the ice core records of northern Greenland in order to establish a high-resolution
“decadal” paleoclimatic/paleoecological record for the last climatic cycle, which could
contribute to a better understanding of the evolution processes of regional landscape and
paleoenvironment documented in other biotic and abiotic proxies so far. Our results revealed a
strong variability of loess deposition and pedogenesis during the Middle and Upper Pleniglacial
(MIS3/MIS2 and MIS 2). Millennial time-scale climatic events that characterize the North
Atlantic area during the last climatic cycle had also identified. The strong correspondence
between the Greenland dust record and our magnetic susceptibility record up to 35-70 kys at
the bi-decadal level implies that magnetic susceptibility of the studied deposits were strongly
controlled by dust accumulation in the area. From 35-70 kys onwards however temperature
must have played a more prominent role seen in the opposite course of dust influx values at
NGRIP and the recorded susceptibility, grain-size and geochemical data at Katymár.
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The Madaras brickyard loess/paleosol section, found at the northernmost fringe of the Bácska
loess plateau, is the thickest and best-developed Upper Pleniglacial loess sequence of the
Carpathian Basin and Europe. In the present work, high-resolution magnetic susceptibility
measurements (at 2 cm) implemented on samples from the 10 m section corresponding to
Marine Isotope Stage (MIS) 2 period between 29,000-14,000 cal BP years. Our one aim was
to compare the findings with the ice core records of northern Greenland in order to establish a
high-resolution paleoclimatic record for the last climatic cycle and with findings documented
in other biotic and abiotic proxies so far. Our results revealed a strong variability of
loess/paleosol formation during MIS 2. Millennial time-scale climatic events that characterize
the North Atlantic during the last climatic cycle have identified. From 29 ka up to the start of
the Last Glacial Maximum (LGM), the recorded MS values show a weak, negative correlation
with the temperature proxy, and a weak positive correlation with the dust concentration of
Greenland. A strong correlation had observed with the local malacological-based paleotemperatures. Local malacological-based climatic factors must have had a more prominent
effect here on loess/paleosol development than the climatic shifts over Greenland. During the
LGM, the same pattern could been seen with a stronger correlation with the dust concentrations
and a weaker correlation with the local temperature. Local climatic factors, plus dust
accumulation must have had a prominent influence on loess/paleosol development here. From
the terminal part of the LGM a strong negative correlation with the dust concentration values
is observed. Correlation with local paleotemperatures is positive and moderate strong. Here
climate shifts over Greenland as well as local endowments equally had an important role on
the development of the magnetic susceptibility (MS) signal. The radiocarbon-dated Quaternary
malacological data from the Madaras loess/paleosol section suggest that some 1400-1500 years
long microinterstadial and microstadial climatic phases formed during MIS 2 period. The local
paleoclimatic data indicates that the coldest microstadial phase formed 19,000-20,000 cal BP
years.
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The Ecse-halom is a burial mound (kurgan) in the Hortobágy region of Hungary. Based on the
AMS dating it was built in the Late Copper Age/Early Bronze Age by nomadic peoples from
the east, it now stands on the border between two modern settlements. A road of medieval
origin runs along this border and cuts deeply into the body of the mound. The southern half of
the mound was plowed and used as a rice field, and later a military observation tower was built
on top of it. Despite this disturbance, the surface of the mound is in decent condition and
provides a home for regionally significant, species-rich loess steppe vegetation. The mound
comprises two construction layers as indicated by magnetic susceptibility and thin-section
analysis. Examination of organic compounds and carbonate content at various levels showed
different values. Grain size distribution within the section is characterized by mid-sized aleurite
fraction. The layers originate from the immediate vicinity of the mound, but have different
characteristics than present-day soils. These mounds contain a valuable record of cultural and
environmental conditions at the time of their construction, as well as serving as a refuge for
ancient loess vegetation, and their conservation is highly recommended. Mechanized drilling
was carried out at the highest point of the mound. Drilling was conducted by the Hungarian
geotechnical engineering company Geovil using a hydraulic roto-percussion drilling rig with a
10 cm diameter double wall pipe for continuous coring with a thin-wall sampler. The complete
length of the core was 10 m; 99.7% of the core was removed intact. Samples were taken from
the core at 8 cm intervals on average. Altogether, 116 samples were subjected to
sedimentological, magnetic susceptibility, soil organic matter and carbonate analyses. In
addition, micromorphological samples were taken from the core. Organic matter and carbonate
content determination were based on the loss on ignition (LOI) methods outlined in Dean
(1974). Particle size measurements were conducted using an OMEC Easysizer 2.0 laser
granulometer. Sediment samples were treated with hydrogen peroxide to disperse clay
aggregates prior to analysis. Magnetic susceptibility measurements were taken with a
Bartington MS2 meter. Graphical representation of the results was produced using Psimpoll
software. Six AMS dating were measured from 10 meter long core sequence and this study
shows the complex radiocarbon dated paleoecological results from the core sequence.
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The location of the Kerek-tó (Round Lake) is a dried out anthropogenic rain collecting and
animal breeding lake of Homoródszentpál (Transylvania) is situated in the western foothill area
of the Hargita Mountains (N: 46° 11' 56,24" and E: 25° 25' 00,37"), at an elevation of 547 m.
It covers a small area, about 6 acres (2-3 hectares). Probably, this area formed in a mass
movement process during the transition phase of the lateglacial/postglacial period, therefore
the analyzed catchment basin formed in a block slide hollow. Today this region is a pastureland
but the undisturbed drilling process revealed some meters long lake and peat sequence from
the analyzed basin. The sampling of the 547 cm deep, undisturbed sedimentary sequences of
the Kerek-tó basin had carried out using a 5 cm-diameter Russian-type corer. The radiocarbondated peat sequence formed between the Early Holocene and Medieval Age. Thus the Kerektó (Round Lake) at Homoródszentpál provides an almost full Holocene paleoecological data.
These peat layers deposited in the block slide hollow basin provide a record of climatic,
paleoecological and hydrological changes. After transportation to the laboratory, the cores were
cut lengthwise for various analyses; the sections for palaeobotanical and sedimentological
analyses were stored at 4 °C in accordance with the international standards. The core had
divided into 4 cm samples. The samples submitted to lithological analyses were identical with
the ones used for the sedimentological, macrobotanical, pollen and radiocarbon analyses. We
compared our paleoecological data to paleobotanical material derive from archaeological sites
and to the newest bioclimatological models of the Carpathian basin. Based on environmental
historical and climatic data we aimed to reconstruct the expected environmental changes of
forested areas in the foothill region of the Hargita Mountains.
