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EDITORIAL

In 2011, the Laboratory of Ion Beam Physics (LIP) has acted very successfully as a national and
international center for accelerator mass spectrometry (AMS) and for the materials sciences based on
ion beam technology. The strong support from our board of trustees (D PHYS, D ERDW, Eawag, Empa,
and PSI) has provided for us a valuable basis to progress within our primary fields of research.

Major achievements have set the stage for fundamental new developments. Among others, the break
through in demonstrating the capability of radiocarbon analyses over the entire 14C dating range by using
a pure mass spectrometer has certainly been the highlight of our instrumental developments. In
addition, we have completed two more MICADAS AMS systems and put them into operation together
with our collaborating partners from Hungary and Spain. With these projects we have established new
AMS facilities of ultrahigh precision radiocarbon dating performance.

The successfully accomplished upgrade of our 6 MV Tandem accelerator with a Pelletron charging
system will enable us to secure the operation of this beautiful instrument and support a vast variety of
ion beam application, predominantly in materials sciences, in the near future. This will help us provide
service to external users and contribute significantly to the educational program of ETH.

This annual report follows the attractive concept we have established during the past two reporting
periods of reporting progress in short, one page contributions. It summarizes the activities, both our own
and those within the network of external research groups. It indicates the high degree of cross linked
research LIP members are contributing to. We are very grateful to our collaborators for their willingness
to conduct joint research projects and to contribute so generously to this annual report.

Once again, I would like to acknowledge the excellent work of the LIP scientific and technical staff for the
success of the laboratory. In 2011, we have performed more AMS analyses than ever and almost 10'000
individual measurement results have been released to our large user community. Our financing model
has turned out to be robust and flexible. Well provided with base funding from our partners we managed
to generate matching funds from joint research projects, service, and instrumental equipment of more
than 50% of all expenses of our laboratory.

It is our desire to continue the development of ion beam technologies and applications and to make
possible a more widespread use of these powerful techniques.

Hans Arno Synal, Peter W. Kubik
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THE TANDEM AMS FACILITY

  
 

Activities on the 6 MV TANDEM in 2011

Upgrading the TANDEM with a NEC Pelletron

Al and Be transmission through the 6 MV TANDEM
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ACTIVITIES AT THE 6 MV TANDEM ACCELERATOR IN 2011
Beam time and operational details

Scientific and technical staff, Laboratory of Ion Beam Physics

On 27 June 2011, operation of the belt driven
charging system of our 6 MV TANDEM acceler
ator ended. The system was replaced in the
following months with a NEC Pelletron (see C.
Vockenhuber et al., this annual report, p. 9).
Over the 47.5 years of running the accelerator
as a Van de Graaff generator the old charging
system gathered almost 140'000 hours of
operation or 3000 h/a on average (Fig. 1).

Fig. 1: Operation hours of the Van de Graaff
accelerator over the 47.5 year lifetime of its belt
driven charging system.

During the peak time of fundamental nuclear
physics experiments in the late 1960s and the
1970s, 3500 5000 annual operation hours were
typical. With the transition from nuclear physics
research to applied research programs the
usage of the accelerator decreased but
stabilized again during the early 1990s when
accelerator mass spectrometry (AMS) began to
use a major fraction of the accelerator time.

In 2008, the entire 14C AMS program was moved
from the 6 MV TANDEM to our MICADAS system
reducing the demand for AMS time at the
TANDEM. In addition, measurement capacity for
the nuclides 10Be, 41Ca, 129I, 235,236,238U and natPu
was provided at the TANDY AMS system.
Actually, only 16 % of all AMS results were
produced at the TANDEM in 2011 requiring
about 700 operation hours which is equivalent

to 40 % of the total beam time. Measurements
of the long lived radionuclide 36Cl can only be
made at the 6 MV TANDEM since high energies
are needed to separate the interfering isobaric
36S ions from 36Cl. This 36Cl capability allows us to
measure the full suite of the important AMS
nuclides.

The efficient use of our compact AMS systems
generates more freedom for the materials
science program at the TANDEM with nearly 600
hours of operation for ion beam analysis
techniques. Predominantly particles were
used to characterize the composition of
materials with the Rutherford Backscattering
(RBS) method. Heavy ions such as Ag or Au were
used to modify the composition of materials by
ion implantation and 127I ions were exploited in
connection with elastic recoil detection (ERDA)
experiments. Isotopic ratio measurements of
the elements Si, Ge, Se, Sb, Te, Ce, W, and Pt
were made with accelerator SIMS.

Fig. 2: Breakdown of operation hours per year
for the three major categories: AMS, materials
sciences and TANDEM operation/maintenance.

The conversion to the Pelletron charging system
required a large fraction of the operation hours
to be used for conditioning the accelerator and
for testing additional control devices installed in
the high voltage terminal of the accelerator.
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UPGRADING THE TANDEMWITH A NEC PELLETRON
A new future for the Tandem accelerator

C. Vockenhuber, S. Bühlmann, R. Gruber, P. Kägi, R. Pfenninger, H. A. Synal, W. Wiederkehr

State of the art measurements in Accelerator
Mass Spectrometry (AMS) and Ion Beam
Analysis (IBA) have been made with the ETH
Zurich TANDEM accelerator since 1980.
However, spare parts for the belt charging
system are not available any more. Thus, an
upgrade of the accelerator with the Pelletron
charging system of National Electrostatics Corp.
(NEC), USA was undertaken within the SNF
program REQUIP. This should guarantee the
operation of the TANDEM accelerator in the
foreseeable future.

The upgrade started in July 2011 with the
removal of the belt system and a thorough
cleaning of the column structure and the
remaining parts. The new equipment was
installed mainly by our technical personnel. The
commissioning itself was performed under the
supervision of a senior technician from NEC.
First charging test were made on July 29 and a
terminal voltage above 5 MV could be achieved.

Now, two charging chains, one at the low
energy side and one at the high energy side of
the accelerator, transport the charge to the high
voltage terminal with a charging current of
about 4 μA per kV charging voltage. With the 60

Fig. 1: The new Pelletron system inside the
terminal shell.

Fig. 2: During the final installation of the
Pelletron charging chain.

kV charging power supplies we can obtain up to
240 μA per chain.

In addition, the terminal electronics was
upgraded, a new fiber optics communication
installed and the drive motor of the stripper foil
changing mechanism exchanged. The new
system allows full computer control of the
devices and reads back the important
parameters from the terminal.

First experiments were carried out at low
terminal voltages (0.5 to 2 MV) for IBA. We
could demonstrate an improvement of the
terminal voltage stability by a factor of about 4
at these voltages. Later, the TANDEM
accelerator was conditioned to 6 MV. A
successful AMS measurement of 10Be was
performed at 5.6 MV and revealed improved
terminal voltage stability also at high voltages.
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Al AND Be TRANSMISSION THROUGH THE 6 MV TANDEM
Initial studies for simultaneous 26Al/10Be detection

J. Lachner, M. Christl, P.W. Kubik

Certain applications in the earth sciences such
as exposure dating of landforms or burial dating
benefit from or even require the use of more
than one cosmogenic nuclide. Widely used are
10Be and 26Al, both of which have to be
measured in separate AMS analyses. A new AMS
setup to perform this analysis in just one
measurement would lead to a reduction of both
cost and analytic uncertainties.

The special setup of the Zurich 6 MV TANDEM
facility might allow the simultaneous
determination of 26Al/10Be ratios and 26Al and
10Be concentrations in only one AMS
measurement. This report describes the search
for the set of charge states which could
simultaneously transport 26Al and 10Be to the
detector(s) and the optimal terminal voltage for
those charge states.

The negative ions 26Al and 10Be16O are
extracted from Al/Be oxide targets. Both ions
have mass = 26 amu and thus follow the same
path through the low energy spectrometer to
the accelerator terminal. Of all positive ions
extracted from the foil/gas stripper, 26Al5+ and
10Be2+ have such similar E/q ratios that they can
be transmitted through our relatively low
resolution 15° electrostatic analyzer (ESA). The
following analyzing magnet then separates
10Be2+ and 26Al5+. Detection might be performed
in either two separate gas ionization detectors
or preferably one detector with a wide entrance
window. A 10B absorber will have to be placed
before the 10Be entrance location.

Apart from synchronous transport of 26Al5+ and
10Be2+ through the ESA, a sufficiently high
stripping yield for both nuclides needs to be
achieved. The overall efficiency for the
measurement of the 26Al/10Be ratio is expected
to be limited by the low ionization yield for Al in
the ion source. Therefore, stripping from 27Al to
27Al5+ should be optimized. The highest

transmission (ca. 13%) was obtained for a
terminal voltage of 3.5 MV and a stripper
combination of ca. 6 10 6 mbar Ar gas followed
by a 3 g/cm2 diamond like carbon (DLC) foil.
With this stripper setup the maximal
transmission for 9Be2+ is ca. 16% at a terminal
voltage of 4.5 MV. At 3.5 MV, the optimal
voltage for 27Al5+, the transmission is still 11%,
sufficient for effective 10Be detection.

Fig. 1: Transmissions for 9Be2+ and 27Al5+ with Ar
gas stripping or with Ar gas supported foil
stripping.

The next step in this project will be to find the
best way for simultaneous detection of the
radionuclides in the detector(s). Further on,
sample preparation to obtain pure Al/Be oxide
samples, the production of appropriate AMS
standards, and modifications of the AMS pulsing
system and the data acquisition system need to
be carried out.
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THE TANDY AMS FACILITY

Activities on the 0.6 MV TANDY in 2011

Be and Al charge states with He stripping

Keeping helium and SF6 separate

Comparative study of carrier free 10Be/9Be
41Ca AMS at low ion energies
237Np AMS with the TANDY AMS system
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ACTIVITIES ON THE 0.6 MV TANDY IN 2011
Beam time and sample statistics

Scientific and technical staff, Laboratory of Ion Beam Physics

In 2011, the 0.6 MV AMS system TANDY (Fig. 1)
was mainly used for routine measurements of
radionuclides spanning a broad mass range.

Fig. 1: The compact 0.6 MV TANDY accelerator.

The major technical modification of the TANDY,
besides the installation of a new SF6 pumping
system between accelerator and storage tank,
was the complete changeover from Ar to He
stripping (see C. Vockenhuber et al., this annual
report, p. 14). This step improved the perform
ance for all radionuclides measured on the
TANDY.

The total operating time of the TANDY facility
was more than 2000 h. During this time both
routine AMS analyses of 10Be, 41Ca, 129I, and
actinides were performed, as well as many test
measurements were carried out (i) to find the
optimal settings for He stripping, (ii) to improve
existing measurement setups, (iii) to establish
new radionuclides (e.g. 237Np), and (iv) to
develop and test new instrumentation.

More than of the opera ng me was used for
AMS measurements of 10Be and 41Ca (Fig. 2).
Another 20% was spent for 129I and actinide
analyses, while about 10% can be allocated to
technical developments.

