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EDITORIAL
The past year was the second one the Laboratory of Ion Beam Physics had to operate under restrictions
given by the Covid-19 pandemic situation. Despite the difficulties to maintain routine operation and the
limited personnel interaction caused by mandatory or advised home office obligations, we had some
scientific highlights in 2021.
One highlight of the year was the triennial AMS conference, which was held fully online, a novelty in its
43-year long history. The fact that the conference schedule was based on Australian Eastern Daylight Time
was challenging, but still many LIP scientists and PhD students presented their work online in the form of
pre-recorded video presentations and posters. With best poster and best poster plus awards the
conference was particularly successful for two of our PhD students.
Also, the scientific output of LIP was exceptional this year. Scientific publications in peer reviewed journals
with LIP members as first or contributing authors almost reached the number of one hundred. Among
those, a remarkable number of publications was published in top ranked journals, underlining the
relevance of research at LIP. This report is intended to briefly summarize the board research activities of
the laboratory. We hope that reading it will stimulate your curiosity and that you might want to follow up
with the related scientific literature as given in the publication list.
We are continuing our commitment of providing excellent service to external and internal users, we
contribute significantly to their scientific output and careers. In 2021, more than 18’000 individual analyses
have been made on our instruments. In addition, LIP scientists and staff are deeply engaged in the training
of students and apprentices at all levels of their careers and in many different departments, which makes
LIP an important player in fulfilling the educational mission of ETH.
We are looking forward to return to normal working conditions, to reactivate in person discussions and
exchange of scientific ideas. Finally, we want to thank all LIP users and collaborators for their contributions
to this volume. It is their trust and confidence that motivates us to refine and further exploit the powerful
opportunities of ion beam technology and the related applications.
Hans-Arno Synal and Marcus Christl
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ACTIVITIES ON THE 6 MV TANDEM SYSTEM
Beam time and sample statistics
C. Vockenhuber, scientific and technical staff, Laboratory of Ion Beam Physics
the intense ion beams and electrons over the
many years of operation (Fig. 2).

In 2021 the 6 MV Tandem accelerator was
running smoothly. No maintenance work at the
accelerator itself was necessary and thus no
dedicated beamtime for the operation of the
Tandem accelerator for conditioning etc. was
necessary, a first in the 40+ year existence of the
Tandem accelerator (Fig. 1). Most of the
beamtime was used for AMS measurements that
require high energy for isobar separation. About
half of it was used for routine measurements of
36
Cl with the gas-filled magnet; the other half for
developments of the measurement setup of 32Si.
Since the installation of the Tandetron facility
most of the measurement for material sciences
were transferred to the dedicated machine, only
MeV-SIMS and irradiations with higher energies
required the use of the 6 MV Tandem. The total
running hours of the accelerator now levels off at
about 800 hours per year.
AMS

Operation

At the 0° source which is used for 36Cl AMS we
faced similar problems with charging up of
components and a broken filament for heating
the Cs frit. In general, the ion sources required
now a very careful tuning for stable operation.
Nevertheless, we could successfully measure a
total of 350 unknown 36Cl samples and
performed a dedicated RADIATE experiment for
investigation cross-talk.

Materials Sciences

3500

hours of operation

3000
2500
2000

Fig. 2: Slits at the HCS ions source that are worn
out due to having seen a lot of beam.
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500

The NEC alphatross ion source that we used for
He beams had not been in operation since the
move of the RBS measurements to the Tandetron
and thus we started to dismantle it.
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Fig. 1: Time statistics of the TANDEM operation
subdivided into AMS (blue), materials sciences
and MeV-SIMS (green), and service and
maintenance activities (red).

The ion source problems will hopefully be a thing
of the past because we started with the redesign
of the LE side. Instead of the old ion sources a
new MICADAS-type ion source will be installed,
following by an achromatic spectrometer using
the existing ESA and 90° magnet, and a redesign
of the injection line into the Tandem accelerator.
The design is almost complete, and most
components are ordered or already delivered,
ready for installation in 2022.

In contrast, the aging ion sources gave some
problems and downtimes. At the High Current
Source (HCS) we had to exchange or repair
components that were charging up or isolators
becoming conductive. A major problem was a
broken slit right after the source that partly
blocked the beam path. This was likely a result of
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TANDETRON OPERATION
Materials science at the 1.7 MV Tandetron
C. Vockenhuber, A.M. Müller, scientific and technical staff of LIP
The 1.7 MV Tandetron facility and its beamlines
continued to be a reliable workhorse for our ion
beam analysis activities. Although it was
operational most of the time in 2021, some
maintenance work was necessary. The Li charge
exchange canal had to be refilled in July and the
filament at duo-plasmatron ion source was
replaced in November. As a result of a power
failure a few components in the RF driver of the
Tandetron were damaged and needed to be
repaired. Finding the exact cause of the problem
took some days even with the support of HVEE
and led to a downtime of three weeks in
November and December. Nevertheless, the
analysis of all samples sent to us in 2021 could be
completed before the Christmas break.
Compared to the two previous years, the number
of analyses increased to 1460 in total. Fig. 1
shows
a
compilation
of
performed
measurements
sorted
by
experimental
technique. RBS analyses dominate with more
than 50%, about 27% are ERDA measurements,
15% are PIXE, the remaining few % are split
between NRA and the newly developed
WoodSTIM method for analyzing wood density.

RBS

ERDA

PIXE

NRA

Fig. 2: The newly designed sample changer at
the RBS chamber.
Despite the increase of the number of
measurements, the time and effort needed could
be reduced with our new sample changer (Fig. 2).
The new concept of load-lock box with a small
turbo pump allows for a fast change of sample
holders with up to 24 standard-sized samples.
Several different sample holders are available
allowing for mounting samples in advance and of
different sample sizes. Furthermore, with the x-y
positioning capability we can compensate for
sample thickness, or do multiple points at one
sample. We plan to build a second sample
changer for the ERDA chamber in 2022, which
will avoid the move from one chamber to the
other.

WoodSTIM

Fig. 1: Breakdown of the 1460 analyses sorted
by applied technique.
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ACTIVITIES ON THE 0.5 MV TANDY SYSTEM
Beam time and sample statistics
M. Christl, scientific and technical staff, Laboratory of Ion Beam Physics
anthropogenic U-isotopes, the other in
collaboration with Univ. Lausanne to study the
bioavailability of 236U, and Am- and Pu-isotopes
in contaminated marine marshland. Finally, a
hand full of samples were analyzed for Cmisotopes to validate a recently developed novel
chronometer for spent fuel.

In 2021, the operation of the Tandy was without
major incidents and required only short routine
maintenance activities such as refilling Hestripper gas, cleaning and refilling Cs into the ion
source etc. Since in 2020 all AMS measurements
of 10Be and 26Al were moved to the 300 kV MILEA
system, in 2021 the TANDY was only used for
routine analyses of 129I and the actinides (Fig. 1).
In mid-2021 also most of the actinide analyses
were shifted to the MILEA system.
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Fig. 2: Relative distribution of the number of
AMS samples measured on the Tandy in 2021.
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In 2021, half of the total beam time of 1200 h was
dedicated to 129I analyses (Fig. 3), while the
measurement of actinides required another 45%.
A small fraction of beam time was reserved for
R&D to improve detection methods for 32Si on
the large 6 MV Tandem facility.
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Fig. 1: Annual number of (unknown) AMS
samples measured on the TANDY since 2010
sorted by nuclides.

beam time

In total more than 800 AMS samples were
analyzed on the TANDY system in 2021 (not
counting in-house blanks and standards). The
majority (»80%) of samples were 129I and 236U
analyses (Fig. 2) in sea water performed for the
new research group of Physical Oceanography at
D-USYS, ETH Zurich led by N. Casacuberta in
order to study timescales of water mass
circulation in the Arctic and North Atlantic
Oceans. The remaining »20% of actinide analyses
were mainly performed for two collaborative
projects. One with the Univ. of Seville (CNA) to
characterize IAEA standard materials for

Pu, Am, Cm
26%

236

U
19%
129

I
50%

R&D
5%

Fig. 3: Relative distribution of the TANDY beam
time in 2021.
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ACTIVITIES ON THE 0.3 MV MILEA SYSTEM
Beam time and sample statistics
M. Christl, P. Gautschi, Scientific and technical staff, Laboratory of Ion Beam Physics
analyses on MILEA. Comparing the beam time
distribution (Fig. 1) with the distribution of AMS
samples (Fig. 2) it becomes evident that we are
able to perform highly efficient AMS analyses of
10
Be (83% of all AMS samples consume only 45%
of beam time).

In 2021 the MILEA system accumulated more
than 2400 hours of operation (Fig. 1). While most
of the beam time (90%) was dedicated to routine
AMS measurements of 10Be, 26Al, the actinides,
and 14C, about 10% of the time was for testing
and developing new setups (R&D).
Since last year all 10Be and 26Al analyses are
performed on MILEA. As a consequence, more
than 75% of the beam time was allocated for
these two nuclides. This year we also started
transferring 236U-analyses from the Tandy system
to MILEA, which already accounts for about 10%
of the MILEA beam time. Regarding R&D,
highlights in 2021 were the first successful test
measurements of 41Ca and an extended ion
source memory test using 35Cl (see separate
reports in this volume).

beam time

AMS samples
10
Be
83%

14

C
2%

actinides
9%

26

Al
6%

Fig. 2: Relative Number of AMS samples
measured in 2021 on MILEA.
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Fig. 1: Relative beam time distribution for the
different operations on MILEA in 2021.
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Furthermore, some technical modifications were
made to the MILEA ion source. A larger Cs nozzle
was installed to improve the output of the ion
source and the polarity of the extractor was
reversed to positive, which had a positive effect
on beam transmission and stability.
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Fig. 3: Number of AMS samples (unknowns)
measured on MILEA over time.
Looking at the relatively short record of annual
AMS samples measured on MILEA we notice a
clear increasing trend (Fig. 3). The total number
of AMS samples will probably further increase
next year when 236U measurements will be fully
transferred to MILEA.

A total of slightly more than 2100 unknown user
AMS samples were analyzed on MILEA in 2021
(Fig. 2, Fig. 3), with 10Be samples (ca. 1800)
representing the vast majority of all AMS
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ROUTINE 10Be MEASUREMENTS ON MILEA
Currents, sample types and efficiency
M. Christl, P. Gautschi, H.-A. Synal
erosion rates with meteoric 10Be, or to calibrate
our new in-house standard “S2021”.

In the second year of routine AMS
measurements of 10Be on MILEA, a total of 1747
unknown samples were analyzed (excluding in
house standards and blanks). With the high
current output of the MICADAS type ion source
we were able to produce average sample
currents of up to 13 µA (Fig. 1) which allowed
high sample throughput and resulted in average
measurement times of slightly more than 30 min
per sample ranging from about 3 min to more
than 2 hrs per sample.

ext. standards
5.4%
sediments
32.9%

precipitation
2.6%

600

nodules/crusts meteoric/erosion
1.3%
8.8%

-

BeO current distribution
all MILEA 10Be user samples (2021)

500

Count

in-situ/erosion/burial
17.6%

Fig. 2: Types of 10Be samples analysed in 2021.

400

Based on the final uncertainties of the reported
10
Be data we estimate that a maximal overall
efficiency of more than 1‰ was achieved with
the MILEA system (Fig. 3). This implies that, in the
best case, slightly less than 1000 atoms of 10Be in
a sample will produce one count in the detector.
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Fig. 1: BeO- current distribution of all
samples measured on MILEA in 2021.
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In 2021, the 10Be samples came from ten
different laboratories located in Europe and
China. About one third of the samples (Fig. 2) was
analyzed in polar ice cores to find and study solar
and cosmic ray events. Another third of all
samples came from marine sediments with the
purpose of using 10Be deposition changes as a
time marker to synchronize climate records. Socalled in-situ 10Be samples represented about
18% of all analyses covering the broad fields of
rock surface exposure dating, erosion rates, and
burial dating. The remaining analyses were
performed in precipitation (rain/snow) samples,
Mn-crusts or nodules, to study basin-wide
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Fig. 3: Final uncertainty of reported 10Be data
vs. 10Be atoms in the sample. The red dashed line
indicates a detection efficiency of 1‰.
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ROUTINE 26Al MEASUREMENTS ON MILEA
The second year of routine aluminium measurements on MILEA
P. Gautschi, C. Vockenhuber, H.-A. Synal
counting statistics by a factor of 1.6 but also
significantly lower the measurement time
compared to the current setup.

The year 2021 marks the second year of routine
26
Al measurements on the MILEA system. A total
number of 214 AMS targets, including standards
and blanks, were analyzed in seven individual
measurement runs. This year all samples were
analyzed for geochronological studies together
with the corresponding 10Be analysis of the same
quartz sample.

Fig. 2: Mean low energy current of all 26Al user
samples measured in 2021.

Fig. 1: Runtime distribution of all
samples measured in 2021.

26

Nevertheless, in 2021 most samples were
measured with an overall efficiency above 0.1 ‰
(Fig. 3).

Al user

Targets were usually measured between more
than one and eight hours until sufficient
precision was reached or the sample was
exhausted (Fig. 1). Compared to other AMS
isotopes measured at MILEA the measurement
times are significantly longer [1]. This is usually
the case, because of the low Al- current from the
ion source, together with low 26Al / 27Al ratios of
the samples. Mean 27Al- currents between 10 nA
up to 450 nA were observed for user samples in
2021 (Fig. 2) with peak currents of up to 800 nA.
To improve current output and overall efficiency,
significant effort was done to investigate optimal
sample matrices [2] and ion source operation
parameters. Based on those results, we believe
that to be able to increase the overall 26Al
efficiency by a factor of 2.5 in 2022. This will in
turn not only decrease the uncertainty from

Fig. 3: Poisson error of all measured user
samples in 2021 relative to number of 26Al in the
sample.
[1] M. Christl et al., Annual report (2021) 12
[2] P. Gautschi et al., Annual report (2021) 14
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MATRIX TESTS FOR ALUMINIUM MEASUREMENTS
Investigation on efficiencies and current output of the MILEA ion source
P. Gautschi, G. Scacco, C. Vockenhuber
Since 2019, routine 26Al measurements are being
performed on the 0.3 MV MILEA facility. On this
low energy AMS system the interference of
isobaric 26Mg is suppressed by extracting Alanions from the ion source. Although this is
highly effective, as Mg does not create stable
negative ions, the current output is reduced
compared to the extraction of AlO-. This results
in longer measurement times and also lower
overall efficiencies for Al samples. Especially for
low ratio samples, increased samples sizes and
splitting a sample into multiple cathodes has
been observed to achieve the needed
measurement precision. This prolongs the
measurement even further.
Target

Al2O3

Matrix

Cu 1:5
Cu 1:1
Ag 1:1
Fe 1:1
Nb 1:1

2.2 mg
1.9 mg
2.1 mg
1.7 mg
2.1 mg

10.9 mg
1.8 mg
2.1 mg
2.2 mg
2.7 mg

26

Al
counts
2.1 E+5
3.9 E+5
4.4 E+5
2.4 E+5
2.1 E+5

Overall
efficiency
1.7 E-4
3.7 E-4
3.8 E-4
2.5 E-4
1.8 E-4

Fig. 1: The time evolution of the negative ion
beam output from the MILEA ion source is plotted
on the upper panel. On the bottom panel the
overall efficiency of a given target is shown.

Tab. 1: List of the used 26Al samples; masses for
both Al2O3 and their matrices are given, as well as
the counted 26Al and the calculated efficiencies.

The 1:1 mixtures with Ag and Cu show increased
efficiency of at least a factor of 1.5 compared to
all other mixtures. The higher currents at the
beginning of the measurement, allows to achieve
the same measurement precision in only 1.5 h
compared to the 7 h for the Nb, Fe and 1:5 Cu
mixture. Going into the year 2022, we plan to
switch to 1:1 Cu matrices from the up to now
used 1:5 Cu mixtures.

To investigate the influence of the sample matrix
on the currents and overall efficiency, i.e. the
ratio of detected 26Al to the total amount of 26Al
in a given sample, a small series of five targets
similar to [1] were investigated (Tab. 1). Al2O3
was prepared from our in house standard ZAL02
with a nominal 26Al/27Al ratio of 46.4x10-12. The
material was then mixed with different metal
matrices and pressed into copper targets. The
subsequent measurement was performed under
routine conditions at a terminal voltage of 280 kV
and a Cs reservoir temperature of 129 °C. The
results of this measurements show a strong
influence of the matrix in both in terms of initial
current and overall efficiency (Fig. 1).

[1] J. Lachner et al., IJMS 465 (2021) 116576
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Ca AT MILEA

The last routine AMS radionuclide at MILEA
C. Vockenhuber, S. Maxeiner1, P. Gautschi
We use a terminal voltage of 266 kV for 41Ca
which allows us to measure 39K with the same
magnetic rigidity at 281 kV. The counting rate on
both masses is measured sequentially in the GID.
Especially at the beginning of the measurements,
the K rates are higher and after a few runs the
41
Ca/40Ca ratios stabilize (Fig. 2). We apply
selection criteria to use only those runs for the
final results that give reliable and stable ratios.
Depending on the K content the blank level is
around 5´10–12 which is similar to the TANDY.

From the list of radionuclides that are routinely
measured at MILEA 41Ca was still missing till
2021. AMS measurements of 41Ca face the
challenge of interference of the isobar 41K. At the
low energies available at MILEA the isobars
cannot be clearly separated with the gas
ionization detector (GID) but the intensity of K
can be significantly reduced by selecting CaF3– on
the low energy side. Furthermore, the
contribution of 41K to the mass 41 counts can be
monitored by measuring the isotope 39K and a
correction can be applied assuming a constant
(natural) 41K/39K ratio. This method has been
developed at the TANDY mainly for biomedical
applications [1] and is now applied at MILEA.

[10-12]

10000

41Ca/40Ca

The CaF2 material mixed with Ag (1:10) gives low
but stable currents up to several 100 nA of
40
CaF3–. Charge state 2+ is selected at the high
energy side with a transmission of about 45%. A
big improvement over the TANDY setup is the HE
quadrupole triplet that allows a proper focusing
of the Ca ions (with an effective charge state of
5+ due to the breakup of the heavy molecule)
resulting in a HE transmission of >90%. In the
energy spectrum from the GID mass 41 ions can
be clearly separated from 82Se4+ ions entering the
GID with the same m/q (Fig. 1).
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Fig. 2: 41Ca/40Ca ratios uncorrected (open
symbols) and corrected for 41K (filled symbols); in
yellow and red the standards B9 and B10,
respectively, grey and green two samples and in
blue a blank.
The 41Ca setup at MILEA could be successfully
applied for the first experimental cross-section
determination of 41Ca by spallation of vanadium
targets (see Mihalcea et al., this volume).

Ca+41K

100

4+ ions
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[1] C. Vockenhuber et al., NIM B 262 (2015)
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Fig. 1: Separation of mass 41 ions against 4+
ions entering the GID with the same m/q ratio.
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U MEASUREMENTS ON MILEA

First results on abundance sensitivity, background and efficiency
M. Christl, P. Gautschi, S. Maxeiner1, A.M. Müller1, C. Vockenhuber, H.-A. Synal
In this study we investigated the analytical
capabilities of the compact prototype AMS
system MILEA for 236U analyses. The prototype
MILEA system has been installed at ETH Zurich in
2018/2019. Meanwhile, evolved MILEA versions
have become commercially available by the ETH
Zurich spin off company Ionplus AG. The MILEA
system has been optimized for low background
and highly efficient analyses of light and heavy
long-lived radioisotopes.
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Fig. 2: Scan of the second high-energy magnet
(HE2) performed with the VKkU standard.
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More detailed studies of the background indicate
that the main interferences for 236U analyses
comes from tailing of 235U reaching the detector
with approximately the same energy/charge
(E/q) ratio as 236U (Fig 2).

0.1

He stripper density (1016 at/cm2)

Extrapolating the tail of 235U to the position of
236
U in the HE2 magnet scan indicates that the
relative contribution of scattered 235U ions to the
236
U signal from the Vienna KkU standard is about
1/4000. Using the nominal 236U/238U ratio of
7 x10-11 of the VKkU sample the estimated
background for 236U/238U is 2 x10-14. Efficiency
tests show that the MICADAS-type ion source can
provide a maximum ionization efficiency of
almost 3% for UO- and PuO- extracted from a
Nb/Fe2O3 sample matrix.

Fig. 1: Transmission (red, Tra), high energy side
transmission (blue, HE-tra), and abundance
sensitivity (purple, AS) of the prototype MILEA
system as a function of He stripper gas density.
A special setup for AMS analysis of U-isotopes
has been developed for the MILEA system that
allows the sequential measurement of three
isotopic ratios (236U/238U, 233U/238U, and
235
U/238U) using fast bouncing mode for 238U.
With the routine settings for 236U (hatched region
in Fig. 1), the system provides a transmission (tra)
of more than 30%, a high energy side
transmission (HE-tra) of more than 80% and an
abundance sensitivity (AS) at the order of 10-13 in
the mass range of the actinides (Fig. 1) and thus
allows determining the 236U/238U ratio in samples
with U from anthropogenic and natural sources.

Our results demonstrate that the ETH Zurich
MILEA system allows highly efficient and
practically background free determination of
anthropogenic 236U/238U ratios while the
excellent abundance sensitivity allows accessing
the expected range of natural 233U/238U and
236
U/238U levels.
1
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RADIOCARBON ON THE 200 KV MICADAS
Performance and sample statistics
L. Wacker, N. Haghipour, C. Welte and scientific and technical staff of LIP
After a difficult year 2020 due to the SARSCovid19 pandemic, LIP operation partially
recovered in 2021 measuring 15% more samples
(Fig. 1). Both, graphite as well as gas samples
went up by more than 10%.
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Fig. 2: Overview of all samples measured on the
two MICADAS systems in 2021 at LIP. Graphite
samples and standards are shown in blue. Red
colours represent gas samples and standards.
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We also found some time to upgrade both
MICADAS systems. The Proto-MICADAS was
equipped with a new, fully computer-controlled
pre-vacuum system [1], which caused a 2 months
shut down. A new box lens was installed on the
LIP-MICADAS, that allows for a straightforward
installation and has a higher beam acceptance.

Fig. 1: The number of total measured
radiocarbon samples per year increased again in
2021 by more than 2000 samples after a
significant reduction in 2020.
Never before, were more than 8000 graphite
targets measured on the LIP-MICADAS, thanks to
the high productivity in the preparation lab. A
large part of the graphite targets were highprecision measurements of seawater samples to
study ocean circulation (700) and high-precision
measurements of tree-ring samples for an
annually resolved calibration curve (1400). About
2000 samples were measured for diverse
research projects with collaborators.
A major relatively constant portion of the gas
samples was measured as usual for the Earth
Sciences Department, D-ERDW (2700). The
samples we measured on the basis of
collaborative research contracts (excluding
biomed samples) went up steadily over the past
years reaching an all-time high of nearly 900
samples.

Fig. 3: The newly designed box lens by J. Thut
has a larger inner diameter and allows for a
simple alignment. The box lens assembly can be
positioned precisely with 6 bolts (red) from either
side when mounted on the beamline.
[1] L. Wacker et al., Annual report (2021) 18
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AUTOMATED VACUUM SYSTEM FOR PROTO-MICADAS
Installation of a new computer controlled fore-vacuum system
L. Wacker, N. Haghipour, P. Vogel, R. Pfenninger, T. Keller, S. Bühlmann, H.-A. Synal
There is a pneumatically driven fore-vacuum
valve for each section of the Micadas system
(source lock, source, beamline, detector, and
GIS/IRMS). Each section can be vented or
evacuated separately. The beamline section is
additionally backed up with a 20 L vacuum tank.
The tank is needed to take the stripper gas load
from the turbo pumps when another section has
to be pumped down and the scroll pump is not
available for up to 10 minutes. This is, for
example, the case, when samples are being
changed and the source lock must be pumped
down from atmosphere or when the source is
evacuated after revision.

Since the protopype Micadas (Proto-Micadas)
was installed in 2004, it was steadily upgraded in
small steps to catch up with latest developments
on newer Micadas systems. The here presented
upgrade of the fore-vacuum and venting system
is unique so far. It allows for fully automated
venting and evacuation of the high vacuum
system and runs on only one instead of tree forevacuum scroll pumps.
The heart of the new system (Fig. 1) is a new
vacuum tank combined with a series of 5
computer controlled fore-vacuum valves.

We also installed solenoid valves with differential
pressure switches that allow for computer
controlled ventilation of the ion source and the
beam line with inert gas. This installation comes
in addition to the existing automated source lock
air ventilation. The new valves and switches are
integrated into the existing programmable logic
controller, that also controls the ion source.
Computer controlled (but not yet fully
automated) ventilation respectively evacuation
of the ion source and the beam line are now
possible. Another advantage of the new system
is, that Proto-Micadas including its interfaces
(GIS and IRMS) now runs on only 1 instead of 3
scroll pumps. The computer controlled vacuum
system serves as prototype for future userfriendly and low maintenance compact AMS
systems.

Fig. 1: A 20 L vacuum tank (right) backs up the
beamline with the stripper turbo pumps. The 5
vacuum valves (left) separate 5 fore-vacuum
sections, that can be pumped down separately.
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INSTRUMENTAL AND ANALYTICAL
DEVELOPMENTS

The ampule cracker system connected to the Proto-MICADAS gas interface

Testing direct injection for low energy AMS
Isobar separation of 32Si from 32S
32

Si signal after the passive absorber

Total recall - memory in ion sources
Universal interface for 13C and 14C measurements
A new UV-ox set up for AMS radiocarbon analysis
Improvements on microsublimation
Particle-specific radiocarbon dating
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TESTING DIRECT INJECTION FOR LOW ENERGY AMS
Study of the performance achieved with a compact LEA prototype
D. De Maria, S. Maxeiner1, A. Herrmann1, S. Fahrni1, A.M. Müller, H-A. Synal
Encouraged by the promising results obtained
with a first prototype of the Low Energy AMS
(LEA) system (see Annual report 2020, p. 15), the
design of the instrument was further developed
in collaboration with Ionplus AG (Dietikon,
Switzerland). The implemented modifications
aim towards a more compact design, targeting
exclusively the low energy (LE) side of the
system, which in the first prototype
corresponded to the MICADAS injector. In the
new configuration, we opted for a direct
injection of the ion beam into the accelerator by
omitting focal points, both before and after the
LE magnet. In order to be able to determine the
transmission of the new system, the LE Faraday
cup was integrated directly into the accelerator
chamber. A picture of the tested prototype is
depicted in Fig.1. The footprint of the instrument
was reduced to just 1.8 m x 2.3 m.

high energy (HE) side were in the range between
20 µA and 30 µA. The achieved blank level
corresponds to a 14C to 12C isotopic ratio of the
order of 5 x 10-15. This value is limited by
background events detected inside the 14C gate.
In all the MCA-spectra, an additional peak (G1)
can be identified just above the noise bands.
Fig. 2 shows an example of a spectrum collected
whit a pre-sputtered blank (PhA).

Fig. 2: MCA-spectrum taken on a pre-sputtered
blank sample (PhA). The pressure within the
detector was 8.2 mbar. The bias voltage was set
to 450 V.
Different hypotheses were tested to explain the
the observed spectra, in particular: heavier than
mass 14 ions with the right p/q ratio of the HE
magnet scattered at the ESA plates, meta-stable
nitrogen states reaching the stripper due to the
shorter path of the direct injection geometry, or
particles deflected through collisions with
stripper gas diffusing into the LE magnet. The
performed studies tend to reject these
hypotheses, however the observed count rates
for the MCA spectra do not allow to identify
unequivocally the source of the background.

Fig. 1: Picture of the modified prototype of LEA. A
more compact design of the injector was
achieved by omitting intermediate focal points in
the ion optic, both before and after the LE
magnet.
The performance of the instrument was tested at
a terminal voltage of ca. 49 kV at the acceleration
stage. The source potentials sum up to ca. 39 kV.
Measurements were performed using standards
(Ox2), blanks (PhA) and machine blanks. The
currents obtained for the stable 12C isotope at the

1
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ISOBAR SEPARATION OF 32Si FROM 32S
Investigation of a passive absorber
M. Schlomberg, C. Vockenhuber, H.-A. Synal
into the 32Si peak hampering 32Si measurements
at 15 MeV.

Within the SINCHRON collaboration, it is planned
to redetermine the half-life of 32Si and AMS is
used to determine the absolute number of 32Si
atoms. To perform this measurement, it is
essential to separate 32Si from its intense isobar
32
S. Separation is achieved by utilizing the
different stopping powers of Si and S which
depend on their nuclear charge. The separation
was investigated by placing a passive absorber
consisting of a gas cell to stop 32S in front of a gas
ionization detector. The size and the thickness of
the silicon nitride (SiN) foils had to be optimized
to reduce scattering losses for high efficiency
detection of 32Si and to avoid background from
light recoil ions.

Spectrum 1. Anode

100

100

32Si

counts

Counts

SiN

At 30 MeV, it was possible to separate silicon
from its isobar sulphur (Fig. 2). However, the high
32
S current produces light recoils from the
absorber material (H, N, C, O) which create a
background in the spectrum. To reduce this
background, Ar as an absorber gas together with
a thin entrance foil in front of the detector was
chosen to avoid light recoil atoms having the
same energy as the transmitted 32Si.
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Fig. 2: Spectrum of 1st Anode of a sample
containing 32Si.

Anode

Furthermore, the ion beam widens during the
transmission through the absorber cell due to
scattering. Therefore, the geometry of the
absorber setup must be chosen such that the
efficiency of the detector is maximized given the
fragility of the foils. To measure this efficiency, a
second gas ionization detector without an
absorber cell was installed next to the 32Sidetector enabling comparison measurements
e.g., by switching the same beam between both
detectors to compare the counting rates or by
fast pulsing two stable isotopes with a known
isotopic ratio (30Si and 29Si) into the detectors
allowing a quasi-simultaneous isotopic ratio
measurement.

Fig. 1: Simplified passive absorber setup.
Using Ar as stripper medium at the Tandem
accelerator and choosing the plateaus in the
equilibrium charge state distribution of silicon,
possible mass fractional effects shall be reduced,
and thus the accuracy of the measurements
increased. These boundary conditions gave two
possible energies for the ion beams in the
separational process 15 MeV and 30 MeV.
The statistical nature of the stopping process
results in a range distribution of the ions in the
absorber. By optimizing the pressure of the gas
absorber cell at 15 MeV, we were able to
separate the peak of the range distribution of Si
from its isobar S. However, the tail of 32S reaches
21
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Si SIGNAL AFTER THE PASSIVE ABSORBER

Behaviour of stopping powers at low energies
M. Schlomberg, C. Vockenhuber, H.-A. Synal
To separate 32Si from its isobar 32S using a passive
absorber, sulphur must be stopped in the
absorber medium such that only silicon reaches
the detector. During the stopping process light
recoils are produced which lead to a background
signal in the gas ionization detector. Fig. 1 shows
a spectrum of a sample containing 32Si (red circle)
measured with a not yet optimized absorber
setup regarding the reduction of the background
signals. 32Si is clearly identified by switching
between a blank and a sample.

To investigate this behaviour, the detector was
installed at the TANDY 500 kV facility without an
absorber and using the same electronics.
Subsequently, the peak positions of different
ions at various energies between 381 and
1965 keV were recorded in a 2-D spectrum
(Fig. 2). The same behaviour as described above
(Fig. 1) was observed.

Fig. 2: 2-D spectrum of different ions with
different energies being stopped inside the
detector.
The observed effect seems to originate from the
so-called Z1-oscillation [1]. At low energies, the
stopping power is dominated by elastic
scattering. At a given constant velocity,
combined with shell effects this results in a
stopping power which is a superposition of a
linear function and a sine function, hence Z1
oscillation. With Si being close to the minimum in
this oscillation, Si loses less energy and thus it
travels further into the detector leaving a higher
signal on both anodes. This dependence
increases towards smaller energies explaining
the measured pattern in Fig. 2. In our case, the Z1
oscillation is beneficial since it improves the
identifiability of 32Si towards potential sulphur
ions and the light recoils.

Fig. 1: 2-dim spectrum of a sample containing
Si using a passive absorber in front of a gasfilled detector.
32

In Figure 1, the distribution simulated with SRIM
stopping powers of Si (red line at the bottom)
and background signals are shown (color lines).
The simulation does not describe the measured
32
Si spectrum well. The position of the 32Si peak
lies slightly above the background from the light
recoils (C, N) and not below as it would be
expected
assuming
stopping
powers
proportional to Z2.

[1] B. Fastrup et al., Mat. Fys. Medd. Dan. Vid.
Selsk. 35 (1966) 28
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TOTAL RECALL - MEMORY IN ION SOURCES
Investigating short- and long-term contamination with 35Cl and 37Cl
S. Pavetich1, S. Merchel2, C. Vockenhuber, P. Gautschi
The broad range of applications of accelerator
mass spectrometry (AMS) results in isotopic
abundances spanning many orders of
magnitude. Hence, minimization of short-term
(direct sample-to-sample) and long-term
contamination (build-up of reservoir of sputtered
material and remobilization of this material) are
key requirements for high-quality AMS
measurements [1, 2]. These effects can vary
greatly between different ion sources and are of
particular importance for volatile elements like
Cl, I, Cs and Pb where remobilization and
ionization are more likely to occur.

Fig. 2: Fit for 2nd run on 1st enriched sample.

Ion source contamination effects were
investigated in the Cs-ion gun ion source and the
MICADAS type ion source at the ETH. AgCl
samples with natural isotopic Cl composition and
samples highly enriched in 35Cl (35Cl/37Cl~999),
respectively, were prepared for the experiments.
After measuring the 35Cl/37Cl ratio on the
enriched samples for 40 min (two samples
20 min each), the investigated ion sources were
purposely contaminated by sputtering samples
of natural isotopic Cl composition for 80 min
before measuring the 35Cl-enriched samples
again (Fig. 1).

This procedure was repeated several times for
both ion sources. Following our earlier approach
[3], the time development of the 35Cl/37Cl ratio in
the runs on the 35Cl-enriched samples was fitted
with exponential functions, to determine (a) the
limit value, the 35Cl/37Cl ratio is approaching, (b)
the offset from that value at t=0 and (c) a
characteristic recovery time for the respective
ion source (Fig. 2). Preliminary results for both
ion sources show a high limit value of
35
Cl/37Cl >700, indicating low contamination
levels. Furthermore, the contamination does not
show an increasing trend over time, indicating a
lower memory effect than any other ion source
investigated earlier [3]. Characteristic times to
recover from short-term contamination are <60 s
for the Cs-ion gun ion source (much shorter than
any ion source in [3]) and in the order of 300 s for
the MICADAS ion source. Some variability in the
fit parameters, point towards the necessity of
further detailed data analysis.
[1] R. Middleton, NIMB 5 (1984) 193
[2] L.R. Kilius et al., NIMB 123 (1997) 5
[3] S. Pavetich et al., NIMB 329 (2014) 22

Fig. 1: Time evolution of 35Cl/37Cl ratios in all
runs performed with the Cs-ion gun ion source
(enr= 35Cl/37Cl~999; nat = 35Cl/37Cl=3.127).