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Our case study demonstrates the first results of new chronological and environmental historical
analyses from the end of the Pleistocene throughout the Holocene in the southern part of the
Danube-Tisza Interfluve. One of our aims was a full environmental reconstruction from the
Epipaleolithic to the end of the Medieval period, with a special focus on the accumulation rates
of the peatland formation. Differences in accumulation rates, Late Pleistocene and Holocene
averages as well as variations throughout the Holocene, between the peatland types had two
major causes. First, differences in accumulation rates caused by differences in peat deposits,
which were in turn, caused by differences in the succession of peatland types and vegetation
that formed the peat deposits. Peat formation, a brown moss carpet with rich fen associations,
development started in the near-shore zone of the horseshoe lakes during early Holocene
(10,250-8,500 cal BP years). The peat accumulation rate was given to 0,18-0,2 mm/year during
the Early Holocene peat formation phase. After 8,500 cal BP years the vegetation of the
analysed filling river channels became uniform. Reed swamp covered the entire basin and reed
dominated peat started forming in the analysed catchment basins. The occurrence of
Thelypteris palustris remains suggest the presence of floating reed swamps (ThelypteridiPhragmitetum, Thelypteridi-Typhetum) in the deeper parts of the basin. The peat accumulation
rate slowed down and it was given to 0,1 mm/years between 8,500 and 5,000 cal BP years,
from the Early Holocene to Late Holocene phase. After 5,000 cal BP the vegetation of the
peatlands slowly changed and the tussock-hollow formation become the dominant vegetation
type. Large tussocks of Carex elata standing in shallow, fluctuating water is a typical wetland
vegetation type (Caricetum elatae plant association) in the analysed filling river channels. The
peat accumulation rate increased and it was given to 0,25-0,75 mm/years in Late Holocene
phase. The most powerful accumulation rate formed during the “Little Ice Age”, between 1617th centuries AD, when it was given 1-4 mm/year.
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With recent advancements in AMS 14C analytical methods and instrumentation, reliable
conventional 14C ages with highly reduced uncertainty using archeological bone collagen are
readily available. However, this analytically reduced uncertainty after calibration is still too
high in periods, where relative and absolute chronology built on artefact typology and
archeostratigraphy is capable to attain a resolution of 25-30 years. In this case 14C ages are not
of much use on their own apart from showing a general temporal trend. To attain more precise
ages other sophisticated (filtering, statistical) methods complemented with information from
archeostratigraphy is needed. For the Avar Age in the Carpathian Basin covering a time-scale
from 568 till the opening of the 9th century AD, reliable ages based on archeostratigraphy and
post quem dating of coins are available from the 7th century AD alone. The exact age of Avar
invasion at 568 is known from Byzantine historical records. Precise dating on archeological
basis between 568-600 AD, and also for the 9th century, has not yet been successful due to lack
of such artefacts (jewels,buckles), which give a solid base for archeological chronologies. Postinvasion cemeteries yield coins some of which are dated before the Avar invasion. In our work
an attempt was made to refine the absolute chronology of the period of the first two generations
using combined archeostratigraphic data and 14C dates from the largest Early Avar Age
cemetery: Makó-Mikócsa. Out of the 13 samples selected for 14C dating, 2 had coins issued
under the reign of Mauritius Tiberius (583/584-602 AD). Thus, these two are definitely
younger than the time of coinage. Th remaining ones had relative chronologies based on initial
typochronology of artefacts. Conventional ages were calibrated to calendar ages using the most
up to date Intcal13 curve. Calendar ages are depicted with 1 and 2 sigma probabilities. Due to
the presence of a plateau in the Incal13 curve between 420 and 480 cal AD, the oldest calibrated
dates yielded an extremely wide timespan of 432-668 AD (68.5%). To eliminate uncertainty
due to the mentioned plateau, conventional ages were recalibrated after statistical filtering
using Bayesian modelling controlled by relative chronology from archeostratigraphy. This
method was successful in narrowing the timespan, yielding ages which are more in line with
those expected from initial typochronology.
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Radiocarbon dating of samples with origin since 1950s makes use of the bomb peak and has a
broad scale of applications in environmental studies, forensic medicine, environmental
protection, expertise of various materials with natural origin (used e.g. in pharmacy and food
production). This study is focused on the headway of 14C activity in tree rings, and on its
variations in relatively clean areas of the Central Europe. The impact of the actual regional
Suess effect and local headway of 14C activities during the period of increasing bomb peak
will be discussed in detail. The aim of this study is to contribute to relevant radiocarbon
bomb peak dating of the samples originating within the region, and to suggest exact
corrections for regional Suess effect and calculation of corresponding realistic uncertainties.
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In the case of human body founds, one of the most important tasks is to determine not only
the cause of death, but also how old the remains were. The aim of presented study was to
determine post mortem of skeletal remains. The method of radiocarbon dating using bomb
peak was tested to determine the time of death. Likewise, for the purposes of the analysis,
anthropometric and morphometric methods were used to determine basic demographic data
(age, sex, robusticity) and also pathological changes on the skeletons. In determining the time
of death, we relied not only on an analysis of the taphonomic changes, but also on
information from historical sources. Obtained results will be discussed in our presentation
using several cases of founds of skeletal remains.
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Activities of atmospheric 14CO2 provide an essential tool to quantify the amount of fossil
carbon in the carbon isotopic mixture and to calculate the Suess effect on local, regional and
global scales. An easy technique, which makes it possible to accumulate the sampled 14CO2
for several days to several weeks, is based on the capture of CO2/14CO2 into the solution of
NaOH, without the need to prepare relatively high-volume air samples in flasks/balloons.
Nevertheless, the commercially available solid NaOH contains a relatively high concentration
of fossil carbon in the carbonate chemical form, which can significantly influence the results
of the 14C activity determination. We tested experimentally improvement of the process of
carbonate removal to receive “carbon free” NaOH solution using a carbonate- and sulfatebased precipitation. Both our refining routine and our first results of the 14CO2 monitoring
using the developed method will be presented and discussed. Obtained results will be
compared with activities observed in other types of biota, especially in tree rings.