Fig. 2: Relative distribution of the TANDY
operation time for the different radionuclides
and activities in 2011.

More than 2700 samples were measured in
2011 (Fig. 3) spanning a very wide range of
applications. Almost half of all samples were
analyzed for 41Ca in the context of a biomedical
study. More than 30 % of all measurements
were on 10Be samples from various geological
archives. Finally, 20 % of the samples were
analyzed for anthropogenic radionuclides (129I,
236U, and Pu isotopes) in the context of many
different projects covering the fields of
environmental monitoring, radio bioassay, or
anthropogenic tracer studies.

Fig. 3: Relative distribution of the number of
samples for the different radionuclides
measured in 2011.
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Be AND Al CHARGE STATES WITH He STRIPPING
Charge state distribution of light elements measured at the TANDY

J. Lachner, M. Christl, A.M. Müller

The transmission for actinides in charge state 3+
at the TANDY AMS facility was greatly improved
with He gas stripping. With a He stripper gas
bottle now placed directly in the terminal to
prevent the breakdown of the capillary feed
through, it became necessary to check the
system performance for the lighter radio
nuclides 10Be and 26Al, which had been
measured using Ar gas stripping.

The 10Be/9Be blank level turned out to be
comparably low (<5x10 15). The average 9Be
transmission increased slightly from 58 % to 60
% for the 1+ charge state. For charge state 2+, a
transmission of up to 37 % at accelerator
voltages of ca. 300kV could be realized. This
may allow the construction of an accelerator of
MICADAS size capable of measuring 10Be.

Fig. 1: Measured 9Be transmissions and 11B
charge state yields [1]. Background currents in
the low energy Faraday cup reduced
transmission values by 10 20 % compared to the
routine setup for 10Be AMS.

In Fig. 1, charge yields for 11B [1] are compared
with measured 9Be transmissions. The yield of
B2+ is constant and relatively low (<30 %)
compared to the transmission of Be at the ion
energies of interest (100 200 keV), while the B1+

yield is higher than the Be1+ transmission. The

use of charge state 2+ may thus provide
additional 10B suppression.

The transmission for 27Al (Fig. 2) shows a
maximum value of 60 % for the 2+ charge state
at a beam energy of 450 keV; 1+ and 3+ charge
states yield lower maximum values of 25 % (1+,
500 keV) and < 15 % (3+, 600 keV), respectively.

Fig. 2: Measured 27Al transmissions.

Because of the m/q ambiguity of 26Al2+ and 13C1+

it is not possible to use the 2+ charge state in
the current setup. The charge state 1+ may
suffer from molecular isobars, which would
have to be destroyed with a high stripper gas
density resulting in increased scattering, which
in turn would reduce the transmission. The first
tests were therefore performed using charge
state 3+, although the transmission is generally
lower than in the 1+. Low ion currents and cross
contamination in the ion source limited the
sensitivity to 26Al/27Al>2x10 13. Further back
ground studies are thus needed.

[1] A.B. Wittkower and H.D. Betz, Atomic Data
5 (1973) 113
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KEEPING HELIUM AND SF6 SEPARATE
Improving the gas stripping for the TANDY accelerator

C. Vockenhuber, M. Christl, R. Gruber, J. Lachner, A. Müller

Changing the stripper gas at the TANDY from
argon to helium was an enormous improvement
[1]. Particularly, the sensitivity for the heavy
nuclides (40Ca, 129I, actinides) could be increased
by at least a factor of three. We decided
therefore to make this change permanent.

Originally, the stripper gas was supplied from
the outside of the pressure tank and was fed at
high pressure (15 bar) via a Teflon line along the
high energy column to the terminal of the
accelerator. There the pressure was reduced
and regulated via a needle valve operated with
a motor driven Lucite control rod from ground.
This system allowed switching between
different stripper gases without opening the
accelerator.

It turned out that small contaminations
degraded significantly the performance of He
stripping. Therefore, the gas lines and the
stripper volume including the turbo pumps and
the MicromazeTM trap had to be thoroughly
evacuated every time. Another disadvantage
was that because of the lower dielectric
strength of He the accelerator could run only up
to ~300 kV without discharges in the Teflon line.
This setup was fine for the first measurements
of actinides run at lower terminal voltages. At
higher voltages discharges caused leaks in the
gas supply with the result of decreasing charge
state yields as seen e.g. for 129I (from over 40%
to 8%). Analysis of the residual gas at the low
energy side of the accelerator vacuum showed
peaks originating from the insulation gas SF6
(Fig. 1), a clear indication of leaks in the supply
line. These leaks led to frequent openings of the
accelerator in order to replace the damaged gas
supply lines.

Because of these technical problems with the
He gas, which has improved efficiency for all
radionuclides ranging from 10Be to the actinides,
we decided to give up the ability to switch

between different stripper gases and installed a
helium filled gas bottle directly inside the
terminal.

Fig. 1: Residual gas spectrum under normal
operation (blue) and after a leak in the supply
line (red). Among others, the SF6 peaks are
clearly visible.

During the frequent opening of the accelerator
the original SF6 gas handling system failed
leading to a pollution of the SF6 and the
accelerator tank itself with oil. Therefore, the
gas handling system was exchanged with a
dedicated system from DILO in Babenhausen,
Germany, which was made available to us by
the High Voltage Laboratory of ETH Zurich. We
would like to thank H. Kienast and H. J. Weber
for the equipment and help during the startup.

Fig. 2: The TANDY facility with the DILO gas
handling system (red) in the back (top of figure).

[1] C. Vockenhuber et al., Nucl. Instr. & Meth.
B (2012) submitted
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COMPARATIVE STUDY OF CARRIER FREE 10Be/9Be
Determination of 10Be/9Be with carrier free and conventional AMS

J. Lachner, M. Christl, C. Maden1, M. Schaller2

The method for a direct determination of the
natural 10Be/9Be ratio in a geological sample
without addition of 9Be carrier was compared
with the conventional approach of measuring
10Be with AMS and 9Be with ICP MS. A previous
study had shown a systematic offset between
the two methods [1], which was suspected to be
due to matrix effects in the ICP MS
determination.

In a recent study (see M. Schaller et al., this
annual report, p. 56), the 10Be/9Be ratio was
determined in four samples of river terrace
sediments (AUMS1, 2, 3, 4) using AMS and ICP
MS after leaching 1 g of sample material.
Standard addition was applied for a matrix
independent ICP MS determination of the 9Be
concentration. Additionally, the stability of the
ICP MS was carefully monitored with external
standards and blanks measured before and after
the samples.

carrier free conventional

sample I [pA]
10Be/ 9Be
[10 11]

10Be/ 9Be
[10 11]

AUMS1 756 58±2 54±2

AUMS2
257 10.7±1.4

6.8±1.5222 7.7±1.4
266 6.0±1.3

AUMS3 528 531±15 555±26

AUMS4
635 578±11

561±22590 585±14
393 556±14

Tab. 1: Results of the carrier free and
conventional 10Be/9Be determinations together
with the average 9Be1+ currents during the
carrier free measurement.

For the conventional determination three
samples were mixed to create the samples
AUMS1 4 in each case. For the carrier free

determination the targets were produced after
leaching and chemically cleaning 1 g sample
material. As in the conventional measurement,
AUMS1 and AUMS3 consisted of three samples,
which were mixed at equal parts prior to the
chemical treatment. For AUMS2 and AUMS4 the
set of three samples was prepared and
measured separately (Tab. 1). For both, AUMS2
and AUMS4, the separate results of the
subsamples agree fairly well with each other
and with the conventionally determined value.
The observed scatter in the individual results
could include an otherwise unobserved natural
variability.

Fig. 1: Comparison of carrier free and
conventionally measured 10Be/ 9Be ratios.

The good agreement between the two methods
confirms that carrier free AMS is a robust and
precise technique to determine authigenic
10Be/9Be ratios in only one AMS measurement.

[1] J. Lachner et al., Nucl. Instr. & Meth. B
(2012) submitted

1 Geology, ETH Zurich
2 Geology, University of Tübingen, Germany
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41Ca AMS AT LOW ION ENERGIES
Biomedical applications of 41Ca profit from AMS efficiency gains

C. Vockenhuber, T. Schulze König

41Ca is an interesting radionuclide for bio
medicine because it can trace the behavior of
calcium in the human body, particularly in
bones. The very long half life (T1/2 = 104 ka)
allows the labeling with very low doses.

AMS is well suited to measure the resulting low
41Ca/Ca ratios, but the isobar 41K interferes in
those measurements. Early studies were
performed by extracting CaH3 from the ion
source and acceleration to high energies
resulting in low background from 41K. However,
the preparation of calcium hydride samples and
the measurement at the large AMS accelerators
prevented widespread applications with many
samples. By extracting CaF3 from the ion
source, 41K can be suppressed to a large extent
(but not as completely as with CaH3 ). The
remaining 41K background contribution depends
very much on the quality of the sample and the
sputtering time in the ion source. Usually the
41K/41Ca ratio settles after a few minutes of
measurement time.

Fig. 1: Stripper scan for 41Ca. The transmission
of 40CaF3 to 40Ca2+ is shown in blue, the
measured (41K+41Ca)/40Ca ratio in red. At lower
stripper gas thickness an increase from
molecules at mass 41 is observed.

Previous measurements at the TANDY were
performed at a terminal voltage of 500 kV,
argon as stripper gas and charge state 3+ [1].

Because of the injected heavy molecule, the
available stripping energy of the Ca ions is low,
225 keV, resulting in a transmission of only 4%.

Switching to charge state 2+ with helium as a
stripper gas increases the transmissions to more
than 50%. Molecular interference at mass 41
can be reduced by increasing the stripper gas
pressure to an appropriate value (Fig. 1).

Charge state 2+ also allows the measurement of
39K, whereas in charge state 3+ this is not
possible because of the strong interference of
13C+. Using the known ratio 41K/39K, the number
of detected events at mass 41 can be corrected
for 41K interference (Fig. 2). The background
even for samples with high 41K content is less
than ~5×10 12.

Fig. 2: Correlation between 39K/40Ca and
(41K+41Ca)/40Ca of two blank samples, which is
used to correct the measured 41Ca/40Ca ratio.

The new measurement procedure increased the
efficiency about 10 times and also resulted in a
higher accuracy due to the possibility to correct
for 41K interference. This allowed us to measure
more than 600 samples for a biomedical study
within a few weeks of measurement time (see K.
Hotz et al., this annual report, p. 83).

[1] T. Schulze König et al., Nucl. Instr. & Meth.
B 268 (2010) 752
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237Np AMS WITH THE TANDY SYSTEM
Detection of low level 237Np concentrations using 242Pu as reference

J. Lachner, X. Hou1, M. Christl

The long lived neptunium isotope 237Np
(T1/2=2.1x106 a) is used in environmental
applications [1] but also for dosimetry in nuclear
facilities. Determination of 237Np concentrations
with spectrometry requires large amounts of
sample material because of the long half life
and the abundant neighboring isotope 238U
complicates mass spectrometric measurements.
AMS should overcome these restrictions.