1
2

23

Australian Nat. Univ., Canberra, Australia
Physics, Univ. of Vienna, Austria

Ion Beam Physics, ETH Zurich

Annual report 2021

UNIVERSAL INTERFACE FOR 13C AND 14C MEASUREMENTS
Setup description and promising first results
M. Wertnik, C. Welte, L. Wacker, N. Haghipour
AMS measurements run for 10 minutes each
(Fig. 2).

Samples consisting of or containing organic
carbon, like wood or sediments, can be
simultaneously analyzed for stable carbon
isotopes and 14C using an elemental analyzer (EA)
coupled to both an isotope ratio mass
spectrometer (IRMS) and an AMS [1]. In the
existing EA-IRMS-AMS setup, samples are burnt
in the EA and split in the IRMS, such that 10% of
the gas goes to the IRMS and the rest is measured
on the AMS.
The above setup, however, only works for
organic samples. To achieve simultaneous
measurements of 13C/12C and 14C/12C across a
wide range of both organic and inorganic
samples, we extended our universal gas interface
system (GIS) [2] used for routine AMS
measurements to a combined GIS-IRMS-AMS
method by applying a split after the GIS.

Fig. 2: Results of combined AMS and IRMS 13
measurements of oxaII by measurement order.
Between samples 8 and 9 the measurement was
interrupted. Sample 9 possible contaminated by
blank gas. a) F14C measured on AMS. b) δ13C
measured on IRMS (green triangles and crosses)
and AMS (purple circles).
These first tests with the EA result in a precision
of 0.28‰ δ13C for IRMS and 0.9% in F14C for the
AMS. To achieve the desired precision of 0.15‰
δ13C [3], further tests with different reference
materials are planned as well as steps to
streamline the measurement processes.

Fig. 1: Schematic of universal interface for GISIRMS-AMS.

[1] C. McIntyre et al, Radiocarbon 59 (2017)
893
[2] L. Wacker et al., NIMB 294 (2013) 315
[3] J. Trubač et al., RCM 33 (2019) 1355

First measurements of oxalic acid (NIST
SRM4990C, F14C=1.3406, δ13C=-17.8‰) have
been performed using the EA for CO2 conversion
(Fig. 1). Samples were weighed in to 100 μg of
carbon. The GIS traps the CO2 peak from the EA
at 13°C before releasing it into the syringe where
it is diluted to ~4.3% CO2 in He. From the syringe
it is split into the IRMS (15-20%) and the AMS (8085%).
Each sample is measured on the IRMS for 5 min
in between to peaks of reference gas, while the
24
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A NEW UV-OX SET UP FOR AMS RADIOCARBON ANALYSIS
Dissolved organic carbon in small samples of marine and fresh water
N. Haghipour1, M. Lupker1, L. Wacker, T.I. Eglinton1
Radiocarbon measurements of dissolved organic
carbon (DOC) can give us valuable information
about origin and age of DOC, a major, yet little
understood component in the global carbon
cycle [1]. One way to measure DOC in water is to
remove dissolved inorganic carbon first, oxidise
organic carbon with UV irradiation and ultimately
analyse the formed inorganic CO2 for 14C. The
main challenge of UV-Oxidation (UVox) methods
is to extract the typically low concentrations of
DOC with low blanks required for relatively high
precision 14C measurements. A disadvantage of
currently used UVox methods is that only one
sample can be oxidized in a laborious process at
the same time.
Here we present a UV-Oxidation system (Fig. 1),
where up to 12 water samples can be oxidized
simultaneously in 12 separate quartz reactors
arranged around a single UV lamp in a compact
setup. The simple setup further uses helium
instead of vacuum typically used by conventional
extraction lines to speed up the extraction of the
formed CO2 after oxidation.
The key improvements of the new UVox setup
are:
Reduced amount of water needed (3050 ml) as samples are measured for 14C with
the Micadas gas ion source.
UV oxidation efficiency for standards is high
(96%).
No KI trap is needed.
Required time for sample preparation of up
to 12 samples is 4-6 h.

Fig. 1: A: UV oxidation, B: fan, C: reduction oven,
D: temperature controller, E: water trap, F: CO2
trap, G: pressure gauge, H: CO2 transferring tube.
[1] P.A. Raymond et al., Org. Geochem. 32
(2001) 469

Next, the line will be tested for reproducibility
and its process blank before analysis of the first
samples.

1
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IMPROVEMENTS ON MICROSUBLIMATION
A novel purification approach for compound specific 14C analysis
C. Heusser, A. Wagner, L. Wacker, C. Welte, T. Eglinton1
apparatus minimizing the inner surfaces. The
cold fingers provide a built-in capillary system
that enables evacuation and purge of the vials
prior to sublimation. The cold fingers are cooled
using Peltier elements.

Advancements in radiocarbon analysis of ultrasmall samples (i.e., < 20 µg C) has been made
possible within the last years due to technical
improvements regarding AMS instrumentation
and sample introduction [1]. This opened doors
to new research fields and allowed, for example,
compound specific radiocarbon analysis. When it
comes to small samples of a few ten micrograms
however, the effect of even small amounts of
contaminants, e.g. column bleed from
preparative gas chromatography (prep GC) or
high-performance liquid chromatography (HPLC)
cannot be neglected. Purification of compounds
by (micro)sublimation is a novel and promising
approach to remove such contaminants and
allow robust and more accurate 14C
measurements.

Fig. 1: Schematic
of
the
microsublimation apparatus.

In a previous master thesis, a first prototype
microsublimaton apparatus has been designed
by modifying a commercially available apparatus.
In a second step, it was characterized with regard
to types of compounds sublimable, sublimation
efficiency and contamination introduced during
the process [2]. The constant contamination [3]
was found to be 2 ug C with a F14C of 0.45.
Building on these findings, a novel apparatus has
been designed and manufactured in-house with
the main goal being the reduction of the
contamination. The working principle of the
apparatus, which allows the direct transfer of a
heated target compound onto a metal capsule
attached to a cold finger, was not changed. Major
sources for contamination have been identified
to be the large aluminum capsules used for
containment of the sublimed material and
exposure of the compounds to large inner
surface areas during sublimation.

redesigned

Dedicated metal capsules are punched from
aluminum foil and attached to the cold finger.
The cold finger tips can be removed from the
apparatus and heat-treated after capsule
attachment but prior to sublimation. With the
new design, the simultaneous sublimation of
four samples is possible, which allows timesaving
and reproducible experiments.
The new apparatus will be characterized and
tested for a variety of compounds, such as amino
acids, lignin phenols or fatty acids. Where
successful, the novel approach will allow
significant improvement of existing methods for
purification of specific compounds.
[1] N. Haghipour et al., Anal. Chem. 91 (2019)
2042
[2] C. Heusser, MSc thesis ETH Zürich (2020)
[3] C. Welte et al., NIMB, 437 (2018) 66

A schematic of the new and extremely compact
design is shown in Figure 1. Small commercially
available glass vials carrying the sample are slid
over the cold finger and attached directly to the

1
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PARTICLE-SPECIFIC RADIOCARBON DATING
First tests of employing flow cytometry for particle sorting
K. Nakajima, C. Heusser, C. Welte, L. Wacker, T.I. Eglinton1
sorting recovery rates of ~80% were achieved
routinely for diameters of 1-40 µm, covering the
typical size range for many pollen species. This
allows sorting a sufficient amount within one
hour.

Advancements in AMS technology have enabled
14
C analysis of samples containing few µg of
carbon. This has opened up doors to new
scientific approaches such as compound-specific
14
C analysis [1]. Flow cytometry is an analytical
technique, well-established in the bioscience
field for cell sorting that can separate individual
particles based on their optical characteristics.
First attempts of employing flow cytometry for
the extraction of particles in a geological context
have been made [2, 3]. In the framework of a PhD
project, the feasibility of particle separation from
sediments using the dedicated flow cytometer
located at the ETH Biogeoscience group is
explored. The aim is to improve the purity of
particles, in particular pollen and coccoliths, for
14
generating
robust,
particle-specific
C
chronologies for lake and marine sediment cores.
Sorting is achieved by injecting a solution with
suspended particles into the instrument. A
stream of micro-droplets is generated and when
passing through a laser beam, the forward and
side scatter as well as fluorescence are analysed.
If optical parameters meet specified sorting
criteria, an electric charge is added and the
respective droplet is deflected and collected.

Fig. 1: Fluorescence distribution of particles
from a lake sediment sample after standard
pollen extraction. Each dot represents the
fluorescence intensity of an individual particle at
~530 nm and ~580 nm in response to excitation
by a 488 nm laser: pollen (pink, 0.5% of detected
particles), non-pollen particles with pollen-similar
light scatter (green, 4%), and other, smaller
particles (red).

Thorough
characterization
using
pollen
standards of different species enabled to deduce
optical parameters and optimal instrument
settings for effective pollen sorting (Fig. 1).
Forward and side scatter intensities,
corresponding to size and surface complexity,
respectively, where similar for pollen and nonpollen particles of similar size. Fluorescence,
however, was found to be substantially
enhanced for pollen than for other particles.

Currently, the protocols for pollen extraction and
the sorting procedure are further optimized,
including the transfer of sorted particles into
capsules suitable for combustion in the ProtoMicadas. The next steps will involve expanding
the method for other particles such as coccoliths.
[1] T. Eglinton et al., Anal. Chem. 68 (1996) 904
[2] R.K. Tanner et al., J. Quat. Sci. 28 (2013) 229
[3] P.R. Halloran et al., Geochem. 10 (2009)
Q03001

Due to the small mass of pollen, tens of
thousands of pollen are required for robust 14C
analysis making sorting efficiency an important
parameter. In particular, a large particle size had
a negative impact on the sorting yield. Still,
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RADIOCARBON

Thousand-years old silk fragment from Gródek upon the Bug river (PL) shows traces of metal

14

C preparation lab in 2021

Thousand years old silk and bones
14

C chronology of Tunnug 1 Burial, Tuva Republic

New solar event discovered in tree rings
14

C age of pollen grains from Lake Van (Turkey)

The age of the vanished lake in Rona (GR)
The aftermath of the July 13th extreme storm
14

C in wine and coffee

Literature analysis
14

C in the subtropical North Atlantic in 2020

Inter-comparison of 14C in seawater
14

C analysis and longevity of bivalves

Estimating the growth rate of a kidney stone
Runoff drives the export of soil organic carbon
Hillslope soil dynamics in the upper Rhône basin
29

Ion Beam Physics, ETH Zurich

Annual report 2021

Carbon pools in high latitude rivers
Source of organic carbon in Mackenzie lakes
Organic matter in marine oxygen minimum zones
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C PREPARATION LAB IN 2021

Overview of samples and laboratory activities
I. Hajdas, M. Alter, S. Bollhalder, N. Brehm, D. De Maria, P. Gautschi, G. Guidobaldi, N. Haghipour,
K. Kündig, G. Scacco, A. Synal, L. Wacker, A.-M. Wefing, M. Wertnik, C. Welte, K. Wyss
with research projects centered at calibration
using tree rings, and analysis of sea water to
study ocean currents.

The ever-growing spectrum of research
disciplines that apply 14C analysis assures
interesting projects in radiocarbon laboratories
around the world. Our laboratory has a long
tradition of interdisciplinary research projects
(Fig. 1), which are combined with development
of the AMS techniques. Such a combination
allows a direct exchange and true collaboration.
A proper and thorough treatment of samples
including the separation of the carbon fraction
that is suitable for dating is the key for accurate
radiocarbon dating.
reference
material

art water

environment
climate

Targets
Research
Archaeology
1252
Art
246
Bomb peak
160
Calibration
1493
Climate
70
Environment
184
Geochronology
980
Ocean
737
Water
328
Other
29
Reference material
260
Total
5739
Tab. 1: Number of targets analysed after
preparation by the LIP 14C laboratory in 2021.

bomb peak
other soil
geochronology

ocean
archeology

biogeochemis…
calibration

Fig. 1: 14C analysis for various
disciplines, during the last year.

The smaller portions of the ‘14C research pie’ are
also very interesting as samples of air, leaves,
trees and water provide information of the
environment. 14C levels in the atmosphere (bomb
peak) give information about pollution with fossil
fuel combustion and monitoring the bomb peak
is essential for environmental studies as well as
for forensics. The increase of analysis of art
objects is due to an increase in service analysis
for forensic studies of paintings. On other hand
commercial analysis of antique objects declined
following implementation of due diligence
acceptance protocol outlined on our web page.

research

Our laboratory performs analysis on various type
of samples. During the last year a total of more
than 3860 samples were prepared by the LIP
laboratory assistants and measured as graphite
or GIS targets. Table 1 shows the numbers of
analysis for various research disciplines. Some
samples (e.g., mortar or foraminifera) might have
multiple fractions measured. Other samples have
duplicates or multiple analysis for example to
improve precision. The numbers of analysis
reflect involvement of our laboratory in dating
archeological sites in Switzerland and other
countries. Geochronology represents an
important portion with samples originating from
various countries. Two large fractions are related

In summary, we are looking back at 2021 as an
exciting year filled with interesting and fruitful
projects, despite complications due to
pandemics.
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THOUSAND YEARS OLD SILK AND BONES
14

C dating the remains found in the Gródek upon the Bug stronghold

I. Hajdas, M. Woloszyn1,2, M. Cybulska3, T. Dzieńkowski4, M. Maurer, M. B. Röttig, G. Guidolbaldi, K. Wyss
material is treated. Nevertheless, the chemical
treatment is destructive and textile threats are
damaged and separating when treated. In that
process the metal fragments became apparent.
Moreover, bones from recent excavations were
analysed (Fig. 3).

Fortified constructions along the river Bug,
eastern border of Poland (50°48ʹ15ʺN 23°57ʹ3ʺE)
have been extensively excavated in the mid 20th
century [1]. More than 50 years later the rich
material is investigated using new modern
techniques [1]. The new field work and
excavations conducted during the last decade
provided new material. Bones and textiles found
in graves excavated in 1950s as well as from the
new field campaign were submitted for 14C
analysis.

Fig. 3: Decalcification process of bones from
Gródek graves. This step proceeds gelatinization
and ultra-filtration.
Gelatine separated from the bones was treated
using ultra filtration, lyophilized and graphitized
after combustion in Elemental Analyser. Bones
provided radiocarbon ages coherent with the age
of textiles. Such an agreement between results
obtained on different type of material provides a
crosscheck on the accuracy of the ages and
reliability of the treatment methods. Our results
provide a chronology of the Gródek stronghold,
which is an important Polish archaeological and
historic site.

Fig. 1: Fragment of silk GnB-230/III/IV/S (ca.
10 mm wide) found in the graves of Gródek and
submitted for radiocarbon dating.
The first radiocarbon ages obtained on material
from the 20th century excavations confirmed that
textiles were produced in 11th - 12th centuries CE,
as based on the textile analysis [2].

[1] R. Dobrowolski et al., Quat. International
493 (2018) 258
[2] M. Cybulska et al., The Early Medieval
Settlement Complex at Gródek Upon the
Bug River in the Light of Results from Past
Research (1952-1955) (2018)

Fig. 2: Fragments of fibre and small metal
pieces separated form textile after chemical
treatment.

1

Leibniz Institute for the History and Culture of
Eastern Europe - GWZO, Leipzig, Germany
2
Institute of Archaeology Univ. of Rzeszów, Poland
3
Lodz Univ. of Technol., Poland
4
Inst. of Archaeology, Maria Curie Skłodowska Univ.
Lublin, Poland

Moreover, preparation of samples confirmed
that the silk fragments (Fig. 1) had metallic
threads made of gold (Fig. 2). Standard AcidBase-Acid (ABA) treatment used in radiocarbon
laboratories is modified when fragile silk or wool
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C CHRONOLOGY OF TUNNUG 1 BURIAL, TUVA REPUBLIC

Comparing analysis of pretreatment methods of wood and bone
F. Pawełczyk1, I. Hajdas, T. Sadykov2, J. Blochin2, G. Caspari3,4
A few years ago, a Scythian royal tomb had been
discovered in the Tuva Republic, Russia [1].
Following this discovery, dozens of burials were
excavated in the periphery and subjected to
anthropological and archaeological analysis
[2, 3]. In addition, an inter-comparison study of
preparation methods for different types of
material was performed [4].
Nine human bones, nine animal bones and 11
pieces of wood were prepared. Gelatin extracted
from bones was purified using the UF method but
the extraction from bones was modified with
respect to acid and base treatment. Wood
samples were treated as whole using acid-baseacid and cellulose was extracted for comparison.

Fig. 1: Multiple plot of calibrated radiocarbon
ages obtained on human bones (H), animal bones
(A), and wood (W). The sample numbers
correspond to the archaeological structure. Ages
of paired preparations (UF1 and UF2 for bones
and ABA and Cellulose for wood) were combined
when coherent (agreement at 2σ level).

Tab. 1: Summary of preparation steps. For bone
samples, two ultrafiltration protocols were used
(UF1, UF2), preceded by a modified Longin’s
method; for wood, standard protocol (ABA) and
pretreatment with cellulose extraction (BABAB)
were applied [3].

[1] G. Caspari et al., Rock Art Res. 37 (2020) 53
[2] M. Milella et al., American journal of
physical anthropology 174 (2021) 3
[3] T. Sadykov et al., PlosOne 16 (2021) 7
[4] F. Pawelczyk et al., Radiocarbon. in press

For most of the samples, the UF1 and UF2 gelatin
batches both gave satisfactory results in terms of
the C/N atomic ratios (3.2–3.3).
The results of dating confirmed a highly
consistent chronology of the sites centered at
200–400 CE, however, a few bones resulted in an
offset between ages obtained by different
methods. The extraction of cellulose was limited
due to the poor preservation of wood. Our
results highlight problems of dating poorly
preserved bones and wood.

1

Silesian Univ. of Technology, Gliwice, Poland
Russian Academy of Sciences, St. Petersburg, Russia
3
Univ. Sydney, Australia
4
Univ. Bern
2
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NEW SOLAR EVENT DISCOVERED IN TREE RINGS

Radiocarbon in tree rings reveals new solar proton event in 5259 BCE
N. Brehm, L. Wacker, R. Muscheler1, A. Bayliss2, K. Nicolussi3, T. Knowles4, C.L. Pearson5, R. Hanterimov6
To detect possible 14C events, we measured
radiocarbon in tree ring records from 5300 to
5175 BCE at annual resolution with accelerator
mass spectrometry (AMS).

The sun sometimes emits large quantities of
highly energetic particles accelerated either by
magnetic reconnection in solar flares or by shock
waves associated with coronal mass ejections
[1]. Such massive ejections are called solar
energetic proton (SEP) events. Little is known
about strong SEP events and the question arises
how often they occur as they can potentially
cause major damage to satellites and even
disrupt sensitive ground based electronic
systems [2] when reaching the Earth.

We discovered an abrupt, strong 14C increase in
different trees from Ireland, the United States of
America, Austria and Siberia grown more than
7000 years ago (5259 BCE). The significant
increase in 14C can be seen in each of the four
investigated trees (Fig. 1). The sudden rise of
about 2% in atmospheric 14C concentration is
observed in the year 5259 BCE, which is larger
than the 1.5% increase found for the so far
strongest known event 775 AD [4].

Since direct observations of SEP events are
limited to the last few decades, cosmogenic
radionuclides can be used to detect such events
further back in time. The production rate of
cosmogenic nuclides like radiocarbon is primarily
dependent on the incoming flux of galactic
cosmic rays (GCR). Normally, the solar wind, a
plasma of free protons and electrons, shields the
Earth from GCRs, resulting in a lower production
of cosmogenic radionuclides when the sun is
active and vice versa. But, when the sun expels
large amounts of highly energetic particles into
the interplanetary space, those particles may
cause a sudden increase of cosmogenic
radionuclide production on Earth.

14
Fig. 1: Measured
decay
corrected
C
concentrations in rings of four trees from England
and Austria in comparison with the IntCal20
calibration curve slightly more than 7000 years
ago.

To date, there are only a handful of findings of
sharp increases in cosmogenic nuclide
production that can be attributed to SEP events
[3] and that are confirmed in several radionuclide
records (10Be, 36Cl and 14C). The reason for this is
a lack of long annually resolved radionuclide
records and sometimes the quality of the
radionuclide records, which may suffer from
noisy
or
strongly
dampened
signals.
Nevertheless, when found in different archives,
such as 14C in tree rings or 10Be or 36Cl in ice cores,
such spiked increases are extremely valuable as
they allow the precise synchronization of
timescales of the different records.

[1]
[2]
[3]
[4]
1

P. O'Hare et al., PNAS (2019) 116
C.J. Schrijver et al., Space Physics (2012) 117
F. Mekhaldi et al., Nat. Comm. 6 (2015) 8611
F. Miyake et al., Nature 486 (2012) 240

Lund Univ., Sweden
Historic England, UK
3
Univ. Innsbruck, Austria
4
Bristol University, UK
5
University of Arizona, USA
6
Laboratory of Dendrochronology, Russia
2
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C AGE OF POLLEN GRAINS FROM LAKE VAN (TURKEY)

Purification of pollen for 14C AMS analysis using flow cytometry
C. Steinhoff1, N. Pickarski2, T. Litt1, C. Welte3, I. Hajdas, P. Wurst4, D. Kühne4, M. Germer4, A. Dolf4,
J. Kallmeyer5
palynomorphs from the detritic particles, and
even a distinction between pollen grains and
bryophyte spores. We were able to isolate
50,000 - 800,000 palynomorphs from 10-28 cm³
initial sediment, which corresponds to a carbon
weight of 17 – 160 µg C. These samples were
subsequently dated using the gas interface at the
MICADAS.

Pollen dating is particularly useful for
establishing age models of lake sediments in
which no datable plant remains are preserved.
However, robust 14C dating requires pure pollen
concentrates in sufficient amounts. Various
chemical and mechanical methods have been
developed to separate pollen grains from the
sediment sample [1, 2]. They are suitable for
capturing large pollen grains (>70 µm), but the
proportion of large pollen in lakes in arid climates
such as Lake Van (Eastern Anatolia, Turkey) is too
low to separate them in sufficient quantity for
dating.

Fig. 2: Separated bryophyte spores (Ø <20 µm)
and small to medium sized pollen grains
(Ø <53 µm).
The results of the 14C dating show that it is
possible to date ultra-small pollen and spore
concentrates. However, a comparison of the
pollen and spore ages reveals a significant
discrepancy, with the spores appearing older
than the pollen. We assume, that due to the
preferred moist habitats of bryophytes, it is likely
that the bryophyte spores are subject to a
reservoir effect.

Fig. 1: Monochromatic light causes pollen to
emit a fluorescence signal that is measured in a
detector system. Based on the wavelength, the
multiparameter
analysis
allows
the
characterization of pollen (red) and spores (blue),
which are than separated in the sorting unit.

[1] T. Brown et al., Quat. Res. 32 (1989) 205
[2] N. Piotrowska et al., Radioc. 46 (2004) 181
[3] R. Tennant et al., J. Quat. Sci. 28 (2013) 229

Alternatively, flow cytometry (Fig. 1) allows the
separation of small to medium-sized pollen
grains and spores based on their properties of
scattered light and fluorescence [3]. As Figure 2
shows, our methodological approach- a
combination of chemical pretreatment and flow
cytometry- enables the separation of

1

Geology, Univ. Bonn, Germany
Geology, Univ. Münster, Germany
3
Geology, ETH Zurich
4
FCCF, Univ. Hospital Bonn, Germany
5
Geomicrobiology, GFZ Potsdam, Germany
2
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THE AGE OF THE VANISHED LAKE IN RONA (GR)
Drill core dating of stillwater sediments with 14C
A. Müller1, I. Hajdas, S. Ivy-Ochs, G. Guidobaldi, K. Wyss, C. Cantieni2
In the village of Rona (Graubünden, Switzerland),
there is a river named Ragn digl Plaz. This river
flows through a narrow channel (Fig. 1). A
decision to enlarge the channel was made, so
that the flow rate can be increased.

Fig. 2: Drill core obtained in 10.8 to 11.5m
depth, composed of organic silt and at the knife
point a large piece of wood.
14

C-analysis of the abundant wood fragments
found in the drill cores (Fig. 2) allowed dating of
the different layers of sediments. Therefore, it is
possible to date the lifespan of the former lake,
by dating wood from the deepest sediments and
at various shallower depths. Based on the
radiocarbon ages, the formation of the lake was
dated to early Holocene.

Fig. 1: The river “Ragn digl Plaz” flows through
a narrow channel next to a chapel in Rona, GR.
Information gleaned from previous construction
projects in this area showed that the subsoil is
known to be rather inconvenient for
constructions. Therefore, the geological situation
was evaluated before the construction works
were ordered. Two exploratory drillings were
done to determine the composition of the
ground down to a depth of 20 m. Consequently,
two drill cores were obtained, allowing for a
characterization of the underlying sediments.
Based on this, it was established that a vast
amount of the building ground is composed of silt
deposited in a stillwater environment. Thus, a
lake existed in the valley upstream of Rona.

1
2
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THE AFTERMATH OF THE JULY 13th EXTREME STORM
How old were the fallen trees at the ETH Hönggerberg Campus?
I. Hajdas, K. Wyss, M. Kutyrba1
In July 2021 Europe experienced most
catastrophic weather, which culminated in the
devastating floods in Germany. During the early
hours of July 13th Zurich was at the center of a
tornado storm. The damages reported showed
many trees broken by powerful winds. The
Hönggerberg hill took a heavy blow with many
trees broken and uprooted. The ETH campus
suffered loses of the trees that grew there for
decades (Fig. 1).

tree rings would require cutting the slabs and
polishing them. Fortunately, radiocarbon dating
does not require large amount of material.
Sampling the pith of the cut tree at the height of
5-10 cm above the ground allows to estimate the
first years of the tree. The first tree sampled was
a pith of a pine tree near HPT building at MarieBaum-Weg (Fig. 2). The two other trees, also
pines, survived and only some branches had to
be removed. The 14C concentration of the pith
corresponds to the mid-1960s. So was the center
of the maple tree near the Physics Mensa.
However, review of the ETH archive pictures
shows that the constructions of HPT building (as
a second building after HPK) was still underway
in 1965. The other physics buildings were built
later. The pine tree and probably all the old trees
growing above the parking lot were planted were
after all the physics building were completed in
the early 1970s (Fig. 3). Also, the pith in the
maple trees near the Physics Mensa dates to the
mid-1960s. Dating of a younger tree planted near
HPL confirms that the trees were ca. 5 years old
when planted.

Fig. 1: Trees broken on July 13th, 2021.

Fig. 3: Overview of the ETH Campus dated 1973
https://ba.epics.ethz.ch/catalog/ETHBIB.Bildarchiv/r/194/

Fig. 2: Sample of the pith from pine tree (HPT).
The broken trees had to be removed and the
gardener’s teams were working very fast. If one
wanted to know how old the trees were counting

1
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C IN WINE AND COFFEE

AMS 14C for detection of food forgeries- an intercomparison study
I. Hajdas, L. Calcagnile1,2, J. F. Dias3, M. Molnár4, G. Quarta1,2, K. Wyss
During the last 4 years, three AMS laboratories
were involved in the IAEA CRP (Coordinated
Research Projects): Enhancing Nuclear Analytical
Techniques to Meet the Needs of Forensic
Sciences. In addition to being involved in
different working groups (food, cultural
heritage), a dedicated AMS 14C work package was
formed. In the frame of this work package the
potential of 14C for forensic applications was
demonstrated. Most of forensic applications rely
on detection of the bomb peak 14C. The Mellita
coffee from Brazil (Fig. 1) was investigated using
ion beam techniques and in 2017 sampled for 14C
analysis [1].

Bomb Peak SHZ3 Hua et al., 2021
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Fig. 2: Results from all the labs obtained on
coffee sampled in 2017 were combined F14C [2]
and calibrated using the SHZ3 curve [3].
Results obtained for various wines chosen in this
study showed an agreement between the
laboratories. With an exception of one wine all
the samples showed 14C content consistent with
the label [4].

Fig. 1: Wine and coffee (right) sampled for
intercomparison study.
The results of the intercomparison show
excellent agreement between the laboratories as
well as highlight the importance of using the
regional Bomb Peak calibration curves (Fig. 2).

Fig. 3: Tubes with wine samples were frozen
during to evacuation (left) and sealed off with a
propane torch (right).

At ETH laboratory, the first preparation of wine
by combustion in elemental analyzer showed
reproducibility problems. Therefore, we turned
back to our old methods of combustion i.e., the
closed and evacuated Vycor tubes (Fig. 3). The
Debrecen and Lecce laboratories also used the
closed tubes method [4]. Wine is very carbon rich
and only 2 or 3 mg suffice to extract more than
1 mg of C. However, evacuation requires that the
wine sample is frozen. In our lab we simply use
LN bath (Fig. 3).

[1]
[2]
[3]
[4]
1

P. Chytry et al., JFS submitted
G. Quarta et al., Radiocarbon in press
Q. Hua et al., Radiocarbon in press
G. Quarta et al., Radiocarbon submitted

CEDAD, University of Salento, Lecce, Italy
INFN, Lecce, Italy
3
Federal University of Rio Grande do Sul, UFRGS, Brasil
4
ICER, Atomki, Debrecen, Hungary
2
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LITERATURE ANALYSIS
Radiocarbon measurements of paper from books
P. Gautschi, N. Brehm, M. Wertnik, K. Wyss, L. Wacker
AGE 3 [2] and subsequently measured on the
MICADAS [3].

Books and similar paper products are often
produced out of extracted cellulose from trees.
This makes them well suitable for radiocarbon
dating. However, precise calendar age calibration
and interpretation of the measured radiocarbon
ages are difficult. Unknown factors such as
different tree ages, i.e. number of tree rings, go
into the production of paper. Also storage time
between the harvest of a tree and the final
publication varies and is usually not known.
Therefore, the atmospheric integration time of a
paper product is also an unknown distribution.

Fig. 2: Radiocarbon measurement of books
compared to the free troposphere. A model for
the radiocarbon content of paper is shown for
different sets of parameters as dashed lines.
For the three selected journals with volumes
published between 1947 and 2021 the measured
fraction modern shows a dampened
tropospheric signal due to the tree ring
integration over several years (Fig. 2). The large
scatter of the data points, especially between the
1970s and 1980s, reflect the large influence that
the selection (age range) of different trees have
on the final radiocarbon content of a journal.
A reference model for the radiocarbon content of
paper was developed. It assumes that for paper
production, a tree with a fixed number of rings,
linearly accumulates more atmospheric carbon
each year based on a constant tree ring width.
Additionally, an offset of 2 years is introduced to
account for drying and storage time. The
resulting curves are shown in the figure for
selected sets of parameters.

Fig. 1: One out of 52 Books which have been
analysed for this contribution.
To get an impression of how these uncertainties
influence the radiocarbon age, a series of 52
annually published books (Fig. 1) have been
prepared for radiocarbon dating. Cellulose was
extracted with a slightly modified procedure
following Němec et al. [1], graphitized on the

[1] M. Němec et al, Radiocarbon 52 (2016)
[2] L. Wacker et al, NIMB 268 (2010)
[3] H.-A. Synal et al, NIMB 259 (2007)
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C IN THE SUBTROPICAL NORTH ATLANTIC IN 2020

The JC191 cruise across 24.5° in 2020
M. Castrillejo, L. Wacker, S. Bollhalder, K. Kündig, G. Scacco, J.G. Lester1, H.D. Graven1
majority of 14C introduced via nuclear weapon
tests still resides in shallow and intermediate
waters. Relatively high values of D14C, above 100‰, are also found in the western part of the
section as consequence of the penetrations of
North Atlantic Deep Waters that transport
recently ventilated waters along the Deep
Western Boundary Current.

In 2020 over 400 samples were collected across
the subtropical North Atlantic for the analysis of
D14C in dissolved inorganic carbon of seawater.
The JC191 cruise revisited key locations that
were sampled for 14C in earlier decades. The new
sampling was conducted in order to infer the
temporal evolution of D14C in the water column
caused by ocean circulation transport and the
air-sea exchange of carbon dioxide.
Seawater was collected using foil bags [1] instead
of borosilicate bottles to avoid hazardous
additives such as mercury chloride for sample
preservation. The foil bags were filled with
400 ml of seawater, frozen onboard and sent to
LIP for the rapid extraction and graphitization of
carbon isotopes using the new, fast and precise,
in-house method [2]. A new procedure was
adopted to unfreeze and transfer the seawater
into two clean [1] borosilicate bottles in less than
24 hours (Fig. 1).

Fig. 2: Distribution of D14C along the subtropical
North Atlantic during JC191 cruise.
This new dataset of D14C observations will
contribute to a new project that aims at
understanding and quantifying the mechanisms
involved in the oceanic redistribution and
storage of (radio)carbon in the North Atlantic
region. This project is made possible thanks to
the close collaboration LIP and Imperial College
London, and the funds provided to M. C. as part
of the Postdoc Mobility Program of the Swiss
National Science Foundation.

Fig. 1: Foil bags used to store the seawater prior
to the separation of two sub-samples in
borosilicate bottles.

[1] C.L. Bryant et al., Radiocarbon 55 (2013)
401
[2] N. Casacuberta et al., Radiocarbon 62
(2019) 13

The data depicted in Fig. 2 show a large spread of
D14C values ranging from approximately -150‰
to 50‰, indicative of a mixture of very old and
young water masses. The zonal distribution of
D14C shows values above 0‰ in the upper
1000 m of the water column suggesting that the

1

40

Physics, Imperial College London, UK

Ion Beam Physics, ETH Zurich

Annual report 2021

INTER-COMPARISON OF 14C IN SEAWATER
Ensuring high-quality results between laboratories
M. Castrillejo, R. Hansman1, S. Bollhalder, K. Kündig, G. Scacco, J. G. Lester2, H.D. Graven2, L. Wacker
ages and 14C values (Fig. 1). One set of 14 samples
was sent to NOSAMS. The other 14 samples were
analyzed at LIP. Each laboratory used different
extraction and graphitization methods, and their
own Accelerator Mass Spectrometry facilities.