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Collagen extraction depends on the state of bone preservation and the acidity of
Brazilian soils often prevents the use of this material for radiocarbon dating. When available,
however, bone samples constitute very important chronological records for both archaeological
sites and natural depositional sites of specific animals. In this work, we describe preliminary
tests for bone sample preparation at the Radiocarbon Laboratory of Universidade Federal
Fluminense, in Brazil.
The extraction of collagen was performed using two filters, the first aiming to remove
low molecular weight contaminants, and the second, a vivaspin ultrafilter 30KD to retain large
molecular weight materials. The collagen was liophilized and converted to CO2 by combustion
in sealed quartz tubes with CuO and Ag at 900°C for 3 hours. The graphite was produced by
zinc reduction in independently sealed Pyrex tubes. The samples were measured in a NEC
250kV Single Stage Accelerator System (SSAMS).
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A new AMS facility called ECHoMICADAS (Environment, Climate Human sciences Mini
Carbon Dating System) has been established at Gif-sur-Yvette at the Laboratoire des Sciences
du Climat et de l’Environnement, in July 2015. It was designed by ETH Zürich, Ion Beam
Physics, in collaboration with three laboratories of Ile-de-France region (Paris area, France);
LSCE, GEOPS and AASPE. ECHoMICADAS is equipped with a hybrid ion source which can
accommodate samples as solid graphite and gaseous CO2, a permanent magnet, and used a
helium stripping system.
The preparation laboratories can handle samples as organic material, bone, carbonate,
dissolved inorganic and organic carbon, soil and sediment fractions, individual lipids, proteins.
We show results using the new ECHoMICADAS system and compare these results to
internationally recognized standards and blank materials.
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Cerritos are archaeological sites described as earthen mounds, present along the lowlands of
the Pampas biome and La Plata Basin, among Brazil, Uruguay and Argentina. The earthen
mounds located at the Patos Lagoon, southern Brazil, were built for different functions over
time including temporary camps and residential household, refuse disposal areas, ritual places
and, perhaps agriculture. From the archaeological record, hearths found on the base of the
mounds suggest the beginning of occupation around 2200 cal BP, when the Pontal da Barra
swamp was occupied as transient fish camps. After that, there is a clear process of architectural
complexity between 1800 and 1200 cal BP. The later period of occupation, according to the
radiocarbon dates was approximately 800 cal BP. This process converted the Pontal da Barra
to an important and meaningful place, abandoned only after centuries of systematic occupation.
The reason of the abandonment of Pontal da Barra is not clear. In this work we intend to present
the first results based on collagen stable isotopes analyses of the archaeological samples
(human and faunal remains) from Cerritos. With the results of theδ13C and theδ15N we shall
discuss the main dietary patterns and the most possible main animal protein food sources of
these groups. We intend to contribute to the understanding of their behavior and economy,
clarifying some questions about some Cerritos dynamics, which includes mobility, exploration
of the aquatic environment sand settlement.
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Evaluation of background contamination is extremely important at any Radiocarbon
Dating facility. To start a new facility, it is required to obtain information about equipment
history, and areas likely to be contaminated with modern 14C by previous use of the space.
A total of 15 filter swipes were collected at new radiocarbon dating laboratory located
at the State University of Londrina in the city of Londrina, Paraná State, South of Brazil. All
the samples were pretreated at the Radiocarbon Laboratory of the Fluminense Federal
University (LAC-UFF). Quartzfilter moisten with methanol were converted to CO2 by
combustion in sealed quartz tubes with blank graphite carrier. The samples were cryogenically
purified and graphitized in independently sealed Pyrex® tubes using Zn and TiH2 and measured
in a NEC 250kV Single Stage Accelerator System (SSAMS).
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In December 406AD, the crossing of the river Rhine – a secure boundary of the Roman Empire
- by a mixed group of barbarians signifies the decline of the Roman Empire and a period of
mass migration of various tribes. Cold winters might have caused the river Rhine to partially
freeze over, thus making its crossing possible.
Were those winters random weather or rather climatic events caused by external forcing?
Using annually resolved radiocarbon measurements on tree rings, we will explore possible
causes linked to solar activity.
High-resolution (and high precision) radiocarbon tree-ring records are beneficial in many
aspects. Astrophysical applications can benefit by retrieving information about high-frequency
fluctuations in the atmospheric carbon production due to the 11-year solar cycle or cosmic ray
events.
Radiocarbon dating for archeological samples can be improved in accuracy and precision by
enhancing the calibration dataset INTCAL that is mainly based on radiocarbon data with a 10year resolution.
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Pedological and micro-geomorphological surveys were carried out in a protected sessile oak –
turkey oak-forest reserve in the Bükk-foothill area (North Hungary, Europe). In the northeastern part of the study area a repetitive pattern of parallel tended low ridges were discovered
along the slope in 4-5 m distance, dissected by 10-40 cm shallow ditches. The soil profiles of
them shows high spatial variability related with this surface micro-forms. On top and midslope
position Luvisols were identified, which were in case of ridges significantly eroded. The soil
profiles of the ditches were classified as Phaeozems. In valley bottom Mollic Umbrisols were
found.
Anthropogenic influences on the north-east part slope are indicated in soil profiles by artefacts
and human transported materials at shallow depth. Truncated profiles, with very shallow humus
layers indicates accelerated erosion. Accordingly in valley bottom, below the colluvic
accumulated layers, a buried Vertisol could be identified with higher organic and clay content
than the overlaying recent soil.
Charcoal pieces in the colluvic material, and the buried soil’s bulk organic carbon content
allowed for 14C AMS dating and estimation of the timeing of the historic influences.
Our results shows that a historic cultivation changed not only the rates of erosion-accumulation,
but also the quality of redeposited sediments, and it’s organic content, having considerable
influence on character of soil development.
Acknowledgement:
The research was supported by the European Union and the State of Hungary, co-ﬁnanced by the
European Regional Development Fund in the project of GINOP-2.3.2.-15-2016-00009 ‘ICER’.
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Radiocarbon samples that obtained their carbon from ocean water need to be corrected for the
marine reservoir effect, i.e. the depletion of the 14C activity of seawater as compared to that
of the atmosphere. One difficulty when correcting marine samples for reservoir effect is the
local variation in reservoir age, termed ΔR. Mangerud et al. (2006) calculated ΔR-values for
the North Atlantic and the Norwegian Sea using known-age specimens of molluscs and whale
bone collected in the period AD 1857-1926. To obtain the reservoir ages of these samples,
their 14C content was compared to that of the atmosphere at the same time, which has been
measured in tree-rings and is included in the IntCal calibration curve (Reimer et al., 2013).