AMS is usually applied to measure the ratio of a
rare radioisotope to an abundant stable isotope
of the same element. In the case of actinides
AMS, measurements are mainly carried out
relative to long lived carrier isotopes. 236Np
(T1/2=1.5x105a) could be an appropriate
neptunium carrier isotope, but is difficult to
produce and, if used, the relatively large
amounts needed may lead to contamination of
the ion source with 236Np. This may cause
problems with highly sensitive 236U
determinations. As an alternative we
investigated 242Pu as carrier material. The aim of
our first tests at the TANDY AMS facility was to
search for possible background interfering with
the determination of low 237Np concentrations
and to determine the stability of the
measurement of 237Np relative to 242Pu.

Normalization between different elements
requires a higher effort to guarantee the
comparability between standards, blanks and
samples. First tests showed that the relative
AMS efficiencies of Np and Pu depend strongly
on the chemical consistence of the Fe matrix
used to take up the trace amounts of Np and Pu.
They varied by a factor of 4 5. In a standard
dilution series of 237Np and 242Pu the samples
with lower 237Np/242Pu ratios showed increased
counting rates of 237Np due to a 237Np
contamination in the Fe matrix. In a second
dilution series (targets containing 0 180 fg 237Np
and 500 fg 242Pu, Fig. 1) using a specially purified

Fe solution, samples showed equal efficiencies
for 237Np and 242Pu. A minor contamination of
the Fe matrix with 242Pu was observed.
Correspondingly, the results shown in Fig. 1
were corrected for the 242Pu rate of the Fe
blank.

Fig. 1: Comparison of nominal and measured
237Np/242Pu ratios in a standard dilution series.

The conclusion from our tests is that for samples
produced from Np and Pu standard solutions
and incorporated into a Fe matrix, 237Np/242Pu
ratios can be measured with AMS down to fg
concentration levels. The relative isotopic yields
were stable over time in all targets. Future
studies will include the full processing of Np and
Pu from artificial and real urine samples in order
to develop a highly sensitive method of Np
dosimetry using AMS. It has already been shown
that a reliable chemical separation of both
elements (Np, Pu) from environmental samples
can be conducted [1].

[1] J. Qiao et al., Talanta 84 (2) (2011) 494

1 Risø Nat. Lab. f. Sustainable Energy, Risø, Denmark
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THE MICADAS AMS FACILITY

 
Activities on the MICADAS in 2011

The EnvironMICADAS AMS facility

The μCADAS experimental AMS setup

The myCADAS facility development

Helium stripping in radiocarbon AMS
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THE ENVIRONMICADAS AMS FACILITY
Setting up the EnvironMICADAS in Debrecen, Hungary

M. Seiler, S. Bühlmann, R. Gruber, A. Herrmann, R. Pfenninger, L. Wacker, H. A. Synal, M. Molnar1, L. Rinyu1

The EnvironMICADAS is a radiocarbon AMS
analysis system meeting closely the
requirements of the ATOMKI Institute in
Debrecen for environmental monitoring. The
system allows high precision radiocarbon
measurements. The ion source accepts not only
solid samples, but can also be fed directly with
CO2 gas introduced by a newly developed gas
feeding system allowing radiocarbon analysis
without time consuming graphitization.

Fig. 1: EnvironMICADAS still in the transport
boxes waiting for installation.

The system was built at ETH within half a year.
In that period, various components including
the ion source and the low energy magnet were
temporarily used for the ETH CADAS
experiment to further improve small AMS
systems. The final assembling of the
EnvironMICADAS began in February. Once
finished, the system was operated during two
months for high precision radiocarbon
measurements. Several issues had been
identified during the measurements and could
be corrected. In the end, blank samples
prepared at ETH and at ATOMKI showed
radiocarbon age of 50’000 years. The system
could be kept running under stable conditions
for several days without retuning. The 12C

currents at the high energy side varied between
10 and 25 A without affecting the measured
14C/12C ratio.

In June 2011, the EnvironMICADAS was installed
at the ATOMKI Institute in Debrecen (Figs. 1 and
2). The system was placed in a newly renovated
building adapted to match the requirements of
a MICADAS type AMS system. Unfortunately, no
crane had been installed to lift heavy objects
like the magnets. A local company provided a
mobile crane and with the assistance of the
experienced crane operators unpacking and
reassembling of the whole system could be
completed within one week.

Fig. 2: ATOMKI MICADAS crew and ETH
installation crew in front of the installed
EnvironMICADAS.

First measurements began in the week after the
installation. Due to the short testing period at
ETH, problems with the sample changer came to
light only then and had to be corrected in the
following weeks. As an additional improvement
a steerer system in front of the accelerator
section was implemented after the installation.

1 ATOMKI institute, Debrecen, Hungary
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THE μCADAS EXPERIMENTAL AMS SETUP
Is a 45 keV radiocarbon AMS system possible?

M. Seiler, T. Schulze König, H. A. Synal, L. Wacker

Measurements of 14C are generally complicated,
time consuming and expensive, even with
modern AMS instruments. Developing smaller
AMS systems should reduce this handicap.
Based on data for carbon stripping in helium [1]
the CADAS experiment was carried out as a
proof of principle experiment for a radiocarbon
mass spectrometer operating with ion energies
of 45 keV. The spectrometer design is based on
the MICADAS system, but without an
accelerator (Fig. 1).

Fig. 1: The CADAS experiment attached to the
EnvironMICADAS ion source.

Although a charge state yield of more than 70 %
for the 1+ state is possible with He stripping, the
measured 12C transmission was only about 30 %
due to beam losses from scattering in the
stripper gas and the post stripper spectrometer
acceptance. The overall 14C detection efficiency
was about 10 % due to additional background
reducing apertures at the ESA and a detector
efficiency of 70 %.

The main source of background is particles that
undergo a charge changing process in injection
magnet. This background can be reduced by
applying a voltage of 9 kV to the isolated
vacuum chamber of the injection magnet when
mass 14 is measured. This causes an energy

change for particles changing their charge state
within the magnet. Particles of different energy
can easily be separated in the spectrometer
after the stripper (Fig. 2).

Stable measurement conditions were achieved
over 8 hours during which 13 samples of
reference materials were analyzed. The oxalic
acid 2 samples were measured with a precision
of 1 pMC. Blank samples were measured at a
level of about 0.8 pMC corresponding to a
14C age of 40’000 years. The results of the IAEA
reference materials agreed within two sigma
errors with their consensus values.
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Fig. 2: Particle detection rate for varying
spectrometer settings.

The experiment showed that radiocarbon dating
is possible with an instrument that only uses the
ion source for accelerating purposes. Precision
and efficiency of a state of the art AMS system
was not yet reached with this first experimental
set up, which however can be the base for
further investigations of “acceleratorless” AMS
systems and for bringing radiocarbon
measurements into the user’s laboratories.

[1] T. Schulze König et al., Nucl. Instr. & Meth.
B 269 (2011) 34
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The myCADAS FACILITY DEVELOPMENT
A new research instrument for low energy radiocarbon AMS

M. Seiler, A. Herrmann, H. A. Synal

Using helium as stripper gas generates high
yields for the 1+ charge state of carbon ions at
energies below 100 keV [1]. After the successful
proof of principle experiment CADAS, a follow
up experiment (myCADAS) was designed to
optimize the performance.

The new system will provide maximal flexibility
for spectrometer adjustments. It is modular and
thus can be easily rearranged to check the
performance of different setups. The biggest
difference to the original CADAS experiment is
the switch of the position of the electrostatic
analyzer (ESA) and the analyzing magnet after
the stripper (Fig. 2). This is expected to decrease
the background as the two magnets (before and
after the stripper in the CADAS design), doing
the same particle separation, are not next to
each other anymore.

Fig. 1: myCADAS under construction.

The focusing properties of the ESA, however,
require it to be closer to the gas stripper than
the analyzing magnet before. This could lead to
more background because scattering processes
are more probable at higher vacuum pressure
allowing more particles to reach the detector.
Scattering was the major background source for
the CADAS. Therefore a differential pumping
system will be used to improve the vacuum

conditions. Calculations of the gas flow for the
MICADAS stripper design show that with
differential pumping the pressure in the
spectrometer might be reduced by a factor of
10 to 100.

A drawback of the switch of the ESA with the
analyzing magnet is that the separation of
different masses will only happen in the last
component of the spectrometer. This might be a
severe problem for this setup and could force us
to return to the original arrangement. But
differential pumping added to the original
CADAS setup will still lead to an optimization

of “acceleratorless” radiocarbon AMS.

The new system is currently under construction
(Fig. 1). Most of the components are ready to be
installed and the remaining items will arrive in
early 2012. The myCADAS should be completed
and ready for operation in the first half of 2012.

Fig. 2: CAD model of the myCADAS system.

[1] T. Schulze König et al., Nucl. Instr. & Meth.
B 269 (2011) 34
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HELIUM STRIPPING IN RADIOCARBON AMS
Charge state yield of carbon ions in helium gas

M. Seiler, S. Maxeiner, T. Schulze König, H. A. Synal

The reducing of ion energy is an important part
in the development of smaller and less complex
AMS systems. At lower energies, beam losses
increase due to angular straggling from
collisions in the stripper canal. This effect can be
reduced by using a light gas like helium (He) as
stripper gas [1]. It is, however, also important to
keep the charge state yields of the stripped ions
as high as possible. The behavior of He as
stripper gas has been investigated [2, 3] but only
few data is available in the energy range
relevant for a smaller AMS system.

New measurements were performed at the
CADAS for an ion energy of 45 keV and at the

SpanishMICADAS for higher energies. As both
AMS systems are very similar, the measurement
procedure could be kept the same. The only
difference is in the determination of the stripper
gas density. With the SpanishMICADAS the
density was calculated from the measured
energy loss of the ions for different accelerator
voltages. As this could not be done at the
CADAS, density was calculated from the

vacuum pressure values measured at the inlet
and outlet of the stripper tube.

Fig. 1: Fitted charge state fractions and
measured values as a function of He stripper gas
density for a 12C ion energy of 144 keV.

Ion beam transmissions were calculated from
12C ion beam currents in charge states 1 , 1+, 2+
and 3+ measured in a Faraday cup after the
high energy analyzing magnet and normalized
to the 12C current before the accelerator. No
noticeable 4+ current could be detected. For the
measurement of the 1 transmission, the
polarity of the analyzing magnet was reversed.
Fig. 1 shows the charge state fractions of 144
keV ions as a function of He stripper gas density.
The neutral fraction was only calculated from
the difference of the summed up fractions to
the total.

Fig. 2: Charge state yields for 1+ and 2+ ions
from different publications [2, 3] in comparison
to the values measured at ETH.

Charge state yields as a function of ion energy
(Fig. 2) were calculated from the measured
transmissions corrected for beam losses. The
correction factor was determined with a 1
charge state measurement and no stripper gas.
It was used for all charge states.