Measurements of carbon isotopes in dissolved
inorganic carbon (DIC) of seawater are very
useful in oceanography. For example, the
temporal evolution of oceanic 14C informs about
major conduits for atmospheric carbon dioxide
into the ocean and provides valuable insight on
how fast carbon is transported across ocean
basins via ocean circulation. Changes of D14C are
small, of a few per mil (‰) per decade, thus, it is
important that analytical methods are highly
precise and that datasets produced by different
laboratories are comparable.
The Laboratory of Ion Beam Physics (LIP) has
developed a new method that allows the fast and
precise determination of 14C in small seawater
samples [1]. In order to ensure the high quality of
results, LIP conducted an inter-comparison
exercise with the world leading laboratory in
marine radiocarbon measurements: The
National Ocean Sciences Accelerator Mass
Spectrometry (NOSAMS) from the Woods Hole
Oceanographic Institution.

Fig. 2: F14C results of the 14 replicates reported by
NOSAMS and LIP.
The 14C content of the 14 duplicate samples was
reported by the two laboratories as F14C (Fig. 2).
The agreement between the results of LIP and
$
NOSAMS
is
very
good
(𝜒!"#
=
0.94, deg. of freed. : 14) at typical measurement
precisions of 1.8‰ (ETH) and 2.0‰ (NOSAMS).
The tentatively lower results from ETH
(1.4±0.9‰) are likely owed to the standard
normalization with an uncertainty of ±0.7‰,
which was applied systematically to all samples
as they were measured in a single batch at ETH.
[1] N. Casacuberta et al., Radiocarbon 62
(2019) 13
[2] M. Castrillejo et al., Annual report (2021) 83

Fig. 1: Seawater samples collected for the intercomparison (red stars) overlay the D14C
distribution obtained from the JC191 cruise [1].
Duplicate samples of seawater were collected
from 14 locations (Fig. 1) during JC191 cruise [2].
Sampled depths and locations were strategically
selected to obtain a broad range of water mass

1
2
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C ANALYSIS AND LONGEVITY OF BIVALVES

Case of warty venus Venus verrucosa in the Adriatic Sea
M. Peharda1, H. Uvanović1, M. Castrillejo, D. Ezgeta-Balić1
Bivalves deposit shell during their entire lives and
many species have clearly defined growth
increments visible in shell sections. Such shells
represent interesting archives of life-cycle data
as well as data on environmental conditions in
which they grew. Longevity of bivalves can
extend from several years to several centuries,
and validation of growth increment deposition is
an important step in sclerochronology research.
In our research, conducted in a framework of
BivACME project (Croatian Science Foundation),
we applied 14C analysis for validating annual
periodicity of growth line deposition in
commercially important clam warty venus
(Venus verrucosa).

Fig. 2: Acetate peel image of the hindge ares of
Venus verrucosa shell. Three black arrows
indicate position of three annual growth lines.
Radiocarbon data obtained for different growth
increments on V. verrucosa shells will be
compared to modelled 14C values in the mixed
layer [2] to study the longevity of this bivalve.
This is a necessary step for the marine
conservation and fishery management of
V. verrucosa.

Fig. 1: Commercially important bivalve Venus
verrucosa sampled in the Adriatic Sea.

[1] E. Arneri et al. Fisheries Research 38 (1998)
193
[2] P.J. Reimer et al., Radiocarbon 51 (2009)
1111

This analysis was initiated as the analysis of
growth lines in acetate peels of the largest
specimens collected by SCUBA in Pag Bay,
eastern Adriatic Sea, revealed longevity greater
than 16 years, what was maximal estimated
longevity of this species according to previous
studies [1]. To confirm this finding, we drilled
shell material for the 14C analysis from the
external shell surface, after removal of
prominent surface ridges.

1
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ESTIMATING THE GROWTH RATE OF A KIDNEY STONE
LA-AMS reveals longevity of a kidney stone through bomb pulse dating
C. Welte, J.C. Williams1, M. Wertnik, P. Osther2, K. Wyss, S. Zumbühl3
Urinary stones are a widespread phenomenon
and especially in developed countries the
incidence is increasing [1]. Most commonly,
these stones are made of calcium oxalate, but
also uric acid and calcium phosphate stones
occur. Few studies have investigated the time it
takes for stones to grow [2]. The radiocarbon
bomb pulse has been utilized as a biological
tracer in numerous studies, e.g. to determine the
longevity of human tissues [3]. However, this
approach has so far been applied to kidney
stones only once [4]. In that study, a 6 mm wide
specimen was estimated to have grown over
18 years.

Fig. 2:

14

C signal across the kidney stone.

The edges of the sample correspond to the
youngest layers (i.e. 0 and 23 mm) while the
centre (~8 mm) represents the oldest part.
Calibration of the respective F14C values yield a
growth duration between three and nine years.
The difference in F14C from the outer edges is
most likely caused by distortion towards lower
values caused by contamination with glue.
Further measurements are planned to confine
the age range. This study underlines the potential
of LA-AMS as a tool for age determination of
kidney stones.

Fig. 1: Thick section of a Jackstone. The sample
comes from a collection from the School of
Medicine (Indiana, USA). No information about
the patient or the date of extraction is known.

[1]
[2]
[3]
[4]

V. Romero et al., Urology 12 (2010) e86
D.J. Kok et al., Urolithiasis 45 (2017) 33
K.L. Spalding et al., Nature 437 (2005) 333
V.A. Levchenko and A.A. Williams,
Radiocarbon 58 (2016) 437
[5] C. Welte et al., Anal. Chem. 88 (2016) 8570

Fig. 1 shows the stone analyzed here. The
exceptionally large jackstone has a diameter of
approximately 2.5 cm. Fourier Transform
Infrared FTIR-ATR analysis on a thick section of
the specimen showed that the stone consists of
alternating layers of calcium oxalate dihydrate
and uric acid.

1

School of Medicine, Indiana Univ., USA
Regional Health Research, Univ. of Southern
Denmark
3
Institute of Conservation, Univ. of Applied Sciences,
Bern
2

LA-AMS results are shown in Fig. 2. A continuous
scan was performed across the sample.
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RUNOFF DRIVES THE EXPORT OF SOIL ORGANIC CARBON
Sources of particulate OC are analysed in Swiss headwater catchments
H. Gies1, M. Lupker1, S. Wick2, N. Haghipour, B. Buggle3, T. Eglinton1
organic carbon (POC) signatures, the increase of
soil-sourced organic carbon with runoff is similar
in all three studied catchments (Fig. 1).

Erosion and riverine transport of organic carbon
is an important component of the global carbon
cycle, but the significance of this process for
Earth’s surface carbon budgets depends on the
sources of carbon being mobilized. In this study,
we aim to constrain how runoff-driven erosion
modulates the contribution of different carbon
source endmembers, i.e., bedrock, soil and
vegetation, in three forested headwater
catchments in the Swiss Prealps.

This apparent existence of common processes
implies that export fluxes of soil organic carbon
may be extrapolated to similar catchments.
Overall, our analysis shows that runoff-driven soil
erosion in these alpine headwater streams is
responsible for the export of at least 0.3 to
0.8 gC m-2 yr-1 as POC. Our study also shows that
despite a significant variability in isotopic and
molecular POC signatures at low runoff, all three
catchments show a convergence of these
signatures at higher discharges (Fig. 2).
Suspended sediment samples collected at aboveaverage runoff are hence most representative of
overall endmember contributions.

Fig. 2: The ∆14C variability of POC signatures
decreases in all three rivers as runoff increases,
but while the Lümpenenbach and Vogelbach
converge towards a modern composition,
Erlenbach converges towards a mixture of
modern and fossil constituents. Squared symbols
mark data from [1].

Fig. 1: Proportion of organic carbon derived
from different endmembers in three Swiss
headwater catchments.
The sources of organic carbon are determined
using an inverse model based on bulk carbon
isotope signatures and the abundances and
distributions of long-chain n-alkane plant wax
biomarkers in suspended sediments collected
over a range of discharges. Despite landcover
differences and contrasting bulk particulate

[1] J.C. Smith et al., EPSL 365 (2013) 198
1
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3
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HILLSLOPE SOIL DYNAMICS IN THE UPPER RHÔNE BASIN
Combining 10Be- and in situ 14C-derived soil production rates
S.H. Wartenweiler1, M. Lupker2, N. Haghipour, M. Christl, T.I. Eglinton1
SPRs are roughly 1.5 to 7 times smaller than their
10
Be-derived counterparts, which may be
interpreted as a recent deceleration of soil
production and erosion in response to the
development of soils and vegetation on the
investigated slopes.

Rapidly eroding mountain ranges exert a major
influence on the fluvial export of clastic
sediments and biospheric carbon as well as their
ultimate burial in marine depositional
environments, which contributes to the removal
of atmospheric CO2. At the same time, erosion on
soil mantled hillslopes has been pointed out as
another potential carbon sink related to
mountainous landscapes since the redistribution
of soil organic matter (SOM) and mineral
particles might affect the long-term stabilization
of carbon in organo-mineral associations [1]. An
improved understanding of the temporal
variability of soil production and erosion and
their interactions with SOM cycling therefore
represents a critical prerequisite to predict how
the recent climate change and an intensified
agricultural land use will impact the global
carbon cycle through shifting hillslope dynamics.
In this study, soil production rates (SPRs) – the
erosion rates of soil-covered bedrock supporting
the formation of mobile regolith layers as well as
soil development – were quantified for hillslopes
in the Upper Rhône basin in the Central Alps,
Switzerland (Fig. 1). Rock samples of
predominantly gneissic lithologies were collected
from undisturbed soil profiles on different
landforms, including triangular faceted hillslopes
on both sides of the Rhône River as well as ridges
and slopes of the surrounding tributary valleys.

Fig. 1: Locations of the studied sites in the Upper
Rhône basin with preliminary estimates of the
10
Be- and in situ 14C-derived soil production rates.
Future modelling work along with the addition of
new sampling sites will help to further constrain
the magnitude and timing as well as the origin of
this
shift.
Moreover,
an
additional
characterization of SOM originating from the
same soil profiles than the investigated rock
samples is expected to reveal whether the
stabilization of organic matter in the soil cover of
hillslopes is controlled by SPRs.

Following the preparation of purified quartz from
the bulk rock, 10Be and in situ 14C concentrations
were measured on separate aliquots of five
samples. The combination of these cosmogenic
nuclides allows to study the short-term
variations of SPRs since the comparatively short
half-life of 14C provides a much narrower
timescale for the integration of erosion rates
than 10Be [2].

[1] S. Doetterl et al., Earth-Sci. Rev. 154 (2016)
102
[2] K. Hippe et al., Geomorphology 179 (2012)
58
1

Preliminary calculations based on simplified
assumptions indicate that the in situ 14C-derived
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CARBON POOLS IN HIGH LATITUDE RIVERS
Characterization of dissolved and particulate carbon using 14C in Iceland
N. Gallarotti1, L. Bröder1, N. Haghipour, T.I. Eglinton1
Climate change induced warming poses a risk to
the world’s small glaciers and ice caps. As such
Europe’s largest non-polar ice cap located in
Iceland has retreated rapidly during the 20th
century [1]. Previously stored particulate organic
(POC) and dissolved inorganic carbon (DIC)
enters the waterways through surface melt
water runoff and subglacial discharge. Increased
melt water production could therefore alter
carbon export of glacially fed rivers and streams
to the Ocean and subsequently impact global
biogeochemical cycles [2].
In order to characterize carbon transport
patterns of Icelandic rivers and streams, we
collected water samples from 43 catchments,
covering a wide range of watershed properties
such as size, stream order, as well water
discharge and landcover

Fig. 2: POC - F14C in Icelandic rivers and streams.
Our initial results show that DIC – F14C values in
rivers and streams with lower values is mostly
associated with glacial runoff along the southern
coast.
[1] H. Björnsson et al., GRL 40 (2013) 1546
[2] P. Chifflard et al., Water, 11 (2019) 748
1

Fig. 1: DIC - F14C in Icelandic rivers and streams.
Here, we use 14C to characterize current DIC
(Fig. 1) and POC (Fig. 2) loads to asses carbon
transport patterns. As Iceland’s bedrock does not
contain significant amounts of (radiocarbondead) petrogenic organic matter commonly
found in other cryospheric environments,
radiocarbon isotopic signatures directly translate
into storage/turnover times of the different
carbon pools.
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SOURCE OF ORGANIC CARBON IN MACKENZIE LAKES
Radiocarbon signature of biomarkers (fatty acids, GDGTs) in sediments
J. Lattaud1, L. Bröder1, N. Haghipour, T.I. Eglinton1
The Arctic is undergoing accelerated changes in
response to ongoing alterations to the climate
system, and there is a need for local to regional
scale records of past climate variability in order
to put these changes into historical context. The
Mackenzie
Delta
region
(Northwestern
Territories, Canada) is populated by numerous
small shallow lakes. They are classified as no-,
low- and high-closure lakes, reflecting varying
degrees of connection to the river main stem,
and as a result, have different sedimentation
characteristics. As for much of the Arctic region,
the Mackenzie Delta is expected to undergo
marked environmental perturbations such as
earlier melting of river ice. As a consequence, the
annual flood pulse (freshet) may decline,
potentially resulting in the disconnection of
some lakes from the river, leading to their
subsequent desiccation [1, 2]. In contrast, abrupt
permafrost thaw and enhanced thermokarstrelated processes might lead to additional lake
formation and deepening of already formed
lakes.

measurements provide insights into the
temporal evolution of the lakes, providing
context for their response to past and future
climate change.

In this study, we used sediment cores originating
from several lakes within the Mackenzie Delta
(Fig. 1), representing the three types of
connectivity to the river [3]. Radiocarbon and
stable carbon isotopic signatures of two groups
of compounds - fatty acids and isoprenoid and
branched glycerol dialkyl glycerol tetraethers
(GDGTs) - are employed as tracers of carbon
supply to, and cycling within the different lakes.
Short-chain fatty acids as well as GDGTs serve as
putative tracers of microbial production while
long-chain fatty acids originate from higher
terrestrial plants. The carbon isotopic signatures
are used to distinguish between the relative
importance of carbon inputs derived from in situ
production, as well as from proximal (lake
periphery) and distal (Mackenzie River) sources
to the different lakes in the context of their
degree of connectivity. Down-core molecular 14C

Fig. 1: Localisation of the Mackenzie River Delta
lakes studied.
[1] L.F. Lesack et al., Geophysical Research
Letters 41 (2014) 1560
[2] L.F. Lesack & P. Marsh, Water Resources
Research 46 (2010) W12504
[3] Lattaud et al., Organic Geochemistry 157
(2021) 104242
1
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ORGANIC MATTER IN MARINE OXYGEN MINIMUM ZONES
Surface core bulk and fraction-specific organic matter tracing with 14C
E. T. Bruni1, N. Haghipour, T. I. Eglinton1
offshore aging trend, roughly following alongshore OM-enriched mud belts. Density fractions
and grain size fractions indicate that young OM
preferably accumulates in silt fractions. A
quantitative analysis of total organic carbon is
still to be conducted.

Oxygen exposure time (OET) is a key variable
when it comes to organic matter (OM)
preservation and degradation [1-3]. Highproductivity systems over naturally occurring
oxygen-depleted bottom waters have some of
the highest OM concentrations in their
sediment [4]. A lot of this OM is protected from
degradation by aggregation and interaction with
mineral surfaces, which results in the decrease of
the bulk sediment’s density [5, 6]. This low
density increases the OM-rich aggregates
propensity for resuspension [7, 8], thus
reintroducing the OM to conditions favorable for
efficient, aerobe primary degraders. The
remaining fraction of OM is more recalcitrant
and more likely to be buried upon redeposition.

Fig. 2: Core top radiocarbon values. The data is
a composite of [11] and unpublished data.
[1] H. Hartnett. Doctorate Thesis (1998).
[2] J. Hedges et al., Mar. Chem 49 (1995)
[3] T. Arnarson et al., Geochim. Cosmochim.
Acta 71 (2007)
[4] K. Seiter et al. Deep. Res. Part I Oceanogr.
Res. Pap. 51 (2004).
[5] R. Keil et al., Treatise on Geochemistry:
Second Edition (2013)
[6] J. Hemingway et al. Nature. 570 (2019)
[7] T. Arnarson et al., Org. Geochem. 32 (2001).
[8] L.M. Mayer, Geochim. Cosmochim. Acta. 58
(1994)
[9] G. Mollenhauer et al. Paleoceanography. 20
(2005)
[10] ESRI, National Geographic World Map,
(2011)
[11] G. Mollenhauer et al. Geochemistry,
Geophys. Geosystems. 8 (2007)

Fig. 1: Sample locations
The differentiation between pristine and
recalcitrant OM is possible by tracing the
radiocarbon signals (among others) in the OM
[9]. Similarly, this study measures the
radiocarbon ages of 14 sites that are
characterized by low-oxygen bottom waters and
high (surface) productivity (Fig. 1). The samples
were collected in independent sampling
excursions and were stored in -20°C before
freeze-drying, subsampling and analyzing.
Measurements are to be conducted on bulk coretop sediment, grain-size fractions, and density
fractions. As most of the data is unpublished, we
use the data from the Benguela upwelling system
as a representative example (Fig. 2). The bulk
surface sediment is modern, with a depth and

1
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COSMOGENIC NUCLIDES

Photo of the release area of the Kandersteg rock avalanche

The Kandersteg rock avalanche: 3.2 ka
Updated view of large landslides in NE Italy
Reconstructing the Gorte landslides (Italy)
The Masiere di Vedana rock avalanche
Sennwald rock avalanche, eastern Switzerland
Development of Bleis Marscha rock glacier
Paleoglacier fluctuations on the Swiss foreland
The Last Glacial Maximum in the Maritime Alps
European glacial landscapes: The Alps
The age of the most extensive glaciation
Dating the Schwändihalden Deckenschotter
The first North Greenland in-situ 14C chronology
Glaciers and ice sheet dynamics – Disko Island
Rapid bedrock weathering in coastal Norway
Cosmogenic exposure dating on Jan Mayen
Glacier fluctuations in the Central Andes, Chile
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European glacial landscapes: Anatolia
Seismic activity on the Manisa fault zone
Stable or not stable?
The reconstruction of ancient solar storms
Improving solar activity reconstructions
10

Be lost from quartz samples during heating

Soil sustainability during the Holocene
Feedbacks between uplift and denudation
Quantifying landscape transience in Sichuan
10

Be in Black Sea sediments

10

Be in sediments of Lake Kälksjön (Sweden)

Improving North Atlantic chronologies
Extraction of authigenic phases from sediments
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THE KANDERSTEG ROCK AVALANCHE: 3.2 ka
Late NOT Early Holocene!
C. Singeisen1#, S. Ivy-Ochs, A. Wolter2, O. Steinemann, N. Akçar3, S. Yesilyurt3, C. Vockenhuber
We have used an integrated approach combining
field and remote mapping, Dan3D dynamic
runout modelling and cosmogenic 36Cl exposure
dating to decipher the detachment mechanisms,
emplacement processes and timing of the
Kandersteg rock avalanche [1]. Through dynamic
modelling, it was possible to clarify the complex
emplacement processes of the event. Model
deposit distribution, material properties (low
viscosity) and emplacement times and velocities
suggest a single, catastrophic event lasting a few
minutes, beginning as a translational, semicoherent rockslide that transitioned into a dry
fragmenting rock avalanche, and finally evolved
into a highly mobile debris flow-like failure
distally due to incorporation of saturated alluvial
sediments at the base. This hypothesis is
supported by (i) thick landslide deposits at Uf der
Höh (southern sector, Fig. 1b) that likely formed
upon impact with the opposite valley slope, (ii)
pull apart–like ridges in the hummocky terrain in
the Blausee area (middle sector, Fig. 1a) and (iii)
smoothly undulating terrain with few boulders in
the northern sector that suggests fluidization.
Cosmogenic 36Cl exposure dating of boulders all
across the deposit indicates a single catastrophic
event at (3.2 ± 0.2) ka. The Kandersteg event is
significantly younger than the previously
accepted age of 9.6 ka. The trigger remains
unknown but could have been a Mw > 5.7
earthquake that occurred at 3.3 ka [2].

a

b

[1] C. Singeisen et al., Landslides 17 (2020)
1297
[2] K. Kremer et al., J. Seismology 24 (2020) 247
1

Geology, ETH Zurich
now at Earth and Environment, Univ. Canterbury,
New Zealand
2
GNS, New Zealand
3
Geology, Univ. Bern
#

Fig. 1: Depiction of Blausee middle sector (a) and
Uf der Höh southern sector (b) of the Kandersteg
rock avalanche deposits [1]. White arrows
indicate internal secondary scarps within the
deposit (LiDAR data ©swisstopo).
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UPDATED VIEW OF LARGE LANDSLIDES IN NE ITALY
Influence of the Giudicarie and Schio-Vicenza tectonic domains
A. Viganò1, S. Rossato2, S. Martin2, S. Ivy-Ochs, D. Zampieri2, M. Rigo2, G. Monegato3
faults) are mostly conditioned by the NNE-SSW
transpressive Giudicarie and the NW-SE strikeslip Schio-Vicenza regional fault systems (Fig. 1).
All these combined predisposing and driving
factors are discussed in relation with the
occurrence of large landslides in the studied
region [1]. Most of them are classified as rock
avalanches.
Using Digital Terrain Model based detailed
mapping we update limit, area, and volume of
deposits and detachment areas. At the regional
scale, bedding orientation is mostly responsible
for landslide mechanisms, with eastern valley
flanks (Adige and Sarca valleys) more prone to
sliding and western ones to rockfalls. Besides,
faults, shear zones and joint orientations enable
pervasive fracture development and block
detachment. Moreover, recurrent seismicity
reduces rock strength (rock fatigue process) and
also possibly triggers mass movements. In fact,
the geomorphic work due to earthquakes is both
local uplift (with energy stored in the geomorphic
relief) and subsequent topography erosion. In
this sense, most of the studied catastrophic
landslides (Fig. 1) are located where both high
seismic moment has been released and stored
energy relief occur. Considering landslide ages,
enhanced slope activity is concentrated at 5-3 ka
and 1 ka ago, as due to primarily climatic and
seismic controls.

Fig. 1: Map of the study area, with position of
large catastrophic landslides (A, Tovel; B,
Molveno; C, Marocche di Dro; D, Palon; E, Cima
Salti; F, Gorte and Passo San Giovanni; G, Lavini
di Marco; H, Castelpietra; I, La Marogna). Main
faults labelled (IL, Insubric Line; NG, North
Giudicarie; SG, South Giudicarie; SV, SchioVicenza; VS, Valsugana).

[1] A. Viganò et al., Journal of Maps 17 (2021)
197

Most of the Cenozoic deformation in the centraleastern Southern Alps (NE Italy) was
accomodated by the Giudicarie and SchioVicenza tectonic domains, resulting in pervasive
rock damaging and high relief stored energy. This
area is undergoing deformation still today and is
one of the most seismically active provinces of
Northern Italy, as testified by its cumulative
earthquake moment release. In addition,
structural geological features (bedding and

1
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RECONSTRUCTING THE GORTE LANDSLIDE (ITALY)
Surface exposure dating of boulders with 36Cl
G. Ruggia1, S. Ivy-Ochs, J. Aaron2, O. Steinemann, S. Martin3, M. Rigo3, S. Rossato3, C. Vockenhuber,
G. Monegato4, A. Viganò5

Fig. 1: Overview of the landslides of Gorte (on left) and Marocche (on right) with Spiaz de Navesele and
Salto della Capra sliding planes. (photo courtesy of Dr. Matteo Visintainer).
modeling sufficiently reproduced the Gorte rock
avalanche, which involved detachment and
sliding of a quasi-intact block, likely along marly
interbeds, followed by rapid disintegration. The
frictional rheology in the source area and the
turbulent frictional rheology (Voellmy) in the
remaining part best replicate the observed
deposit extent and thickness. Heavy precipitation
that occurred at that time may have contributed
to failure at Gorte. Nonetheless, its timing
overlaps with the nearby (<15 km) Dosso
Gardene (6630–6290) cal BP and Marocca
Principale (5.3 ± 0.9) ka landslides, making a
seismic trigger plausible.

The region of Nago-Torbole at the northeast end
of Lake Garda is the site of numerous landslides
(Fig. 1). We applied a multi-method approach to
reconstruct the Gorte rock avalanche (85–
95 Mm3). The lithologies involved are the
Massone Oolite, the Rotzo and the Tofino
Formations. The combination of field mapping,
characterization of bedrock discontinuities, prefailure topography reconstruction, volume
estimation, Dan3D-Flex runout modeling and
dating of boulders with cosmogenic 36Cl supports
the conclusion that the deposits originated from
a single rock avalanche that occurred at
(6.1±0.8) ka. The Gorte event may have triggered
the nearby Spiaz de Navesele–Salto della Capra
landslide (3.2 Mm3), whose deposits (labelled
Marocche deposits on Fig. 1) cover the southern
end of the Gorte deposits. First-order controls on
detachment were the NNE–SSW- and WNW–
ESE-oriented fractures in the limestone bedrock,
related to the Giudicarie and Schio-Vicenza fault
systems, respectively. Dan3D-Flex runout

[1] G. Ruggia et al., Geosciences 11 (2021) 404
1
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THE MASIERE DI VEDANA ROCK AVALANCHE
Direct dating of a presumed Lateglacial rock avalanche with 36Cl
S. Rossato1, S. Ivy-Ochs, S. Martin1, A. Viganò2, C. Vockenhuber, M. Rigo1, G. Monegato3, M. De Zorzi1,
N. Surian1, P. Campedel2, P. Mozzi1
The Masiere di Vedana, also known as “Rovine di
Vedana” or “Marocche di Vedana”, is a blocky
deposit
located
south
of
Mt. Peron
(1486 m a.s.l.) (Fig. 1), in the southern Italian
Dolomites. One of the largest landslides in the
Alps (runout of ~6 km and volume of 0.13 km3),
its age and origin have been debated for more
than a century. No direct dating of the deposit is
available, apart from this study.

1.90 ± 0.45 ka ago [1]. The Masiere di Vedana
rock avalanche may have been triggered by an
exceptional
meteorological
event,
an
earthquake, or a combination of both. These
types of events are frequent in the area and have
been demonstrated to have occurred in the
reconstructed time frame. Nevertheless, no
exceptional event may be required for such rock
avalanches to occur, as the accumulation of
damage in the bedrock (‘fatigue’) markedly
lowers the energy needed to trigger a failure.
Combining geomorphological and stratigraphic
evidence with cosmogenic 36Cl dating, we have
directly dated the Masiere di Vedana as a rock
avalanche that occurred in late Roman times or
early Middle Ages [1].

Fig. 1: Mt. Peron, the release area of the
Masiere di Vedana rock avalanche. The most
important structural features are evidenced and
reported in the stereograms [1].
Fig. 2: Transverse (compressional) ridges in the
Masiere di Vedana deposits. The rock avalanche
moved from N to S. White stars indicate contacts
between rock avalanche deposits and underlying
Pleistocene conglomerates.

Initial failure was mainly toppling, with a
component of sliding, that then evolved into a
flow-like movement of disintegrating rock debris.
Numerical modelling suggests the presence of
high pore-water pressures [2], further enhancing
the mobility of the moving mass, that travelled
for some kilometers. Differential velocities
during emplacement of the rock avalanche
moving radially on various path materials and
overtopping several obstacles, led to the
formation of specific landforms including tomas
and compressional ridges (Fig. 2). Based on six
36
Cl surface exposure ages collected from
boulder surfaces, the rock avalanche occurred

[1] S. Rossato et al., Nat. Hazards Earth Syst. Sci.
20 (2020) 2157
[2] R. Genevois et al., NATO Science Series 49
(2006) 407
1
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SENNWALD ROCK AVALANCHE, EASTERN SWITZERLAND
Surface exposure dating of boulders with 36Cl
S. Aksay1#, S. Ivy-Ochs, K. Hippe, L. Grämiger1, C. Vockenhuber
The Sennwald landslide is a rock avalanche
associated with the Lower Cretaceous Helvetic
limestones in the southeast wall of the Säntis
nappe (i.e. fold-and-thrust belt) along the Rhine
River valley. In this research, this palaeolandslide
is examined in a multidisciplinary approach for
the first time with detection and mapping of
avalanche deposits, Dan3D dynamic run-out
modelling and cosmogenic nuclide dating.
The examination of the release and deposition
areas in the field was conducted with field
mapping supported by GIS (Geographic
Information System) analysis. Based on field
observations, landslide deposits form radial and
linear hills (i.e., longitudinal ridges) in map view
in the deposition area. The linear hills are
orientated both radially and transversally to the
direction of the flow. Furthermore, the landslide
material deposited in a spreading deck-of-cards
fashion, preserving the original stratigraphic
positions between strata. Blocks from
stratigraphically the top layer in the rock
formation travelled the farthest, and blocks
derived from the stratigraphically lowest layer
travelled the least during the landslide (Fig. 1).
The numerical 3D simulation of the landslide,
made based on estimated volume, slope angle
and friction angle, shows that 92 × 106 m3 of
material moved down the slope in about 150 s.
The landslide material travelled ca. 2000 m with
a maximum velocity of 93 m/s and currently
covers an area of about 6 km2 in the deposition
area [1].

Fig. 1. Landslide release and deposition areas
with boulder lithologies and sampling locations.
Magnitudes of recent major earthquakes are
shown.
Calculated surface exposure ages show a uniform
distribution in the deposition area with similar
ages (Fig. 1). The similarity of exposure ages and
consistency of the radiocarbon age provide
support for the hypothesis that the Sennwald
landslide was a single rock failure. The timing of
the massive rock slope failure coincides with a
notably wet climate period, noted as a
conditioning factor for landslides across the Alps
in the mid-Holocene. The contemporaneity of
our event with other nearby events in the
Eastern Alps [2] provide additional support for
the contention of increased regional seismic
activity in mid-Holocene.

Sampling locations for cosmogenic nuclide dating
(Fig. 1) were chosen uniformly in the deposition
area to evaluate the surface exposure age
distribution of landslide boulders. Following the
sampling with criterion, samples were prepared
at ETH AMS facility. The mean 36Cl surface
exposure age is 4.3 ± 0.5 ka.

[1] S. Aksay et al., Geosciences 11 (2021) 331
[2] P. Oswald et al., Nat. Comm. 12 (2021)
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DEVELOPMENT OF BLEIS MARSCHA ROCK GLACIER
Surface exposure dating of an active rock glacier with 10Be and 36Cl
D. Amschwand1#, S. Ivy-Ochs, M. Frehner1, O. Steinemann, M. Christl, C. Vockenhuber

Fig. 1: Bleis Marscha cirque, the rock glacier root and at right the lowermost front of the rock glacier.
Unlike landslides that are deposited in a single
rapid event, the Bleis Marscha rock glacier
formed by slow creep over many millennia. The
surface exposure ages reflect the entire boulder
history and include the travel time since initial
deposition in the rock glacier root. Boulder
nuclide
inventories
are
stochastically
overprinted by small boulder instabilities while
traveling on the deforming rock glacier surface
that mostly lead to tendentially “too young”
ages. Nonetheless, the 15 exposure ages when
combined with geomorphological mapping
allowed us to reconstruct the complex age signal
and thus, the temporal evolution of the
underlying landform. Exposure dating is a
suitable tool to elucidate the Holocene
development of rock glaciers and to put their
current response to climate change into a longterm perspective.

We exposure dated 15 boulders on the active
Bleis Marscha rock glacier (Err-Julier area,
eastern Swiss Alps) with cosmogenic nuclides (14
10
Be, 1 36Cl). The rock glacier is a 1 km long stack
of three overriding lobes that are separated by
over-steepened terrain steps (Fig. 1). Dense
lichen cover and strong weathering signs on the
lowermost and presumably oldest lobe
suggested an age of at least several millennia.
Ongoing surface movement as detected from
correlated aerial images and the intact
morphology indicated a ‘healthy’ ice-rich rock
glacier core.
Our exposure ages of 15 boulders sampled along
a longitudinal transect generally increase with
distance from the source area from a few
hundred years (0.30 ± 0.06 ka) down to an Early
Holocene age (8.95 ± 0.64 ka) at the lowermost
front. ‘Time gaps’ in the exposure ages clearly
coincide with the terrain steps, suggesting three
discrete active phases: Late Holocene highelevation lobes (active since ∼2.8 ka,
intermittently coexisting with oscillating Bleis
Marscha cirque glacierets), Middle Holocene
lobe (∼5.2–4.8 ka), and the Early Holocene lowelevation lobes (∼8.9–8.0 ka).

[1] D. Amschwand et al., The Cryosphere 15
(2021) 2057
1
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PALEOGLACIER FLUCTUATIONS ON THE SWISS FORELAND
Geomorphological reconstructions from Reuss and Bünz valleys
S. Kamleitner, L. Manatschal1, S. Ivy-Ochs; N. Akçar2
during active glacier retreat or even minor
readvances.

Over multiple glacial cycles, ice masses of Reuss
glacier system flowed out from the central parts
of the Swiss Alps and advanced onto the
northern forelands. During the Last Glacial
Maximum (LGM), ice spread as narrow, fingerlike lobes, separated by SE-NW striking Molasse
bedrock ridges [1]. The eastern part of the Reuss
glacier system is comprised of Bünz and Reuss
lobes, which are the focus of this study. Related
ice marginal deposits were mapped on the basis
of high-resolution (0.5 m) LiDAR data
(©swisstopo). Geomorphological mapping
results (Fig. 1) allow for detailed reconstructions
of LGM glacier fluctuations and lobe interplay.
The glacier advance to the LGM maximum
position at Birmenstorf (white dashed line on
Fig. 1 [1]) left behind no surface imprints, but is
constrained sedimentologically on the Birrfeld
outwash plain [2]. Whether or not Bünz and
Reuss lobes were united can, due to incomplete
preservation,
not
be
constrained
on
geomorphological basis. One to three kilometres
upstream, weak moraines (1-3 m high) and
dissected ice marginal deposits are preserved
(Fig. 1). Internally, the up to five prominent (max.
height of 35 m) frontal moraines of the Mellingen
stadial follow in Reuss Valley. Preserved lateral
moraines allow to connect mapped glacier
stadials in Reuss and Bünz valleys across the
Wagenrain bedrock ridge. The northern tip of
Wagenrain was likely already ice-free by the time
of the Mellingen stadial. The Mellingen moraine
set is thought to have been deposited during a
major LGM stabilization of Reuss lobe.

Fig. 1: Multiple sets of LGM ice margins preserved
in Reuss and Bünz valleys, canton Aargau.