However, around 1900 AD, when some of these samples were collected, there are differences
in the 14C content of NW-American Douglas fir (Pseudotsuga sp.) and British oak (Quercus
sp.). This discrepancy might be caused by different factors, such as upwelling along the
western coast of N-America or by a fossil-fuel effect from the Belfast industry. Here, we
present annual 14C measurements on Scots pine (Pinus sylvestris L.) tree-rings from northern
Norway from the period AD 1864-1937. These trees are presumably not influenced by local
fossil fuel, and the measurements can help us to understand the potential inconsistency
between the datasets mentioned above. In addition, the measurements can be used to
recalculate the ΔR-offset for the Norwegian Sea and the North Atlantic.
Mangerud J, Bondevik S, Gulliksen, S. 2006, Marine 14C reservoir ages for 19th century whales and
molluscs from the North Atlantic. Quaternary Science Reviews 25: 3228-3245
Reimer PJ, Bard E, Bayliss A, Beck JW, Blackwell PG, Bronk Ramsey C, Buck CE, Cheng H,
Edwards RL, Friedrich M, Grootes PM, Guilderson TP, Haflidason H, Hajdas I, Hatté C, Heaton TJ,
Hoffmann DL, Hogg AG, Hughen KA, Kaiser KF, Kromer B, Manning SW, Niu M, Reimer RW,
Richards DA, Scott EM, Southon JR, Staff RA, Turney CSM, van der Plicht J. 2013. IntCal13 and
Marine13 radiocarbon age calibration curves 0–50,000 years cal BP. Radiocarbon 55(4):1869–1887.
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Four archaeologically unexposed kurgans were studied in the area of the Hortobágy (Szálka
Mound), Hajdúság (Vajda Mound) and Sajó-Hernád Plain (Zsolca Mounds, twin mound). The
primary aim of the study was to obtain archaeological geological data of the kurgans with as
little land disturbance as possible. Determination of the age of kurgan construction, their
function and the method of construction was aimed. The study is based on shallow boreholes
drilled into the kurgans, sedimentological analysis of soil and sediment samples, geophysical
measurements (geo-electric and magnetic anomaly analyses), and radiocarbon age
determinations.
The age of the kurgans was determined on the basis of the radiocarbon age of the buried soil
layers measured by AMS technique at the ICER Centre of ATOMKI due to the lack of
archaeological findings that would have enabled accurate age determinations. The age of the
buried soil layers were corrected in each case by the age of the recent soils in the vicinity of
the kurgans. The age of recent soils is around 1160±23 years BP on average in the Hajdúság
and Hortobágy while 1420±80 years BP in the Sajó-Hernád Plain in accordance with earlier
literature data (Molnár et al. 2004; Molnár & Svingor, 2011; Tóth et al., 2014). The age of the
buried soil layers was corrected with the reservoir age of the recent soils and thus the probable
age of kurgan construction was obtained. The radiocarbon ages of carbon extracted from the
soils by 2-step combustion (at 400 °C and 800 °C temperature) were almost the same following
corrections. Recent soils on the top of Szálka and Vajda Mounds are older than the recent soils
in the surroundings of the mounds suggesting that these mounds were formed on disturbed but
old, transported soils. Within the mounds humus containing transported soils can be found with
ages increasing with depth. Calibrated ages of the buried soil layers vary between cal BP 50005500 (Szálka Mound) and cal BP 5300-5600 (Vajda Mound). These suggest that the mounds
could be burial mounds created by the Late Copper - Early Bronze Age Jamnaja Culture. The
mounds were probably elevated from and above the surrounding soils in two phases. This is
supported by the geophysical and magnetic susceptibility analyses of the strata apart from age
determinations. Stratification and construction method of the Zsolca Mounds elevated 40
metres from each other differ from those of the previous ones. The main building material of
the mounds is an old, yellowish brown Pleistocene loessy sediment (base rock) on which very
young recent soils was formed. In this case, the buried soil layers are also younger (western
mound: cal BP 2500-2900; eastern mound: cal BP 2500-2800) than the material forming the
mounds. These Zsolca Mounds were identified as Scythian kurgans based on the age of the
buried soil layers and magnetic anomaly analyses.
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Prehistoric inhabitants in Xinjiang mostly lived either as sedantary semi-farmers occuping
oasis or pastoralists/herders following the move of animals year round. This study focused on
bone carbon and nitrogen stable isotopic analysis of populations from twenty sites from
Xinjiang dating back to Bronze-Iron Age (4.1-2.1 cal ka BP), trying to understand whether
their subsistence strategies changed over time. It is revealed that during Bronze Age time,
people from different environment had diversified food structures, while to the time of Iron
Age, similar isotopic composition was observed, indicating significant subsistence transition
must have happened during the time from Bronze Age to Iron Age all over Xinjiang, or even
entire inner Aisa. Besides, occupants from oasis seamed to have had more choices over food
than their mountainous counterparts, with much larger isotopic variation, leading to more
complex societies. Demonstrating the importance of environment for the life of local
communities.
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A new vacuum system for preparation of graphite samples for radiocarbon measurement using
accelerator mass spectrometer (AMS) was construct in the Dendrochronological laboratory at
AGH-UST Krakow. The central part of the system is the manual vacuum line, use to produce
graphite from the carbon dioxide. In this line can be graphitized simultaneously up to five
samples, and the whole process lasts around 2 hours. The chemical preparation procedure for
wood samples was optimized to obtain most reliable results, and includes extraction of cellulose to increase the precision of age determination. Performance of the system was tested
with samples of NBS Ox-II, IAEA standards, samples of background, and by comparison of
results obtained from unknown samples prepared in other laboratories. The test confirms good
reproducibility of results obtained for the samples prepared using this system.
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The Seewinkel-Hanság region is located in the border area of Austria and Hungary, part of
which is the National Park Neusiedler See-Seewinkel in Austria and the National Park FertőHanság in Hungary. The present character of this unique landscape next to Lake Neusiedl was
largely influenced by meandering and anastomosing rivers during Quaternary times such as
Palaeo-Danube, Palaeo-Wulka, Palaeo-Ikva and Palaeo-Raab, which caused fluvial to fluviolacustrine deposits and the formation of saline ponds.