[1] T. Schulze König et al., Nucl. Instr. & Meth.
B 269 (2011) 34

[2] A.B. Wittkower and H.D. Betz, Atomic Data
5 (1973) 113

[3] I.S. Dmitriev et al., Atomic Data and Nucl.
Data Tables 96 (2010) 85
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GAS ION SOURCE DEVELOPMENTS

CO2 production efficiency during laser ablation

New compact gas handling box

A new gas ion source software

Automation for radiocarbon sampling

Source apportionment of OC and EC based on 14C
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CO2 PRODUCTION EFFICIENCY DURING LASER ABLATION
Wavelengths dependence of CO2 production during LA of carbonates

C. Münsterer, B. Hattendorf1, R. Dietiker1, L. Wacker, M. Christl, H. A. Synal, D. Günther1

14C is an important dating tool for carbonate
samples (e.g. speleothems, corals, shells).
Making the 14C detection faster and increasing
the spatial resolution is desirable. This can be
achieved by using laser ablation (LA) as a
sampling tool, which is capable of generating
CO2 in situ from solid carbonate samples and
introducing it directly into the gas ion source.

The CO2 production efficiency, i.e. the produced
CO2 compared to the amount of material
removed, is a crucial parameter for such a
system. Together with the ionization efficiency
of the MICADAS, these two parameters deter
mine the achievable precision, the required
measurement time and the spatial resolution.
We performed an experiment on a dense piece
of stalagmite to compare the CO2 production
rate and efficiency of three different laser
ablation systems: an ArF excimer laser (GeolasC,
193 nm), a Nd:YAG laser (LSX213, 5 , 213 nm)
and a Nd:YAG laser (LSX500, 4 , 266 nm).

Tab. 1: Laser parameters of the experiment
(frequency: 10 Hz, lateral velocity: 20 m/s).

The lasers were successively coupled to an ICP
MS (Elan 6100), once using a gas exchange
device (GED) [1] and once without. With GED,
only the aerosol particles can enter the ICP, as
the gas phase is exchanged with Ar. Table 1
summarizes the laser settings of the
experiment. A 5 Vol % CO2 in He mixture was
used to calibrate the ICP MS sensitivity.

Measured 12C intensities were normalized to
42Ca intensities and the difference between
measurements with and without GED was
calculated. By multiplying this difference with

the sensitivity, the absolute CO2 production rate
was calculated (Fig.1).
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Fig. 1: CO2 production vs. fluence.

By comparing this difference with the 12C
intensities without GED, the CO2 production
efficiency was calculated (Fig. 2). All three lasers
show a similar total production rate of CO2,
which increases with the applied laser fluence.
The production efficiency of the excimer laser is
about 65 % significantly higher than that of the
other lasers (40 % LSX213, 30 % LSX500).
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Fig. 2: CO2 production efficiencies.

[1] R. Kovacs et al., J. Anal. At. Spectr. 25
(2010) 142

1 D CHAB, ETH Zurich
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AUTOMATION FOR RADIOCARBON SAMPLING
Development of an autosampler

M. Seiler, S. Fahrni, L. Wacker

A common practice to extract CO2 from
carbonates is to use phosphoric acid [1]. Using
septum sealed vials allows multiple needle
injections for the preparation steps. To reduce
contamination the vials are flushed with helium
to replace the air and create an over pressure
before the acid is added. Helium is also used to
blow out the released CO2 for further treatment
(see M. Molnar et al., Laboratory of Ion Beam
Physics Annual report (2010) 39).

The Autosampler is equipped with a double
needle. One line is the helium inlet while the
other one is used for the blown out gas. The
change between flushing the vials and CO2

blowout is done by switching a valve to catch
the CO2 on a zeolite trap. As the helium is
constantly flowing to keep air out of the lines, it
is critical to correctly time the injection of the
needle into the CO2 filled vial and switching the
valve to the trap in order to avoid wasting the
sample or contaminating it.

Fig. 1: Autosampler prepared for sampling at
the AGE system.

The acid based CO2 release is used for
graphitization with the AGE system [2] and for
small samples with the gas ion source (GIS) [3].
The AGE and the GIS are controlled by

LabVIEW® programs and allow a similar
implementation for both instruments. The
Autosampler can be controlled through a serial
communication port. The commands used for
the flushing and sampling processes are
implemented in SubVIs of LabVIEW®. These are
used in the adapted procedures of the AGE and
GIS software to provide an automatic sampling
method.

The software is designed for a generally
rectangular vial tray that can be specified in the
settings. The trays are built to match the
demands of the Autosampler, because the vials
have to be positioned correctly so that the
needle can hit the vial septum precisely.
Different size samples at the AGE and at the GIS
need different trays for the corresponding vial
type. The trays themselves are positioned within
a heating plate that is aligned to the
Autosampler.

Fig. 2: Tray for small vials to be used at the
MICADAS gas ion source.

[1] M. Schleicher et al., Radiocarbon 40 (1998)
85

[2] L. Wacker et al., Nucl. Instr. & Meth. B 268
(2010) 931

[3] M. Ruff et al., Radiocarbon 49 (2007) 307
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DETECTOR DEVELOPMENT AND DATA
ANALYSIS

New mini Bragg detector for IBA applications

Position sensitive pin diode

Digital pulse processing

ERDA detector simulation program

Data reduction for small radiocarbon samples

Interlaboratory tests between ETH and Lund

Calibration examples using OXCAL Bayesian tools

A new validation for 14C dating of glacier ice
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NEWMINI BRAGG DETECTOR FOR IBA APPLICATIONS
First results of a new gas ionization chamber with Bragg geometry

A.M. Müller, M. Döbeli, R. Gruber

In the context of developing very compact gas
ionization chambers (GIC) the past two years [1]
a new prototype of a miniaturized Bragg
detector for ion beam analysis (IBA) was built
and tested. The housing (Fig. 1) is a pipe of 40
mm outer and 25 mm inner diameter, which is
closed by two O ring sealed aluminum flanges at
each end, one of which contains the beam
entrance window.

The Frisch grid and the anode plate are
mounted on a holder made of DELRIN®, which
can be positioned in the detector housing at any
desired distance behind the entrance window.
The Frisch grid was made of gold covered 20 m
diameter tungsten wires spaced 0.3 or 0.5 mm
apart and glued onto a used CF16 copper
gasket.

Fig. 1: Photograph of the GIC with Bragg
geometry.

The detector was tested with proton and
aluminum beams and performed for Al with a
resolution equal to that of ‘state of the art’ GIC
detectors used for AMS applications (Fig. 2).

Fig. 2: Detector resolution for Al projectiles
with the Bragg detector (red) and the ‘state of
the art’ GIC.

On the other hand, ‘state of the art’ GICs still
outperform the new Bragg design for light ions
(Fig. 3), which is due mainly to a higher
electronic noise level of the Bragg detector.
Converting the preamplifier coupling from AC to
DC mode and improving cable shielding should
rectify the situation.

Fig. 3: Detector resolution for protons detected
with the new Mini Bragg detector (red) and the
‘state of the art’ GIC.

Other remaining issues to be resolved are to
optimize charge carrier collection for a wide
energy range and to improve anode screening.
This will be investigated in the near future.

[1] A.M. Müller et al., Nucl. Instr. & Meth. B
269 (2011) 3037
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POSITION SENSITIVE PIN DIODE
A silicon detector with 2D readout for phase space measurements

H. Lemaire1, M.J. Simon, A.M. Müller, M. Döbeli

Phase space measurements at the exit of the
capillary microprobe can give useful information
on the transmission process of the ion beam
through the glass capillary. A position sensitive
PIN diode positioned at a certain distance from
the beam exit is a simple means to achieve this
goal, as the particle energy and the angle to the
beam axis can be measured simultaneously.

A 1 cm2 PIN diode from Silicon Sensors GmbH
was used in a test setup (Fig. 1). Charge can be
collected with preamplifiers on each side of the
diode which allows determining the position of
impact of a charged particle on the detector.
The 4 preamplifier signals were simultaneously
sampled with a CAEN DT5724 100 MHz digital
pulse processor (DPP) and converted to pulse
height values by its front end processors (see
separate report in this volume).

Fig. 1: Position sensitive PIN diode (area=1 cm2)
in its test box.

A LabVIEW data acquisition program was
written which collects the pulse height and time
stamp information from the DPP and calculates
the position and total energy of coincident
events (Fig. 2). The setup was tested in air with
a 246Am source. The energy resolution of the
sum signal of all four sides was approximately
200 keV, i.e. 3.7 % of the total energy of the
particles. This is a satisfying result, considering
that the experiments were performed in air.

Fig. 2: LabVIEW user interface. Partial energy
spectra from each side of the detector.

The lateral resolution of the setup was tested
with pinholes and an F shape collimator in front
of the irradiated diode (Fig. 3). The position
resolution is approximately 0.6 mm, both in x
and y direction. This meets expectations well
considering the reduced energy resolution in air
and the divergence of the particles due to the
close distance between source and collimator.

Fig. 3: Image of an F shaped collimator put in
front of the PIN diode.

1 École Nationale Supérieure des Ingénieurs de Caen,
France
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DIGITAL PULSE PROCESSING
Analog electronics is replaced by fast digital signal sampling and filtering

H. Lemaire1, M.J. Simon, A.M. Müller, C. Vockenhuber, M. Döbeli

Most ion beam physics laboratories still use
traditional analog electronic signal processing
with preamplifiers, amplifiers and pulse height
analyzers. We tested the use of fully digital
pulse processing (DPP) for use in ion beam
analysis and AMS. In this set up the preamplifier
signal of a silicon or gas ionization detector is
scanned at a rate of 108 samples per second by
a CAEN DT5724 14 bit digitizer (Fig. 1).

Fig. 1: CAEN DT5724 14 bit digitizer

The digital preamplifier waveform is then
transformed and filtered to obtain a trapezoidal
pulse, whose height is proportional to the
charge deposited in the detector and is used to
produce the energy spectrum.

Fig. 2: Time correlation between the energy
loss signals of the TANDY gas detector.

LabVIEW software has been written to test this
acquisition scheme for AMS measurements at
the TANDY (Fig. 2), to acquire RBS spectra
(Fig. 3), and to read out a position sensitive PIN

diode for phase space measurements at the
capillary microprobe (see separate article in this
annual report).
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Fig. 3: 5 MeV He RBS spectrum of a Pt/ZrO2

multilayer system acquired by DPP.

For all applications satisfying results have been
obtained, although further tuning of the digital
filters is necessary to fully reproduce the
performance of analog signal processing chains.

Apart from considerable reduction of hardware
cost and complexity, the continuous signal
sampling will allow to set more stringent event
coincidence conditions (Fig. 2) and to better
investigate the suppression of large angle
scattering events in the detector gas by digital
pulse shape discrimination. This has the
potential to improve energy resolution of gas
detectors and to reduce low energy tails that
restrict detection limits in AMS or ERDA [1].