Upstream deposits are well-preserved and rich in
geomorphological detail. Multiple frontal
moraines of distinct morphology and observed
cross-cutting relationships (e.g. Bremgarten
stadial left lateral moraines of Reuss lobe
crosscutting the Stetten stadial moraines in Bünz
Valley) suggest deposition of both moraine sets

[1] A. Bini et al., (2009) swisstopo
[2] H.R. Graf, (2009) swisstopo
1
2
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THE LAST GLACIAL MAXIMUM IN THE MARITIME ALPS
New chronological insights from 10Be surface exposure dating
L. Rettig1, S. Kamleitner, S. Ivy-Ochs, G. Monegato2, P. Mozzi1, A. Ribolini3, M. Spagnolo4
The evolution of Alpine glaciers during the Last
Glacial Maximum (LGM) was strongly governed
by climatic differences that characterized
different sectors of the mountain chain. While
most of the central and northern Alps was
covered by local ice caps, ice fields and large
outlet lobes, smaller, independent valley glaciers
developed along the southern fringe of the Alps.
Deciphering their extent, chronology and
Equilibrium Line Altitude (ELA) can give
important information about the LGM climate in
the Alpine and Mediterranean region.

Fig. 2: Sampling a moraine boulder for 10Be
exposure dating in the Vermenagna catchment
(Italian Maritime Alps).

One such area of marginal LGM glaciation are the
Maritime Alps, situated between NW-Italy and
SE-France (Fig. 1). To date, the glacial chronology
of the Maritime Alps is largely derived from
studies of the Gesso catchment, where both LGM
deposits and several Late Glacial moraines have
been successfully dated [1]. However, the large
size of this catchment and the lack of a clear LGM
frontal moraine ridge make glacier and ELA
calculations susceptible to errors and highlight
the need for validation from other sites. We have
therefore investigated three previously undated
catchments from the Italian and French part of
the Maritime Alps. Samples for 10Be surface
exposure dating were collected from boulders on
lateral and frontal moraine ridges, presumably
representing LGM advances, and are currently
being processed at LIP (Fig. 2).

In combination with reconstructed glacier
geometries and ELAs, these new ages may help
to answer the following questions: Do the glacier
advances correspond to the dates from the
Gesso catchment? Are there notable differences
in ELAs of glaciers on the northern (Italian) and
southern (French) side of the mountain chain and
what does this mean for local precipitation
patterns? And how do the results compare to
other sites of marginal glaciation in the central
and eastern southern Alps that are characterised
by a different climatic setting? Answers to these
questions may not only strengthen the glacial
chronology of the Maritime Alps but also lead to
a better understanding of the Alpine LGM glacial
system in general and the climatic conditions
under which it evolved.
[1] P.R. Federici et al., Boreas 41 (2012) 277
1
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Fig. 1: Location of the Maritime Alps.
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EUROPEAN GLACIAL LANDSCAPES: THE ALPS
Glacial landforms of the Last Glacial Maximum
S. Ivy-Ochs, G. Monegato1, J. Reitner2

Fig. 1: Reconstruction of the extent of glaciers in the Alps during the Last Glacial Maximum. Blue arrows
indicate the major flow lines, red arrows the main transfluences [1].
stillstands or minor readvances, for example at
the Reuss and the Rhine glacier systems [2].
Fields of drumlins are found in the footprint of
the large piedmont glaciers, especially those in
the north. Large areas in the Alps show
exemplary morphological and sedimentary
records with typical glacial sequences consisting
of frontal moraines linked to outwash deposits of
the Niederterrasse.

At the height of the Alpine Last Glacial Maximum
(26-19 ka
[1]),
glaciers
developed
a
heterogeneous geometry with numerous
transectional glacier complexes consisting of
interconnected valley glaciers in large parts of
the French, Swiss, and Italian Alps, as well as in
the western part of Austria (Fig. 1). Huge glaciers
flowed through the Alpine valleys and spread out
onto the forelands to form broad piedmont
lobes. These built complexes of frontal moraines
at the outlets of most of the major Alpine valleys.
For their semicircular shape, these structures are
called morainic amphitheatres and many large
lakes are located within them. Internal to the
maximum extent moraines, are stacks of
moraines that testify to intermittent glacier

[1] S. Ivy-Ochs et al., European Glacial
Landscapes 1 (2022) 449
[2] S. Kamleitner et al., Annual report (2021) 57
1
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THE AGE OF THE MOST EXTENSIVE GLACIATION
Isochron-burial dating of the Bünten till at Möhlin
C. Dieleman1, M. Christl, C. Vockenhuber, P. Gautschi, H.R. Graf2, N. Akçar1
When glaciers from the Alps reached their most
extensive position has been of interest since the
early 20th century. Relict tills and glaciofluvial
deposits, attributed to the Most Extensive
Glaciation (MEG), have been found only beyond
the extents of the Last Glacial Maximum (LGM).
Traditionally, these sediments have been
correlated to the Riss glaciation sensu Penck and
Brückner and have been morphostratigraphically
classified as the Hochterrasse deposits.
The age of the MEG glaciation was originally
proposed to be intermediate to the
Brunhes/Matuyama transition (780 ka) and
Marine Isotope Stage 6 (191 ka) [1, 2]. In this
study, we focused on the glacial deposits in the
Bünten gravel pit in Möhlin (Canton of Aargau,
Switzerland), in order to constrain the age of the
MEG.

Fig. 2: Field photograph of the Bünten till.
The clast petrographical composition (Fig. 2), the
shape of the analysed clasts, and the paleoflow
directions determined from clast orientations
indicate an Alpine origin of the Bünten till [3].
Our isochron-burial ages of the Bünten till
indicate that Alpine glaciers reached the most
extensive position during the Middle Pleistocene
(500 ± 100) ka [3]. The age of the MEG thus
appears to be synchronous with the most
extensive glaciations in the northern
hemisphere.
[1] C. Schlüchter, in Quaternary Glaciations Extent and Chronology (2004) 413
[2] D. Gaar and F. Preusser, Quat. Sci. J. 66
(2017) 1
[3] C. Dieleman et al., Geosciences 12 (2022)
39

Fig. 1: Overview of the Bünten gravel pit located
near the town of Möhlin.
The sediments from these deposits were
analyzed to determine the provenance and
depositional environments. We applied
isochron-burial dating, with cosmogenic 10Be and
26
Al, to the till layer in the Bünten gravel pit near
Möhlin (Fig. 1).

1
2
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DATING THE SCHWÄNDIHALDEN DECKENSCHOTTER
Al - 10Be isochron-burial dating of glaciofluvial sediments

26

E. Bros, F. Kober1, S. Ivy-Ochs, R. Grischott2, M. Christl, C. Vockenhuber, C.Maden3
All samples were collected from the same
stratigraphic horizon representing the Lower
Deckenschotter (TDS) and were analysed for
their 26Al and 10Be content. The challenge of
these measurements and age calculations lays in
the low 26Al concentrations as a result of low
inheritance and following relatively long burial
time of glaciofluvial sediments.

The northern Alpine foreland during the Middle
and Early Pleistocene had witnessed several
phases of alternating deposition and incision [1]
leading to the landscape that can be seen today.
High elevated plateaus separated by deeply
incised overdeepened valleys, create a
topography with relief of several hundreds of
meters. The oldest glaciofluvial sediments found
on top of these plateaus (Fig. 1) have classically
been divided into the Higher (older) and the
Lower (younger) Deckenschotter. Their exact
time of deposition is important for
understanding long-term landscape evolution
scenarios, relevant for the planned storage of
nuclear waste in a deep geological repository in
Switzerland [2].

15 m

Fig. 2: Site Schwändihalden – Deckenschotter
outcrop front with the gravel horizon sampled at
the bottom of the outcrop.

sampled site

Fig. 1: An overview cross-section of the oldest
glaciofluvial sediments in the Weiach-Fisibach
region, modified after [3]. In orange Higher
Deckenschotter, Lower Deckenschotter in green.

The first preliminary age estimate points to the
latter part of the Early Pleistocene. This is based
on seven quartz-bearing clasts and two sediment
samples, consisting of 50 vein-quartz pebbles.
More samples are currently being processed to
further constrain the isochron slope and
strengthen the calculated age.

At the Schwändihalden site (Fig. 2) located within
Sanzenberg (municipality of Weiach, canton
Zurich), we applied isochron-burial dating with
10
Be and 26Al to determine the depositional age
of the glaciofluvial gravels at this site. The
sampled horizon consists of glaciofluvial
sediments with coarse pebble and cobble sized
clasts in a sandy to silty matrix. We targeted
quartz-rich clasts, mainly vein quartz, quartzite,
granite, gneiss and sandstone, and quartz vein
pebbles for an amalgamated sediment sample.
The outcrop is located on a steep slope and the
clasts are strongly cemented together, which
makes sampling technically challenging.

[1] H.R. Graf, Diss. (1993)
[2] NAGRA, NTB 14-01 (2014)
[3] R. Frei, Beitr. Geol. Karte Schweiz 37 (1912)
1
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THE FIRST NORTH GREENLAND IN-SITU 14C CHRONOLOGY
In-situ 14C surface exposure dating of boulders in Greenland
A.S. Søndergaard, O. Steineman, N. Haghipour, L. Wacker, S. Ivy-Ochs, N.K. Larsen1
contrary 10Be, decrease not only because of rock
surface erosion but also due to shielding from ice
cover (Fig. 2). Measurements of in-situ 14C,
carried out at the in-situ 14C line at Laboratory of
Ion Beam Physics, ETH Zürich [5], can therefore
help to obtain more reliable ice reconstructions
for North Greenland.

Determining the sensitivity of the Greenland Ice
Sheet during the Holocene is a key prerequisite
for understanding the future response of the ice
sheet to global warming. It has proven difficult to
constrain the glacial history of particularly North
Greenland, an area predicted to be a key
component in future mass loss from the ice sheet
[1]. To fill this gap, this project will be the first to
use cosmogenic in-situ 14C exposure dating to
constrain Holocene ice sheet fluctuations in
North Greenland (Fig. 1).

Fig. 2: During exposure the concentration of insitu 14C and 10Be builds up differently. During ice
cover, the nuclide production stops. 10Be has a
half-life of 1.4 Myr, so no significant decay will be
evident at 20 kyr, whereas the short half-life of
14
C (5730 yr) makes the concentration decrease
significantly. Modified from [6] .

Fig. 1: A) Modelled present-day subglacial
thermal state of the Greenland Ice Sheet. B)
North Greenland and the four main study areas.
Modified from [2].
Cosmogenic nuclides are produced in rocks when
cosmic rays hit the surface of the Earth. The
cosmogenic nuclide inventory of a rock surfaces
is therefore a key tool for chronicling the waxing
and waning of ice [3]. The most commonly
analysed nuclide is 10Be, which has a half-life of
1.4 Myr. However, a particular challenge arises in
regions where the ice sheet base is cold and slowmoving. In these regions, erosion rates are low
and 10Be inventories produced during earlier
exposure periods accumulate instead of being
removed, which result in exposure ages older
than the last period of exposure [4].

[1] J. Mouginot et al., PNAS, 116 (2019) 9239
[2] K. MacGregor et al., JGR Earth Surf., 121
(2016) 1328
[3] S. Ivy-Ochs, S. and Kober, F., Quat Sci. Jour.
57 (2008) 179
[4] J. Heyman et al., EPSL 302 (2011) 71
[5] M. Lupker et al., NIM B, 457 (2019) 30
[6] K. Hippe, K., Quat. Sci. Rev., 173 (2017)
1

Centre for GeoGenetics, GLOBE Institute, Univ. of
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To circumvent this problem, we use in-situ
produced cosmogenic 14C. Due to the shorter
half-life (5730 yr), in-situ 14C inventories will,
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GLACIERS AND ICE SHEET DYNAMICS – DISKO ISLAND
Dating of erratic blocks using in-situ14C, 26Al, and 10Be
G. Raab1,2, D. Tikhomirov1, M. Christl, C. Vockenhuber, H.-A. Synal, M. Egli1
Glaciers and ice sheets are observed to rapidly
change under the current global climate
conditions. This is particularly the case for
Greenland. For future projection it is important
to gain a multimillennial perspective on changes
of Greenland's outlet glaciers and local glaciers.
In general, the dating of glacial deposits (e.g.,
moraines, rock boulders etc.) provide an
essential time constraint to the understanding of
glacial retreat.

Fig. 2: Example of an erratic boulder
(orthogneiss) on the basaltic plateau on Disko
Island, Greenland.
The southern slope along the coast will provide
basic information on the thinning and timing of
deglaciation of the former ice stream covering
Disko Bugt. Dating of erratic boulders on the
plateau will provide new time constraints on ice
cap and ice sheet thickness during the last and
potentially previous ice age glaciations.

Fig. 1: Location of the study area, Disko Island in
western Greenland.
The “Erratic Boulders Disko” project funded by
the Swiss Polar Institute focuses on glacial
erratics, thus deposited allochthonous material
that differs from the rock type of its current
resting area on the Disko island in Western
Greenland (Fig. 1). There, granitic boulders
(orthogneiss) were deposited on mafic (basaltic)
plateau (Fig. 2). Our goal is to identify the time of
deposition and the original source of these
erratic boulders.

1
2

With the combination of multiple terrestrial
cosmogenic isotopes, the time of deposition and
glacial erosion rates are determined. Therefore,
we collected rock sample at different island
positions – from the coast to the top of the
800 m a.s.l. high plateau.
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RAPID BEDROCK WEATHERING IN COASTAL NORWAY
Surface exposure dating of weathered bedrock with 10Be and 36Cl
J.L. Andersen1,2, A. Margreth1, O. Fredin3, H. Linge4,5, B.W. Goodfellow6, J.C. Faust7, J. Knies1,8, T. Solbakk1,
E.J. Brook9, T. Scheiber10, R. van der Lelij11, V. Burki12, L. Rubensdotter1,12, T. Himmler1, S. Yeşilyurt13,14,
M. Christl, C. Vockenhuber, N. Akçar13
In Norway, the origin of a range of coastal
weathering phenomena has been disputed
(Figs. 1, 2). If predating Quaternary glaciations
they would be indicators of minimal glacial
erosion.

Fig. 1: Weathering pits (gnammas) at
Kråkenes, Western Norway (lens cap for scale).

Fig. 3: Locations of dated sites in Norway.
[1] Andersen et al., Geomorphology 397 (2022)
108003
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Fig. 2: Linear weathering grooves at
Nevlungshavn, Southern Norway.
We applied cosmogenic nuclide chronometry to
assess the recent erosional history [1]. Our
results demonstrate that all three sites (locations
shown in Fig. 3) experienced sufficient erosion to
remove most cosmogenic nuclides formed prior
to the Last Glacial Maximum. This finding is
inconsistent with preservation of surficial
(<1 – 2 m) weathered landforms under nonerosive ice during the last glacial period, while
simultaneously demonstrating that post-glacial
weathering and erosion rates can be locally rapid
(4 – 10 cm ka-1) in cold temperate to subarctic
coastal locations.
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COSMOGENIC EXPOSURE DATING ON JAN MAYEN
The effects of bedrock formation age assumptions on 36Cl ages
J. Anjar1, N. Akҫar2, E. Larsen3, A. Lyså3, S. Marrero4, N. Mozafari2, C. Vockenhuber
sufficiently old that production of 36Cl from
background processes balances radioactive
decay i.e., equilibrium conditions have been
achieved. However, this assumption is unlikely to
be true in areas with young volcanic rocks, such
as Jan Mayen.

Jan Mayen is a small volcanic island situated
550 km north of Iceland in the Norwegian–
Greenland Sea (Fig. 1). Its isolated position
makes it an interesting location for investigations
of the climate history in the North Atlantic. A
research campaign to reconstruct the glaciation
and climate history of the island was therefore
started in 2014 [1].

To quantify the influence the rock formation age
would have on the calculated exposure ages on
Jan Mayen, all exposure ages were calculated
using an updated version of CRONUScalc [2]
which allowed us to assume different rock
formation ages. Although the formation age
assumption did not significantly affect most
samples (n = 64), some of the exposure ages
changed substantially (n = 25, maximum
deviation 6.1 ka) depending on the rock
formation age assumed for the sample [3].
Based on these results we recommend not
assuming
equilibrium
conditions
when
36
calculating Cl ages on rocks that meet the
following criteria: (i) known young rock
formation ages, and (ii) potentially susceptible
composition, specifically high native Cl, or high U
and/or Th concentrations as are likely to occur in
volcanic rocks. Young exposure age samples will
be particularly affected because of the large
mismatch between expected equilibrium
conditions and measured concentrations [3].

Fig. 1: Map showing the location of Jan Mayen.
During that campaign, 89 samples for
cosmogenic nuclide exposure dating (36Cl) were
collected with the aim of dating glacial and
volcanic events on the island. However, exposure
dating in an active volcanic landscape comes with
its own challenges. In addition to being created
through cosmogenic processes, 36Cl is also
created when 35Cl absorbs neutrons produced
from fission and (alpha, n)-reactions, including
uranium and thorium decay (for simplicity, all
these reactions are referred to as “background
production” herein). To estimate the
cosmogenically produced 36Cl in the sample, the
background production is subtracted from the
measured 36Cl concentration. Standard methods
for age calculations assume that the rock is

[1] A. Lyså et al., Boreas 50 (2021) 6
[2] S. Marrero et al., Quat. Geochron. 31
(2016) 160
[3] J. Anjar et al., Geosciences 11 (2021) 390
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GLACIER FLUCTUATIONS IN THE CENTRAL ANDES, CHILE
Geochronology (10Be) of the Universidad Glacier (34° S)
H. Fernández1, J.L. García1,2, S.U. Nussbaumer3,4, A.J. Geiger1, I. Gärtner-Roer3, F. Pérez1, D. Tikhomirov3,
M. Christl, M. Egli3
between the 13th and mid-to-end 20th centuries
(no. of samples=21).

The geochronological and geomorphological
reconstruction of glacier fluctuations in the
Central Andes of Chile is key to understanding
the response of glaciers to the climate variation
in mid-latitudes. The scarcity of data limits the
knowledge related to glacial landscape changes
during cold and warm periods. To provide a
framework to better understand the climate
history of this region, we reconstructed the
evolution of Universidad Glacier (34° S) from the
forefield at ~2500 m a.s.l. to mid-valley at
~1000 m a.s.l.

Fig. 2: Summary of 10Be cosmogenic exposure
ages obtained along the Universidad Glacier’s
valley.
Our findings illustrate a glacier advance between
MIS 5-3 (UNI I). The dispersion of exposure ages
complicates a paleoclimatic interpretation for
this moraine. UNI II suggests a glacier expansion
during the Last Glacial Maximum (LGM) [2]. After
that, UNI III implies a return to cold and wet
climate during the Late Glacial period. Finally,
UNI IV represents the latest moraine sequence
deposited during a notable climate variability.

Fig. 1: Four moraine sequences (labelled as UNI
I-IV from the outer to inner) were identified along
the ~20 km valley.

[1] J.C. Gosse et al., Quat. Sci. Rev. 20 (2001)
1475
[2] P.U. Clark et al., Science 325 (2009) 710

We use 10Be cosmogenic surface exposure dating
[1] of 48 granodioritic boulders on moraines to
determine the age of past glacier advances. UNI I
moraine represents the distal glacier advance
between (137±5.4) ka and (51.9±2) ka ago
(samples=3). UNI II yielded exposure ages of
(21.8±0.7) ka and (15.7±1) ka (samples=18).
Another significant glacier pulse (UNI III)
occurred between (14.4±1) ka and (9.7±0.3) ka
(samples=6) (UNI III). UNI IV is a complex moraine
punctuated by eight smaller moraines produced
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EUROPEAN GLACIAL LANDSCAPES: ANATOLIA
Glacial landforms of the Last Glacial Maximum
N. Akçar1

Fig. 1: The maximum extent of glacial deposits and landforms in the Anatolian Peninsula [1].
Exceptionally, 40 km2 ice cap grew in the Geyik
Mountains and up to 6 km long piedmont glaciers
drained the ice from the flat catchment area
down to the surrounding valleys [3].
Paleoglaciers in the Anatolian Mountains
extended down to altitudes between 2200 and
1400 m a.s.l. and reached a maximum length of
ca. 12 km. The LGM ELA was located at 2000 to
2800 m a.s.l., and the decrease in the LGM ELAs
was between 700 and 1600 m in comparison to
the modern estimates [1].

Almost 180 years of research revealed that
glaciers expanded in the valleys of 36 mountains
in Anatolia during the Last Glacial Maximum
(LGM). Today, glacial landforms are located in
the Eastern Black Sea Mountains, Western
Taurus Mountains, Central Taurus Mountains,
Eastern Taurus, Eastern Anatolian Mountains,
and in Northwestern and Central Anatolia
(Fig. 1). These paleoglaciers achieved their
maximum extent with a maximum length of
12 km at (20.4±1.5) ka during the LGM. This
advance is morphologically constrained in most
of the valleys as one advance, which was then
terminated by the collapse and vanishing of ice in
the valleys [2]. Whereas, the glacier fluctuations
during and at the end of LGM were recorded in
short valleys (in the order of few km) with
relatively smaller catchment areas, such as
Mount Uludağ in northwestern Anatolia [2].

[1] N. Akçar et al., Geo. Soc. London Spec. Pub.
433 (2017) 251
[2] N. Akçar, European Glacial Landscapes 1
(2022) 497
[3] A. Çiner et al., Quat. Sci. Rev. 116 (2015) 44
1
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SEISMIC ACTIVITY ON THE MANISA FAULT ZONE
Cosmogenic 36Cl fault scarp dating
N. Mozafari1, Ç. Özkaymak2, D. Tikhomirov1,3, S. Ivy-Ochs, C. Vockenhuber, H. Sözbilir4, C. Schlüchter1,
N. Akçar1
caused the Manastır and Mugırtepe faults to
rupture.

The Gediz graben is one of the main structural
elements in seismically active western Anatolia.
It formed as a consequence of a N-S extensional
regime since early Miocene. In this study, we
explored two normal faults using fault scarp
dating in the western end of the Manisa Fault
Zone (MFZ), where a group of faults in the form
of individual scarp terraces exist and defines the
southwestern boundary of the Gediz graben [1].
Theoretically, variability of cosmogenic 36Cl
concentrations along the exposed fault surface
enables to analyse timing of the past
earthquakes and the associated slip values.

Fig. 1: Simplified schematic sketch showing
western MFZ disregarding the exact horizontal
and vertical scales. MAN: Manastır, MUG:
Mugırtepe. Radiocarbon ages are from
Özkaymak et al. [3].

We used the FSDT Matlab® code to model the
time-slip history of the Manastır and Mugırtepe
faults. We included measurements of
cosmogenic 36Cl for 87 and 44 samples,
respectively, sampled along the well-preserved
fault surfaces and being regarded as
representative of the MFZ. While the Manastır
fault is a master fault, the Mugırtepe fault is
considered as a secondary fault running parallel
to the Manastır with lower geomorphological
relief (Fig. 1).

Our findings together with the radiocarbon ages
[3] indicate that the first seismic activity in the
western MFZ must have occurred between ca.
9 cal ka BP and ca. 6.5 ka, which caused the
formation of secondary faults (Fig. 1). Different
amounts and patterns of back tilting of
sedimentary formations in the hanging walls
reveal that most but probably not all secondary
faults are influenced by the same seismic event.
Investigating the evolution of secondary faults
requires further dating studies.

The best-fit solution from the modelling of the
Manastır dataset indicates seismic events at
3.5 ± 0.9 ka and 2.0 ± 0.5 ka with associated slips
of 3.3 ± 0.5 m and 3.6 ± 0.5 m, respectively. The
younger modelled age is consistent with the
timing of a historical earthquake at 17 AD. An
incremental slip rate of 2.2 mm/yr is calculated
for the first event, and 1.8 mm/yr for the second
event. The average slip rate is estimated to be
1.9 mm/yr. Re-analysis of the Mugırtepe dataset
from Akçar et al. [2] indicates a seismic event at
6.5 ± 1.6 ka and associated slip of 2.7 ± 0.4 m.
Accordingly, a slip rate of 0.3 mm/yr was
estimated. We attribute the modelled
earthquakes to the activity of the MFZ, which

[1] N. Mozafari et al., Geosciences 11 (2021)
451
[2] N. Akçar et al., Geol. Soc. Am. Bull. 124
(2012) 1724
[3] Ç. Özkaymak et al., Turk. J. Earth Sci. 20
(2011) 449
1
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STABLE OR NOT STABLE?
Meteoric 10Be as a tool to determine surface dynamics on loess mantles
J.B. Kowalska1, M. Egli2, M. Vögtli2, D. Tikhomirov2, B. Łabaz1, M. Christl, T. Sprafke3, J. Waroszewski1
The addition of loess on mountain soils often
resulted the geologic substrate. The loess mantle
may be separated sharply from the bedrock or a
transition zone may have developed creating a so
called “mixed zone”, having the features of both:
the loess mantle and the underlying bedrock. The
project's task was to: i) verify the relation
between the deposited loess and the different
types of underlying bedrock and to trace
potential mixing of both materials, ii) calculate
soil erosion rates, and iii) estimate the primary
thickness of the loess mantle.

Fig. 2: Decreasing contents of meteoric 10Be
along the soil profile (loess on glaciofluvial
deposits).
In some soils, a decrease in meteoric 10Be with
soil depth was noted, which is related to the
former deposition of loess on the subsequent
accumulation of Be with precipitation. In some
soils, however, the highest content of meteoric
10
Be was measured in the deepest horizon, e.g. in
soils developed on serpentinite which may
evidence a longer exposure, probably since the
Middle Pleistocene, before a loess layer was
deposited. The calculated primary thickness of
the loess mantle based on 10Be data varied – from
39 cm (loess on Permian sandstone) to 329 cm
(loess on granite regolith). Therefore, we
concluded that the deposited loess mantles were
characterised by higher dynamics during the Late
Glacial and Holocene than previously thought.

Fig. 1: Loess mantle over different types of
bedrock: a) loess on Permian sandstone, b) loess
on granite regolith.
The determination of erosion rates has become
more widely available through cosmogenic
nuclide techniques i.e., meteoric 10Be. The
erosion rates obtained in this study were
relatively high – three of the soils revealed
erosion rates higher than rates estimated for the
European soils, whereas only two sites matched
these referenced erosion values. The highest
erosion rates were found in a profile where loess
was deposited on granite regolith. The vertical
distribution of meteoric 10Be along the soil profile
was partially influenced by illuviation process
that favors its accumulation in the subsoil (Bt
horizon).
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THE RECONSTRUCTION OF ANCIENT SOLAR STORMS
9200 year old ice reveals a huge solar storm close to a solar minimum
C.I. Paleari 1, F. Mekhaldi 1,2, F. Adolphi 3, M. Christl, C. Vockenhuber, P. Gautschi, J. Beer4, N. Brehm,
T. Erhardt3,5, H.-A. Synal, L. Wacker3, F. Wilhelms3,6, R. Muscheler 1
The Sun erratically expels large amounts of
energetic particles (SEPs) that react with the
Earth’s atmospheric constituents leading to the
production of cosmogenic radionuclides (e.g.
10
Be, 36Cl and 14C). These events pose a danger to
our
modern
society
by
threatening
communication, electronic and power systems,
as well as affecting satellite and aircraft
operations and endangering the life of
astronauts in space. Several SEP events have
been detected in ice cores and tree rings. These
events are an order of magnitude larger than any
known modern event. Hence, assessing the
occurrence rate of such extreme events is key to
the development of up-to-date risk assessments.
For this project, we measured 10Be and 36Cl in ice
cores from Greenland (GRIP, NGRIP and EGRIP)
and Antarctica (EDML), providing evidence of a
solar storm occurring 9125 years BP (i.e. before
present, before 1950 CE) [1]. The event is also
confirmed by radiocarbon measurements [2]. All
the records consistently show a peak, detected in
both 10Be and 36Cl (Fig. 1), as well as 14C. Our data
suggest that the event triggered one of the
largest 10Be peaks induced by a SEP event
detected so far, possibly even larger than the
774/5 CE event [3].

Fig. 1: 10Be and 36Cl records from NGRIP [1].

Furthermore, we investigated the occurrence of
the event in relation to the phase of the solar 11year cycle. Our results show that the event
occurred close to a minimum in the 11-year
cycle.

[1] C.I. Paleari et al., Nat. Commun. 13 (2022)
[2] N. Brehm et al., Nat. Commun. (2022) in
press
[3] F. Mekhaldi et al., Nat. Commun. 6 (2015)

In addition, the discovery of peaks in ice cores
and tree rings provides a valuable time marker.
This work, in fact, allowed us to reduce the
timescale synchronization uncertainty between
Greenland ice core and the 14C (IntCal20) time
scale to about one year around 9125 years BP.
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IMPROVING SOLAR ACTIVITY RECONSTRUCTIONS
A continuous 10Be record measured on ice chips from a borehole
N. Long1, C. Paleari1, S. Müller1, M. Christl, F. Mekhaldi1, P. Gautschi, R. Mulvaney2, J. Rix2, R. Muscheler1
10

25-year running means of the two records. Our
result illustrates the potential of the ice chips for
assessing the long-term changes in the 10Be
deposition rate at different ice core sites with
benefits for improving the assessment of longterm solar and geomagnetic shielding of galactic
cosmic rays.

Be records measured from ice cores are key
records for the reconstruction of long-term
changes in solar activity and geomagnetic field
intensity. Furthermore, such 10Be records have
additional applications such as dating ice cores
via the global cosmic ray signal or studies of the
atmospheric transport and deposition of
aerosols. We explore a new long-term 10Be
record from ice chips recovered in austral
summer 2017/2018 from Little Dome C, close to
Dome Concordia station in East Antarctica. The
ice chips were produced by the so-called Rapid
Access Isotope Drill method recently developed
by the British Antarctic Survey [1]. This new
drilling method is based on an auger enclosed in
a barrel that quickly collects ice chips instead of
recovering a fully intact ice core. The drill design
allowed for around 461 m of ice to be drilled in
Antarctica in 104 hours and the chips are suitable
for stable water isotope and 10Be analysis. This
opens up the prospect of fast recovery of
samples for a continuous 10Be record not
necessarily connected to a large and costly ice
core project.
Here, we present 76 measurements of ice chips
from this drill campaign which cover a depth of
33.5 m from the surface. The samples were
prepared with an optimised method and
measured at the 300 kV MILEA facility of the
Laboratory of Ion Beam Physics [2].

Fig. 1: 10Be concentrations measured from the ice
chips (black lines) in comparison with past 14C
production rates (blue lines) [2,3]. Panel b shows
the 25-yr running means.
[1] J. Rix et al., J. Glaciol. 65 (2019) 288
[2] L. Nguyen et al., Res. Geochem. 5 (2021)
100012
[3] P. Reimer et al., Radiocarb. 62 (2020) 725

Figure 1a shows that 10Be concentrations
measured from the ice chips (blue line with 1-s
error bar) agree mostly regarding their longerterm variations with 14C atmospheric production
rates inferred from IntCal20 (black line) [2,3]. The
records were normalised to their pre-industrial
means. In addition, the timescale of the ice chips
was improved via synchronizing the minima in
radionuclide production rates connected to
strong solar shielding of galactic cosmic rays
(vertical black dashed lines). Figure 1b shows the

1
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Be LOST FROM QUARTZ SAMPLES DURING HEATING

Quartz samples treated for in-situ 14C extraction also lose some 10Be
M. Christl, O. Steinemann, S. Ivy-Ochs
This result shows that some 10Be is lost during
sample processing in the in-situ 14C extraction
line. The large variability of 10Be losses indicates
that it does not occur under reproducible
conditions. Attempts to find the missing 10Be in
one of the cleaning columns in the in-situ 14C
extraction line were not successful (red in Fig. 2).

In this study we tested whether residual quartz,
i.e. a quartz sample that had been processed in
the ETH-Zurich in-situ 14C extraction line [1], still
can be reliably analyzed for its 10Be content.
Visual inspection of quartz grains after heating to
1650°C in the extraction line indicated they were
not fully melted. In our experiment, we extracted
beryllium from two CRONUS A samples after they
had been processed in the in-situ 14C extraction
line (samples: A-224 and A-225 in Fig. 1 and
Fig. 2), and from one untreated CRONUS A
sample (A_Be-1 in Fig. 2), applying standard 10Be
preparation methods.
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We conclude that quartz samples previously
processed for in-situ 14C extraction cannot be
used for 10Be analysis due to an uncontrolled loss
of 10Be before a 9Be carrier can be added. We
currently do not have a robust explanation for
the observed behaviour. We assume that not all
Be is transferred to BeO (melting point >2500°C)
while heating to 1650°C but some stays present
as Be (melting point: 1287°C). Studies are
ongoing to better understand the cause for the
observed 10Be losses.

Fig. 1: Results of the in-situ 14C analysis of the
CRONUS A sample. Two selected samples (green)
were subsequently processed for 10Be.
Measured 14C concentrations agree well with the
long-term average indicating that carbon was
quantitatively extracted from the quartz samples
(Fig. 1). Also the 10Be concentration measured in
the untreated CRONUS A sample (blue in Fig. 2)
agrees very well with the reported average value
of (3.42±0.10) x107 at/g [2]. However, the two
10
Be samples, which had been processed in the in
situ 14C extraction line yielded only
(1.22±0.20) x107 at/g and (2.95±0.40) x107 at/g,
respectively (green in Fig. 1).

[1] M. Lupker et al., NIM B 457 (2019) 30
[2] F.M. Phillips et al., Quat. Geochron. 31
(2016) 119
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SOIL SUSTAINABILITY DURING THE HOLOCENE
Using cosmogenic 14C-10Be-26Al to study changes in Holocene soil erosion
K. Hippe1, J.D. Jansen2, D.S. Skov3, M. Lupker4, S. Ivy-Ochs, F. Kober5, G. Zeilinger6, J.M. Capriles7,
M. Christl, C. Maden8, C. Vockenhuber, D.L. Egholm3
Hillslopes co-evolve with landscapes and
vegetation communities to strike a balance
between rates of soil production and soil erosion
over geological timescales. Soil sustainability is a
function of this long-term mass balance. Changes
to climate or land use can accelerate the loss of
soil, diminish its biological productivity and
compromise sustainability as erosion outpaces
soil production. A compelling evaluation of soil
sustainability is to quantify and compare erosion
with geological background rates. Vital gains
have been made by extracting sedimentary
records from floodplains, lakes and estuaries.
However, this method relies on a close
relationship between sediment source and sink,
which can be compromised by sedimenttransport filtering effects that bias the stratigraphic record. Another difficulty arises with
distinguishing the earliest impacts of humans
from climate forcing. With systematic observations of soil erosion rarely covering more than
a few decades, there is a lack of data over timescales relevant to soil formation (102–104 yr).

Fig. 1: Deviation in the apparent erosion rates
(εapp) calculated from 14C and 10Be concentrations
in surface soils in case of an acceleration in
erosion rate (a). The ratio of apparent erosion
rates increases immediately after the
perturbation (b).