In the course of several geological/hydrogeological surveys and gravel quarrying organic
material from different locations was obtained as a by-product. The collected samples originate
from different deposits such as gravel pits, sand and clay deposits below saline ponds and from
peat profiles. 14C dating gives insight in the landscape development during different time
periods and deposition conditions.
For wood obtained from gravel pits mainly minimum 14C ages were obtained. The younger
deposition history of the gravel beds, which most likely were deposited by the flooding PalaeoDanube, is not represented in the available material.
In the western Seewinkel the upper parts of sand and clay deposits below saline ponds were
sampled by hand drilling down to a depth of at maximum 3 metres. In the cores, which do not
reach underlying deposits of pre-Quaternary age, embedded plant remains yielded 14C ages
between ~36.000 cal BP and ~8.000 cal BP.
In the Hanság, we took 14C samples from peat- and soil horizons down to a depth of 1 m
underlying and overlying silty to clayey fluvio-lacustrine beds. These beds contain abundant
crystalline clasts, which were presumably deposited by the Palaeo-Ikva- and/or Palaeo-Raab.
The 14C data allow for reconstructing the sequence of longer accumulation periods of stillwater deposits alternating with peat formation periods during the younger history of this area.
The preliminary results of our investigation will be presented in the poster.
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Radiocarbon analysis on single year tree-rings may be used to infer past variability in the 11
year Schwabe solar cycle and not least to investigate solar flare events such as the 775 AD
and 994 AD Miyake events. However, annual data may further significantly influence the
shape of the radiocarbon calibration curve. Here we report on new annual 14C data covering
the 775 AD event, the 994 AD event as well as a ~200 year period during the Spörer solar
minimum and its implication on the radiocarbon calibration curve.

109

C14-6638
Black coral age and growth validation using 14C dating in the central
Mediterranean Sea
Sergio VITALE1*, Allen H. ANDREWS2, Salvino GANCITANO1, Daniela MASSI1,
Francesco COLLOCA1, Vita GANCITANO1, Fabio FIORENTINO1
1. National Research Council, Institute for Coastal Marine Environment,
Via L. Vaccara, 61, I-91026 Mazara del Vallo, TP, ITALY
2. NOAA Fisheries, Pacific Islands Fisheries Science Center, 1845 Wasp Boulevard,
Honolulu, HI 96818, USA
Correspondence to: Sergio Vitale; E-mail: sergio.vitale@cnr.it
Keywords: Black coral, Carbon-14 dating, sclerochronology, Mediterranean Sea

The black coral Leiopathes glaberrima (Esper, 1788) is widely distributed in the Mediterranean
basin. This species is one of the oldest known marine organisms characterized by a
proteinaceous and chitinous skeleton growing by slow formation of concentric coeval layers
through the millennia (Carreiro-Silva et al., 2013). Its arborescent shape increases the benthic
biodiversity but it is subject to massive anthropogenic impact due to benthic fishing activities
being a bycatch of long-liners or trawlers (Bo et al., 2014). Due to its vulnerability to fishing
impact, we estimated age of a colony of L. glaberrima accidentally caught in 2003 by a
commercial trawler off the southwestern coast of Malta during a deep haul of about 300 m
depth. The basal portion of the colony collected had a diameter of 31 mm. A cross section of
0.6 mm thick was bonded on a glass slide with epoxy resin for age estimation. Moreover, a
section of about 3 cm thick was made for radiocarbon (14C) dating analysis using methodology
reported in Carreiro-Silva et al. (2013). The validated age of the coral colony was
approximately 650 years old with a radial growth rate of approximately 20 microns per year.
We are assessing age and growth rate of a larger colony of L. glaberrima, collected in 1998
by another commercial trawler in the Strait of Sicily, with a basal portion about 3.5 times
greater than the investigated one and approaching or exceeding 4000 years of age. Due to its
biological traits, this black coral was recently proposed as an indicator species to identify the
Vulnerable Marine Ecosystems (VMEs) in the Mediterranean (FAO, 2016). The protection of
VMEs has been a legal obligation for Regional Fishery Management Organizations since 2008,
with specific requirements laid out under United Nations General Assembly (UNGA)
Resolutions 59/25, 61/105 and 64/72.
Bo M., Bava S., Canese S., Angiolillo M., Cattaneo-Vietti R., Bavestrello G. (2014) Fishing
impact on deep Mediterranean rocky habitats as revealed by ROV investigation. Biol Conserv, 171:
167–176
Carreiro-Silva M., Andrews A.H., Braga-Henriques A., de Matos V., Porteiro F.M., Santos R.S. (2013)
Variability in growth rates of long-lived black coral Leiopathes sp. From the Azores. Mar Ecol Prog
Ser, 473: 189-199
FAO. 2016. Vulnerable Marine Ecosystems: Processes and Practices in the High Seas, by
Anthony Thompson, Jessica Sanders, Merete Tandstad, Fabio Carocci and Jessica Fuller, eds. FAO
Fisheries and Aquaculture Technical Paper No. 595. Rome, Italy
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Based on earlier research, the alluvial fan of the Maros River, being one of the largest one in
the Carpathian Basin, has been very dynamically developing during the Holocene, and
experienced several avulsion events. The key of these abrupt channel changes lies at the apex
of the alluvial fan, where silting up is the largest. The aim of the present research is to determine
sedimentation rates at the most dynamically changing part of the morphological system by
applying radiocarbon dating on in situ subfossil driftwoods intercalated by channel sediments.
The in situ position of driftwood also allows the comparison of radiocarbon data to ages derived
by luminescence dating.
Radiocarbon analyses were carried out in the Szeged LSC laboratory using a Quantulus 1220™
ultra low level liquid scintillation beta spectrometer. Measurements were made using benzene,
produced by an Atomkomplex Prylad type synthesis line. In case of three samples an attempt
was made to determine the degree of fractionation as a result of the synthesis procedure.
Accordingly, δ13C was measured from solid samples and the produced benzene as well using
a Thermo Finnigan delta V isotope ratio mass spectrometer.
Results have shown that fractionation due to benzene synthesis is not significant in case of
wood samples, which supports the reliability of the system. Radiocarbon ages were in good
correspondence with luminescence ages, pointing to the fact that the sampled driftwoods were
deposited quickly and were not remobilised by erosion after buried by channel sediments. The
age and position of samples refer to an average 1 cm/year aggradation in the past 600-700 years
at the sampled sites, which is significantly higher than expected and can explain frequent
channel changes.