[1] A.M. Müller, ETH thesis 18393 (2009)

1 École Nationale Supérieure des Ingénieurs de Caen,
France
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ERDA DETECTOR SIMULATION PROGRAM
Simulation of ERDA projectiles in a gas ionization chamber

A.M. Müller

In Elastic Recoil Detection Analysis (ERDA), the
energy measurement of ions with a gas
ionization chamber (GIC) is not trivial because of
the simultaneous detection of many recoil ions
covering a wide mass and energy range. In order
to visualize, for example, the geometrical
dimensions of ion tracks in GICs a Mathematica®
package was developed for remote SRIM
calculations of the stopping process of various
recoil ions in the detector gas.

Fig. 1: Perspective view of a GIC chamber
interior with different recoil events (red: Ti at
6245 keV, green: Be at 1944 keV, blue: Au at
7488 keV) knocked off by 12 MeV iodine
projectiles from a simulated sample surface.
Sliders can be used to modify detector
dimensions and pressure.

The result of these calculations, e.g. the
stopping path of individual projectiles, can be
illustrated in a GIC environment (Fig. 1), whose
parameters like the distance between the Frisch
grid and cathode, the detector length or the gas
pressure can be optimized online by sliders.

Additionally, a module is under construction,
where the charge collection process of a single
ion stopped in the GIC can be calculated and
visualized (Fig. 2). The resulting preamplifier
signal is illustrated in a separate window taking
also the electronic noise into account (Fig. 3)

Fig. 2: A single 4 MeV iodine projectile is
stopped in the gas ionization chamber (blue
markers). The electrons produced in the
ionization process (red markers) are drifting
towards the collection anode leading to voltage
signals from the preamplifiers (Fig. 3).

Fig. 3: Simulated preamplifier signal of the
iodine detector event illustrated in Fig. 2.
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INTERLABORATORY TESTS BETWEEN ETH AND LUND
Radiocarbon dating of wood samples

F. Adolphi1, D. Güttler, L. Wacker, R. Muscheler1

We carried out comparative tests to assess the
influence of chemical preparation, graphitize
tion, and AMS measurement on 14C dating of
wood samples in Zurich and Lund. The tests
included two wood samples of known calendar
age (WSZ = 435 cal BP,WSL = 7021 cal BP) and a
background sample from Eemian oak (WBH).
Samples were pretreated to holocellulose
following the BABAB protocol [1]. Graphitiza
tions took place on the Zurich AGE and the Lund
Hamster systems. AMS measurements were
carried out on the MICADAS in Zurich and the
NEC SSAMS in Lund. Samples have been
exchanged between both labs after each
preparation step.

Fig. 1: AMS 14C dates of WSZ (bottom), WSL
(middle), and WBH (top) samples measured at
ETH and Lund. Symbol colours: separate cellu
lose extractions; symbols: place of extraction (�
Lund, Zurich); filled: graphitization in Zurich,
open: graphitization in Lund); shaded areas:
mean and error of the mean (± 1 ); solid and
dashed black lines: nominal 14C ages ± 1 from
IntCal09 [2] for the known samples.

All measurements of WSL and WSZ are in good
agreement with the expected 14C ages (Fig. 1).
The errors of AMS measurement carried out in
Lund are larger than for Zurich due to lower
counting statistics and less stable measurement

conditions. Whereas the MICADAS ran stable at
12C beam currents of ~15μA, the Lund SSAMS
measures reliably only below ~9 μA. Lower
14C/12C backgrounds in Zurich are presumably
mainly due to the isobar correction which is not
possible at the NEC SSAMS.

Sample scatter is consistently lower for
extractions done in Lund (Fig. 2). However, this
result is not significant for any of the sample
types. The mean of the blank results for samples
extracted in Lund is significantly lower than for
samples extracted in Zurich (99 % level).

Fig. 2: AMS 14C dates of samples graphitized
and measured in Zurich separated by extraction
place (Zurich left, Lund right). Legend see Fig. 1.

Possible effects of the different graphitization
systems cannot be inferred yet, due high
variations of beam currents from Zurich and
Lund targets in the same runs. This is likely due
to the different grain sizes of the iron catalyst
used in Zurich and Lund.

[1] M. N mec et al., Radiocarbon 52 (2010)
1358

[2] P.J. Reimer et al., Radiocarbon 51 (2009)
1111

1 Geology, Lund University, Sweden
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CALIBRATION EXAMPLES USING OXCAL BAYESIAN TOOLS
Up and down the 14C timescale

I. Hajdas, C. Biechele, G. Bonani, M. Maurer, L. Wacker

Fluctuations of the atmospheric 14C content
(production rate and changes in the global
carbon cycle) result in a wiggly structure of the
radiocarbon timescale. This in turn affects
radiocarbon based chronologies, because the
calibration of 14C ages, even very precise ones,
often results in multiple calendar ages. Tools are
now available to implement additional
information on the analyzed samples and to
apply a model to the calibration of 14C ages
(Bayesian approach).

Here, two calibration examples are presented,
in which Bayesian models were used: one from
the 17 20th century AD and one from the period
between 9500 and 10500 BC. Both time
windows are characterized by 14C age plateaus
that are often cited as causing problems for
precise dating.

Fig. 1: Calibration results using the Sequence
Model of OxCal plotted together with stable
isotopes of NGRIP show the transition to the
Holocene. The light grey regions of calibrated
ranges are excluded because of the additional
constraint of the 14C belonging to one phase.

The first example is the dating of the
archaeological site of Körtik Tepe (hill) in
southeast Anatolia [1]. Due to the 10 kyr BP age
plateau an age of 9850 to 9250 BC (95.4 % conf.
level) was obtained from the calibration of all

14C ages and from taking the sum of all calendar
intervals [1]. An OxCal phase model [3], in which
the 14C ages of the samples were fitted to the
calibration curve, was then applied showing that
the site was occupied only towards the end of
the Younger Dryas (Fig. 1).

Fig. 2: Multiple sampling of the wood and
Sequence Model of OxCal date the lock to 19th

20th century.

The second example is a wooden lock (Fig. 2) on
display at the KABA Museum in Rümlang,
Switzerland. Such locks were known in ancient
Egypt and were probably made during the last
few thousand years. The first sample resulted in
a calibrated age of the 17th 20th century.
Additional sampling and calibration using the
Sequence Model (no tree rings were counted)
allowed narrowing down the time for the
youngest tree rings of the wood used for this
lock to the 19th to early 20thth century (shown in
red in Fig. 2).

[1] M. Benz et al. (2011)www.exoriente.org/
associated_projects/ppnd.php

[2] M. Benz et al., Radiocarbon (2011) in press
[3] C. Ramsey, Radiocarbon 51(1) (2009) 337
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A NEW VALIDATION FOR 14C DATING OF GLACIER ICE
Juvfonne ice confirms applicability of the radiocarbon dating method

A. Zapf1,2, A. Nesje3, S. Szidat2, L. Wacker, M. Schwikowski1,2

Juvfonne is a small ice patch in the Jotunheimen
Mountains in central southern Norway
(61.676°N, 8.354°E) with a 30 meter long ice
tunnel established in 2010 for scientific as well
as educational and touristic purposes [1].

Several organic rich layers can be identified in
the ice patch (Fig. 1). They were previously
dated by means of conventional radiocarbon
dating [1].

Fig. 1: Inside the Juvfonna ice tunnel. Dark
organic rich layers are clearly visible (photo
courtesy of A. Nesje).

Ice blocks were retrieved from three different
locations in the ice patch to be analyzed with
our 14C method for glacier ice [2]. Age
estimations for our samples were available
because adjacent spots had been dated
previously (Tab. 1). Multiple measurements
were performed for each sampling location (Fig.
2).

Location Estimated age

JUV 1 1535 ± 30 to 2960 ± 30 yr BP

JUV 2 1480 ± 30 yr BP

JUV 3 modern or 2960 ± 30 yr BP

Tab. 1: Samples with their estimated ages [1].

Two out of three values for JUV 1 (green
diamonds) lie within the given age range. The
third value is regarded as an outlier because of
probable sample contamination (extremely high
OC/EC ratio). Results for JUV 2 (blue) scatter
around a quite narrow age range. The
unconformity in the deeper ice layers might be
an explanation for this [1]. The JUV 3 (red)
measurements show modern 14C ratios and
clearly confirm one of the two estimated ages.

Fig. 2: Calibrated radiocarbon ages of the three
ice samples (diamonds). Triangles show the
weighted mean of the respective series. Error
bars indicate the 1 range. Dashed boxes
represent the estimated ages shown in Tab.1.
The possible outlier is shown in brackets.

The results are very reasonable with respect to
the given age estimates [1] validating our
radiocarbon method to provide true ages of ice.

[1] A. Nesje et al., The Holocene (2012) 249
[2] M. Sigl et al., J. Glaciol. 55 (2009) 985

1 Analytical Chemistry, Paul Scherrer Institut, Villigen
2 Chemistry and Biochemistry, University of Bern
3 Quaternary Geology, University of Bergen, Norway
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RADIOCARBON APPLICATIONS

The 2011 assortment of 14C analyses

How clean is an egg shell?

Search for 2000 years old CO2 fixed in walls

High precision 14C analysis of tree rings

Fossil vs. non fossil emissions of aerosols

Anomalous lake sediments

Compound specific 14C analysis on lake sediments

Particulate matter dynamics in the Kolyma River

Fluvial transfer of terrestrial organic matter

Radiocarbon in studies on land use change
14C in a stalagmite from India
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THE 2011 ASSORTMENT OF 14C ANALYSES
Applications and sample types—an overview

I. Hajdas, C. Biechele, G. Bonani, M. Maurer, H A. Synal, C. Vockenhuber, L. Wacker

Traditionally, AMS radiocarbon analyses at ETH
Zurich cover a wide variety of different
materials and applications. In 2011, a total of
4466 14C samples (solid and gas targets) were
analyzed using the MICADAS system, more than
ever in one year during the past 30 years of
operation. A detailed breakdown of sample
types is given in Tab. 1. Very impressive is the
growing number of measurements performed
on gas targets, mainly on compound specific
samples in environmental studies.

Tab. 1: Number of samples for various
applications prepared and measured in 2011 in
comparison to 2009 and 2010.

Archaeology remains a very important
application reflecting numerous excavations in
Switzerland and collaborations with European
archaeologists. Similarly, 14C dating for climate
study projects were performed in collaboration
with the Dept. of Geology at ETH Zurich as well
as other Swiss and international universities or
research units.

Along with the intensification of our research
activities came an increase in analyses of art
pieces made possible by our capability of high
precision and short turnaround time. Interes
tingly, only 28 out of 263 analyses showed the
presence of the 14C bomb peak i.e. revealed
objects which were ‘created’ after 1950 AD.

Wood 
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Bone 
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Macrofossils 

CO2 

Stalagmites 
Carbonate 

Soil 
Peat 

Bulk Sediments 
Mortar 
Shells 
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Paper 
Antler 

Soot, Tissue, 
Solvents,... 