A new method to study soil sustainability is to
measure the short-lived in situ cosmogenic 14C
nuclide directly in soils on cultivated hillslopes.
This allows quantifying soil erosion over the past
few thousand years, which can be compared with
background soil production rates determined
from the long-lived cosmogenic 26Al and 10Be
nuclides (Fig. 1). By focusing on upland sites of
soil production and erosion, this approach is
independent of the fidelity of sedimentary
archives.

Our data suggest that this catastrophic soil loss
signalled the onset of the pervasive human
imprint in the Andean Altiplano seen today [1].
[1] Hippe et al., Nat. Commun. 2546 (2021)
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We have used this multi-nuclide approach in a
catchment on the Andean Altiplano where we
show that Late Holocene erosion rates were one
to two orders of magnitude higher compared to
erosion rates during the preceding tens of
thousands of years.
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FEEDBACKS BETWEEN UPLIFT AND DENUDATION
Denudation rate estimates in the region of Chur based on 10Be
E. da Silva Guimarães1,2, R. Delunel1,3, F. Schlunegger1, N. Akçar1, L. Stutenbecker1,4, M. Christl
flysch and schists with a high erodibility, whereas
glacial landforms are still prominently preserved
in the upstream region that are made up of South
Penninic and Austroalpine bedrock with low
bedrock
erodibilities.
This
geomorphic
observation is supported by the sediment
provenance analysis (Fig. 1) and the 10Be-based
denudation rates (Fig. 2), indicating faster
sediment production in the flysch and schist
lithologies. Interestingly, this reach has
experienced the highest exhumation and rock
uplift rates. This suggests that lithologic and
glacial conditioning have contributed to the local
uplift and denudation as some of the driving
forces of a positive feedback system.

In mountainous areas, the shape of a landscape
is the expression of a complex interaction
between tectonic and erosional processes over
multiple temporal scales. Tectonic forces create
topography resulting in rock uplift, whereas
erosional processes mainly result in the
downwearing of the accreted material. One
particular expression of the interaction between
tectonic and denudation is a positive feedback,
where erosion-driven unloading has the
potential to initiate an isostatic response of the
lithosphere in the form of crustal uplift. Within
this contribution, we used 10Be-based
denudation rates and the results of geomorphic
mapping to test such a hypothesis for the Plessur
basin near Chur, Eastern Alps of Switzerland.
Mapping reveals that the Plessur basin is still
adjusting to the landscape perturbation caused
by glacial carving during the Last Glacial
Maximum.

Fig. 2: 10Be-based sediment budget of the
Plessur basin near Chur [1].
[1] E. da Silva Guimarães et al., Geosiences 111
(2021) 339
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Fig. 1: Budgeting of the composition of the
sediments in the Plessur basin [1].
This adjustment has been most efficient in the
downstream part where the bedrock comprises
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QUANTIFYING LANDSCAPE TRANSIENCE IN SICHUAN
Catchment-averaged erosion rates from 10Be in detrital quartz
K.D. Gelwick1, S.D. Willett1, M. Christl, R. Yang2
River networks commonly respond to external
and internal forcing through drainage
reorganization; however, we lack good data on
the rates at which this reorganization occurs.
Here we quantify drainage divide dynamics
between tributaries to the Anning, Dadu, and
Yalong rivers (Sichuan, China), where a stream
capture event is known to have occurred ~2 Ma
ago [1].
We use catchment-averaged erosion rates,
calculated from in-situ 10Be in detrital quartz, to
determine the relative erosive power across
drainage divides in opposing tributaries. As the
paleo-Anning lost its headwaters to the Dadu, we
would expect the erosive power of Dadu
tributaries to remain higher than their neighbors
in the Anning catchment while the river network
adjusts to the change in base-level.
Of the 49 catchments sampled, 37 have been
measured and have preliminary erosion rates
(Fig. 1). Erosion rates range from 0.044 to
0.618 mm/yr in the Anning tributaries. Erosion
rates in the Dadu tributaries range from 0.038 to
0.450 mm/yr, excluding one anomalously high
rate of 6.056 mm/yr. The lowest measured
erosion rate is 0.034 mm/yr in a small tributary
to the Yangtze River. Samples from the Yalong
tributaries are still being processed.
Differences in erosion rates across drainage
divides are broadly consistent, with Dadu
tributaries generally having higher rates than
their Anning counterparts. A few exceptional
cases where the relationship is reversed appear
to be caused by lithologic differences and
contamination from fill terraces.

Fig. 1: Map showing sampled catchments
(white lines) and rivers (black lines). Catchment
color corresponds to preliminary erosion rates
(see scale bar). Hollow catchments do not yet
have rates. Red catchment has anomalously high
rate.
[1] R. Yang et al., Earth Planet. Sci. Lett. 531
(2020) 115955

Our preliminary results are consistent with
ongoing drainage exchange between the Dadu
and Anning catchments.
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Be IN BLACK SEA SEDIMENTS

First high resolution 10Be record covering Termination II (128-134 ka BP)
R. Reuter1, M. Czymzik1, H. W. Arz1, N. Nowaczyk2, M. Christl
Cosmogenic radionuclide records covering
intervals of the penultimate glacial period with a
high temporal resolution are rare. Within this
study we measured a new 10Be record from Black
Sea sediment core M72/5_640-1 (22GC8)
covering Termination II from around 128 to
134 ka BP, with a temporal resolution of about
40 years (Figs. 1, 2) [1].

Fig. 2: 10Be and 9Be record, as well as 10Be/ 9Be
ratio from Black Sea sediment core M72/5_640-1
(22GC8) versus depth covering Termination II.
Future
investigations
including
paleoenvironmental proxy records from the same
archive, aim at disentangling the mechanisms of
10
Be deposition in Black Sea sediments at the
onset of Termination II, as well as possible
linkages between cosmogenic radionuclide
production and climate variability.

Fig. 1: Bathymetric map of the Black Sea
indicating position of sediment core M72/5_6401 (22GC8) from Archangelsky Ridge.
This record covers the depth interval from 950 to
800 cm core depth and is, to our knowledge, the
first multi-decadal resolved 10Be record from a
sediment core that covers Termination II. Our
10
Be and 9Be records reveal multi-decadal to
centennial variability (Fig. 2). 10Be/9Be ratios
increase within the upper part between 850 and
800 cm core depth (Fig. 2).

[1] M. Czymzik et al., PNAS, 117 (2020) 28649
[2] A. Wegwerth et al., Paleoc. Paleoclim., 35
(2019) e2020PA003882
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Between 860 and 850 cm sediment core depth
distinct peaks in 10Be and 9Be occur simultaneous
with a macroscopic tephra layer [2].
Interestingly, values of both isotopes are
extraordinary high at the top and base of the
tephra layer, while they are low within the
deposit (Fig. 2).
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Be IN SEDIMENTS OF LAKE KÄLKSJÖN (SWEDEN)

Towards synchronous records of Circum-Baltic environmental change
M. Czymzik1, O. Dellwig1, H.W. Arz1, A. Brauer2, M. Christl
The Circum-Baltic ecosystem is highly sensitive to
both natural climate forcing and human impact
[1]. Despite the diversity of existing
paleoenvironmental
information,
a
comprehensive understanding of the Holocene
development of the coupled marine-terrestrial
Baltic ecosystem is still limited. Main causes are
a wide temporal and spatial range of forcing
mechanisms, thresholds of proxy responses in
different
archives
and
chronological
uncertainties [1].
We apply the globally common cosmogenic
radionuclide production signal for a precise
synchronization of the Scandinavian Lake
Kälksjön record to the very precise 14C time-scale
during the Mid-Holocene [2]. The final goal of the
research is the investigation of environmental
gradients in the Baltic region during the
Holocene, based on synchronous proxy records
from multiple archives.
The 10Be and 10Be/9Be records from Lake Kälksjön
reveal similar multi-decadal to centennial
variability and resemble changes in the 14C
production rate record from the IntCal20
calibration curve [3], supporting the broad
preservation of the cosmogenic radionuclide
production signal (Fig. 1). Differences between
both records particularly from 5800 to 5400 a BP
also indicate the presence of an environmental
bias in the Lake Kälksjön 10Be record (Fig. 1).
Synchronizing the Lake Kälksjön 10Be and
10
Be/9Be time-series to the 14C production timeseries from the IntCal20 calibration curve using
automated curve fitting revealed initial
chronological uncertainties of about 50 years
(Fig. 1).

Fig. 1: Placement of 10Be record from Lake
Kälksjön sediments on the 14C production timescale derived from the IntCal20 calibration curve.
(top) Synchronization of 10Be and 10Be/9Be
records with 14C production rates. (bottom) Offset
of the initial Lake Kälksjön chronology, compared
to the 14C production time-scale.
[1] BACC 2 Author Team, Regional Climate
Studies (2015) 501 pages
[2] M. Czymzik et al., PNAS 117 (2020) 28649
[3] P.J. Reimer et al., Radiocarb. 62 (2020) 725
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IMPROVING NORTH ATLANTIC CHRONOLOGIES
Cosmogenic 10Be based synchronization of marine and ice-core records
F. Muschitiello1, M. Czymzik2, L. Skinner3, M. Christl
changes in global temperatures and NADW
transport. Ultimately, a more precise timing of
past changes in North Atlantic deep-water
circulation relative to the abrupt warming and
cooling that punctuated the last deglaciation will
improve our understanding of the nature and
cause of rapid climate change.

Cosmogenic radionuclides show great potential
as a tool for climate-independent and continuous
timescale synchronization, and have been
successfully
employed
to
synchronize
Greenlandic and Antarctic ice cores [1]. Recent
research efforts have successfully quantified
cosmogenic 10Be in both lake [2] and marine [3]
sediment archives, opening up new exciting
opportunities to utilize high-resolution 10Be
reconstructions for synchronization of marine
sediment and ice-core records.

Fig. 1: Location of the marine sedimentary core
JC089-04-2P from the SW Iberian Margin used in
this project.
Here, we employ cosmogenic 10Be as a
synchronization tool to resolve the timing
between changes in North Atlantic deep-ocean
circulation and global climate during the last
glacial period. We generated a new
multidecadal-resolved 10Be reconstruction from
the southwestern continental margin of the
Iberian Peninsula (Fig. 1) in the Northeast
Atlantic spanning the interval 11-17 kyr BP.

Fig. 2: Authigenic 10Be record from the Iberian
Margin core JC089-04-2P plotted versus depth
alongside XRF-based Ca/Ti and Zr/Sr ratios.
Estimates of environmental influences using
linear regression are also shown. Preliminary
chronological constraints suggest that the record
spans the interval ~11,000-17,000 years BP.

The new 10Be reconstructions (Fig. 2) will be
accompanied by independent radiometric (14C)
and isotopic (d18O) measurements (on the same
sedimentary archive) to constrain the vertical
water-mass structure of the deep Atlantic. While
the 10Be data will allow synchronization to
Greenlandic and Antarctic ice-core records at
high temporal precision, the water-mass tracers
will help determining leads and lags between

[1] G.M. Raisbeck et al., Clim. Past 13 (2017) 217
[2] M. Czymzik et al., Clim. Past 14 (2018) 687
[3] L. Ménabréaz et al., JGR Solid Earth 117
(2012) B11101.
1

Univ. of Cambridge, UK
Inst. for Baltic Sea Research IOW, Rostock, Germany
3
Earth Sciences, Univ. of Cambridge, UK
2
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EXTRACTION OF AUTHIGENIC PHASES FROM SEDIMENTS
Co-extraction of meteoric Be and radiogenic isotopes
T.J. Suhrhoff1, J. Rickli1, M. Christl, E.G. Vologina2, E.V. Sklyarov2, D. Vance1
quantification. Leached Be isotope ratios are
similar to water samples, although a direct
comparison is difficult due to the short residence
time of Be in the lake and the resulting spatial
variability in Be isotopes. Overall, the Be and Sr
isotope evidence suggests that the developed
leaching procedure can be used for the coextraction of Be and radiogenic isotope ratios
from authigenic lake sediments.

The weathering of silicate rocks is one of the
major CO2 sinks of the long-term carbon cycle,
and thought to keep climate in balance over
geological timescales through its climate
sensitivity. In marine sediment cores, different
isotope proxies disagree to what extent silicate
weathering changed in the past as a result of
climate change, i.e. over the past glacial cycles.
While Be isotopes indicate stable weathering
rates [1], many radiogenic isotope systems show
large variation, indicating changes to the
continental weathering flux (e.g. Nd [2]).

0.78

10

In this project, we aim to assess meteoric Be
and radiogenic Nd, Sr, and Pb isotopes in
authigenic sediment phases of Lake Baikal to
reconstruct continental weathering over the last
glacial cycles.

different core
top sediments
lake composition

0.74

87

Sr/ 86Sr

0.76

One challenge in combining these proxies is that
they usually use different protocols to extract
authigenic sediment phases. Methods to extract
Be isotopes [3] are chemically much more
aggressive than for radiogenic isotopes [4]. It is
therefore not clear whether they both leach the
same authigenic phases. Strontium isotopes are
ideal to assess whether a leaching method
dissolves the authigenic phase, because the Sr
isotope composition of water is uniform
throughout the lake, while detrital silicate phases
are extremely variable in core top sediments.
Nevertheless, the isotope composition of the
least aggressive leach (SL1 used for radiogenic
isotopes [4], Fig. 1) converges towards the
composition of lake water for all core top
sediments, indicating the dissolution of
authigenic phases formed within the lake.

0.72

0.7
SL1

SL2

HL1

HL2

det

Fig. 1: Strontium isotope composition of
progressively harsher sediment leaches of core
top samples (SL1 the shortest, weakest leach and
HL2 the longest and strongest), and of the detrital
silicate phase (det).
[1] F. von Blanckenburg et al., Nat. Geo., 103
(2015) 538
[2] K. Burton and D. Vance, EPSL, 176 (2000)
425
[3] H. Wittmann et al., Chem. Geol., 318
(2012) 126
[4] F. Süfke et al., Chem. Geol., 507 (2019) 42

We tested the feasibility of this leaching
approach for Be isotopes in terms of sufficient
signal sizes and plausibility of resulting isotope
ratios. These sediment leaches yielded 10Be
signals of 6 to 28 million counts per grams of
10
sediment,
sufficient
for
precise
Be

1
2
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ANTHROPOGENIC RADIONUCLIDES

R/V Atlantic Explorer at Bermuda before leaving to take samples at
the BATS station (Dec. 2021)

The BATS expedition in December 2021
BOCATS cruise in the subpolar North Atlantic
129

I and 236U in the Barents Sea

Natural and artificial U in the Arctic Ocean
Distribution of 129I and 236U along the AR7W line
Mapping of 129I in the North Atlantic
Modelled 129I across the Arctic Ocean
Sellafield actinides throughout the Esk Estuary
U and Pu isotopes in natural samples
Dating nuclear fuel with Cm isotopes: validated
How reliable are our 236U/238U data?
Long-lived spallation products from a V-target
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THE BATS EXPEDITION IN DECEMBER 2021
Collecting 129I, 236U, and 14C, as well as first 39Ar samples
A.-M. Wefing1, N. Casacuberta1, R. Johnson2
Atlantic and to revise advection and mixing times
estimated in [2].

The Bermuda Atlantic Time-Series Study (BATS) is
a long-term program led by the Bermuda
Institute of Ocean Sciences, which examines
biogeochemical cycles in the subtropical North
Atlantic Ocean. Every month, scientific research
expeditions are conducted at the so-called BATS
station close to Bermuda, where physical,
biological, and chemical parameters are
measured and seawater samples are collected.
In 2019, first samples for 129I, 236U, and 14C
analysis were collected at BATS. The elevated
concentrations of 129I and 236U found at depths of
1500-4500 m showed that the radionuclide
signal transported by deep waters formed in the
subpolar North Atlantic has reached the lower
latitudes [1].

Fig. 2: Setup for 39Ar sampling aboard the RV
Atlantic Explorer in December 2021.
For the first time, also samples for the analysis of
Ar were taken as part of the expedition. Since
39
Ar is naturally produced in the atmosphere and
transferred to the surface ocean via air-sea gas
exchange, it is crucial to avoid contamination
with ambient air during the sampling process,
especially for seawater from greater depths.
Therefore, we used steel flasks with gas-tight
valves that were evacuated prior to sampling
(Fig. 2).
39

The first 39Ar data from the subtropical North
Atlantic will complement the other tracer data
and is expected to give valuable insights into
long-term ocean ventilation processes, especially
for deep water transport from the subpolar
North Atlantic.

Fig. 1: Sampling stations for anthropogenic
radionuclides during BATS expeditions 2019 and
2021 and DWBC with interior branches (after [2]).
In December 2021, we repeated sampling
activities at the BATS station and extended the
study area further to the south (Fig. 1). The aim
was to target the main pathway of the Deep
Western Boundary Current (DWBC) as well as its
interior branches. The commenced time-series of
129 236
I, U, and 14C will allow us to monitor the
radionuclide signal in the subtropical North

[1] N. Casacuberta et al., Annual report (2020)
83
[2] J.N. Smith et al., JGR Oc. 121 (2016) 8115
1
2
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BOCATS CRUISE IN THE SUBPOLAR NORTH ATLANTIC
Re-visiting the OVIDE line in spring 2021
M. Castrillejo, L. Leist1, F. F. Perez2, A. Velo2, N. Casacuberta1
at laboratories in ETH. The three radionuclides
will be determined using the Accelerator Mass
Spectrometry facilities at LIP.

The Subpolar North Atlantic (SPNA) is of
particular interest for oceanographers and
climate scientists because it hosts major water
mass transformation processes that convey
climate properties from the sea surface down to
the interior ocean [1]. The BOCATS2 cruise aimed
at studying this region from the physical and
biogeochemical point of view by conducting the
9th repetition of the OVIDE line (Fig. 1).

Fig. 2: Lisa Leist (PhD) extracts iodine from
seawater onboard R/V Sarmiento de Gamboa.
The new observations will provide a fine-scale
distribution of 129I and 14C to study the water
mass structure in 2021. Further, the sampling in
2021 re-visited various locations that were
previously sampled for the three tracers in 2014
and 2018. In this regard, each tracer distribution
is expected to show a temporal change due to
the tracer input history and ocean circulation.
During the PhD, Lisa will exploit the above
information to investigate the water mass
transformations, transport pathways and
timescales in the SPNA.

Fig. 1: Map of the sampling sites along the
OVIDE line. Bottom left: the two cruise
participants posing in front of the oceanographic
vessel in Vigo, Spain.
BOCATS2 was a fantastic opportunity to collect
samples for the PhD project of Lisa Leist (Fig. 1
and Fig. 2), whose research focuses on using
transient tracers to study the circulation of
subpolar North Atlantic waters. Lisa and Maxi
Castrillejo embarked onboard the Spanish
Research Vessel Sarmiento and sailed from Vigo,
Spain, to Cape Farewell, Greenland in May-June
2021 (Fig. 1). They collected more than 700
seawater samples for the analysis of artificial
radionuclides (236U, n > 40; 129I, n > 300; and 14C,
n > 400).

[1] F.F. Perez et al., Nature 554 (2018) 515
[2] M. Castrillejo et al., Biogeosciences 15
(2018) 5545
1

Environmental Systems Science, ETH-Zurich
Consejo de Investigaciones Científicas - Instituto de
Investigaciones Marinas de Vigo, Spain
2

The radiochemistry of 129I was done onboard
(Fig. 2). The 236U and 14C samples will be treated
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I AND 236U IN THE BARENTS SEA

Tracer concentrations at the entrance to the Arctic Ocean in 2018
A.-M. Wefing1, N. Casacuberta1, M. Christl, C. Vockenhuber
The ratio 129I/236U is particularly valuable to
constrain sources of waters in the Barents Sea.
High ratios point to a high proportion of Atlantic
Waters carrying the RP signal and are mainly
found along the eastern and western boundaries
of the sampling area (Fig. 2). Lower ratios in the
northern part, south of Svalbard, point to a
higher proportion of Arctic waters.

The shallow Barents Sea is one of the Arctic
Ocean’s shelf seas, located south-east of
Svalbard and comprising mainly north-eastward
flowing waters of Atlantic origin (Fig. 1). These
waters carry the signal of the anthropogenic
radionuclides 129I and 236U discharged mainly
from the European nuclear reprocessing plants
(RPs) in Sellafield (UK) and La Hague (France). In
the northern Barents Sea, Arctic Waters flow
southward and circulate around Svalbard before
merging the northward flowing warm Atlantic
Waters (Figure 1).

Fig. 2: 129I/236U ratio across the Barents Sea
surface in 2018.
The new dataset from the Barents Sea can be
used to better constrain the input functions of
129
I and 236U to the Arctic Ocean, similar to the
approach described in [2]. Seawater samples
from the Norwegian Coastal Current, which are
currently processed for 129I and 236U analysis, will
complement the picture and also allow to assess
the performance of the NAOSIM model closer to
the source region of 129I and 236U [3].

Fig. 1: Map showing schematic circulation
pattern in the Barents Sea (modified after [1])
and sampling stations of BS2018 cruise.
In order to understand the 129I and 236U
distribution across the Arctic Ocean and as a
basis for circulation time and mixing calculations,
the radionuclide signal in waters entering the
Arctic Ocean must be well constrained. To this
aim, opportunistic surface samples collected
across the Barents Sea in 2018 (Fig. 1) were
analyzed at the Laboratory for Ion Beam Physics
to determine their 129I and 236U concentrations.

[1] L. Oziel at al., Ocean Sci. 12 (2016) 169
[2] N. Casacuberta et al., JGR Oc. 123 (2018)
6909
[3] A.-M. Wefing et al., Annual report (2021) 88
1
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NATURAL AND ARTIFICIAL U IN THE ARCTIC OCEAN
233

U/236U as a tool to identify U sources in the Western Arctic Ocean

E. Chamizo1, M. Christl, M. López-Lora,2, N. Casacuberta, A.M Wefing, T.C. Kenna3
and AL. PSW and AL values can be explained
considering the varying influence of Atlantic
waters. DBW values can be interpreted
considering the fingerprint of 233U and 236U of
natural origin.

The Arctic Ocean (AO) is a highly stratified
oceanic region. In the Amerasian basin, Polar
Surface Waters (PSW), mainly a mixture of
Atlantic and Pacific source waters, overly a layer
of pure Atlantic Waters (AL) circulating at middepths (250-800 m). The oldest and most
isolated water mass can be found below 2000 m
depth (Deep and Bottom Waters, DBW) [1].
Atlantic
waters
carry
anthropogenic
radionuclides from nuclear weapons testing and
European nuclear facilities. Pacific waters carry
the bomb-tests signal only. DBW are not
expected to contain artificial radionuclides.

233

U and 236U can be produced in the lithosphere
from the activation of 232Th and 238U,
respectively, by thermalized cosmic neutrons.
Theoretical estimations situate this 233U/236U AR
at the 160x10-2 level, significantly above the
measured one for anthropogenic sources, with a
maximum for the fallout from nuclear weapons
testing, overall (1.40±0.15)x10-2 [2]. Further
studies of 233U and 236U in natural reservoirs will
provide more insights into the use of 233U/236U to
label natural U in oceanic waters in the AO and
beyond.

Fig. 1: Studied stations at the GN01 GEOTRACES
transept visited in 2015.
In this work, we explore the potential of the
U/236U atom ratio (AR) to label water masses
fingerprinted
with
both
natural
and
anthropogenic U sources in the western AO.
Samples from the GN01 GEOTRACES cruise
(Fig. 1) were studied by AMS for this purpose.
Fig. 2 summarizes the obtained average 236U
concentrations and 233U/236U ARs. It shows that:
i) PSW exhibit increasing 236U concentrations and
decreasing 233U/236U ARs from the Chukchi Sea to
the Makarov Basin; ii) the AL exhibits distinct
signals, with an enhanced presence of 236U
compared to PSW; and iii) DBW are characterized
by significantly lower 236U concentrations and
233
U/236U ARs above the measured values in PSW
233

Fig. 2: Obtained average 236U concentrations
and 233U/236U ARs by water mass and
geographical site in the western AO (Fig. 1).
[1] C. Wefing et al., Ocean Science 17 (2021) 111
[2] M.P. Hain et al., Nat. Commun. 11 (2020) 1275
1
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DISTRIBUTION OF 129I AND 236U ALONG THE AR7W LINE
Studying water masses and their mixing in the Labrador Sea
L. Leist1, N. Casacuberta1, M. Christl, C. Vockenhuber, J. Smith2, M. Castrillejo3
At surface (Fig. 2), the 129I concentration is
diluted on its way from Greenland to Canada. If
inflow concentration would be constant, then
dilution would be of about 50%. This reflects the
mixing with Pacific waters outflowing the Arctic
Ocean through the Canadian archipelago, which
carry almost no 129I tracer signal.

The AR7W line crosses the Labrador Sea from
Newfoundland to the west coast of Greenland. It
is a historic line where 129I has been monitored
since 1993. The line covers the in- and outflow
pathways into the Labrador Sea, which is a key
region of water mass transformation in the
subpolar North Atlantic.
In June 2020, 70 129I and 20 236U samples were
sampled and sent to LIP, where they were
processed and analyzed starting in March 2021.

129I [10^7 at/kg]

Preliminary results confirm the potential of 129I
and 236U to trace water masses and to study their
mixing, even far away from their source region.
The two tracers are released by nuclear
reprocessing plants in the UK and France, which
provide two point like sources of anthropogenic
radionuclides with well documented releases.
The tracers are transported northwards into the
Arctic Ocean from where they recirculate to the
Atlantic Ocean via the Labrador Sea [1].
Fig. 2:

129

I in Labrador Sea surface waters.

The 236U distribution mimic the 129I distribution,
being high both in deep waters and close to the
Greenland shelf and low in intermediate waters.
The combination of 129I and 236U will be used to
understand the ocean circulation timescales and
mixing in the Labrador Sea.
Fig. 1:

129

[1] A.M. Wefing et al., Ocean Sci. 17 (2021)
111

I distribution at the AR7W transect.

Figure 1 shows preliminary results of 129I
concentration along the transect. High
concentrations in surface (250 x 107 at/kg) and in
deep waters (100 x 107 at/kg) are unique
imprints of waters from Arctic origin that are
transported to lower latitudes. Waters at
intermediate depths show concentrations of
about 30 x 107 at/kg which indicate mixing
between waters carrying the tracer signal and
others being almost tracer free.

1
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3
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MAPPING OF 129I IN THE NORTH ATLANTIC
An overview of observations from cruises in 2017-2019
M. Castrillejo, A.-M. Wefing, K. Kündig, C. Vockenhuber, N. Casacuberta
especially the case for stations located in the very
East (OV7 to 33) and at low latitudes (e.g. ATH).
On the contrary, sites located further north (e.g.
PE stations) or further to the West (OV 43 to 104)
present 129I concentrations above 15 × 107 at/kg
indicating the inflow of waters from the
Greenland-Scotland passages that have been
labelled by the reprocessing waste. The
reprocessed 129I causes elevated tracer
concentrations in the upper 1000 m, but also at
depth, as recently ventilated water and the
dense overflows also carry 129I into the abyss.
Some examples of deep 129I spikes can be seen at
very deep depth layers at stations OV63, PE28
and PE17, and more diluted, as far as at BATS
station (Fig. 2).

Over the last 6 decades anthropogenic iodine
(129I) has been released from the nuclear
reprocessing plants of La Hague and Sellafield
(Fig. 1) labelling the waters in the northeast
Atlantic with artificial 129I in relatively high
concentrations. These ‘labelled’ waters follow
different paths into the Nordic Seas, the Arctic
Ocean and eventually, into the North Atlantic,
providing an excellent tracer to infer water
transport pathways, mixing regimes and
timescales [1].

Fig. 1: Sampled locations overlying the
schematic circulation, and the total 129I discharge
rate (bottom right) from the nuclear reprocessing
plants of La Hague and Sellafield.

Fig. 2: Depth profiles of 129I from PE424-2017
(PE), Ovide-2018 (OV), ATHENA-2018 (ATH) and
BATS-2019 (BATS).

Between 2017 and 2019 we participated in
various cruises in order to map the distribution
and temporal change of 129I in the North Atlantic
(Fig. 1): the PE424-2017 cruise (PE), Ovide-2018
cruise (OV), ATHENA-2018 cruise (ATH) and
BATS-2019 cruise (BATS). The location of each
depth profile of 129I is shown in Figure 1. A
selection of depth profiles is represented in
Figure 2. The results show increasing 129I
concentrations from east to west. In the eastern
part and below the surface layer, 129I is usually
lower than 15 × 107 at/kg indicating little
influence from reprocessing plants. This is

These 129I observations are being repeated over
time to create a tracer time-series. And, the
time evolution of this tracer is planned to
contribute towards new 129I input functions that
can be employed to estimate circulation
timescales, mixing regimes and understand the
origin of water masses.
[1] J.N. Smith et al., J. Geophys. Res. Oceans,
121 (2016) 2016JC011759
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MODELLED 129I ACROSS THE ARCTIC OCEAN
Comparison between simulated and measured 129I concentrations
A.-M. Wefing1, N. Casacuberta1, M. Karcher 2, C. Vockenhuber
The long-lived anthropogenic radionuclide 129I
has been used as an ocean circulation tracer
since the 1990s. The dispersion after its release
from European nuclear reprocessing plants has
been simulated already since a decade, using the
regional coupled ocean-sea ice model NAOSIM
[1]. Results of measured and simulated 129I
indicated fundamental shifts in Arctic circulation
[2]. The compilation of 129I results obtained from
the Laboratory of Ion Beam Physics over the past
years now allows for a detailed comparison
between the model and observations across the
Arctic Ocean, including the Fram Strait.

Ocean surface layer tend to be lower than those
simulated by the model.

Fig. 2: Simulated and measured
from central Fram Strait.

129

I profiles

In the Fram Strait (Fig. 2), a measured 129I profile
was compared to simulated profiles from
different years around the sampling year (2016).
In the upper 800 m of the water column, the
129
model
appears
to
overestimate
I
concentrations throughout most of the
simulated years, especially for the sampling year
(2016).

Fig. 1: Simulated (NAOSIM output for 2011) and
measured (Cruise PS78, 2011) 129I concentrations
at the surface layer (10 m depth) of the Arctic
Ocean.

More datasets on 129I from the Arctic Ocean,
especially time series from strategic locations,
that are produced as part of the TITANICA project
will be key to improve the model simulation.

A surface map depicting simulated and measured
129
I concentrations at the surface of the Arctic
Ocean in 2011 is shown in Figure 1. High 129I
generally points to Atlantic-origin waters,
whereas low 129I suggests that Pacific-origin
waters are dominating. The overall distribution
of 129I is reproduced well by the NAOSIM model,
but measured 129I concentrations in the Arctic

[1] C. Köberle and R. Gerdes., J. Clim. 16 (2003)
2843
[2] J.N. Smith et al., JGR Oc. 126 (2021)
1
2
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SELLAFIELD ACTINIDES THROUGHOUT THE ESK ESTUARY
AMS analysis of U, Pu and Am with DGT samplers and ultrafiltration
J. Chaplin1, M. Christl, A. Cundy2, P. Warwick2, F. Bochud1, P. Froidevaux1
DGT sampling configurations [2]. This has
extended our depth profiles of U, Pu and Am
remobilisation fluxes in the sediment column,
allowing us to observe an earlier sediment record
including the peak of the Sellafield discharges
around 1975. Having observed significant spatial
variations in the fluxes of remobilisation
between different sampling sites during the first
campaign, we also observed significant temporal
differences in the fluxes at the same site
between the two different campaigns. We look
forward to reporting a unique combination of
DGT and AMS which enables an insight into
actinide
remobilisation
from
Sellafieldcontaminated sediments to the Irish Sea.

In last year’s LIP annual report (page 87), we
reported on our first sampling campaign in the
actinide-contaminated sediments of the Esk
Estuary (near to the Sellafield Processing Facility,
UK). Ultimately, this campaign produced 190
individual isotope measures of 236U, 239-241Pu and
241
Am using the TANDY facility [1]. Most of these
targets were eluates of the resin-gels from our
recently reported ‘Diffusive Gradients in Thin
Films’ (DGT) samplers [2], which have allowed us
to assess the remobilisation fluxes of Sellafieldderived actinides from the marsh sediments. We
also analysed the U, Pu and Am inventory of local
marsh vegetation, seaweed and winkles,
allowing us to assess these samplers as a
bioavailability proxy.

Samples collected during the campaign, include
eluates of DGT samplers resin-gels which were
deployed in the seawater, sediment porewater
samples retrieved adjacent to the DGT samplers,
and ultrafiltered seawater fractions (solution,
colloidal, particulate, and bulk fractions). This
allowed us to build up a wider geochemical
picture of the area which we’re currently
redacting into journal submissions, focusing on
the overall behavior of the actinides at this site.

We were able to return on site (Fig. 1) between
May and June 2021 for a second sampling
campaign, working around COVID-19 travel
restrictions. This campaign has produced 220
individual samples mostly measured on TANDY
with some U targets measured on MILEA.

Additionally, we identified 243Cm and 244Cm in
some samples using TANDY, but with large
uncertainties. Environmental Cm measures by
DGT may therefore be on the horizon with longer
deployment periods and/ or at areas with highercontamination levels.
[1] M. Christl et al., NIMB 294 (2013) 29
[2] J. Chaplin et al., Anal. Chem. 93 (2021)
11937
Fig. 1: Sampling site, Esk Estuary (UK)

1
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For this campaign, we developed custom longer
(55 cm depth) DGT sediment-sampler housings,
which we used to deploy our KMS-1 and IIP-Y3+
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U AND PU ISOTOPES IN NATURAL SAMPLES
New results on 241Pu/239Pu and 233U/236U in IAEA reference materials
E. Chamizo1, M. López-Lora2, M. Christl
The study of 233U (T1/2=0.159 My) and 236U
(T1/2=23.4 My) in natural reservoirs has recently
gained increasing interest because the 233U/236U
atom ratio (AR) may be applied to identify
different sources of contamination with
anthropogenic U [1]. Both 233U and 236U were
globally released during the testing of nuclear
weapons resulting in an average global fallout
ratio (GF) of (1.40±0.15)x10-2 for the Northern
Hemisphere [1]. 236U (but no 233U) is produced by
thermal neutron activation of 235U and thus 236U
releases to the environment are also linked to
the nuclear industry. As a result, environmental
samples contaminated with anthropogenic U
may be characterized by their 233U/236U ARs
ranging from GF (maximum) to significantly
lower values in areas impacted by nuclear
industries such as nuclear reprocessing facilities.
For example, an average 233U/236U AR of
(0.12±0.01)x10-2 has been reported for Irish Sea
seawater and sediment [1].
233

from Sellafield RP; and IAEA-410, influenced by
the regional fallout from the US tests in the 1950s
at Bikini Atoll, equatorial Pacific Ocean. Most of
these US nuclear weapons contained oralloy as a
fuel and thus increased the signal of 236U, as
discussed in [1].
IAEA reference materials are widely used by the
scientific community to validate, and verify their
measurement protocols. Our results provide new
insights on the presence of 233U/236U in those
samples, making these precious materials even
more valuable.
241

IAEA code
Soil-6
(soil from Austria)
412
(Pacific Ocean sed.)