Acknowledgement:
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At the RoAMS laboratory in Bucharest we have looked for a head-to-head meeting between
AMS radiocarbon dating and dendrochronology methods, aiming to point out and explain any
differences or similarities that might appear between their output results. As subject for this
investigation we have fixed our attention on a sequence of tree rings spanning on last almost
1000 years. The sample were collected from the northern Romanian territory within Moldavia
region and were provided by the “Marin Dracea - National Institute for Research and
Development in Forestry”. The 25 samples were radiocarbon dated using alpha-cellulose
extraction, followed by graphitization in an AGE3® [1] installation and subsequently AMS
measurement within a 1 MV Tandetron® [2].
The results are showing good agreement at a large scale, even though, some differences were
present in the analysis. The reasons which might be standing for this behavior are suggested
in our paper.
References
[1] Nemec M. et al., 2010, Optimization of the graphitization process at AGE-1, Radiocarbon
52(3):1380-1393.
[2] Stan-Sion C. et al., 2014. A new AMS facility based on Cockcroft-Walton type 1MV Tandetron at
IFINHH Magurele, Romania. 2014. NIM B 319, 117-122.
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Many efforts have been done to understand the reservoir effect of Qinghai Lake, yet no
agreement has been reached. Five archaeological sites, located around the junction between the
estuary of Rivers and Qinghai Lake, are the earliest Neolithic Age sites in the Qinghai- Tibetan
Plateau (QTP), which is critical for understanding patterns of prehistoric human inhabitation
in the high plateau extreme environments. This study compares radiocarbon dates of fish bones
and terrestrial plant remains uncovered from the same archaeological strata to see whether there
was reservoir effect reference to reliable data. Results demonstrate that there were reservoir
effects ranging from 300 to 600 years back to 3600 years ago, nevertheless, no reservoir was
observed of the modern fish. Besides, stable isotopic analysis illustrated that modern fish
consumed similar food to those of millennias ago.
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The Pseudomonas putida F1, a Gram negative, aerobic bacteria is able to take on and
metabolize trichloroethylene (TCE). TCE is a volatile halocarbon that had been widely used as
dry cleaning solvent, detergent in the industry all over the world. It has been banned in the food
and pharmaceutical industry due to its toxicity, because TCE can cause long-term
environmental pollution and different kind of diseases. Before the ban, wastes containing TCE
were released to the environment in many fields of several countries. One of the effective
solutions can be bioremediation, where the contaminants are absorbed, digested or eliminated
in-situ by a biological process, plant, bacteria or fungi. The Pseudomonas putida F1 is an oftenused bacteria in bioremediation, so it probably can metabolize or cometabolize the TCE.
Bacteria were grown in 150 ml shake cultures at 18 °C in BSM which contained 102 ml TCE.
The TCE was added before the inoculation and the culture was shaken. After 30 minutes of
shaking the bacteria was inoculated and samples were taken after 0,1,2,3,4,5 h. We developed
a reliable sample preparation method to measure 14C by EnvironMICADAS accelerator mass
spectrometer, which we can use for measure the changing of the 14C activity in bacteria and its
medium. For the better understanding of the metabolization, we used 14C-labeled TCE as tracer
to investigate the transport processes in the bacteria and measure if the bacteria can accumulate
the compound. With our method, changes in the mass balance were clearly observed.
The study convinced us that the bacteria can digest and metabolize this quite persistent
chemical, because we could measure the increased activity in the cells over the medium and
continuous increase of activity was measured in the cells during the 5 hour-long experiment
period. Besides the TCE bound to the cell wall and DNA, these results show that the bacteria
can digest TCE and use the carbon from the compound. Based on these results, Pseudomonas
putida F1 bacteria can be an appropriate bioremediation solution for environmental TCE
pollutions.
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One of the most important properties of aerosol particles are the size distribution, since it is
related to the atmospheric residence time, chemical composition and the origin of particles, as
well as it influences the aerosols‘ impact on the human health, the climate and the ecosystems.
In this study aerosol samples were collected on quartz filters by a nanoMOUDI-II cascade
impactor which separated the aerosol particles in 14 size ranges between 18 µm and 10 nm.
The first sampling campaign was carried out during a smog event (January of 2017) at an urban
background site in Debrecen. We determined the size distribution of the mass, the elemental
composition, total carbon, fossil carbon and modern carbon content. The elemental
concentration (Z > 14) was measured by particle induced X-ray emission (PIXE) method at the
5MeV VdG accelerator of Atomki, the modern and fossil carbon contents were determined
from carbon-14 measurements at the EnviroMICADAS AMS of Atomki. As a result we found
very high average mass concentration (105 µg/m3) during the 72 hours campaign, and 30% of
this mass was C. The particulate matter mass showed unimodial size distributions with a
remarkable maximum at the 0.42-0.78 µm size range. Among the other measured elements
potassium, the tracer of biomass burning had the highest concentration in the smoggy air.
Furthermore the total carbon, modern carbon and the potassium showed the same size
distributions as the total mass which indicated that biomass burning was the primary source of
aerosol pollution at this smog episode.
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The scope of our study was the investigation of Quaternary sediments of the Jászság-basin
(Central Hungary, Europe). The thickness of the late-Quaternary sediment stratum on the
Jászság-basin exceeds 400 meters and previous studies considered the topmost 30-40 meters
had been deposited during the Holocene. We have investigated the middle section of the River
Tisza – on a small area near the village ‘Tiszasüly’ – to reconstruct the environmental evolution
of the area using the methods of radiocarbon dating and palynology analysis.
Five neighboring parallel boreholes (20 m deep each) – all of whose cores showed to be rather
identical – were drilled to cover a relatively small area (50.000 m2). The deeper sections of the
core profiles (between around 8 m and 20 m) usually was an oil gray-dark, gray, fine laminar,
micaceous, clay-silt sediment. We have radiocarbon dated seven samples extracted from this
sediment and their results have shown the age is in the 27-40 ky cal BP interval.
Above the clay-silt sediment there was a yellow, yellowish-gray gleyic soil, micaceous, silty
clay layer between 1.8 m and 8.0 m deep on each core. There were four samples of these
sediment layer radiocarbon dated which have been shown to be at least 18 ky cal BP old.
The topmost section (in depth between 0.0 m and 1.5 m) of the sedimentary profil was brown
meadow soil in each core. The radiocarbon age of these soil samples were determined its bulk
organic fraction using 2-step combustion preparation in O2 atmosphere. The conventional C14 age of the oldest soil sample layer was approx. 14-16 ky BP. It means the whole holocene
profile should have been the topmost 1.5 meters of recent soil.