Fig. 1: Sample types prepared at the ETH Zurich
14C laboratory.

As shown in Fig. 1, the majority of samples was
of organic type and, with the exception of
bones, underwent standard acid base acid and
soxhlet (art pieces) treatment [1] prior to
combustion in an elemental analyzer and
graphitization with the AGE system [2]. Our
standard procedure for treatment of bones
includes ultra filtration [3]. A little different is
the path of carbonates which are dissolved in
concentrated phosphoric acid and graphitized.
Moreover, samples submitted to the laboratory
with less than 100 μg of C (8 samples) were
transferred to glass tubes suitable for gas
measurements.

[1] I. Hajdas, Eiszeitalter und Gegenwart 57,
(2008) 2

[2] L. Wacker et al., Nucl. Instr. & Meth. B 268
(2010) 931

[3] I. Hajdas et al., Radiocarbon 51 (2009) 675

Sample Type 2009 2010 2011
Standards (OXAII) 324 290 441
Blanks samples 230 283 317
IAEA samples 85 130 130
Subtotal 639 703 888
Archaeology 518 764 669
Past climate 118 191 294
Environmental 118 145 73
Art 144 169 264
Wine, wax, etc. 0 26 31
Internal projects 237 110 258
Subtotal 1135 1405 1589
Gas samples 450 993 1244
External targets 753 949
Grand total 2224 3854 4670
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HOW CLEAN IS AN EGG SHELL?
Pre treatment of carbonate samples for 14C dating

I. Hajdas, S. Breitenbach1, M. Gierga1, C. Biechele, G. Bonani, M. Maurer, M. Molnar2, L. Wacker

Samples that consist of carbonates are very
often used as material for 14C dating. Various
pre treatment techniques have been tried over
the decades because of possible contamination
on the surface of the samples. Both young and
old carbonate contaminants built into the
structure of the original carbonate sample can
affect ages. Old samples are considered to be
prone to contamination with younger carbon
ates. But old carbonates can also be a potential
contaminant for younger samples, especially if
geologically old carbonates leached from areas
rich of limestone can be incorporated.

For many years we have followed the protocols
of surface leaching with diluted HCl. Contam
ination effects have been seen in the case of
ostracods [1]. But for example leaching of
foraminifera had no impact on the ages, if clean
and well preserved shells were used [2].
Therefore we have performed a set of tests with
various carbonate materials to see how the
various cleaning procedures affect 14C ages.
Methods applied include leaching with diluted
HCl and H2O2, as well as a short ultrasonic
cleaning in distilled water.

Fig. 1: Twenty thousand year old, dirty and
worn out shell used for testing the effect of
different leaching procedures

Among the tested material was marble (C 1,
IAEA), which we use as our ‘blank’ material to
trace the contamination acquired during the 14C
sample preparation, and a stalagmite older than
100 ka (blank). Otherwise, samples of corals,
stalagmites, shells (Fig. 1) and early/mid
Holocene oyster egg shells from Africa were
used. None of the tested carbonate samples,
including the dirt covered shell (Fig 1), showed
contamination, whether they were pre cleaned
or not, i.e. all sub samples prepared with
different methods dated to the same 14C age.

Based on the results of our tests the protocol of
treatment applied to carbonate samples was
modified, that is we now dispense with the pre
treatment. From time to time differently treated
sub samples are prepared to cross check. In the
case of samples containing only few mg of
carbonate (less than 1 mg of C) minimizing
handling of samples seems to be important. The
same applies to the egg shells, even when they
are apparently ‘very clean’.

[1] I. Hajdas et al., Radiocarbon 46 (2004) 189
[2] I. Hajdas et al., Radiocarbon 53 (2011) 575

1 Geology, ETH Zurich
2 ATOMKI Institute, Debrecen, Hungary
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SEARCH FOR 2000 YEARS OLD CO2 FIXED IN WALLS
Mortar dating: the first results for Roman buildings in Switzerland

I. Hajdas, J. Trumm1, C. Biechele, G. Bonani, M. Maurer, L. Wacker

Clay and lime mortars are cementation
materials for binding bricks. They have been
known and produced for the last ten millennia.
Lime mortars contain atmospheric CO2 absorbed
by the calcium hydroxide during the binding
time. CO2 is thus preserved in form of calcium
carbonate and provides material with a
potential for dating the time of the construction
(for a review see [1]). Until recently, Roman
mortars (pozzolana) were considered to be very
challenging for radiocarbon dating because of
the material added to the quicklime could
contain old limestone i.e. adding old carbon to
the carbonate formed during the binding time.
Our first pozzolana samples were mortars
selected from a Roman monument, the western
gate (Westtor) in Vindonissa (Windisch, AG,
Switzerland). After sieving only, the fraction
smaller than 32 μm was analyzed. Results of
dating this fraction indicated a large effect of
old limestone on the age of the mortar. Samples
as old as 7000 BP were found among the set of
mortars selected from the remains of the 2000
year old gate [2].

Fig. 1: Very fast (3 sec) dissolution in acid is the
second separation step in dating mortars. The
CO2 released in this time is frozen in LN2 and
transferred into the graphitization line.

A second separation step occurs during dissolu
tion (Fig. 1). As shown in previous work of
dating various mortars [1], amorphous
carbonates formed by absorption of CO2

dissolve faster than the limestone. The
sequence of evolving CO2 fractions shows
different ages with the first being the youngest.
If there is no contamination of the mortar with
modern CO2, the youngest fraction will date the
monument. The collection of a fraction after 5
sec dissolution time resulted in significantly
younger ages than the whole bulk, but still too
old for a Roman construction.

Fig. 2: One of the samples from the Westtor of
Vindonnisa dates to Roman times.

However, for some of the samples reduction of
this first dissolution phase to 3 sec resulted in
ages that can clearly be accepted as Roman (Fig
2) showing potential of the method for dating
Roman mortars.

[1] Å. Ringbom, in: "Building Roma Aeterna.
Current Research on Roman Mortar and
Concrete" (2011) 187

[2] I. Hajdas et al., Radiocarbon (2012) in press

1 Kantonsarchäologie Aargau, Brugg, Switzerland
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HIGH PRECISION 14C ANALYSIS OF TREE RINGS
Can we see a modulation of 14C content from the 11 years solar cycle?

D. Güttler, L. Wacker, B. Kromer1,2, M. Friedrich1,2, H. A. Synal

Since the atmospheric 14C concentration
fluctuates due to changes in solar activity,
geomagnetic field strength, and changes in the
global carbon cycle, radiocarbon dating relies on
a calibration curve that relates 14C age and
calendar age. Trees catalogued by dendro
chronology are the most valuable resource for
14C calibration, as past atmospheric 14C
fluctuations were preserved in tree rings. By
measuring the 14C concentration in tree rings, a
unique relation between radiocarbon age and
calendar age can be established.

The presently used IntCal09 calibration curve
lacks a high temporal resolution for samples
older than 350 years and contains nearly
exclusively tree ring data from laboratories
using gas counters and advanced liquid
scintillation facilities. We aim to improve the
calibration curve with high precision AMS
measurements of less than 2‰ and a high
temporal resolution (2 years).

As a first test, dendrochronologically dated oak
tree rings from 1010 to 1110 AD were selected
at the University of Hohenheim, Germany.
Cellulose extraction with the BABAB method
and sample graphitization was performed at
ETH. All samples were measured with the
MICADAS system.

Mean 14C ages obtained from multiple samples
for each calendar data point are presented in
Fig. 1. The data compares very well with the
decadal IntCal09 raw data (blue band), but show
a significant annual modulation. To analyze this
modulation, the 14C data points are band pass
filtered using periods between 7.7 and 19.2
years. This reveals a periodic signal (solid line in
Fig. 1b) with a mean period of 12 3 years and
an amplitude of about 2‰. One wiggle at
around 1180 AD has a low amplitude and is
potentially a measurement artifact. Removing
this wiggle produces a significantly higher

periodicity of 14 1 years. In both cases, our
data compares well with those obtained by
Stuiver et al. [1], who also reported an average
atmospheric 14C variability of about 2‰. Solar
cycle length variations between about 8 and 15
years have been observed in the sunspot record
between 1750 and 2000 AD [2].
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Fig. 1: a) Averaged 14C ages of multiply
measured oak samples (stars) and the IntCal09
data (blue band). b) A low pass filter is applied
to smooth the data points (blue line) revealing
the solar modulation of the Schwabe cycle.

The IntCal09 curve in the here investigated time
span consist of data with decadal resolution. By
averaging our data to the same resolution, an
offset in the range of 20 to 40 years can be
observed, which will be further investigated.

[1] M. Stuiver and T.F. Braziunas, Holocene 3
(1993) 289

[2] W. Mende and R. Stellmacher, Space Sci.
Rev. 94 (2000) 295

1 Geology and Paleontology, University of Münster,
Germany
2 Botany, University of Hohenheim, Stuttgart,
Germany
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FOSSIL VS. NON FOSSIL EMISSIONS OF AEROSOLS
New insights into sources of urban aerosols from 14C analysis

S. Szidat1, Y.L. Zhang1,2, P. Zotter2, M.C. Minguillón2,3, L. Wacker, U. Baltensperger2, A.S.H. Prévôt2

Airborne particulate matter (PM) badly
influences human health and the global climate.
Carbonaceous aerosol (total carbon, TC) is a
main component of PM. It comprises organic
carbon (OC) and elemental carbon (EC). In spite
of their general importance, only little is known
about the individual emission sources of OC and
EC. Here, 14C analysis is a powerful tool, as it
distinguishes fossil (i.e., 14C free) from non fossil
(i.e., contemporary) sources [1]. Within two
different campaigns, the sources of urban
aerosols have been studied with 14C.

For an urban (BCN) and a rural site (MSY) in the
area of Barcelona (Spain), 14C was analyzed
separately in OC and EC with 1 2 days resolution
during winter and summer 2009 (Fig. 1) [2]. The
fossil contribution to EC at the urban site is
higher than at the rural site for both seasons.
The higher contributions of non fossil EC in
winter are due to emissions from biomass
burning. Non fossil OC mainly stemmed from
biomass burning and biogenic secondary OC
during winter and summer, respectively.

Fig. 1: Fossil (f) and non fossil (nf) fractions of
OC and EC for two sites at Barcelona;
concentrations in g/m3 and % of TC [2].

For a site located about 20 km northeast of
downtown Los Angeles (USA), TC was
investigated with 3 4 h resolution during
summer 2010 (Fig. 2). TC shows a distinct
diurnal variation with a peak for fossil TC in the
early afternoon after the plume from L.A. has
arrived at the sampling site. Non fossil
contributions (from biogenic, cooking or other
contemporary carbon sources) remain constant
during the day.

Fig. 2: Daily cycle of fossil and non fossil TC for
two summer days in 2010.

Both examples indicate that even for urban
areas, aerosols from outside the city may
contribute substantially. For coastal sites,
marine OC may become important as well [3].