236

In this work, we determined the U/ U ARs in
a series of IAEA reference materials, impacted by
different anthropogenic sources (Tab. 1).
241
Pu/239Pu AR were included in the analysis since
this ratio is an additional indicator for the source
of irradiated nuclear material. Three aliquots of
each sample material were chemically processed
at the CNA for the extraction of Pu and U. The Pu
isotopic composition was studied on the 1 MV
CNA AMS facility in Seville, U-isotopes were
measured on the 600 kV ETH-Zurich Tandy
system.

300
(Baltic Sea sed.)
385
(Irish Sea sed.)
410
(Bikini Atoll sed.)

Pu/239Pu
-3

233

U/236U

x10
[at/at]

x10-2 [at/at]

0.87 ± 0.09

1.57 ± 0.03

0.76 ± 0.08

1.5 ± 0.2

1.38 ± 0.04

1.02 ± 0.02

3.3 ± 0.2

0.29 ± 0.04

1.24 ± 0.07

0.79 ± 0.02

Tab. 1: Average 241Pu/239Pu (CNA) and 233U/236U
(ETH) ARs for different IAEA reference materials.
[1] M.P. Hain et al., Nat. Commun. 11 (2020)
1275
[2] P. Thakur et al., J. Radioanal. Nucl. Chem.
317 (2018) 757

Average 241Pu/239Pu and 233U/236U ARs are shown
for each sample in Table 1. IAEA/Soil-6 and IAEA412 samples exhibit values in agreement with GF
as expected according to their origin.
Comparably higher 241Pu/239Pu and lower than GF
233
U/236U ARs are observed in IAEA-300, impacted
mainly by Sellafield, La Hague and Swedish RPs;
IAEA-385, directly receiving the liquid effluents

1
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DATING NUCLEAR FUEL WITH CM ISOTOPES: VALIDATED
Independent fuel pool data validates a novel Cm chronometry method
J. Chaplin1, P. Froidevaux1, M. Straub1, F. Bochud1, M. Christl
In 2019, a novel chronometry technique was
reported for dating the retrieval of irradiated
nuclear fuel from its neutron flux [1]. Briefly, the
model compares the fuel’s 244Cm/246Cm and
245
Cm/ 246Cm atom ratios with a reference curve.
The decay of the shorter-lived isotope 244Cm (t1/2
= 18 a) diminishes the 244Cm/ 246Cm ratio, whilst
the 245Cm/ 246Cm is essentially constant over
several centuries as both isotopes are longerlived (245Cm t1/2 = 8250 a, 246Cm t1/2 = 4723 a).

The objective of further developing these
samplers for use in spent fuel pool water has
been to provide a more valid and desirable
sampling alternative that doesn’t require the
retrieval of radioactive fuel pool water for
radiochemical processing. The laboratory
development for this has involved proving that
the samplers capture their analytes linearly with
time in weak boric acid (used in fuel pools to
adsorb neutrons during rod cooling).

We recently had the first opportunity to
independently validate this novel dating
technique by comparing results given by the Cm
based age model with the known retrieval age of
the nuclear fuel. Cm isotopes were sampled
using passive DGT samplers [2] that we retrieved
from the water of a spent nuclear fuel rod pool.
The experiment was part of a project to develop
DGT samplers that can be used to measure the
concentrations of labile actinides (U, Pu, Am, Cm)
in the borated waters of spent fuel pools (Fig. 1).

Our IIP-Y3+ sampler [2] captured Cm and Am
simultaneously from the fuel pool water. We
used a modified procedure to measure Cm and
Am in the same radiochemical fraction using
TANDY, by spiking an aliquot with 243Am and
leaving a second aliquot unspiked. Masses 241246 were measured in each aliquot, enabling the
added 243Am in the first aliquot to be used as a
yield tracer and to calculate 241Am- and 242-246Cmconcentrations in the pool water.
The measured Cm isotopic fingerprint
additionally allowed us to date the retrieval of
the irradiated nuclear fuel [1]. The resulting age
was blindly presented to colleagues of the
involved nuclear facility. They confirmed to us
that some fuel rods were known to have leaked
at the nuclear facility around the time the model
predicted. This independent validation serves as
an endorsement for the use of the Cm-isotope
based age model, providing a significant
contribution to international nuclear security
with a one-element method to date irradiated
nuclear material.

Fig. 1: Samplers, based on the ‘Diffusive
Gradients in Thin Films’ (DGT) technique [2], in a
deployable support (right), with their target
radionuclides in spent fuel pool water (left)

[1] M. Christl et al., J. Radioanal. Nucl. Chem.
322 (2019) 1611
[2] J. Chaplin et al., Anal. Chem. 93 (2021)
11937

The DGT samplers were developed for use in
natural waters [2]. In a separate project (this
volume), we deployed the samplers in the marine
environment and performed actinide analyses at
the TANDY (U, Pu, Am) and MILEA (U) facilities.

1
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HOW RELIABLE ARE OUR 236U/238U DATA?
First results from the Zurich Sea Water (ZSW) intercomparison study
M. Christl, A. Bratkič1, N. Casacuberta2, M.Castrillejo, E. Chamizo3, L. Fantozzi4, K. Hain5, J. Kotnik6,
M. Lin7, M. López-Lora], J. Qiao7, H.-A. Synal, A.-M. Wefing2
results on the 236U/238U ratio (Fig. 2) and on the
U and 238U concentrations of the ZSW
intercomparison sample (concentrations will be
presented elsewhere).

During the Fenice11 expedition to the Tyrrhenian
Sea in 2011 several samples totaling more than
350 L seawater were collected for 236U/238U at
ETH Zurich (Fig. 1). Due to a chain of unfortunate
circumstances the sample labels were not
readable any more when they arrived at LIP. We
decided not to discard the seawater but instead
to prepare one homogenized large volume sea
water sample for 236U - the Zurich Sea Water
(ZSW) intercomparison sample.
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Fig. 2: Preliminary results for the 236U/238U ratio
of the ZSW intercomparison sample.
The preliminary consensus value for the 236U/238U
atom ratio is (1695±75) x10-12 (lines in Fig. 2). A
first analysis of the scatter of the 236U/238U ratios
provided by the different labs reveals a reduced
Chi-squared value of 2.7, which implies that
some additional scatter of about 1.6% is present
in the dataset (Fig. 2). The preliminary results
show that the different participating AMS labs
are able to produce reliable 236U/238U data with a
typical uncertainty of 3-5%. The ZSW sample now
has been characterized by several AMS labs,
which makes it a valuable standard for internal
quality control.

Fig. 1: Stations of the Fenice 2011 cruise.
The seawater was pumped through 0.45 µm
filters into a 400 L plastic tank and adjusted to
pH3. After homogenization 35 aliquots of the
ZSW samples were collected in 10 L liter plastic
cubitainers, which were sent out to the
participating labs. The labs were asked to provide
information on the 236U/238U ratio and the 236U
and 238U concentrations of the sea water sample
after applying standard sample processing
procedures.
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So far, several ZSW intercomparison samples
were processed in five different chemistry labs
and measured on five different AMS systems. Lab
five did only provide indicative values and was
thus excluded from the data analysis (magenta in
Fig. 2). The other labs provided very consistent

2
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LONG-LIVED SPALLATION PRODUCTS FROM A V-TARGET
nat

V(p,X)26Al and natV(p,X)41Ca at proton energies up to 954 MeV

I. Mihalcea1, M. Veicht1,2, D. Schumann1, J.C. David3, S. Chen4, C. Vockenhuber, P. Gautschi, S. Maxeiner5
the calculation of natV(p,X)26Al and natV(p,X)41Ca
experimental cross-sections. The resulting
excitation functions were compared with
theoretically calculated ones and showed a very
good fit for the production of 41Ca (Fig. 2) while
for the production of 26Al the calculation of the
theoretical cross section is still underway. To our
best knowledge, these are the first excitation
function data reported on the production of 26Al
and 41Ca via proton spallation using vanadium
targets.

In the past seven decades, the proton-induced
reactions on vanadium targets were described in
over two dozen scientific papers and the
production cross-sections of 55 nuclides at
various incident proton beam energies were
reported. Although of great importance in
scientific domains such as astrophysics and
nuclear dating, the production cross-sections of
26
Al and 41Ca were never reported.

Fig. 2: Calculated and experimentally obtained
excitation functions for natV(p,X)41Ca.

Fig. 1: Radiochemical separation scheme for
26
Al and 41Ca from the initial vanadium matrix.

1
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3
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4
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5
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In this work seven independent vanadium metal
targets were proton irradiated at beam energies
up to 954 MeV at the irradiation facilities
Laboratoire National Saturne (LNS), Saclay,
France, and Svedberg Laboratory (TSL), Uppsala,
Sweden. The “end of beam” date ranges from
October 1995 to March 1996. Since the targets
have underwent a cool-down period of over
25 years, only the long-lived produced
radioisotopes are still detectable today.
Following the radiochemical separation (Fig. 1),
the number of 26Al and 41Ca atoms produced was
determined using AMS at MILEA. This allowed

2
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MATERIALS SCIENCES

Colorful samples mounted on the new sample holder for RBS and ERDA measurements

Secondary ion multiplicity in cluster MeV-SIMS
In-air stim for wood densitometry
Nano-structured materials by ALD-PVD
Chemical engineering of network metamaterials
Uptake of acids on solids for climate engineering
Oxynitride thin films for solar water splitting
In-situ halides quantification at Pompeii
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SECONDARY ION MULTIPLICITY IN CLUSTER MEV-SIMS
Do high energy cluster ions generate a plasma at their point of impact?
K.-U. Miltenberger, M. Döbeli, C. Vockenhuber, H.-A. Synal
(CH2NH2+), m = 43u (CH3N2+) and m = 70u
(C4H8N+). In the negative spectrum the most
distinct fragment peaks appear at masses
m = 26u, 41u and 66u. In both spectra the full
molecular arginine mass peak appears.

The LIP Capillary Heavy Ion MeV-SIMS Probe
(CHIMP) enables simultaneous analysis of all
positive and negative secondary ions originating
from one primary ion impact. This allows us to
study correlations between secondary ions of
different polarities emitted from a single primary
ion impact in order to obtain differentiated
information on the underlying emission and
ionization mechanisms [1].

Figure 1 shows the distribution of multi-stop
events, i.e. start signals that can be correlated
with more than one stop event in an individual
ToF detector. The fraction of multiple secondary
ion detections per primary ion impact clearly
increases for larger primary cluster ions. The
fraction of elementary C1 impacts for which only
a single secondary ion is detected is roughly
twice as large as for a C6 primary ion. In return,
the frequency of multi-stop events grows by
several orders of magnitude with increasing
primary cluster size and their distribution is
gradually shifted towards higher multiplicities.
For all primary cluster sizes, the multi-stop
frequency of negative secondary ions decreases
significantly faster with increasing multiplicity
than the one of positive ions. The multi-stop
distribution of mono-atomic C1 primary ions
decreases roughly exponentially with increasing
multiplicity (straight line in linear-logarithmic
representation). With increasing primary cluster
size this distribution is changed towards a
Poisson-like dependency. This could be a
consequence of the high density of electronic
energy deposition which leads to an excitation of
a large percentage of secondary ions. While
excited negative ions have the possibility to
decay into neutral particles, positive ions cannot
neutralize once they are away from the surface.
This behaviour might point towards the
formation of a plasma-like state at the point of
large MeV cluster impacts.

Fig. 1: Relative frequency of negative (top) and
positive (bottom) multi-stop events recorded
from an arginine sample with 7 MeV Cn primary
ion beams.
Arginine (C6H14N4O2, m = 174u) deposited on Si
wafers by spin-coating was bombarded by small
Cn cluster primary ions at a total energy of 7 MeV.
Measured secondary ion mass spectra show the
usual arginine fragment peaks of positive ions
with the most significant ones at masses m = 30u

[1] K.-U. Miltenberger et al., Nucl. Instr. and
Meth. B507 (2021) 36
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IN-AIR STIM FOR WOOD DENSITOMETRY
Development of a new method to determine tree-ring density profiles
N. Pezzoli, K.-U. Miltenberger, C. Vockenhuber, L. Wacker, H.-A. Synal, D. Nievergelt1, L. Schneider1,
G. von Arx1
The radial density profile of trees rings provides
an important archive of climatological data
because the maximum latewood density (MXD)
is strongly linked to the growing season air
temperature. Many dendroclimatological studies
rely on density profile measurements with
resolution on the order of 10 µm. Several
techniques have been used, including X-ray
radiography (widely considered as the standard),
and more recently X-ray tomography, analysis of
reflected blue light intensity, and direct
measurement of cell dimensions [1]. However,
offsets between techniques and measurement
sets are challenging for the interpretation.

Fig. 2: Qualitative density profile obtained by
averaging (black) two measurements (green,
orange). An optical microscopy picture of
scanned region, visually aligned with the data, is
shown for reference.
Due to the high inhomogeneity of wood samples,
we could not establish a model for the
transmitted energy distribution capable of a
quantitative measurement of the areal density.
Instead, we developed a procedure to determine
the relative amount of ions that interact with cell
wall material compared to ions that go through
intra-cell cavities. We used this ratio as a proxy
for the density.

Fig. 1: Close-up of the in-air STIM measurement
setup. The glass capillary (1) collimates the beam
on a thin wood sample on a scanning stage (2)
placed in front of a PIN detector (3).

Comparison of our results with optical
microscopy images show that qualitative wood
density measurements with STIM are possible
(Fig. 2). However, a refined analysis method and
an improved scanning stage with the possibility
of a wider scan over several tree rings would be
required to perform quantitative measurements
that allows to compare this technique to others,
such as X-ray radiography.

We evaluated the use of Scanning Transmission
Ion Microscopy (STIM) as an alternative
technique
for
high
resolution
wood
densitometry. We used a 2 MeV H+ beam from
the 1.7 MV Tandetron accelerator with a
capillary microprobe to measure the density of
dried thin sections of Finnish Pinus Sylvestris. The
sample was mounted on a scanning stage and a
PIN diode was used to measure the transmitted
ion energy (Fig. 1). By scanning the sample we
acquired transmitted energy spectra at 20 µm
intervals, usually covering 3 to 5 tree rings.

[1] J. Björklund et al., Rev. Geophys. 57 (2019)
1224
1
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NANO-STRUCTURED MATERIALS BY ALD-PVD
Manufacturing of a multilayer consisting of 100 Al – Al2O3 bilayers
B. Dousse1, C. Guerra-Nuñez2, I. Utke1, A.M. Müller, C. Vockenhuber
One of the drawbacks of Physical Vapor Deposition (PVD) is that the grain size of the deposited
thin film can hardly be controlled. By interlacing
metallic PVD depositions with thin, conformal
metal oxide Atomic Layer Depositions (ALD)
within the same deposition system, one can
control the grain growth of the metal and thus
influence its mechanical properties [1].

Fig. 2: RBS spectrum of the sample shown in
Fig. 1.
Mass Spectrum SC1-010-30C (CK4754)
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Fig. 1: Electron micrograph of a thin multilayer
film consisting of 100 Al-Al2O3 bilayers.
A model thin film of 100 bilayers of Al by PVD and
Al2O3 by ALD was deposited on a Si wafer (Fig. 1).
Potential carbon contamination from ALD
precursors is an important challenge during
metal deposition within the same system [2].
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In order to quantify this contamination, the
sample has been characterized by 2 MeV 4He RBS
(Fig. 2) and 13 MeV 127I Heavy Ion ToF-ERDA
(Fig. 3) to determine the composition of the
topmost part of the multilayer. As expected, the
measurements revealed carbon and hydrogen
contaminations contained within the Al2O3 layers
(Fig. 3). At the same time a minor admixture of
Zn
was
discovered.
This
unexpected
contamination was traced-back to the presence
of zinc-plated materials in the deposition
chamber which were consequently removed.
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Fig. 3: ERDA mass spectrum of the sample
shown in Fig. 1.
[1] T. Xie et al., Thin Solid Films 711 (2020)
138287
[2] J. Musschoot et al., J. of the Electrochem.
Soc. 156 (2009) 122
1
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CHEMICAL ENGINEERING OF NETWORK METAMATERIALS
Tuning quasi-perfect absorption through compositional changes
J. Wohlwend1, A. Sologubenko2, H. Galinski1, M. Döbeli, C. Vockenhuber, R. Spolenak1
In conclusion, we achieved a scalable route to
manufacture disordered Cu−Sn network
metamaterials with an engineerable broad-band
spectral response spanning the near-infrared to
the visible region. The quasi-perfect absorption
by our disordered networks and especially the
fact that they are very thin, only about 100 nm in
height, open up new exciting perspectives for
energy devices. Our design route is versatile and
also applicable to other metallic systems such as
Cu−Ta and Cu−Pd.

Design
and
fabrication
of
large-area
metamaterials is an ongoing challenge. In the
present work, we propose a scalable design route
and low-footprint strategy for the production of
large-area, frequency-selective Cu-Sn disordered
network metamaterials with engineerable quasiperfect absorption (Fig. 1). The nanoscale
networks combine the robustness of disordered
systems with the broadband optical response
known
from
connected
wire
mesh
metamaterials.

Fig. 1: Schematic representation of chemically
engineered network metamaterials.
The networks are fabricated in a two-step
process: co-sputtering followed by chemical
dealloying [1].
The compositions of the networks were derived
from 2 MeV He Rutherford Backscattering
measurements, shown in Fig. 2. The results
suggest an increasing Sn content in the resulting
network metamaterials after chemical dealloying
with varying deposition parameters.

Fig. 2: RBS measurements of etching series for
different compositions.

SEM images of the network materials with
different Sn content show a decrease of the edge
length of the networks with increasing Sn
content. Through different sets of FEM
simulations, we show that the superposition of
chemical change, i.e. increasing Sn content and
topological change results in a blue-shifting
quasi-perfect absorption.

[1] J. Wohlwend et al., Nano Letters (2021) in
press
1
2
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UPTAKE OF ACIDS ON SOLIDS FOR CLIMATE ENGINEERING
Investigating impacts of solar geoengineering on stratospheric ozone
S. Vattioni1, G. Chiodo1, M. Döbeli, C. Vockenhuber, A. Stenke1, B. Luo1, U. Krieger1, U. Weers1, T. Peter1
preprocessed calcite and alumina surfaces that
were exposed to stratospheric conditions for
several days (Fig. 1).

Stratospheric solar geoengineering (SSG) refers
to the idea to inject aerosols into the
stratosphere to increase Earth’s albedo and thus
cool the climate. SSG is not a solution to the
climate change problem, but it has the potential
to reduce some risks resulting from climate
change by giving mankind more time to remove
greenhouse gases from the air. The use of solid
aerosols (e.g., calcite or alumina particles) for
stratospheric solar geoengineering could result
in more efficient cooling and reduced adverse
side effects (e.g. stratospheric warming)
compared to sulfuric acid aerosols. However, the
interaction of calcite and alumina particles with
stratospheric acidity (i.e., HCl(g), HNO3(g) and
H2SO4(aq)) at stratospheric temperatures
(< 220 K), relative humidity (< 1%) and high UV
irradiance is poorly constrained, resulting in high
uncertainties for the response of the
stratospheric ozone layer. Whereas alumina is
thought to remain unreactive, the removal of HCl
and HNO3 from the stratosphere via uptake on
calcite particles (CaCO3(s)) could lead to
substantial changes in ozone concentrations.

Fig. 2: Chlorine uptake on a calcite sample from
a 5-day exposure to 8 ppm HCl, which is 1000
times the integrated stratospheric exposure of
particles during their residence time in the
stratosphere.
Based on first results (e.g. Fig. 2), we conclude
that alumina is unreactive and that for calcite
particles the uptake of HNO3 and HCl are small on
timescales representative for the stratospheric
residence times of the particles. From our
measurements
we
calculated
reaction
probabilities (g) of HCl of about 2x10-9 and for
HNO3 in the range of 1x10-8 on calcite crystals. In
respect to the uptake on calcite surfaces, this
would correspond to a lifetime of 288 and
3297 years for HNO3 and HCl, respectively. Thus,
based on our results the stratospheric budgets of
HNO3 and HCl would not be affected significantly
from uptake on calcite particles. Uncertainties
concerning validity of our conclusions arise from
the rather high temperatures (-20°C) and realtive
humidity (5-70%) in the preprocessing of our
experiments compared to stratospheric
conditions.

Fig. 1: Experimental setup where the samples of
Al2O3 (red) and CaCO3 (green) have been exposed
to HNO3(g) or HCl(g) at 253 K for several days.
We have performed ex-situ experiments using
elastic recoil detection analysis (ERDA) to
measure the uptake of HNO3(g) and HCl(g) on
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OXYNITRIDE THIN FILMS FOR SOLAR WATER SPLITTING
Dynamic SrTaOxNy thin film interfaces with cocatalysts
Z. Pourmand Tehrani1,2, D. Pergolesi1, T. Lippert1,2, M. Döbeli, C. Vockenhuber, A.M. Müller
The combination of RBS and ERDA allows to
accurately determine the stoichiometric ratio of
Sr:Ta:O:N in our thin films as well as possible
contaminations. The stoichiometric composition
is essential for the interpretation of photoelectrochemical results. An example of an RBS
spectrum of a SrTaOxNy film on TiN/MgO
representing a model oxynitdride system is
shown in Fig. 2.

Inorganic oxide semiconductors typically have a
band gap >3 eV and therefore absorb light only in
the UV energy range. Partial or full substitution
of oxygen by nitrogen reduces the band gap and
therefore makes these materials able to absorb
solar light. The size of the band gap and the
energy position of the band edges make
oxynitrides promising candidates for visible-lightdriven water splitting. Cocatalysts are coupled
with oxynitride materials, for both the oxygen
evolution reaction (OER) and hydrogen evolution
reaction (HER), suppressing the recombination of
photo-generated electrons and holes (Fig. 1).
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Fig. 1: Schematics of a visible-light sensitive
semiconductor coupled with HER and OER
cocatalysts, and a model oxynitride thin film
system coupled with cocatalysts.
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Fig. 2: 2 MeV 4He RBS plot of a SrTaOxNy film on
TiN/MgO. The Sr:Ta ratio corresponds to the
nominal stoichiometric composition and a small
Si contamination is revealed.

Thin films possess relatively wide, well-defined,
and atomically flat surfaces, representing ideal
model systems for the investigation of the
semiconductor surface, as shown in Fig. 1. We
observe large differences in the kinetics, charge
extraction, and in turn, the photocatalytic
performance depending on the N/O ratio,
crystalline properties, and crystallographic
orientation.

1
2

Understanding the dynamic interface of
oxynitride materials during solar water splitting,
especially when coupled with cocatalysts can
contribute to the design and discovery of novel
visible-light sensitive semiconductors.
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IN-SITU HALIDES QUANTIFICATION AT POMPEII
Validating methodologies for mural paintings and pyroclastic materials
S. Pérez-Diez1, L.J. Fernández-Menéndez2, M. Boccas3, C. Bernier4, C. Pécheyran3, N. Bordel2,
C. Vockenhuber, M. Döbeli, M. Maguregui1
archaeological site (Fig. 2). The fresco mock-ups
were painted according to the Roman technique:
three-layered structure of arriccio (coarse
mortar), intonaco (finer mortar) and intonachino
(painting layer, in which cinnabar was used as
pigment). The mock-ups were afterwards spiked
with known concentrations of NaF and CaCl2
aqueous solutions and its F and Cl content
quantified by NRA and PIXE measurements.

The pyroclastic materials ejected by the volcanic
eruption of Mount Vesuvius sealed the roman
city of Pompeii in 79 AD, acting as a protective
coating against external deterioration sources.
However, they represent indeed a threat for the
conservation of the exquisite Pompeian mural
paintings, due to their elevate F- and Clconcentrations, such as the blackening process of
red cinnabar (Fig. 1). Therefore, it is crucial to
determine the estimated concentration of these
halides in accretions of pyroclastic materials to
infer their potential risk and to in-situ study the
minimum halides concentration that assists the
transformation of the Pompeian cinnabar.

Fig. 2: Stratigraphy of pyroclastic deposits (left),
cinnabar-decorated mock-up fragments (right).
Fig. 1: In-situ Raman analysis of Pompeian paintings.

The final aim of this research project is the in-situ
application of the calibrations on cinnabar fresco
paintings and pyroclastic strata of the
Archaeological Park of Pompeii and other
affected wall paintings from other archaeological
sites, which will enable to obtain a semiquantitative overview of the halides concentration in these materials without sampling.

Since sampling is highly restricted in Pompeii,
analytical methodologies based on the use of
portable non-invasive instrumentation such as
portable Laser Induced Breakdown spectroscopy
(LIBS) and handheld Energy Dispersive X-ray
fluorescence spectrometry (HH-EDXRF) are used,
that we cross-validate for F and Cl using Nuclear
Reaction Analysis (NRA) and Particle Induced Xray Emission (PIXE) measurements.
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We prepared a series of calibration sets: (i) fresco
cinnabar mock-ups, and (ii) pressed pellets of
Pompeian pyroclastic materials from the
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EDUCATION AND OUTREACH

S. Maxeiner teaching “Introduction to the physics of the vacuum” to members of the
Swiss Vacuum Society

High school students visiting LIP
Education of Physics Laboratory assistants
14

C sample step by step

LIP contributions to the online AMS conference
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HIGH SCHOOL STUDENTS VISITING LIP
An introduction to the fascinating world of AMS
D. De Maria
since the dawn of this technology at ETH in the
Eighties, the students followed the evolution of
modern, compact systems before visiting our
latest technological development in the field, the
in-house developed and state-of-the-art
MICADAS 14C dating system.

The choice of the program of study is an
important step in the life of Swiss high school
students. To help them with this crucial decision,
high schools organize several events and visits to
discover the study curricula offered by higher
education institutes. Our group had the chance
to welcome two groups of students following the
scientific curriculum from the high schools of
Locarno and Mendrisio (Ticino, Switzerland) in
the frame of a visit of the ETH campus. For our
group, it has been a pleasure to present our work
to a young audience, since we strongly believe
that such outreach activities are a unique and
valuable opportunity to transmit knowledge to a
broad audience.

Throughout the visit, we explained the different
applications of AMS and related research
activities ranging from the preservation of the
cultural heritage, the study of environmental
phenomena as well as the development of new
pharmacological compounds in the biomedical
industry. Applications of the radioisotopes 10Be
and 26Al in the Earth sciences were discussed as
well as the use of heavy long-lived radionuclides
such as 129I and 236U as tracers for the
investigation of currents in the Arctic Ocean.

Fig. 1: Group of high school students following a
theoretical introduction about AMS and 14C
dating techniques. © DPHYS, Heidi Hostettler

Fig. 2: Group photo with the students of Liceo
Locarno in front of the Tandem AMS system.
© DPHYS, Heidi Hostettler

Before starting with the guided tour of the
measurement facilities at LIP, the students were
briefly introduced to the AMS technology. A
focus was set on radiocarbon (14C) and on the
different techniques used to determine the 14C
age of a sample. During the subsequent visit of
the measurement hall, the students literally took
a journey through the history of the AMS
technology. They had the chance to follow the
evolution in time of the AMS technology.
Beginning with the big 6 MV Tandem accelerator,
dating back to the Sixties and being used for AMS

The guided tours were very successful, and we
received an entirely positive feedback from the
students. The questions and the exchange with
the audience were stimulating and, for sure, an
enrichment for all. We hope that we were able to
trigger the curiosity of the young students about
the fascinating research activities at LIP and we
are looking forward to repeating this activity in
the upcoming years.
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EDUCATION OF PHYSICS LABORATORY ASSISTANTS
Towards a new graphitization line for 14C analysis
L. Wacker, P. Gautschi, S. Bühlmann, D. Sonderegger, M. Huwyler, M. Lezaic
The Laboratory of Ion Beam Physics (LIP) takes
part in the educational program for apprentices
of physics laboratory assistants. The students
join our group and learn how to engineer
scientific equipment.

containers (2) and the reactor glass tubes (1) with
the graphite after graphitization, ready to be
pressed in target holders. The new tray ensures
safe (low risk to mix-up samples) and efficient
handling in the laboratory.

In 2020, Severin Zimmermann started to build for
his final exam a new sample combustion system
(SCS), that will allow for faster and more efficient
sample combustion with minimal risk of sample
contamination [1]. The SCS will also better fit to
the existing graphitization equipment and be
more cost efficient compared to the presently
used elemental analyser (EA).

Marcel Huwyler later in the year constructed a
ball valve (Fig. 2) for the air-free sample
introduction from the sample changer into the
combustion furnace.

B

1
2

A

3
Fig. 2: The new ball valve (golden) driven by a
servo motor 8 (blue) introduces samples without
air in a combustion system with a helium/oxygen
atmosphere for clean combustion.

Fig. 1: The sample changer for the EA with the
stepper motor (A) driving the sample tray (B) over
the ball valve for sample introduction. The tray
with 10 positions can take 1) the gas tubes with
iron, 2) the labelled sample containers for the
final targets, 3) the sample capsules with
optionally two positions each for conditioning.

Presently, the gas handling system (helium and
oxygen lines with valves and flow controllers) is
being installed by Marcel with the help of Damian
and Milan Lezaic.

Damian Sonderegger built on the work from
Severin in 2021 by adding a sample changer for
the automated sample introduction into the
combustion system (Fig. 1). A stepper motor (A)
moves the sample tray (B) step-by-step over a
ball valve, where the samples are sequentially
fed into the combustion system one by one. The
tray not only takes the capsules containing the
sample material and optional material with
material for pre-conditioning (3). It also holds in
the back the corresponding labeled sample

The combustion system will be tested for the first
time in the final practical exam of Marcel in the
first half of 2022.
[1] L. Wacker, Annual report (2020) 105
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C SAMPLE STEP BY STEP

Documenting samples preparation for the Anthropocene project
I. Hajdas, K. Wyss, G. Bruno1, A. Linke2, S. Turner3
early 1950s. Our laboratory completed
radiocarbon analysis for 4 sites: Baltic Sea
(Germany), Searsville Reservoir. California, USA
and two corals cores: Flinders Reef, Coral Sea,
Australia and Flower Garden Bank Reef, Gulf of
Mexico, USA.

Twelve sites around the world are investigated
with the goal of selection a Global Boundary
Stratotype Section and Point (GSSP) for the
future proposal of the Anthropocene epoch [1].
The formalization of the Anthropocene as a new
stratigraphic unit is the task of the Anthropocene
Working Group (AWG) [2]. The project is
supported by the House of World Cultures HKW,
Berlin (Haus der Kulturen der Welt) and includes
recording and visualization of the research
process [3].

We have photographed and recorded the path of
samples from the HKW project. The first step is
loading the samples into our database, labeling
and transfer into reaction tubes (Fig. 1). The
treatment is dependent on the type of material
(Fig. 2). Samples of corals were directly
transferred to gas bench vials, acidified and
graphitized (Fig. 3). Finally, all the graphite
samples were pressed and organized in the
cassettes for AMS analysis. The results were
communicated and discussed with the
researchers. All the steps were recorded as well.

Fig. 1: Samples of sediment (bulk) deposited in
the Baltic Sea labelled and transferred to reaction
tubes for Acid Base Acid (ABA) treatment.

Fig. 3: Recording of weighing coral samples and
their transfer into gas bench vials for
graphitization in the AGE3 system. The balance
scale shows 6.4 mg of coral, which resulted in
0.55 mg of carbon.

Fig. 2: Bulk sediment treated with base after the
first acid wash of ABA.

[1] AWG-Newsletter-2020-Vol-10.pdf
[2] J. Zalasiewicz et. al., Earth's Future, 9
(2021), e2020EF001896
[3] G. Bruno und A. Linke für das Haus der
Kulturen der Welt, Berlin (2020-2022)

The research results will be presented to the
public at HKW in summer 2022 and published in
the peer reviewed journal “Anthropocene
Review”. Based on the scientific evidence, the
members of AWG will cast the vote on the GSSP,
which will be announced at HKW in December
2022. Radiocarbon dating concentrates on the
detection of the rise of the bomb peak in the

1

GiuliaBruno, Berlin, Germany
ArminLinke, Berlin, German
3
UCL Geography, London, UK
2
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LIP CONTRIBUTIONS TO THE ONLINE AMS CONFERENCE
AMS-15 was fully online - some personal experiences and statistics
M. Christl and all scientific personnel at LIP
authored or coauthored 18 of the 278 accepted
abstracts and from the seven abstracts LIP
members submitted as talks three were selected
as invited contributions (Fig. 2). LIP had 5 poster
or poster plus contributions with the latter
including a 2 min video presentation.

Similar to previous AMS conferences, the AMS15 was supposed to be held as a “normal” in
person meeting in Sydney in 2020. Due to COVID19 the conference was moved to 2021 still with
the hope that it would be possible to attend in
person by then. Finally, and because the Coronasituation did not improve as expected, the
organizing team decided to conduct the
conference fully online between Nov. 15 and 19,
2021. During these days, the conference
program ran from 8 am to approximately 2 pm
Australian Eastern Daylight Time (AEDT), which
meant 10 p.m. to 4 a.m. for central Europe.

We are particularly happy that two of our PhD
students P. Gautschi and M. Wertnik won the
prizes for the best poster plus and poster
presentation, respectively. Congratulations!
18

Contributions of LIP members to
the online AMS 15 conference 2021

16

LIP members

The rather inconvenient hours of attention
caused many of us to join the online conference
from our home offices (Fig. 1) with most of us
equipped with a large cup of coffee to fight
against sleepiness. It was a tough week for all
since we tried to continue our day to day work at
LIP. As a consequence, the author experienced
for the first time a jetlag without actually leaving
the home country.

14
12
10
8
6

LIP 1st

4
2
0

invited

abstracts

talks

plus

posters

posters

awards

sci. board

Fig. 2: Contributions of LIP members to the
online AMS-15 conference.
While we probably all missed meeting our friends
and colleagues in person and having a beer or
dinner with them in Sydney we nevertheless can
be proud of the significant reduction of the CO2
footprint of our group. According to Myclimate a
flight from Zurich to Sydney has a footprint of
5.9 t CO2 per passenger, which is about ten times
the climate compatible annual emissions budget
for one person and reflects 70% of the average
annual CO2 footprint of an EU citizen today.
Assuming that six LIP members would have
attended the AMS-15 conference in person the
online conference avoided more than 35 t of CO2
emissions only from our group.