These new results showed that the Holocene deposits could be much thinner and shallower
than before supposed. This new phenomenon could basically alter the stratigraphic models
anteriorly existed for the investigated area it is essential to examine its presence in a broader
environment.
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We present the preliminary results from a study of a stalagmite (SD-A) from Samoska Dupka
Cave, located at the elevation of 1740 m on Galičica Mt., nearby Ohrid Lake, Macedonia. Low
uranium and high torium content made this stalagmite not suitable for U-Th dating, with
preliminary results yilding high uncertainty. Radiocarbon dating shows that the stalagmite is
younger than 4000 yr with distinct change in the growth rate between the upper and the lower
part, which is also marked by a change in the growth axis. Along most of its growth axis the
stalagmite shows visual lamination, which appear to be anual. A combination of layer counting
and radiocarbon dating is used to establish an age-model. Furthermore, the oxygen and carbon
stable isotope record of the stalagmite is discussed for paleoclimate interpretation.
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Air pollution caused by aerosols has become a serious issue in many countries over the world.
Atmospheric aerosols may have adverse consequences on the environment and public health,
especially in urban areas. To survey the national conditions, a comprehensive aerosol (PM10)
sampling campaign was conducted in five cities (Budapest, Debrecen, Miskolc, Pécs,
Nyíregyháza) in the first half-year of 2015, granted by the Hungarian Government. First,
aerosol samples were analyzed to determine their total carbon (TC) content and its specific 14C
activity, and then TC separation to organic carbon (OC) and elemental carbon (EC) fractions
took place using a Sunset Lab OC/EC analyzer. Contemporary and fossil carbon concentrations
were calculated from the TC content and 14C results. The highest PM10 concentrations were
detected in February, when there were very cold arctic weather conditions and very slow air
movements supporting rather high atmospheric aerosol concentrations in all the cities. The
highest and lowest TC concentration was obtained at the Nyíregyháza (45.5 g m-3) and
Budapest (2.7 g m-3) sampling stations, respectively. According to the 14C results, the
contemporary ratio was continuously much higher (average fC of 0.68) than the fossil one,
regarding all the five cities. The combined results are clearly indicating the dominance of
contemporary aerosol sources during the winter/heating period and their effect decreases by
the spring and summer times. High biogenic content of aerosol can be explained by the effect
of the domestic wood burning. Regarding the OCEC results, in most cases (4 cities) OC
fractions were reasonably high (70-90%) and, except in Miskolc, showed poor correlation with
the contemporary carbon.
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CO2 is one of the most important greenhouse gases in the atmosphere of which quantity is
being directly modified by anthropogenic emissions. A six-year-long atmospheric CO2
concentration and 14C dataset was measured and used to quantify the concentration of fossil
fuel-derived CO2 surplus at the regional rural station of Hegyhátsál (N 46°57’, E16°39’, 248
m a.s.l.), in western Hungary. At this site, measurements of CO2 mixing ratio, temperature,
humidity and other meteorological data for four elevations (10m, 48m, 82m, 115m a.g.l.) were
started in 1994 which was further improved with local flux measurements in 1997. The
ATOMKI-developed 14CO2 samplers necessary to our fossil fuel CO2 surplus investigations
were installed for sampling the 10 m and 115 m elevation levels in September 2008. The
monthly sampling intervals at this and the urban site of Debrecen are synchronised, thus fossil
fuel emission of Debrecen can be calculated relative to this regional reference. To the
calculations revealing the effect of fossil fuel CO2 to the site Hegyhátsál, the Jungfraujoch high
altitude site located in The Alps was chosen as free-tropospheric reference site. The fossil CO2
surplus data were calculated using the 14C and CO2 mixing ratio data, based on the formula
suggested by Levin et al (1989). The observed CO2 mixing ratio at Jungraujoch was in average
7 ppm lower than at the 115m level of Hegyhátsál, Hungary. The annual mean CO2 records at
the levels 10m and 115m show a steady increase between 2009 and 2014 by an annual increase
of 2.1 ppm per year. A significant seasonal variation of 14C is observed at both elevation
levels in Hegyhátsál with maxima during late summer and minima in late winter/early spring.
The annual mean 14C values obtained for the 10 m and 115 m high levels decreased in a
similar way over the investigated period with a mean annual decrease of 5‰ per year. The
mean fossil fuel-derived CO2 surplus results that were calculated relative to the freetropospheric reference level were relatively reconciled over this period for the sampling levels
of 10m and 115 m. In both cases higher fossil CO2 peaks were observed during the winter
period, while in summer it almost vanished at both the sampling level of Hegyhátsál.
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A small buildup covering a stone-carved water-inlet of one of the historic spas of Budapest
was studied to reveal the relationship between geometry, surface morphology and internal
structure of the travertine and eventually the chemistry and temperature of the thermalspring(s) feeding the spa. The geometry of the flowstone was found to follow the geometry of
the underlying stone support, however, with remarkable anomalies. Precipitation is much less
efficient in the central part where downward flow of water is turbulent and is more voluminous
on the flanks where flow is laminar or in the form of spray only. On the surface of the buildup,
rim-and-pool microstructures are abundant. The central part is concave and its deep red color
implies Fe-oxide precipitation.
Diamond coring revealed that the interior of the flowstone is built up by alternating
light coloured porous macrocrystalline and dark-coloured, greyish „micritic” laminae, the
frequency, thickness and regularity of which shows substantial changes along the core. The
core was studied by optical-, UV- and CL-microscopy, SEM and XRD and analysed for stable
δ18O, δ13C and δD isotopes. Basic hydrogeochemical parameters of the thermal water were also
measured and waterlevel changes of the nearby river, and the changes of the level of the
spring(s) were monitored. Several 14C analyses of the central part were done at HEKAL AMS
Lab to localise the bomb-peak (1963 AD) and get better age estimation about the internal
layers.
Evaluation of the observed textural features considering also the major technical
changes documented in the history of the spa suggests that the geometry, structure, texture and
isotope geochemistry of the Rudas travertine reflect the interaction of natural and
anthropogenic processes. Geometry and surface morphology reflect the self-regulating nature
of the system. Fine seasonal lamination is probably the result of temperature changes brought
about by the hydrostatic effect of the close-by Danube river. Decade-scale variations reflect
major technical changes of water supply recorded as changes of growth rate and isotope
geochemistry. The well preserved 14C bomb-peak helped significantly to identify the decadalscale variations along the lamina series. Imprints of daily-scale technical changes could not be
deciphered from the precipitate at the resolution of this study. The peculiar red color and the
concave (dissolutional) morphology of the central part of the buildup is supposed to be the
result of ferrolysis promoted by oxygenation and hydrolysis of dissolved Fe2+ species of the
water.