[1] S. Szidat et al., J. Geophys. Res. 111 (2006)
D07206

[2] M.C. Minguillón et al., Atmos. Chem. Phys.
11 (2011) 12067

[3] D. Ceburnis et al., Atmos. Chem. Phys. 11
(2011) 8593

1 Chemistry & Oeschger Centre, University of Bern
2 Atmospheric Chemistry, Paul Scherrer Institut
3 Environmental Assessment, CSIC Barcelona, Spain
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ANOMALOUS LAKE SEDIMENTS
14C dating used to reveal subsurface mass slide in Lake Lusvatnet

A. Birkholz1, I. Hajdas, R.H. Smittenberg1, L. Wacker, J. Bakke2,3, S. M. Bernasconi1

While measuring 14C ages of macrofossils from
sediments of the Norwegian lake Lusvatnet on
Andoya, Vesteralen archipelago, we found a
surprising anomaly in the 14C ages in the middle
of the core (Fig. 1).

Our data, retrieved from terrestrial macrofossils,
showed a shift of the 14C ages in a depth
between 268 cm and 318 cm. This resulted in a
duplicate 14C dataset in our sediment core. An
age depth model for a parallel core suggested
an age of around 15 ka for the deepest part of
the sediment without showing any comparable
age shift [1].

One possible explanation for this anomaly is an
underwater mass slide, which pushed sediment
from a shallower part of the lake on top of the
deeper part.

We isolated two different groups of terrestrial
biomarkers from the lake sediment, leaf wax
derived alkanes, and lipids derived from soil.
The purified biomarkers were 14C dated and the
resulting ages compared with their sediment
age determined from macrofossils. Originally,
this approach is used to estimate/measure a
possible age difference due to carbon storage in
the catchment and biomarker transit time.
However, our 14C results of one isolated
biomarker group showed no significant
difference to the macrofossil age, whereas the
14C results of biomarker group 2 clearly show
one (Fig. 1).

The results confirm the age depth model
derived from macrofossils and our assumption
of a sediment mass slide leading to the age
anomaly within our sediment core is correct.
Further, the insignificant offset compared to
macrofossil ages qualifies in this case the
biomarker group 1 as a dating tool for lake
sediments. The offset of biomarker group 2
shows that compound groups have different

residence time in the soils of the catchment,
before they are transported to the lake. This
offsets can therefore, be used for investigations
of soil organic carbon dynamics over long time
scales.

Fig. 2: Schematic graph of our results. Solid line
shows age model based on macrofossils, red
stars are isolated biomarkers of group 1, green
stars are of biomarker group 2, and black stars
are bulk total organic carbon (TOC) ages.

The TOC 14C measurements of the sediment
show a slight offset compared to the
macrofossils. This is an important fact when
doing age depth models in the absence of
macrofossils. In our case the biomarker of group
1 would better reflect the real sediment age.

[1] I. Aarnes et al., Veget. Hist. and Archeobot.
21 (2012) 17

1 Geology, ETH Zurich
2 Bjerknes Centre for Climate Res., Bergen, Norway
3 Earth Sciences, University of Bergen, Norway
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COMPOUND SPECIFIC 14C ANALYSIS ON LAKE SEDIMENTS
Can CSRA detect ancient anthropogenic effects on the carbon cycle?

M. Gierga1, R.H. Smittenberg2, S.M. Bernasconi1, I. Hajdas, L. Wacker

The project “Compound specific radiocarbon
dating (CSRA) on lake sediments” aims to
evaluate the potential of using specific
compounds for either radiocarbon dating of a
lake sediment core, or the extent to which
terrestrial lipids are pre aged on land. The latter
provides insight into terrestrial carbon buildup
through time.

Within this project we carried out a
biogeochemical study and adjacent dating of
individual biomarker from the sedimentary
record of the Swiss lake Soppensee. The small,
eutrophic, hard water lake is a very well dated
sediment record covering the last 14,000 years
[1] and has undisturbed organic carbon rich and
partially laminated sediments (Fig. 1). We
targeted compounds of exclusively terrigenous
origin for CSRA in order to compare their
radiocarbon (14C) signature with the age model.
Long chain, odd numbered n alkanes originate
from leaf waxes of higher plants. We purified
three alkanes (C27+29+31) from nine samples by
preparative gas chromatography (pcGC) and
measured them as gas samples on the
MICADAS. Some of the alkanes were measured
individually, for other samples the alkanes of
different chain length needed to be combined.

Additionally, we measured 14C ages of bulk
organic matter. The sediment material was
treated according an acid base acid protocol
and measured as solid targets on the MICADAS.

Comparing the 14C age of the alkanes, of bulk
organic carbon and of the macrofossils with the
sediment age [1, 2], we see that since the last
deglaciation until 4000 years before present
(BP), the alkane age seems to fit well with the
sediment age. But from 4000 BP until now, an
increasing offset between the biomarker and
sediment age can be observed. The 14C age of
the bulk organic carbon seems to be closer to
the sediment age. Only for the youngest sample

(400 BP) the offset is greater than 1000 years.
The beginning of the offset coincides with first
human activity in the region [3].

Fig. 1: Picture of the sediment core So08 01/02
illustrating the laminated nature of the record
(courtesy from U.J. van Raden).

As a next step, we plan to isolate individual
long chain fatty acids from the same samples
where the alkanes were purified. These fatty
acids are also of plant origin, but their
preservation may differ as their molecular
constitution is different from that of the
alkanes.

[1] I. Hajdas and A. Michczynski, Radiocarbon
52 (2010) 1027

[2] U.J. van Raden et al., unpublished data
[3] A.F. Lotter, Veget. Hist. Archaeobot. 8

(1999) 165

1 Geology, ETH Zurich
2 Geological Sciences, Stockholm University, Sweden
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PARTICULATE MATTER DYNAMICS IN THE KOLYMA RIVER
Tracing seasonal changes in a continuous permafrost catchment

J.E. Vonk1, P.J. Mann2, A. Davydova3, S. Davydov3, E.B. Bulygina2, I. Hajdas, L. Wacker, T.I. Eglinton1

Permafrost soils in the Arctic contain vast
quantities of organic carbon (OC). This carbon
may be mobilized and transported to the oceans
via the great Arctic rivers. The vast majority (ca.
60 %) of riverine annual OC flux occurs over the
spring freshet (ice break up period) when OC
concentrations peak, and discharge rates are
highest. Despite this, much of this OC appears to
be relatively young in age being derived from
surface soils and recent production.

In this study, we focus upon the late autumn
period (September/October) immediately prior
to the onset of ice cover in the Kolyma River,
Northeast Siberia. The Kolyma is the fifth largest
Arctic River and represents the world’s largest
river underlain by continuous permafrost.
During autumn, active layer depths are deepest
and the carbon pool oldest with deeper flow
paths enabling the transport of thawed
permafrost carbon.

We present OC data collected over three years
(2006, 2007, 2010) which show significant
increases (> 60 %) in both dissolved OC (DOC)
and particulate OC (POC) concentrations over
the late autumn freeze period. Radiocarbon
results for POC are remarkable and show trends
that have not been reported for any other Arctic
river previously. Usually, the age of POC
transported during the freshet is relatively
young and ages during the season due to
deepening of the active layer (Alaskan and
Canadian Rivers). Kolyma River POC, however, is
oldest during the freshet, younger in the middle
of the summer and ages again towards the
autumn. This trend occurs in multiple years. We
hypothesize that erosion of bank material
during the forceful ice breakup contributed to
older OC ages. The 14C data also demonstrate
aging of the particulate matter during the
season, likely indicative of active layer
deepening. Interestingly, 2007 was an

anomalously warm year. Could this explain the
older 14C ages in the autumn?

We are planning to combine these
measurements with compositional studies on
the particulate matter to identify seasonal
changes and match those with the 14C results.

Fig. 1: Radiocarbon age of Kolyma River
particulate matter (symbols) and DOC load in
million kg per day (lines) for 2006, 2007 and
2010.

1 Geology, ETH Zurich
2 Woods Hole Research Center, Woods Hole, USA
3 Geography, Russian Academy of Sciences, Cherskiy,
Russia
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FLUVIAL TRANSFER OF TERRESTRIAL ORGANIC MATTER
Perspectives from lignin phenol 14C ages

X. Feng1, J.E. Vonk2, Ö. Gustafsson2, V. Galy1, R.M. Holmes3, P.J. Mann3, D.B.Montlucon1, T.I. Eglinton1, L.Wacker

As an important and ubiquitous component of
terrestrial organic matter, lignin is widely
dispersed by rivers during the land ocean
transfer. While the distribution and composition
of lignin derived phenols have been extensively
investigated [1], little is known on their
radiocarbon age, which carries information on
the residence time and/or source of organic
matter during fluvial transport. Recently, we
have developed a high pressure liquid
chromatography based method of isolating
individual lignin phenols for radiocarbon
analysis. We employed compound specific
radiocarbon analysis to investigate the
provenance and transport of lignin in
sedimentary particles from several major river
systems that span a range of latitudes from the
Arctic (Mackenzie, Kolyma, Indigirka, Lena,
Yenisey, Ob, and Kalix), temperate (Columbia),
to tropical regions (Congo and Ganges
Brahmaputra; Fig. 1).

Fig. 1: Map of rivers (sampling location) in this
study.

The radiocarbon age of lignin phenols ranged
from modern in the tropical (Congo and Ganges
Brahmaputra) rivers to approximately 4000
years in the Arctic (Kolyma and Indigirka; Fig. 2).
The latter, while clearly reflecting protracted

storage of lignin within Arctic river drainage
basins, is much younger than plant wax lipids
isolated from the same sediments (Fig. 2). This
observation indicates that lignin is a relatively
rapidly cycling component of the terrestrial
organic matter transported by rivers. The
general correlation between the radiocarbon
age of lignin phenols and the latitude of rivers
suggests climatic control over the preservation
and storage of lignin within the river drainage
basins.
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Fig. 2: Radiocarbon content of lignin phenols,
plant wax lipids, and bulk organic carbon (OC) in
the surface sediments of global rivers (some
data were produced in WHOI3).

Overall, such findings provide novel insights on
the processing and fate of lignin during fluvial
transport and on the parameters controlling the
stabilization of terrestrial organic matter in river
systems.

[1] M.A. Goni and J.I. Hedges, Geochim.
Cosmochim. Acta 59 (1995) 2965

1 Earth Sciences, ETH Zurich; also affiliation 3
2 Applied Environmental Science, Stockholm
University, Sweden
3 Woods Hole Research Center, Woods Hole, USA
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RADIOCARBON IN STUDIES ON LAND USE CHANGE
Grassland management affects labile carbon dynamics

S. Meyer1, J. Leifeld1, I. Hajdas

It is one of the goals of the Agroscope
Reckenholz Tänikon Research Station ART in
Zürich to provide information on the effects of
changes in land use and management on soil
ecosystem services, such as its sink/source
potential for carbon (C). We use the radiocarbon
bomb peak to assess the soil organic C dynamics
in grassland soils subjected to recent land use or
management change [1, 2, 3]. We physically
fractionate the soil organic matter into subunits
with homogeneous C cycling time to apply
bomb radiocarbon models (Fig. 1).