Fig. 1: Typical home office setup while joining or
chairing a session at the online AMS-15
conference.
Nevertheless, members of the Laboratory of Ion
Beam Physics were quite present at the
conference and, as two LIP members were part
of the scientific advisory board, also during its
preparation. LIP PhD students and scientists
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PUBLICATIONS
S. Aksay, S. Ivy-Ochs, K. Hippe, L. Grämiger, C. Vockenhuber
Slope Failure in a Period of Increased Landslide Activity: Sennwald Rock Avalanche, Switzerland
Geosciences 11 (2021) 331
D. Amschwand, S. Ivy-Ochs, M. Frehner, O. Steinemann, M. Christl, C. Vockenhuber
Deciphering the evolution of the Bleis Marscha rock glacier (Val d'Err, eastern Switzerland) with
cosmogenic nuclide exposure dating, aerial image correlation, and finite element modeling
The Cryosphere 15 (2021) 2057 - 2081
J. Anjar, N. Akҫar, E.A. Larsen, A. Lyså, S. Marrero, N. Mozafari, C. Vockenhuber
Cosmogenic Exposure Dating (36Cl) of Landforms on Jan Mayen, North Atlantic, and the Effects of
Bedrock Formation Age Assumptions on 36Cl Ages
Geosciences 11 (2021) 390
B. Ausín, E. Bruni, N. Haghipour, C. Welte, S.M. Bernasconi, T.I. Eglinton
Controls on the abundance, provenance and age of organic carbon buried in continental margin
sediments
Earth Planetary Science Letters 558 (2021) 116759
B. Ausín, N. Haghipour, E. Bruni, T. Eglinton
The influence of lateral transport on sedimentary alkenone paleoproxy signals
Biogeosciences Discussions (2021) 1 - 25
C. Baroni, S. Gennaro, M.C. Salvatore, S. Ivy-Ochs, M. Christl, R. Cerrato, G. Orombelli
Last Lateglacial glacier advance in the Gran Paradiso Group reveals relatively drier climatic
conditions established in the Western Alps since at least the Younger Dryas
Quaternary Science Reviews 255 (2021) 106815
M.I. Behnke, J.W. McClelland, S.E. Tank, A.M. Kellerman, R.M. Holmes, N. Haghipour,
T.I. Eglinton, P.A. Raymond, A. Suslova, A.V. Zhulidov, T. Gurtovaya, N. Zimov, S. Zimov,
E.A. Mutter, E. Amos, R.G.M. Spencer
Pan‐Arctic riverine dissolved organic matter: Synchronous molecular stability, shifting sources
and subsidies
Global Biogeochemical Cycles 35 (2021) 1 - 20
N. Brehm, A. Bayliss, M. Christl, H.-A. Synal, F. Adolphi, J. Beer, B. Kromer, R. Muscheler,
S.K. Solanki, I. Usoskin, N. Bleicher, S. Bollhalder, C. Tyers, L. Wacker
Eleven-year solar cycles over the last millennium revealed by radiocarbon in tree rings
Nature Geoscience 14 (2021) 10 - 15
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L. Bröder, K. Keskitalo, S. Zolkos, S. Shakil, S.E. Tank, S.V. Kokelj, T. Tesi, B.E. Van Dongen,
N. Haghipour, T.I. Eglinton, J.E. Vonk
Preferential export of permafrost-derived organic matter as retrogressive thaw slumping
intensifies
Environmental Research Letters 16 (2021) 054059
E.T. Bruni, R.F. Ott, V. Picotti, N. Haghipour, K.W. Wegmann, S.F. Gallen
Stochastic alluvial fan and terrace formation triggered by a high-magnitude Holocene landslide
in the Klados Gorge, Crete
Earth Surface Dynamics 9 (2021) 771 - 793
F. Calitri, M. Sommer, W.M. van der Meij, D. Tikhomirov, M. Christl, M. Egli
10Be and 14C data provide insight on soil mass redistribution along gentle slopes and reveal
ancient human impact
Journal of Soils Sediments 21 (2021) 3770 - 3788
C.-Y. Chen, S.D. Willett, M. Christl, J.B.H. Shyu
Drainage basin dynamics during the transition from early to mature orogeny in Southern Taiwan
Earth Planetary Science Letters 562 (2021) 116874
A. Cutmore, B. Ausín, M. Maslin, T. Eglinton, D. Hodell, F. Muschitiello, L. Menviel, N. Haghipour,
B. Martrat, V. Margari, P.C. Tzedakis
Abrupt intrinsic and extrinsic responses of southwestern Iberian vegetation to millennial‐scale
variability over the past 28 ka
Journal of Quaternary Science (2021)
M. Czymzik, O. Dellwig, R. Muscheler, P. Roeser, A. Brauer, J. Kaiser, M. Christl, H.W. Arz
Delayed Western Gotland Basin (Baltic Sea) ventilation in response to the onset of a MidHolocene climate oscillation
Quaternary Science Reviews 273 (2021) 107253
E. da Silva Guimarães, R. Delunel, F. Schlunegger, N. Akçar, L. Stutenbecker, M. Christl
Cosmogenic and Geological Evidence for the Occurrence of a Ma-Long Feedback between Uplift
and Denudation, Chur Region, Swiss Alps
Geosciences 11 (2021) 339
T.S. Daugbjerg, A. Lindroos, J. Heinemeier, Å. Ringbom, G. Barrett, D. Michalska, I. Hajdas,
R. Raja, J. Olsen
A field guide to mortar sampling for radiocarbon dating
Archaeometry 63 (2021) 1121 - 1140
G. De Luca, J. Spring, U. Bashir, M. Campanini, R. Totani, C. Dominguez, A. Zakharova,
M. Döbeli, T. Greber, M. Rossell
Ferromagnetic insulating epitaxially strained La2NiMnO6 thin films grown by sputter deposition
APL Materials 9 (2021) 081111

109

Ion Beam Physics, ETH Zurich

Annual report 2021

D. De Maria, S.M. Fahrni, F. Lozac'h, C. Marvalin, M. Walles, G. Camenisch, L. Wacker,
H.-A. Synal
Double Trap Interface: A novel gas interface for high throughput analysis of biomedical samples
by AMS
Drug Metabolism and Pharmacokinetics 39 (2021) 100400
T.I. Eglintona, V.V. Galyb, J.D. Hemingwayb, X. Fenga, H. Baoe, T.M. Blattmanna, A.F. Dickensb,
H. Gies, L. Giosanf, N. Haghipoura, P. Houh, M. Lupker, C.P. McIntyrea, D.B. Montluçona,
B. Peucker-Ehrenbrinkb, C. Pontonf, E. Schefuß, M.S. Schwaba, B.M. Vossb, L. Wackerg, Y. Wue,
M. Zhao
Climate control on terrestrial biospheric carbon turnover
PNAS 118 (2021) e2011585118
K. Fenclová, T. Prášek, M. Němec, M. Christl, P. Gautschi, C. Vockenhuber, J. Tecl
Initial tests of 26Al fluoride target matrix on MILEA AMS system
Nuclear Instruments Methods in Physics Research Section B: Beam Interactions with Materials
Atoms 503 (2021) 45 - 52
G. Fioraso, G. Monegato, G. Balestro, I. Hajdas, P. Baggio
Disentangling the stratigraphic architecture of the Rivoli-Avigliana end moraine system (Western
Alps, NW Italy)
Journal of Maps 17 (2021) 325 - 336
F. Fiorillo, L. Hendriks, I. Hajdas, M. Vandini, E. Huysecom
The rediscovery of Jan Ruyscher and its consequence
Journal of the American Institute for Conservation (2021) 1 - 9
T. Gischkat, M. Döbeli, A. Bächli, R. Botha, Z. Balogh-Michels
Influence of Ar-impurities on the wettability of IBS-deposited Y2O3 thin films
Applied Surface Science 568 (2021) 150880
N.Y. Golombek, J.S. Scheingross, M.N. Repasch, N. Hovius, J. Menges, D. Sachse, M. Lupker,
T.I. Eglinton, N. Haghipour, S.R. Poulson, D.R. Gröcke, F.G. Latosinsk, R.N. Szupiany
Fluvial organic carbon composition regulated by seasonal variability in lowland river migration
and water discharge
Geophysical Research Letters 48 (2021) e2021GL093416
A.R. Groos, N. Akçar, S. Yesilyurt, G. Miehe, C. Vockenhuber, H. Veit
Nonuniform Late Pleistocene glacier fluctuations in tropical Eastern Africa
Science advances 7 (2021) eabb6826
I. Hajdas, P. Ascough, M.H. Garnett, S.J. Fallon, C.L. Pearson, G. Quarta, K.L. Spalding,
H. Yamaguchi, M. Yoneda
Radiocarbon dating
Nature Reviews Methods Primers (2021)
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I. Hajdas, U. Sojc, S. Ivy-Ochs, N. Akçar, P. Deline
Radiocarbon dating for the reconstruction of the 1717 CE Triolet rock avalanche in the Mont
Blanc Massif, Italy
Frontiers in Earth Science 8 (2021) 735
R. Hantemirov, S. Shiyatov, L. Gorlanova, V. Kukarskih, A.Y. Surkov, I. Hamzin, P. Fonti,
L. Wacker
An 8768-year Yamal Tree-ring Chronology as a Tool for Paleoecological Reconstructions
Russian Journal of Ecology 52 (2021) 419 - 427
F. Haydous, S. Luo, K.-T. Wu, C. Lawley, M. Dobeli, T. Ishihara, T. Lippert
Surface Analysis of Perovskite Oxynitride Thin Films as Photoelectrodes for Solar Water Splitting
ACS Applied Materials Interfaces 13 (2021) 37785 - 37796
T.J. Heaton, E. Bard, C. Bronk Ramsey, M. Butzin, P. Köhler, R. Muscheler, P.J. Reimer, L. Wacker,
Radiocarbon: A key tracer for studying Earth’s dynamo, climate system, carbon cycle, and Sun,
Science 374 (2021) eabd7096
K. Hippe, J.D. Jansen, D.S. Skov, M. Lupker, S. Ivy-Ochs, F. Kober, G. Zeilinger, J.M. Capriles, M.
Christl, C. Maden, C. Vockenhuber, D.L. Egholm
Cosmogenic in situ 14C-10Be reveals abrupt Late Holocene soil loss in the Andean Altiplano
Nature communications 12 (2021) 1 - 9
P. Hou, T.I. Eglinton, M. Yu, D.B. Montluçon, N. Haghipour, H. Zhang, G.e. Jin, M. Zhao
Degradation and Aging of Terrestrial Organic Carbon within Estuaries: Biogeochemical and
Environmental Implications
Environmental Science & Technology 55 (2021) 10852 - 10861
O. Hyttinen, N.Q. Krupinski, O. Bennike, L. Wacker, H.L. Filipsson, S. Obrochta, J.B. Jensen,
B. Lougheed, D. Ryabchuk, S. Passchier, I. Snowball, E. Herrero-Bervera, T. Andrén,
A.T. Kotilainen
Deglaciation dynamics of the Fennoscandian Ice Sheet in the Kattegat, the gateway between the
North Sea and the Baltic Sea Basin
Boreas 50 (2021) 351 - 368
S. Ivy-Ochs, K. Hippe, C. Schlüchter
Landscapes and Landforms of Switzerland
Springer International Publishing, Cham, 2021
R. Jackson, A.B. Kvorning, A. Limoges, E. Georgiadis, S.M. Olsen, P. Tallberg, T.J. Andersen,
N. Mikkelsen, J. Giraudeau, G. Massé, L. Wacker, S. Ribeiro
Holocene polynya dynamics and their interaction with oceanic heat transport in northernmost
Baffin Bay
Scientific Reports 11 (2021) 1 - 17
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A.T. Jull, I.P. Panyushkina, M. Molnár, T. Varga, L. Wacker, N. Brehm, E. Laszló, C. Baisan,
M.W. Salzer, W. Tegel
Rapid 14C excursion at 3372-3371 BCE not observed at two different locations
Nature communications 12 (2021) 712
J. Lattaud, L. Bröder, N. Haghipour, J. Rickli, L. Giosan, T. Eglinton
Influence of hydraulic connectivity on carbon burial efficiency in Mackenzie Delta lake sediments
Journal of Geophysical Research: Biogeosciences 126 (2021) e2020JG006054
F.A. Lechleitner, C.C. Day, O. Kost, M. Wilhelm, N. Haghipour, G.M. Henderson, H.M. Stoll
Stalagmite carbon isotopes suggest deglacial increase in soil respiration in western Europe
driven by temperature change
Climate of the Past 17 (2021) 1903 - 1918
B. Lin, Z. Liu, T.I. Eglinton, T.M. Blattmann, S. Kandasamy, N. Haghipour, F.P. Siringan
Organic matter compositions and loadings in river sediments from humid tropical volcanic Luzon
island of the Philippines
Journal of Geophysical Research: Biogeosciences 126 (2021) e2020JG006192
H.-T. Lin, H.-W. Chiang, T.-L. Yu, M. Christl, J. Liu, K. DeLong, C.-C. Shen
236U/238U Analysis of Femtograms of 236U by MC-ICPMS
Analytical Chemistry 93 (2021) 8442 - 8449
A. Loba, J. Waroszewski, D. Tikhomirov, F. Calitri, M. Christl, M. Sykuła, M. Egli
Tracing erosion rates in loess landscape of the Trzebnica Hills (Poland) over time using fallout
and cosmogenic nuclides
Journal of Soils Sediments 21 (2021) 2952 - 2968
M. López-Lora, E. Chamizo, I. Levy, M. Christl, N. Casacuberta, T.C. Kenna
236U, 237Np and 239,240Pu as complementary fingerprints of radioactiveeffluents in the western
Mediterranean Sea and in the Canada Basin (Arctic Ocean)
Science of the Total Environment 765 (2021) 142741
A. Lyså, E.A. Larsen, J. Anjar, N. Akçar, M. Ganerød, A. Hiksdal, R. Van Der Lelij, C. Vockenhuber
The last glaciation of the Arctic volcanic island Jan Mayen
Boreas 50 (2021) 6 - 28
L. Märki, M. Lupker, C. France-Lanord, J. Lavé, S. Gallen, A.P. Gajurel, N. Haghipour,
F. Leuenberger-West, T. Eglinton
An unshakable carbon budget for the Himalaya
Nature Geoscience 14 (2021) 745 - 750
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J. Martens, E. Romankevich, I. Semiletov, B. Wild, B.v. Dongen, J. Vonk, T. Tesi, N. Shakhova, O.V.
Dudarev, D. Kosmach, A. Vetrov, L. Lobkovsky, N. Belyaev, R.W. Macdonald, A.J. Pieńkowski, T.I.
Eglinton, N. Haghipour, S. Dahle, M.L. Carroll, E.K.L. Åström, J.M. Grebmeier, L.W. Cooper,
G. Possnert, Ö. Gustafsson
CASCADE–The Circum-Arctic Sediment CArbon Database
Earth System Science Data 13 (2021) 2561 - 2572
O.H. Meisel, J.F. Dean, J.E. Vonk, L. Wacker, G.-J. Reichart, H. Dolman
Porewater δ13 CDOC indicates variable extent of degradation in different talik layers of coastal
Alaskan thermokarst lakes
Biogeosciences 18 (2021) 2241 - 2258
K.-U. Miltenberger, M. Döbeli, C. Vockenhuber, H.-A. Synal
A simultaneous dual-polarity mass spectrometer with electron start for MeV-SIMS
Nuclear Inst. and Methods in Physics Research, B 507 (2021) 36 - 41
F. Miyake, I. Panyushkina, A. Jull, F. Adolphi, N. Brehm, S. Helama, K. Kanzawa, T. Moriya,
R. Muscheler, K. Nicolussi, M. Oinonen, M. Salzer, M. Takeyama, F. Tokanai, L. Wacker
A single‐year cosmic ray event at 5410 BCE registered in 14C of tree rings
Geophysical Research Letters 48 (2021) e2021GL093419
M. Molnár, M. Mészáros, R. Janovics, I. Major, K. Hubay, B. Buró, T. Varga, T. Kertész, V. Gergely,
Á. Vas, G. Orsovszki, A. Molnár, M. Veres, M. Seiler, L. Wacker, A.J.T. Jull
Gas Ion Source Performance of the EnvironMICADAS at HEKAL Laboratory, Debrecen, Hungary
Radiocarbon 63 (2021) 499 - 511
M. Moros, P. De Deckker, K. Perner, U.S. Ninnemann, L. Wacker, R. Telford, E. Jansen, T. Blanz,
R. Schneider
Hydrographic shifts south of Australia over the last deglaciation and possible interhemispheric
linkages, Quaternary Research 102 (2021) 130 - 141
N. Mozafari, Ç. Özkaymak, D. Tikhomirov, S. Ivy-Ochs, V. Alfimov, H. Sözbilir, C. Schlüchter,
N. Akçar
Seismic Activity of the Manisa Fault Zone in Western Turkey Constrained by Cosmogenic 36Cl
Dating
Geosciences 11 (2021) 451
L. Nguyen, C.I. Paleari, S. Müller, M. Christl, F. Mekhaldi, P. Gautschi, R. Mulvaney, J. Rix,
R. Muscheler
The potential for a continuous 10Be record measured on ice chips from a borehole
Elsevier 5 (2021) 100012
F. Pagani, M. Döbeli, C. Battaglia
Lithium‐Ion Transport in Li4Ti5O12 Epitaxial Thin Films vs. State of Charge
Batteries Supercaps 4 (2021) 316 - 321
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O.A. Pérez-Escobar, S. Bellot, N.A.S. Przelomska, J.M. Flowers, M. Nesbitt, P. Ryan, R.M. Gutaker,
M. Gros-Balthazard, T. Wells, B.G. Kuhnhäuser, R. Schley, D. Bogarín, S. Dodsworth, R. Diaz, M.
Lehmann, P. Petoe, W.L. Eiserhardt, M. Preick, M. Hofreiter, I. Hajdas, M. Purugganan, A.
Antonelli, B. Gravendeel, I.J. Leitch, M.F.T. Jimenez, A.S.T. Papadopulos, G. Chomicki, S.S.
Renner, W.J. Baker
Molecular clocks and archeogenomics of a late period egyptian date palm leaf reveal
introgression from wild relatives and add timestamps on the domestication
Molecular biologyevolution 38 (2021) 4475 - 4492
P.P. Povinec, A. Cherkinsky, J. Dorica, I. Hajdas, A.T. Jull, I. Kontuľ, M. Molnár, I. Svetlik,
E.M. Wild
Radiocarbon dating of St. George’s rotunda in nitrianska blatnica (Slovakia): International
consortium results
Radiocarbon 63 (2021) 953 - 976
G. Quarta, M. Molnár, I. Hajdas, L. Calcagnile, I. Major, A.J.T. Jull
14C intercomparison exercise on bones and ivory samples: Implications for forensics
Radiocarbon 63 (2021) 533 - 544
G. Raab, A.P. Martin, K.P. Norton, M. Christl, F. Scarciglia, M. Egli
Complex patterns of schist tor exposure and surface uplift, Otago (New Zealand)
Geomorphology 389 (2021) 107849
R. Ram, R. Purtschert, E.M. Adar, M. Bishof, W. Jiang, Z.-T. Lu, P. Mueller, A. Sy, C. Vockenhuber,
Y. Yechieli, R. Yokochi, J.C. Zappala, A. Burg
Controls on the 36Cl/Cl input ratio of paleo-groundwater in arid environments: New evidence
from 81Kr/Kr data
Science of the Total Environment 762 (2021) 144106
F. Reinig, L. Wacker, O. Jöris, C. Oppenheimer, G. Guidobaldi, D. Nievergelt, F. Adolphi,
P. Cherubini, S. Engels, J. Esper, A. Land, C. Lane, H. Pfanz, S. Remmele, M. Sigl, A. Sookdeo,
U. Büntgen
Precise date for the Laacher See eruption synchronizes the Younger Dryas
Nature 595 (2021) 66 - 69
M. Repasch, J.S. Scheingross, N. Hovius, M. Lupker, H. Wittmann, N. Haghipour, D.R. Gröcke,
O. Orfeo, T.I. Eglinton, D. Sachse
Fluvial organic carbon cycling regulated by sediment transit time and mineral protection
Nature Geoscience 14 (2021) 842 - 848
M. Roca-Martí, V. Puigcorbé, M. Castrillejo, N. Casacuberta, J. Garcia-Orellana, J.K. Cochran,
P. Masqué
Quantifying 210Po/210Pb disequilibrium in seawater: A comparison of two precipitation methods
with differing results
Frontiers in Marine Science 8 (2021) 668
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M.W. Rowe, E. Blinman, L. Wacker, C. Welte
Re-dating the Lower Pecos Canyonlands SMM (Skiles) mummy burial, dating a red-colored
deerskin strap
Journal of Archaeological Science: Reports 40 (2021) 103197
G. Ruggia, S. Ivy-Ochs, J. Aaron, O. Steinemann, S. Martin, M. Rigo, S. Rossato, C. Vockenhuber,
G. Monegato, A. Viganò
Reconstructing the Gorte and Spiaz de Navesele Landslides, NE of Lake Garda, Trentino
Dolomites (Italy)
Geosciences 11 (2021) 404
S. Sá, L. Hendriks, I. Pombo Cardoso, I. Hajdas
Radiocarbon dating of lead white: novel application in the study of polychrome sculpture
Scientific Reports 11 (2021) 1 - 14
C. Schlüchter, N. Akçar, S. Ivy-Ochs
Landscapes and Landforms of Switzerland
Springer (2021)
M.S. Schwab, J.D. Rickli, R.W. Macdonald, H.R. Harvey, N. Haghipour, T.I. Eglinton
Detrital neodymium and (radio) carbon as complementary sedimentary bedfellows? The
Western Arctic Ocean as a testbed
Geochimica Et Cosmochimica Acta 315 (2021) 101 - 126
T. Schwestermann, T.I. Eglinton, N. Haghipour, A.P. McNichol, K. Ikehara, M. Strasser
Event-dominated transport, provenance, and burial of organic carbon in the Japan Trench
Earth Planetary Science Letters 563 (2021) 116870
T. Shinonaga, K. Gückel, M. Yamada, T. Gamo, P. Steier, M. Christl, Z. Wang, U. Czeslik, H. Tazoe,
J. Tschiersch
A record of 241Am, 236U, 238U, 239Pu, 240Pu, 134Cs and 137Cs in surface seawater and 241Am in
aerosols shortly after the FDNPP incident occurred
Geochemical Journal 55 (2021) 33 - 38
F. Sirocko, A. Martínez-García, M. Mudelsee, J. Albert, S. Britzius, M. Christl, D. Diehl,
B. Diensberg, R. Friedrich, F. Fuhrmann, R. Muscheler, Y. Hamann, R. Schneider, K. Schwibus,
G.H. Haug
Muted multidecadal climate variability in central Europe during cold stadial periods
Nature Geoscience 14 (2021) 651 - 658
F. Slotta, L. Wacker, F. Riedel, K.-U. Heußner, K. Hartmann, G.J.B. Helle
High-resolution 14C bomb peak dating and climate response analyses of subseasonal stable
isotope signals in wood of the African baobab–a case study from Oman
Biogeosciences 18 (2021) 3539 - 3564
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A. Stanczyk, J.R. Moore, O. Steinemann, B.J. Quirk, M. Christl, S. Ivy-Ochs
Transformation of high-relief canyon topography by an ancient rock avalanche, Hop Valley, Zion
National Park, Utah, USA
The Holocene 31 (2021) 720 - 731
O. Steinemann, S. Ivy-Ochs, K. Hippe, M. Christl, N. Haghipour, H.-A. Synal
Glacial erosion by the Trift glacier (Switzerland): Deciphering the development of riegels, rock
basins and gorges
Geomorphology 375 (2021) 107533
O. Steinemann, A. Martinez, V. Picotti, C. Vockenhuber, S. Ivy-Ochs
Glacial Erosion Rates Determined at Vorab Glacier: Implications for the Evolution of Limestone
Plateaus
Geosciences 11 (2021) 356
P. Stojakowits, C. Mayr, S. Ivy-Ochs, F. Preusser, J.M. Reitner, C. Spötl
Environments at the MIS 3/2 transition in the northern Alps and their foreland
Quaternary International 581 (2021) 99 - 113
J. Stutz, A. Mackintosh, K. Norton, R. Whitmore, C. Baroni, S.S. Jamieson, R.S. Jones, G. Balco,
M.C. Salvatore, S. Casale
Mid-Holocene thinning of David Glacier, Antarctica: chronology and controls
The Cryosphere 15 (2021) 5447 - 5471
H.-A. Synal, J. Beer, M. Suter
Willy Wölfli (1930–2014): A nuclear physicist with pioneering visions
Radiocarbon (2021) 1 - 3
Z. Talip, R. Dressler, B. Schacherl, J.-C. David, C. Vockenhuber, D. Schumann
Radiochemical Determination of Long-Lived Radionuclides in Proton-Irradiated Heavy Metal
Targets: Part II Tungsten
Analytical Chemistry 93 (2021) 10798 - 10806
C. Tighe, M. Castrillejo, M. Christl, C. Degueldre, J. Andrew, K.T. Semple, M.J. Joyce
Local and global trace plutonium contributions in fast breeder legacy soils
Nature communications 12 (2021) 1 - 10
G. Tirelli, G. Bosi, A. Galli, I. Hajdas, A. Lindroos, M. Martini, F. Maspero, M. Mazzanti, J. Olsen,
L. Panzeri, A. Ringbom, E. Sibilia, E. Silvestri, P. Torri, S. Lugli
A Chronology of Ancient Earthquake Damage in the Modena Cathedral (Italy): Integrated Dating
of Mortars (14C, Pollen Record) and Bricks (TL)
International Journal of Architectural Heritage (2021) 1 - 17
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J.E. Tobal, E.G. Morabito, C.M. Terrizzano, R. Zech, B. Colavitto, J. Struck, M. Christl,
M.C. Ghiglione
Quaternary landscape evolution of patagonia at the Chilean Triple Junction: Climate and tectonic
forcings
Quaternary Science Reviews 261 (2021) 106960
C. Turney, L. Becerra-Valdivia, A. Sookdeo, Z.A. Thomas, J. Palmer, H.A. Haines, H. Cadd,
L. Wacker, A. Baker, M. Andersen, G. Jacobsen, K. Meredith, K. Chinu, S. Bollhalder, C. Marjo
Radiocarbon protocols and first intercomparison results from the Chronos 14carbon-cycle facility,
University of New South Wales, Sydney, Australia
Radiocarbon 63 (2021) 1003 - 1023
A. Viganò, S. Rossato, S. Martin, S. Ivy-Ochs, D. Zampieri, M. Rigo, G. Monegato
Large landslides in the Alpine valleys of the Giudicarie and Schio-Vicenza tectonic domains (NE
Italy)
Journal of Maps 17 (2021) 197 - 208
Y. Wang, S.D. Willett, D. Wu, N. Haghipour, M. Christl
Retreat of the Great Escarpment of Madagascar From Geomorphic Analysis and Cosmogenic
10Be Concentrations
Geochemistry, Geophysics, Geosystems 22 (2021) e2021GC009979
A.-M. Wefing, N. Casacuberta, M. Christl, N. Gruber, J. Smith
Circulation timescales of Atlantic Water in the Arctic Ocean determined from anthropogenic
radionuclides
Ocean Sci 17 (2021) 111 - 129
C. Welte, J. Fohlmeister, M. Wertnik, L. Wacker, B. Hattendorf, T.I. Eglinton, C. Spötl
Climatic variations during the Holocene inferred from radiocarbon and stable carbon isotopes in
speleothems from a high-alpine cave
Clim. Past 17 (2021) 2165 - 2177
Q. Wu, B. Watts, M. Döbeli, J. Müller, B. Butz, T. Lombardo, K. Schmidt-Ott, R. Fink, F. Nolting,
D. Ganz
Medieval nanotechnology: Thickness determination of Zwischgold samples
Journal of Cultural Heritage 49 (2021) 211 - 221
Y. Wu, X. Dai, M. Christl, H.-A. Synal, S. Xing, S. Hou
Ultrasensitive Analytical Method for Direct Search of Primordial 244Pu in Bastnaesite
ACS Earth and Space Chemistry 5 (2021) 1316 - 1324
R. Yokochi, R. Purtschert, Y. Suda, N.C. Sturchio, J. Sültenfuß, C. Vockenhuber
Chemical and isotopic constraints on hydrological processes in Unzen volcanic geothermal
system
Journal of Volcanology Geothermal Research 419 (2021) 107353
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M. Yu, T.I. Eglinton, N. Haghipour, D.B. Montluçon, L. Wacker, P. Hou, Y. Ding, M. Zhao
Contrasting fates of terrestrial organic carbon pools in marginal sea sediments
Geochimica Et Cosmochimica Acta 309 (2021) 16 - 30
A.S. Zaki, G.E. King, N. Haghipour, R. Giegengack, S.E. Watkins, S. Gupta, M. Schuster, H. Khairy,
S. Ahmed, M. El-Wakil, S.A. Eltayeb, F. Herman, S. Castelltort
Did increased flooding during the African Humid Period force migration of modern humans from
the Nile Valley?
Quaternary Science Reviews 272 (2021) 107200
Y. Zhao, D. Grujic, S. Baruah, D. Drukpa, J. Elkadi, G. Hetényi, G.E. King, Z.K. Mildon, N. Nepal,
C. Welte
Paleoseismological Findings at a New Trench Indicate the 1714 M8. 1 Earthquake Ruptured the
Main Frontal Thrust Over all the Bhutan Himalaya
Frontiers in Earth Science 9 (2021)
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TALKS AND POSTERS
N. Brehm, M. Christl, H.-A. Synal, R. Muscheler, F. Mekhaldi, A. Bayliss, T. Knowles, E. Casanova,
K. Nicolussi, L. Wacker
Detection of solar proton events by using radiocarbon in tree-rings
Australia, Sydney, 15.11.21, 15th International Conference on Accelerator Mass Spectrometry (AMS-15)
E. Broś, F. Kober, S. Ivy-Ochs, R. Grischott, M. Christl, C. Vockenhuber, C. Maden, H.-A. Synal
Delving deeper into cosmogenic 26Al-10Be isochron-burial dating of Swiss Deckenschotter deposits
Austria, Vienna, 28.04.21, EGU General Assembly 2021
T. Calligaro, I. Bogdanović Radović, A. Banas, K.Banas, M. Brajković, M.Chiari, I. Hajdas, M.Krmpotić,
A. Mazzinghi, E.Menart, C.Pacecho, J. Raisanen, Z. Siketić, Ž. Šmit, A. Simon
New and emerging nuclear techniques (NT) for the authentication of paintings
England, Surrey , 12.10.2021, IBA/PIXE & SIMS Conference 2021
G. Camperio, C. Welte, S. N. Ladd , M. Prebble, N. Dubois
High-resolution radiocarbon dating to reconstruct last century environmental changes in the Pacific
Island of Espiritu Santo
Austria, Vienna, 28.04.2021, EGU General Assembly 2021
N. Casacuberta, A.-M. Wefing, M. Christl, C. Vockenhuber, M. Castrillejo
A New Era of Transient Tracers in the Arctic and Atlantic Oceans
Switzerland, 27.09.2021, SURF Seminar EAWAG
M. Castrillejo, L. Wacker, N. Casacuberta, A.-M. Wefing, S. Bollhalder, k. Kündig, G. Scacco, J. G. Lester,
H. D. Graven, H.-A. Synal
DI14C measurements in seawater at the Laboratory of Ion Beam Physics (LIP) - ETH Zurich
USA, 01.11.2021, Carbon Isotopes in the Ocean: Ensuring High-Quality results
M.Castrillejo, L. Wacker, S. Bollhalder, K. Kündig, G. Scacco, J. G. Lester, H. D. Graven, R. Hansman,
H.-A. Synal
Intercomparison of DI14C in seawater: Laboratory of Ion Beam Physics (LIP)-ETHZ and NOSAMS
USA, 02.11.2021, Carbon Isotopes in the Ocean: Ensuring High-Quality results
E. Chamizo, M. Christl, M. López-Lora, N. Casacuberta, A.-M. Wefing, T.C. Kenna
Identifying water masses in the western Arctic Ocean using 233U and 236U
Austria, Vienna, 11.10.2021, IAEA Technical Meeting on Developments in Non-Radiocarbon Accelerator
Mass Spectrometry Techniques and Relevant Applications
E. Chamizo, M. López-Lora, M. Christl
Possibilites of the 1 MV AMS system at the Centro Nacional de Aceleradores (CNA, Seville, Spain) to
analyze 233U in natural samples
Australia, Sydney, 15.11.2021, 15th International Conference on Accelerator Mass Spectrometry (AMS15)
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E. Chamizo, M. Christl, M. López-Lora, N. Casacuberta, A.-M. Wefing, T.C. Kenna
The 233U/236U atom ratio as a tool to distinguish anthropogenic U sources and its application as an
oceanographic tracer in the Arctic Ocean
Slovakia, Bratislava, 06.12.2021, 6th International Conference on Environmental Radioactivity
ENVIRA2021
M. Christl, S. Maxeiner, A. M. Müller, P. Gautschi, C. Vockenhuber, H.-A. Synal
The new compact, multi isotope AMS system (MILEA) at ETH Zurich - performance and applications
Germany, Hannover, 23.09.2021, DPG Spring Meeting "SAMOP 2021"
M. Christl, P. Gautschi, A. M. Müller, S. Maxeiner, H.-A. Synal
236
U analyses with the prototype 300kV MILEA system at ETH Zurich
Australia, Sydney, 16.11.2021, 15th International Conference on Accelerator Mass Spectrometry (AMS15)
M. Christl, A. Bratkič, N. Casacuberta, M. Castrillejo, E. Chamizo, L. Fantozzi, K. Hain, J. Kotnik, M. Lin, M.
López-Lora, J. Qiao, H.-A. Synal, A.-M. Wefing
First results from the Zurich Sea Water (ZSW) 236U intercomparison
Australia, Sydney, 17.11.2021, 15th International Conference on Accelerator Mass Spectrometry (AMS15)
M. Christl, O. Steinemann, S. Ivy-Ochs
Significant loss of 10Be from quartz previously treated for in-situ 14C extraction
Australia, Sydney, 19.11.2021, 15th International Conference on Accelerator Mass Spectrometry (AMS15)
C. Daxer, M. Ortler, J. S.Huang, S.Fabbri, M.Hilbe, M.De Batist, I. Hajdas, T. Piechl, M. Strasser,
J. Moernaut
Calibrated long-term lacustrine paleoseismic records from Carinthia (Austria): implications for earthquake
hazard in the south-eastern Alps
Austria, Vienna, 28.04.2021, EGU General Assembly 2021
C. Dieleman, M. Christl, C. Vockenhuber, P. Gautschi, N. Akçar
Early Pleistocene complex cut-and-fill sequences in the Alps
Austria, Vienna, 28.04.2021, EGU General Assembly 2021
K. Fenclova., T. Prasek, M. Nemec, M. Christl, P. Gautschi, C. Vockenhuber
Testing of the fluoride target material for 26Al determination with AMS
Slovakia, Stary Smokovec, 10.09.2021, 74. Zjazd chemikov
K. Fenclova., T. Prasek, M. Nemec, M. Christl, P. Gautschi, C. Vockenhuber
Preliminary tests of 26Al fluoride target matrix on AMS system
Australia, Sydney, 17.11.2021, 15th International Conference on Accelerator Mass Spectrometry (AMS15)
P. Gautschi, L. Wacker, H.-A. Synal
A new method to graphitize CO2 from atmospheric air for radiocarbon analysis
Australia, Sydney, 17.11.2021, 15th International Conference on Accelerator Mass Spectrometry (AMS15)
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P. Gautschi, M. Christl, C. Vockenhuber, A. M. Müller, S. Maxeiner, H.-A. Synal
Be-10 and Al-26 analysis with the prototype 300kV MILEA system at ETH Zurich
Australia, Sydney, 16.11.2021, 15th International Conference on Accelerator Mass Spectrometry (AMS15)
I. Hajdas, S. Turner, C. Waters
14
C “Bomb peak” and the onset of the Anthropocene
Poland, Gliwice, 07.07.2021, The 3rd Radiocarbon in the Environment Conference (RIE III)
I. Hajdas, M. Isler, U. Leuzinger, R. Schweichel, R. Turck, K. Wyss
Effect of conservation on radiocarbon ages of wood
Australia, Sydney, 19.11.2021, 15th International Conference on Accelerator Mass Spectrometry (AMS15)
I. Hajdas
Radiocarbon dating and the protection of cultural heritage
Australia, Sydney, 06.12.2021, Joint IAEA -ANSTO Workshop on Nuclear and Isotopic Techniques for
Cultural Heritage
I. Hajdas
Radiocarbon Dating
Germany, Berlin, 29.09.2021, Sommerschule Mittelalterzentrum 2021
I. Hajdas, K. Wyss
Age of textiles with the help of Radiocarbon Dating
Denmark, Copenhagen, 16.11.2021, COST EuroWeb on-line Workshop Fall 2021
I. Hajdas
Applications of radiocarbon dating in art research and the protection of cultural heritage
Spain, Bilbao, 05.05.2021, Heritage Science today - From Archaeological Sites to Museums
I. Hajdas
Radiocarbon Laboratories and dating objects from cultural heritage
Norway, Oslo, 26.03.2021, Academic Consumption of Illicit Antiquities workshop
I. Hajdas, L. Calcagnile, M. Molnár, G. Quarta, K. Wyss
Radiocarbon: a ‘finger print' of time
Netherlands, Maastricht, 06.05.2021, Power of Things digital conference
I. Hajdas
Art forgeries and 14C ‘finger print’ of time
Switzerland, Geneva, 11.11.2021, Third Research Coordination Meeting on Enhancing Nuclear Analytical
Techniques to Meet the Needs of Forensic Science
S. Ivy-Ochs
Cosmogenic nuclides and reconstruction of past geomorphological processes
Italy, Como, 18.06.2021, Principles, Applications and New Frontiers in Isotope Geochemistry
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S. Kamleitner
LGM Glaciation of the Central Southern Alps - a Regional LGM Glacier Chronology Derived from the
Ticino-Toce Glacier System
Online, 30.09.2021, virtual DEUQUA 2021
M. Lghamour, L. Karrat, V. Picotti, I. Hajdas, N. Haghipour, G. Guidobaldi), K. Wyss Heeb
Alluvial deposits evolution in the Inaouène river valley (Morocco) during terminal Pleistocene and
Holocene epoch
Austria, Vienna, 30.04.2021, EGU General Assembly 2021
D. Mair, A. Lechmann, R. Delunel, S. Yeşilyurt, D. Tikhomirov, C. Vockenhuber, M. Christl, N. Akçar,
F. Schlunegger
High alpine rock-wall retreat rates over millennia through thermo-cryogenic pre-conditioned rock fall (Mt.
Eiger, Switzerland)
Austria, Vienna, 28.04.2021, EGU General Assembly 2021
F. Mekhaldi, J. Beer, M. Christl, H. Hayakawa, H.-A. Synal, C. Vockenhuber, R. Muscheler
Hints of large particle events around solar cycle 14 from 36Cl in Greenland ice cores
USA, New Orleans, 17.12.2021, AGU Fall Meeting 2021
K.-U. Miltenberger, M. Döbeli, A.M. Müller, C. Vockenhuber, H.-A. Synal
Dual-polarity cluster MeV-SIMS
England, Surrey , 11.10.2021, IBA/PIXE & SIMS Conference 2021
M. Molnár, T. Varga, I. Hajdas, L. Calcagnile, G. Quarta, I. Major, A.J.T. Jull
Intercomparision exercise on fuel samples for determination of biocontent ratio by 14C Accelerator Mass
Spectrometry
Poland, Gliwice, 06.07.2021, The 3rd Radiocarbon in the Environment Conference (RIE III)
P. Oswald, J. Moernaut, S. Fabbri, M. De Batist, I. Hajdas, O. Hugo, M. Strasser
Combined on-fault and off-fault paleoseismic evidence in the postglacial lacustrine sediments of
Achensee (Austria, Eastern Alps)
Austria, Vienna, 30.04.2021, EGU General Assembly 2021
C. Paleari, F. Mekhaldi, F. Adolphi, M. Christl, P. Gautschi, C. Vockenhuber, J. Beer, N. Brehm, T. Erhardt,
H.-A. Synal, L. Wacker, F. Wilhelms, R. Muscheler
Evidence from ice cores for an ancient extreme solar particle event hitting Earth during a solar minimum
USA, New Orleans, 17.12.2021, AGU Fall Meeting 2021
R. Paque, I. Alomia Herrera, M. Christl, F. Zehetner, J. Dixon, V. Vanacker
Constraining the effect of climate and rock porosity on weathering extent in the volcanic island of Santa
Cruz (Galapagos, Ecuador)
USA, New Orleans, 13.12.2021, AGU Fall meeting
T. Prasek, M. Nemec, M. Christl, P. Gautschi, C. Vockenhuber
Fluoride target matrices for 236U measurement with accelerator mass spectrometry
Slovakia, Stary Smokovec, 10.09.2021, 73. Zjazd chemikov
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G. Quarta, I. Hajdas, M. Molnár, T. Varga, L. Calcagnile, M. D’Elia, I. Major, A.J.T. Jull
The IAEA forensics program: results of the AMS 14C intercomparison exercise on contemporary wines and
coffees
Poland, Gliwice, 05.07.2021, The 3rd Radiocarbon in the Environment Conference (RIE III)
G. Raab, W. Dollenmeier, D. Tikhomirov, M. Egli, G. Vieira, P. Migoń, F. Scarciglia, C. Lüthgens, M. Christl
Soil characteristics and erosion in the UNESCO Geopark Estrela, Portugal
Austria, Vienna, 26.04.2021, EGU General Assembly 2021
M. Schlomberg, C. Vockenhuber, H.-A. Synal, A. Wallner, M. Veicht, I. Mihalcea, D. Schumann
Isobar separation of 32Si and 32S - Towards the redetermination of the half-life of 32Si
Australia, Sydney, 18.11.2021, 15th International Conference on Accelerator Mass Spectrometry (AMS15)
A. S. Søndergaard, N. K. Larsen, D. L. Egholm
Million year Greenland wide ice sheet cover from 26Al/10Be ratios in bedrock and inverse modelling
Switzerland, Geneva, 20.11.2021, Swiss Geoscience Meeting 2021
T. J. Suhrhoff, J. Rickli, M. Christl, E. Vologina, E. Sklyarov, D. Vance
Weathering and denudation fluxes in the Lake Baikal watershed and their delivery to the lake: a study of
major ion fluxes, 10Be/9Be ratios and radiogenic isotopes (Sr, Nd)
France, Lyon, 07.09.2021, Goldschmidt Conference 2021
T. J. Suhrhoff, J. Rickli, E.G. Vologina, V. Pham, M. Belhadj, E.V. Sklyarov, C. Jeandel, D. Vance
Trace Element Budgets in Lake Baikal Question the Dominant Effect of Salinity in Estuarine Removal
Processes
France, Lyon, 06.07.2021, Goldschmidt Conference 2021
H.-A. Synal
Analytic Progress in Accelerator Mass Spectrometry & related opportunities for applications with longlived radionuclides
Switzerland, Villigen, 02.12.2021, PSI Colloquium
H.-A. Synal
Progress in accelerator mass spectrometry and related opportunities for applications with long-lived
radionuclides
Poland, Gliwice, 05.07.2021, 3rd International Radiocarbon in the Environment Conference (RIE III-2020)
H.-A. Synal, D. De Maria, L. Wacker, S. Maxeiner, A. Herrmann
Low energy AMS: How to reach 50 kyrs with 50 kV
Australia, Sydney, 15.11.2021, 15th International Conference on Accelerator Mass Spectrometry (AMS15)
N. Vandermaelen, V. Vanacker, M. Christl, K. Beerten
Constraining the depositional history of Quaternary fluvial deposits based on grain size, geochemistry and
cosmogenic radionuclides
Belgium, Brussels, 17.09.2021, Geologica Belgica
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C. Vockenhuber, M. Schlomberg, H.-A. Synal, A. Wallner, M. Veicht, I. Mihalcea, D. Schumann
Absolute Measurements and AMS - Towards the redetermination of the half-life of 32Si
Australia, Sydney, 17.11.2021, 15th International Conference on Accelerator Mass Spectrometry (AMS15)
C. Vockenhuber, K.-U. Miltenberger, A.M. Müller, N. Pezzoli, L. Wacker, H.-A. Synal, D. Nievergelt,
L. Schneider, G. Von Arx
Densitometry of wood with in-air STIM
England, Surrey , 12.10.2021, IBA/PIXE & SIMS Conference 2021
L. Wacker, N. Brehm, A. Bayliss, M. Christl, H.-A. Synal, F. Adolphi, J. Beer, B. Kromer, R. Muscheler, S. K.
Solanki, I. Usoskin, N. Bleicher, S. Bollhalder, C. Tyers
Radiocarbon in tree-rings reveals the solar 11-yr cycle over the last millennium
Slovakia, Bratislava, 07.12.2021, Envira
A.-M. Wefing, N. Casacuberta, M. Christl, M. Karcher, P. A. Dodd
Annual variability of the long-lived anthropogenic radionuclides 129I and 236U in the Fram Strait and their
use as water mass composition tracers
Austria, Vienna, 29.04.2021, EGU General Assembly 2021
A.-M. Wefing, N. Casacuberta, M. Christl, M. Karcher, P.A. Dodd, N. Gruber
Annual variability of the long-lived anthropogenic radionuclide 236U in the Fram Strait
Online, 09.04.2021, 13th IBP PhD congress
C. Welte, J. Fohlmeister, M. Wertnik, L. Wacker, B. Hattendorf, T. I. Eglinton, Ch. Spötl
Climatic variations during the Holocene inferred from radiocarbon and stable carbon isotopes in a highalpine cave
Austria, Vienna, 29.04.2021, EGU General Assembly 2021
M. Wertnik, C. Welte, L. Wacker, P. Gautschi, N. Haghipour
Universal Interface for Online measurements of 13C and 14C in CO2
Australia, Sydney, 17.11.2021, 15th International Conference on Accelerator Mass Spectrometry (AMS15)
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SEMINAR
'CURRENT TOPICS IN ACCELERATOR MASS SPECTROMETRY AND RELATED APPLICATIONS'
Spring semester
24.02.2021
Chiara Paleari (Lund University), The search for ancient solar storms in radionuclide data from ice cores
03.03.2021
Gerald Raab (University of Zurich), Deriving continuous in-situ surface denudation models with rock tor
exhumation patterns
10.03.2021
Joshua Chaplin (CHUV, University of Lausanne), Bioavailable actinide measures in the Environment by
DGT
17.03.2021
Markus Czymzik (Leibniz Inst. f. Ostseeforschung, Warnemünde), Be-10 in marine and terrestrial
sediment archives as synchronization tool
24.03.2021
Kateřina Fenclová, Tomáš Prášek (Czech Technical Univ., Prague), Recent progress in fluoride matrices
development for 236U and 26Al AMS measurement
31.03.2021
Núria Casacuberta-Arola (ETHZ) , TITANICA: A new Era of Transient Tracers in the Arctic and North
Atlantic Ocean
07.04.2021
Robert Hilton (Durham University), Temperature controls on the release of carbon dioxide from rock
weathering - Insights from radiocarbon and stable isotopes
14.04.2021
Ewelina Bros (ETHZ), Delving deeper into cosmogenic Al-26/Be-10 isochron-burial dating of Swiss
Deckenschotter deposits
28.04.2021
Maxi Castrillejo (ETHZ), Progress of radiocarbon measurements in dissolved inorganic carbon of seawater
05.05.2021
Mariusz Lamentowicz (Adam Mickiewicz University, Poznań), Peatland timelines of change in the
Anthropocene and beyond
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12.05.2021
Kurt Nicolussi (University of Innsbruck), A Holocene tree-ring chronology for the Alps: state and
challenges
19.05.2021
Kathie Grant (CAMS, LLNL), Carbon Cycling in Soils: the role of mineral weathering on the age, energetics,
and persistence of soil organic carbon
26.05.2021
Guillaume Jouvet (ETHZ), Tracking glacial motion by all means