This study was supported by project OTKA 72590K.
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This work focuses on the preparation of a radiocarbon chronology from Lake St. Anne (950 m
a.s.l.) sediment. The lake is situated in the Ciomadul volcano crater, the youngest volcano in
the Carpathians. The sediment of Lake St. Anne was sampled several times, but previously
never reached the bottom of the lake. A new core recovered from the lake during the winter
2013 finally reached the bottom of the lake sediment at approximately 2300 cm (including 600
cm water depth).
The sediment core was subjected to palynological analyses and different fractions of pollen
concentrates with terrestrial origin were tested and studied for radiocarbon dating. Although
the pollen remains were present in the whole core, in many cases their amount is challenging
even for the AMS technique. Samples were measured with EnvironMICADAS AMS and its
gas ion source in the HEKAL laboratory (Debrecen, Hungary). An age-depth model was
develop using smooth spline curve fitting with the CLAM software.
Acknowledgements:
The research was supported by the European Union and the State of Hungary, co-ﬁnanced by the
European Regional Development Fund in the project of GINOP-2.3.2.-15-2016-00009 ‘ICER’.

121

C14-6653
Investigation of recent carbon dynamics
in the Ajandek karst cave (Hungary)
Eszter TOMBOR1,2, Klaudia KISS2, István FUTÓ1, Tamás VARGA1,
A. J. Timothy JULL1, Mihály MOLNÁR1
1

Isotope Climatology and Environmental Research Centre (ICER), Institute for Nuclear
Research, Hungarian Academy of Sciences, Bem tér 18/c, 4026 Debrecen, Hungary
2
Department of Eötvös Loránd University (ELTE TTK, Geography and Earth Science
Institute, Physical Geography Department), 1117 Budapest, Pázmány P. sétány 1/c Hungary
Correspondence to: Eszter Tombor; e-mail: tombor.eszter94@gmail.com
Keywords: karst cave, 14C, dead-carbon, drip waters, carbonate precipitations, cave air

Our aim was to study the proportion of recent biogenic carbon and carbon originating
from the older limestone (dead-carbon) in the fillings of the Ajándék Cave (Pilis Mts,
Hungary). In order to better understand the processes acting on the carbon isotope budget of
caves, detailed investigations on the isotopic composition of dripwaters, carbonate
precipitations and cave air has been started. We investigated the plants and the soil above the
cave as well to get a coherent picture of the carbon dynamic of the cave and its surroundings.
Sample collection was arranged from 3 different places (outer-middle-inner locations) to
investigate the variation of the isotopes inside the cave. In this poster, the first results are
presented, which were obtained for samples collected in Feb. 2017.
Except the earlier precipitated carbonates collected from the floor of the cave, in all
sample groups rather high 14C contents were measured (average for 13 samples: 102,2 +- 2,3
pMC). This shows us the determinative presence of modern biogenic carbon and the very low
amount of the carbon originated from the limestone. In contrast, 14C values in the carbonates
collected from the floor of the cave were much lower than the results obtained from the other
samples. The 14C measured from the cave air samples was very similar to the values obtained
from recent ambient air carbon, meaning that the excess of the CO2 in the cave originates from
the decomposition of the recent organic matters above the cave. The 14C content of the
dripwaters was modern as well (dead carbon percentage, dcp: 0-4 %) which correlates well
with the values measured from straw stalactites (dcp: 0-5 %).
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This work focuses on building a high-resolution age-depth model for a quantitative
paleoclimate study from the Mohos peat bog, East Carpathians. A 10 meter undisturbed and
uncompressed peat core was drilled with our novel coring technique in 2012. The core presents
a continuous peat profile from the last 11,500 cal. yr BP.
After subsampling, ash content and loss-on-ignition (LOI) were measured. The chronology was
based on AMS radiocarbon analyses of the separated Sphagnum samples from different depths
of the profile. The peat samples were wet sieved (280-40 µm) to avoid contamination by
rootlets and mud. Dry Sphagnum samples for AMS dating were prepared using the classical
acid-base-acid (ABA) method complete with an oxidative bleaching step to obtain clean
cellulose. Sphagnum cellulose samples were converted to CO2 and later graphite and measured
by EnvironMICADAS accelerator mass spectrometry (AMS) in the Hertelendi Laboratory
(Debrecen, Hungary). The age-depth model was obtained with the use of BACON software.
Fine peat accumulation rate changes (sections with lowest accumulation values) were observed
along the profile. Ash content is between 0.02 and 8 %. Based on the chronology, in further
studies we will focus on specific intervals to investigate environmental changes in the
Holocene.
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The study area is located in the NE part of the Great Hungarian Plane. The layered-lenticular
flow system is composed of the Quaternary-Pliocene-Upper Pannonian clastic sediments
ranging from clay to gravel. The high conductivity Lower Quaternary (Q3) sandy deposits
constitute the main aquifer used for water supply. The elevated (by around 80 m) Nyírség area
recharges, whereas the river valleys discharge the groundwater. The radiocarbon activity shows
gradual decrease along the flow paths from the water table (60 pmC) towards the deeper parts
and the discharge zones of the flow domain. 3D groundwater flow modelling has been
performed to define the main lateral and vertical flow directions controlling the propagation of
the environmental radioactive tracer 14C. Solute transport modelling is used to calculate the 14C
activity with the effects of advection, mixing, hydrodynamic dispersion and decay. The
development of the land surface from the original alluvial plain to the present differentiated
shape took around 15000 years. For this reason, the steady-state groundwater flow velocity was
reduced from the recent to a reasonable value characterizing the average over the 15000 years
simulation period. The measured groundwater 14C data are compared with the values simulated
in the over and underlying model layers. Most of the measurements are fitting to this interval
and thus validate the model. However, some discrepancies are detected. The overshooting data
are associated with the increased downward seepage at the waterworks due to the sufficient
(several 10 m) local drawdown. The undershooting data may be caused by local lithological,
structural or hydrogeological disturbances of the underlying Pliocene formation carrying
groundwater of lower 14C content.
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