Fall semester
22.09.2021
Caroline Welte (ETHZ), The potential of LA-AMS for paleoclimate studies
29.09.2021
Marjolaine Verret (Victoria Univ. of Wellington, NZ), Meteoric Beryllium-10 in Miocene permafrost and
the onset of persistent polar aridity in East Antarctica
06.10.2021
Laura Logozzo (Yale, USA), The mobilization of aged dissolved organic carbon in a large temperate river
13.10.2021
Martin Martschini (Univ. Vienna, A), Ion-Laser InterAction Mass Spectrometry - status and prospects
20.10.2021
Lisa Leist (ETHZ), Circulation pattern and changes in the subpolar North Atlantic - new insights from 129I
and 236U
27.10.2021
Florian Mekhaldi (Lund Univ., S), Assessing the detectability of the signal of solar storms embedded in
radionuclide records
03.11.2021
Jordan Aaron (ETHZ), New insights into the initiation and runout of catastrophic landslides
10.11.2021
Sandro Vattioni (ETHZ), Uptake of HCl and HNO3 on solid particles in potential solar geoengineering
scenarios
17.11.2021
Ferran Antolin (DAL), Héctor Martínez Grau (U-Basel), Time to change crops! Dating charred cereal grains
from early farmers in northwestern Mediterranean
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24.11.2021
Pascal Bohleber (Österreichische Akademie der Wissenschaften, A), Ice free or not ice free? New age
constraints on Alpine summit ice cover during the Holocene
01.12.2021
Tim Eglinton (ETHZ), Radiocarbon Inventories of Switzerland (RICH): An integrated approach to
understand the changing carbon cycle
22.12.2021
Charlotte Pearson (Univ. of Arizona, USA), Radiocarbon, tree-rings and ice cores, high resolution
solutions to dating the Thera eruption
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THESES (INTERNAL)
Term papers/Bachelor
Céline Fischer
A geomorphological and sedimentological analysis of mass movement and fan deposits in the Rhine
Valley, Frümsen in St. Gallen
ETH Zurich (Switzerland)
Noè Pezzoli
In-Air STIM for Wood Densitometry
ETH Zurich (Switzerland)

Diploma/Master theses
Sandra Grazioli
Reconstructing Fluctuations of the Rossboden Glacier (Valais, Switzerland)
ETH Zurich (Switzerland)
Ladina Hügli
Reconstructing the surface evolution and dynamics of the Lochrüfi debris-flow fan (GR, Switzerland)
ETH Zurich (Switzerland)
Zhasmin Mussina
Deciphering the Tamins rock avalanche with cosmogenic nuclide dating, geomorphological analysis and
runout modelling
ETH Zurich (Switzerland)

Doctoral theses
Daniele De Maria
Towards a new horizon for biomedical applications of AMS
ETH Zurich (Switzerland)
Anne-Marie Wefing
129
I and 236U as a new tracer pair to study water mass circulation in the Arctic Ocean and Fram Strait
ETH Zurich (Switzerland)

THESES (EXTERNAL)
Diploma/Master theses
Patricia Hug
Holocene rock avalanches and evolution of the polygenic Frébouge cone, Val Ferret Mont Blanc Massif
University of Bern (Switzerland)
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Natalia Selezeneva
Indications for solar storms during the Last Glacial Maximum in the NGRIP ice core
Lund University

Doctoral theses
Gesara Bimashofer
Electrochemically induced magnetic phase transitions in rare-earth manganese oxides. A case study on
LaxSryLizMnO3
ETH Zurich (Switzerland)
Eric Burns
Optimizing charge extraction in oxynitride photoanodes
ETH Zurich (Switzerland)
Catharina Dieleman
Establishing variations of Pleistocene glaciers in the northern Alpine Foreland: A new chronostratigraphic
framework
University of Bern (Switzerland)
Solange Emmenegger
Next Generation Active Magnetic Shielding for n2EDM and Axion-Like Particle Search
ETH Zurich (Switzerland)
Jonas Krieger
Doping and interface effects in topological materials
ETH Zurich (Switzerland)
Jordi Sastre
Lithium garnet Li7La3Zr2O12 thin films for solid-state batteries: fabrication, characterization and
applications
ETH Zurich (Switzerland)
Anastasia Terzopoulou
Metal-organic framework-based microrobots for biomedical applications
ETH Zurich (Switzerland)
Mathis Trant
Tailoring the Synthesis Environment for Sputter-deposited AlN-based Thin Films - Applications from
Piezoelectric to Transparent Hard Coatings
University of Basel (Switzerland)
Marco Volpi
Reflectance Anisotropy Spectroscopy as a tool for characterization of additively manufactured precious
alloys
ETH Zurich (Switzerland)
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Qing Wu
Zwischgold observations in late medieval polychrome sculptures from German speaking regions of
Switzerland: applications, functions, materials and technical parameters
University of Zurich (Switzerland)
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COLLABORATIONS
Australia
The Australian National University, Research School of Physics, Canberra
University of New South Wales, Earth Science, Sydney
The University of Western Australia, Oceans Institute, Crawley

Austria
AlpS - Zentrum für Naturgefahren- und Riskomanagement GmbH, Geology and Mass Movements,
Innsbruck
Austrian Academy of Sciences, Institute for Oriental and European Archaeology, Vienna
Geological Survey of Austria, Sediment Geology, Vienna
International Atomic Energy Agency, Vienna
University of Innsbruck, Institute of Geography, Geology and Botany, Innsbruck
University of Salzburg, Geography and Geology, Salzburg
University of Vienna, VERA, Faculty of Physics, Vienna
Vienna University of Technology, Institute for Geology, Vienna

Belgium
IMEC, Leuven
Royal Institute for Cultural Heritage, Brussels
Université catholique de Louvain, Earth and Life Institute, Louvain-la-Neuve

Bermuda
Bermuda Institute of Ocean Sciences, Bermuda

Canada
Bedford Institute of Oceanography, Bedford Institute of Oceanography, Halifax
Chalk River Laboratories, Dosimetry Services, Chalk River
Dalhousi Universiy, Department of Earth and Environmental Sciences, Dalhousie
ISOTRACE, Department of Physics, Ottawa
TRIUMF, Vancouver
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China
Chinese Academy of Sciences, Institute of Botany, Beijing
China Earthquake Administration, Beijing
China Institute for Radiation Protection, Dosimetry Services, Taiyuan city
Peking University, Accelerator Mass Spectrometry Lab., Beijing
University of Science and Technology, Materials Science, Beijing

Croatia
IZOR, Institute of Oceanography and Fisheries, Split
Ruder Boskovic Institute, Ion Beam Interactions, Zagreb

Czech Republic
Czeck Technical University, Nuclear Chemistry, Prague

Denmark
Danfysik A/S, Taastrup
Risø DTU, Risø National Laboratory for Sustainable Energy, Roskilde
Technical University of Denmark, Department of Photonics Engineering, Roskilde
TU Denmark, Nanophotonic Devices, Lyngby
University Southern Denmark, Department of Physics, Chemistry and Pharmacy, Odense

Finnland
University of Jyväskylä, Accelerator Laboratory, Physics Department, Jyväskylä

France
Aix-Marseille University, Collège de France, Aix-en-Provence
Commissariat à l’énergie atomique et aux énergies alternatives, Laboratoire des Sciences du Climat et de
l’Environnement (LSCE), Gif-sur-Yvette Cedex
IFREMER, Laboratoire D ' Oceanographie Physique et Spatiale, Brest
IRSN, Laboratoire de Radioécologie, Cherbourg-Octeville
Laboratoire de biogeochimie moléculaire, Strasbourg
LSCE, CNRS-CEA-UVSQ, Gif-sur-Yvette
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Université de Savoie, Laboratoire EDYTEM, Le Bourget du Lac
Université Pierre et Marie CurieIon, Beam Laboratory, Paris

Germany
Alfred Wegener Institute of Polar and Marine Research, Marine Geochemistry, Bremerhaven
Berlin-Brandenburgische Akademie der Wissenschaften, Berlin
Bonn University, Steinmann Institute, Bonn
BSH Hamburg, Radionuclide Section, Hamburg
Bundesamt für Strahlenschutz, Strahlenschutz und Umwelt, Neuherberg
Continental GmbH, Limbach
Deutsches Bergbau Museum, Bochum
Freie Universität Berlin, Earth Sciences, Berlin
GFZ German Research Centre for Geosciences, Klimadynamik, Dendrochronology Laboratory, Earth
Surface Geochemistry, Potsdam
Helmholtz-Zentrum Dresden-Rossendorf, DREAMS, Institute of Ion Beam Physics and Particle Physics,
Institut für Strahlenschutz, Dresden
Hydroisotop GmbH, Schweitenkirchen
IFM-GEOMAR, Palaeo-Oceanography, Kiel
Johannes Gutenberg-Universität, Institut für Geowissenschaften, Mainz
Leibniz Institute for the History and Culture of Eastern Europe (GWZO), Leipzig
Leibniz-Institut für Ostseeforschung Warnemünde, Marine Geologie, Rostock
LMU-Munich, Geosciences, München
Marum, Marine Seimentologie, Micropalaeontology – Paleoceanography, Bremen
Potsdam-Institut für Klimafolgenforschung, Complexity Science, Potsdam
Reiss-Engelhorn-Museen, Curt-Engelhorn-Zentrum Archäometrie gGmbH, Mannheim
ROWO AG, Herbolzheim
RWTH Aachen, Engineering Geology, Aachen
Senckenberg am Meer, Deutsches Zentrum für Marine Biodiversitätsforschung, Wilhelmshaven
University of Applied Sciences, TH Köln, Technology Arts Sciences , Köln
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University of Bochum, Geology, Bochum
University of Cologne, Physics Department and Institute of Geology and Mineralogy, Cologne
University of Hannover, Institute for Radiation Protection and Radioecology, Hannover
University of Heidelberg, Geosciences, Institute of Environmental Physics, Heidelberg
University of Hohenheim, Institute of Botany, Stuttgart
University of Münster, Institute of Geology and Paleontology, Münster
University of Tübingen, Department of Geosciences, Tübingen

Hungary
Hungarian Academy of Science, Institute of Nuclear Research (ATOMKI), Debrecen

India
Inter-University Accelerator Center, Accelerator Division, New Dehli

Italy
CAEN S.p.A., Viareggio
CNR Rome, Institute of Geology, Rome
Geological Survey of the Provincia Autonoma di Trento, Landslide Monitoring, Trento
INGV Istituto Nazionale di Geofisica e Vulcanologia, Sez. Sismologia e Tettonofisica, Rome
Südtiroler Landesverwaltung, Land- und Forstwirtschaft, Bozen
University of Bologna, Deptartment Earth Sciences, Department of Cultural Heritage, BiGeA, Bologna
University of Padua, Department of Geosciences, Geology and Geophysics, Padua
University of Pisa, Department of Geology, Pisa
University of Salento, Department of Physics, Lecce
University of Turin, Department of Geology, Turin

Japan
University of Tokai, Department of Marine Biology, Tokai

Liechtenstein
Oerlikon Surface Solutions AG, Balzers
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Luxembourg
Luxembourg Institute of Science & Technology, Materials Research, Esch-sur-Alzette

Mexico
UNAM (Universidad Nacional Autonoma de Mexico), Instituto de Fisica, Mexico

Monaco
International Atomic Energy Agency, IAEA Environment Laboratories, Principality of Monaco

New Zealand
University of Waikato, Radiocarbon Dating Laboratory, Waikato
Victoria University of Wellington, School of Geography, Environment and Earth Sciences, Wellington

Norway
NORCE Norwegian Research Centre, Climate Variability, Bergen
Norwegian Geological Survey, Trondheim
Norwegian Polar Institute, Tromso
Norwegian Radiation Protection Authority, Tromso
Norwegian University of Science and Technology, Physical Geography, Trondheim
Rogaland Fylkeskommune, Stavanger
The Bjerkness Centre for Climate Res., Bergen
The University Museum of Bergen, Bergen
Univeristy of Oslo, Department of Archaeology, Conservation and History, Oslo
University of Bergen, Department of Earth Science, Department of Biology, Uni Research Climate, Bergen

Poland
Adam Mickiewicz University, Department of Geology, Climate Change Ecology Research Unit, Poznan
AGH University of Science and Technology, Department of Geology, Kraków
Polish Academy of Sciences, Institute of Geography and Spatial Organization, Warszawa
University of Marie Curie Sklodowska, Department of Geography, Lublin
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Portugal
Universidade Nova de Lisboa, Departamento de Conservação e Restauro, Lisboa

Romania
Horia Hulubei - National Institute for Physics and Nuclear Engineering, Magurele

Singapore
National University of Singapore, Department of Chemistry, Singapore

Slovakia
Comenius University, Faculty of Mathematics, Physics and Infomatics, Bratislava

Slovenia
Geological Survey of Slovenia, Ljubljana

South Korea
Korea Apparel Testing & Research Institute, Seoul

Spain
Consejo de Investigaciones Cientificas, Instituto de Investigaciones Marinas de Vigo, Vigo
University of Murcia, Department of Plant Biology, Murcia
University of Seville, Physics Department and National Center for Accelerators, Seville
University of the Basque Country (UPV/EHU), Department of Analytical Chemistry, Vitoria-Gasteiz

Sweden
Lund University, Department of Earth and Ecosystem Sciences, Lund
University of Uppsala, Angström Institute, Upsalla

Switzerland
ABB Ltd, Lenzburg
Amcor Flexibles , Rohrschach
Amt für Kultur Kanton Graubünden, Archäologischer Dienst, Chur
Bern University of Applied Sciences, Bern
Centre Hospitalier Universitaire Vaudois, Institut de radiophysique, Lausanne
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Dendrolabor Wallis, Brig
Empa, Energy ConversionA, dvanced Analytical Technologies, Corrosion and Joining Technology,
Advanced Materials Processing, Nanoscale Materials Science, Mechanics of Materials and
Nanostructures, Thin Films and Photovoltaics, Functional Polymers, Coatings and Tribology, X-ray
Analytics, Dübendorf
ENSI, Brugg
EPFL, Photovoltaics, Microengineering, Lausanne
ETH Zurich, Environmental Physics, Earth Sciences, Inorganic Chemistry, Robotics, Atmospheric
Chemistry, Particle Physics and Astrophysics, Metals Research, Solid State Physics, Laboratory for
Multifunctional Materials, Building Research and Construction History, Geological Institute, Engineering
Geology, Institute of Geochemistry and Petrology, Institute of Geology, Institute of Food, Nutrition and
Health, Department of Environmental System Sciences, Laboratory of Inorganic Chemistry, Department
of Earth Sciences, D-PHYS Betriebe, Trace Element and Micro Analysis, CHAB, Material Engineering,
Millimeter Waves, Polymers, MATL, Particle Physics and Astrophysics, Institute of Isotope Geochemistry
and Mineral Resources, Department of Health Sciences and Technology, Zurich
Evatec AG, Trübbach
Fachhochschule Nordwestschweiz, Elektrische Charakterisierung, Brugg
Federal Office for Civil Protection, Spiez Laboratory, Spiez
Geneva Fine Art Analysis Sarl, Lancy, Geneva
Gübelin Gem Lab Ltd. (GGL), Luzern
Haute École-Arc, Ingénierie des surfaces, La-Chaux-de-Fonds
Helmut Fischer AG, Hünenberg
IBM Research, Rüschlikon
Kanton Bern, Achäologischer Dienst, Bern
Kanton Graubünden, Kantonsarchäologie, Chur
Kanton Solothurn, Kantonsarchäologie, Solothurn
Kanton St. Gallen, Kantonsarchäologie, St. Gallen
Kanton Turgau, Kantonsarchäologie, Frauenfeld
Kanton Zug, Kantonsarchäologie, Zug
Kanton Zürich, Kantonsarchäologie, Dübendorf
Labor für quartäre Hölzer, Affoltern a. Albis
Laboratiore Romand de Dendrochronologie, Cudrefin
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Landesmuseum , Zurich
Lumiphase AG, Zurich
Nationale Genossenschaft für die Lagerung radioaktiver Abfälle (NAGRA), Wettingen
Office et Musée d'Archéologie Neuchatel, Neuchatel
Oxyphen AG, Wetzikon
Paul Scherrer Institut (PSI), Hot Laboratories, Materials Group, Mesoscopic Systems, Labor für Radio- und
Umweltchemie, Laboratory for Micro and Nanotechnology, Low Energy Muons, Laboratory for
Atmospheric Chemistry, Laboratory for Radiochemistry and Environmental Chemistry, Villigen
Research Station Agroscope Reckenholz-Tänikon ART, Air Pollution / Climate Group, Zurich
Rhysearch, Buchs
Stadt Zürich, Amt für Städtebau, Zurich
Stiftung Pro Kloster St.-Johann, UNESCO Welterbe, Müstair
SUPSI, Dipartimento ambiente costruzioni e design (DACD), Lugano
Swiss Federal Institute for Forest, Snow and Landscape Reseach (WSL), Landscape Dynamics,
Dendroecology and Soil Sciences, Birmensdorf
Swiss Federal Institute of Aquatic Science and Technology, SURF, Dübendorf
Swiss Gemmological Institute, SSEF, Basel
Swiss Institute for Art Research, SIK ISEA, Zurich
University of Basel, Departement Altertumswissenschaften und Institut für Prähistorische und
Naturwissenschaftliche Archäologie (IPNA), Basel
University of Bern, Institute of Geology, Climate and Environmental Physics, Oeschger Center for Climate
Research, LARA, Geographisches Institut, Department of Chemie and Biochemistry, Particle Physics, Bern
University of Freiburg, Faculty of Environmentat and Natural Resources, Department of Physics, Freiburg
University of Geneva, Department of Anthropology and Ecology, Geology and Paleontology, Geneva
University of Lausanne, Department of Geology, Geosciences, Lausanne
University of Zurich, Institute of Geography, Abteilung Ur- und Frühgeschichte, Institute of Evolutionary
Medicine, Oxide Interface Physics, Art History, Zurich
Zollverwaltung, Zürich

Taiwan
National Taiwan University, Department of Geosciences, Taipei
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The Netherlands
NIOZ, Coastal Systems Sciences , Texel
Twente University, Nanotechnology, Twente

Turkey
Dokuz Eylül University, Department of Geological Engineering, Izmir
Istanbul Technical University, Faculty of Mines, Istanbul
Tunceli Üniversitesi, Geology Department, Tunceli

United Arab Emirates
United Arab Emirates University, Department of Geology, Abu Dhabi

United Kingdom
Bangor University, School of Ocean Sciences, Bangor
Brithish Arctic Survey, Cambridge
Cambridge University, Geography, Earth Sciences, Cambridge
Durham University, Department of Geography, Durham
Histrorical England, London
Imperial College London, Faculty of Natural Sciences, Department of Physics, London
Newcastle University, School for History, Classics and Archaeology, Newcastle
Northumbria University, Department of Geography, Newcastle
Queen Mary University of London , School of Geography, London
Sheffield University, Energy & Enviromental Science, Sheffield
University of Aberdeen, School of Geosciences, Aberdeen
University of Bristol, School of Earth Sciences, School of Chemistry, Bristol
University of Lancaster, Nuclear Engineering, School of Geography, Lancaster
University of Oxford, Department of Earth Sciences, Oxford

USA
Center for New Mexico Archaeology, Santa Fe

139

Ion Beam Physics, ETH Zurich

Annual report 2021

Colorado State University, Department of Environmental and Radiological Health Sciences, Fort Collins
Columbia University, LDEO, New York
Florida State University Earth, Ocean & Atmospheric Science, Tallahassee
Idaho National Laboratory, National and Homeland Security, Idaho Falls
Indiana University, School of Medicine, Indianapolis
Lamont-Doherty Earth Observatory, Department of Geochemistry, Palisades
NOAA Fischeries, Pacific Islands Fisheries Science Center, Honolulu
Stanford University, Jasper Ridge Biological Preserve, Woodside, California
University of Arizona, Arizona
University of Utah, Geology and Geophysics, Salt Lake City
Woods Hole Oceanographic Institution, Center for Marine and Environmental Radioactivity, and Marine
Chemistry and Geochemistry, Woods Hole
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VISITORS AT THE LABORATORY
Maite Maguregui Hernando
University of the Basque Country UPV/EHU, Vitoria-Gasteiz, Spain
29.05.2021 - 12.06.2021
Silvia Pérez-Diez
University of the Basque Country UPV/EHU, Vitoria-Gasteiz, Spain
29.05.2021 - 12.06.2021
Xing Shan
CIRP, Taiyuan, China
24.06.2021 - 10.10.2021
Gu Yao
Nanjing University, China
25.07.2021 - 31.12.2021
Joshua Chaplin
CHUV - Institut de radiophysique, Lausanne, Switzerland
04.08.2021 - 05.08.2021 / 24.08.2021
Allen Andrews
Australia
27.10.2021 - 29.10.2021
Lukas Rettig
University of Padua, Padua, Italy
01.10.2021 - 31.12.2021
Silke Merchel
University of Vienna, Vienna, Austria
29.11.2021 - 01.12.2021
Kateřina Fenclová
Czech Technical University Prague, Prague, Czech Republic
06.12.2021 - 14.12.2021
Tomáš Prášek
Czech Technical University Prague, Prague, Czech Republic
06.12.2021 - 14.12.2021
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