Fig. 1: Physical fractionation scheme for
particulate organic matter [2].

Assuming first order kinetics of soil organic
matter decomposition, we compare the
measured 14C content (fraction modern) of
particulate organic matter and the nearest
available atmospheric 14CO2 record to derive C
decomposition and input estimates. In case of
nonsteady state conditions we take into
account both the decomposition of initial C and
accumulation of new C after land use change.
For example, after complete grassland
abandonment C stocks increased in young, labile
particulate organic matter (wPOM, fPOM), but
remained constant in old, stable particulate
organic matter (oPOM) [2, 3].

Fig. 2: Modeled annual relative change in C
after land use change (LUC) from hay meadow
to pasture (1972) and from hay meadow to
abandoned grassland (1998) for labile
particulate organic matter (wPOM, fPOM) of
sub Alpine grasslands, predicted until 2030 [3].

By combining physical fractionation and
radiocarbon modeling we found that in
management reduced subalpine grasslands the
potential to accumulate C decreases strongly
with time (Fig. 2). After grassland abandonment
C accumulated predominantly in the labile
particulate organic matter and is not stabilized
in the long run.

In conclusion, the modeling and the data show
that abandonment, which is a dominant form of
land use change throughout the Alps, is unlikely
to provide a substantial net soil carbon sink.

[1] J. Leifeld and J., Fuhrer, Euro. J. Soil Sci. 60
(2009) 230

[2] S. Meyer et al., J. Plant Nutr. Soil Sci. (2012)
accepted

[3] S. Meyer et al., Biogeosci. Discuss. 8 (2011)
9943

1 Agroscope Reckenholz Tänikon Research Station
ART, Zurich
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14C IN A STALAGMITE FROM INDIA
Reconstruction of 14C variations using U series dated stalagmites

I. Hajdas, S. Breitenbach, M. Gierga, G.Haug 1, J. Adkins2, C. Biechele, G. Bonani, M. Maurer, L. Wacker

In recent years, stalagmites have been used for
14C studies [1, 2] because these cave carbonates
can be dated precisely and accurately using MC
ICPMS U series dating. Here, we test the
suitability of the U series dated stalagmite
MAW 3 from Mawmluh Cave, NE India, for
investigating 14C activity excursions through
time.

Our sample contains material deposited during
the time interval corresponding to the
geomagnetic low intensity interval, called
Laschamp Event at ca. 40 ka BP.

Fig. 1: Sampling strategy: samples a, b (14C
analysis) and c (U series) were cut using a wire
saw.

The stalagmite has been collected in 2006 in
Meghalaya, India and subsequently U series
dated at Caltech. Stable isotopes (e.g. 18O) are
measured in the Climate Geology group at the

Geological Institute of ETH Zurich. The analyses
show that stalagmite MAW 3 samples grew
through a large part of Marine Isotope Stage 3
and stable isotope results clearly show
millennial scale climatic fluctuations known as
Dansgaard Oeschger cycles [3].

Samples for 14C dating were taken following the
method of Hoffman et al. [2]. After preparing a
slab from the center of the stalagmite, small
sub samples for 14C and U series analysis were
cut with a wire saw (as illustrated in Fig. 1).
Samples containing ca. 10 mg of carbonate were
dissolved in concentrated (85 %) phosphoric
acid and graphitized prior to AMS analysis with
the MICADAS.

Preliminary results indicate that despite of the
very high correction for the dead carbon
fraction DCF (ca. 6000 14C years) and close
proximity to the limit of the 14C dating method,
we are still able to measure the 14C ages of this
portion of MAW 3. So far no major reversal can
be observed in the measured sequence, but the
most interesting portion of the MAW 3
stalagmite remains to be analyzed. Based on
available results, fluctuations of DCF could be
reconstructed showing a correlation with stable
isotope changes ( 18O), i.e. precipitation
patterns in the region.

[1] W. Beck et al., Science 292 (2001) 2453
[2] D. Hoffmann et al., Earth Planet. Sci. Lett.

289 (2010) 1
[3] P. Grootes et al., Nature 366 (1993) 552

1 Geology, ETH Zurich
2 Geological Planetary Sciences CALTECH, Pasadena,
USA
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APPLICATIONS OF OTHER ATMOSPHERIC
COSMOGENIC NUCLIDES

Long term cosmic ray intensity modulation
10Be(meteoric)/9Be ratios in Amazon river sediment

Dating of late Miocene European hominids

The age of the Sedom Formation, Israel
10Be/9Be and the Brunhes Matuyama reversal

Pacific deep sea sediments and nodule formation
36Cl a tool to derive local evapotranspiration?
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LONGTERM COSMIC RAY INTENSITY MODULATION
A common record based on 10Be from polar ice and 14C from tree rings

F. Steinhilber1, J.Abreu2, J. Beer1, S. Bollhalder1, I. Brunner1, M. Christl, P.W. Kubik

The radionuclides 10Be and 14C are produced in
spallation reactions between cosmic rays and
the atmospheric constituents. Measuring these
radionuclides in suitable archives such as polar
ice cores (10Be) and tree rings (14C) potentially
allows to reconstruct the production signal and
therewith the underlying cosmic ray intensity.
However, the radionuclide signal also includes a
local climate component that disturbs the
production signal. By combining several
available radionuclide records [1] the climate
component can be removed by making use of
principal component analysis (PCA). PCA
extracts as many components as time series are
used as input (for details see [2]). The first
principal component (PC) is the common signal
in all records, which is expected to reflect global
production, whereas the local climate
components are represented in the other PCs.

Fig. 1: Reconstructed cosmic ray intensity
during the past 9.4 ka, relative to the present.

Applying PCA to a 14C tree ring and several 10Be
ice core records shows that the first PC
describes about 70% of the total variance [1].
The remaining 30% are of different origin and
are interpreted as the climate component. By
using only the first PC, the climate effects are
largely removed from the data, and a precise
and highly resolved cosmic ray intensity record

over the past 9400 years is obtained (Fig. 1). The
robustness of the method is tested with the
jackknife method, i.e. by calculating the first PC
by leaving out individual records. The jackknife
uncertainty is additionally shown in Fig. 1 as
gray shading (on average 5%).

Fig. 2 shows the wavelet spectrum of the cosmic
ray intensity record. The cosmic ray intensity
has varied with distinct periodicities of 208
years (De Vries cycle), 350 years (unnamed), 500
years (unnamed), and 1000 years (Eddy cycle).
The amplitudes of these periodicities are not
constant in time. For example, the amplitude of
the De Vries cycle varies with about 2200 years
showing maxima around 8000, 5500, 2400 and
300 BP. The 2200 year cycle is known as
Hallstatt cycle and is also visible in Fig. 2.
Comparison of Figs. 1 and 2 indicates that
cosmic ray intensity maxima occur more
frequently in clusters with the Hallstatt cycle.

Fig. 2: Wavelet spectrum of the cosmic ray
intensity record. Black lines mark the 95%
significance level.

[1] F. Steinhilber et al., PNAS (2011) submitted
[2] J. Abreu et al., Space Sci. Rev. (2011)
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10Be(meteoric)/9Be RATIOS IN AMAZON RIVER SEDIMENT
Particle size dependency and extraction of reactive Be

H. Wittmann1, F. von Blanckenburg1, N. Dannhaus1, J. Bouchez1, R. Naumann1, M. Christl

Meteoric 10Be is delivered to the Earth´s surface
mainly with precipitation and adsorbs to the
outer surface of particles. The adsorption of 10Be
and stable 9Be onto reactive solids such as Fe
(hydr)oxides can be investigated using a
sequential chemical extraction procedure. The
aim of this study is to find a normalization
method that eliminates grain size effects and
therefore allows the direct calculation of basin
wide denudation rates from meteoric 10Be.

Our study site comprises the main geographic
units of the Amazon basin providing an
analogue to recent in situ derived erosion
studies of the same area [1, 2]. We find a
substantial increase in reactive meteoric 10Be
concentration (10Bereac, Fig. 1A) with decreasing
sediment grain size. We attribute this increase
to higher specific surface area and related
sorption capacity with decreasing grain size
(summarized in [3]). When normalized to
reactive 9Be (Fig. 1B), these grain size effects are
largely removed, and a uniform “reactive”
10Bemeteoric/9Bestable ratio for each sample results.

Prerequisites for using the 10Be/9Be ratio in
basin wide erosion studies are as follows: (i) the
concentration of silicate bound 9Be in
unweathered parent bedrock is known, and its
release into soil solution is proportional to a
chemical weathering rate; (ii) this 9Be is
adsorbed onto reactive minerals; (iii)
precipitated meteoric 10Be penetrates the soil
layer and equilibrates with 9Be in the soil
solution, adsorbs onto reactive minerals, and
forms a characteristic 10Be/9Be ratio that can be
accessed during extraction procedures; (iv)
deposition rates of meteoric 10Be are known for
the study sites [1]. Then, basin wide denudation
rates can be calculated from (10Be/9Be)reac.

Fig. 1: (A) Meteoric 10Be concentrations ex
tracted from Fe (hydr)oxide bearing fractions of
Amazon river sediments as a function of grain
size. For detailed sample locations see [2, 3]. (B)
Reactive 10Be/9Be ratios of the same samples.

[1] H. Wittmann et al., Earth Planet. Sci. Lett.
288 (2007) 463

[2] H. Wittmann et al., GSA Bull. 123 (2011)
934

[3] J. Willenbring and F. von Blanckenburg,
Earth Sci. Rev. 98 (2010) 105

1 Helmholtz Zentrum Potsdam, Deutsches
GeoForschungsZentrum GFZ, Potsdam, Germany
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DATING OF LATE MIOCENE EUROPEAN HOMINIDS
Authigenic 10Be/9Be as a tool to date clastic sediments

M. Schaller1, M. Böhme1, J. Lachner, M. Christl, C. Maden2

The knowledge of appearance and extinction of
European hominids is of great importance to
understand the evolution of humankind. Age
determination of Miocene fossils is done by
fossil assemblages, magnetostratigraphy, and
Ar/Ar dating in ash layers. Recently, also
cosmogenic radionuclides have been used to
date Mio Pliocene sediment layers containing
hominids in Chad [1]. The goal of this study is to
apply this new technique to date a hominid
tooth found in clastic river terrace sediments in
Bulgaria. Fossil assemblages indicate an age of
~7 Ma for this tooth.

Fig. 1: Terrace deposits in the Azmaka area
(Bulgaria) dated with authigenic Be.

Atmospheric 10Be (T ½ = 1.387 Ma [2, 3]) is
locked into authigenic minerals at the time of
mineral formation. It can be used to date
sedimentary deposits with ages of about 0.2 to
14 Ma. If the system is closed, the measured
10Be/9Be ratio can be used to determine the
mineral formation age. The initial nuclide ratio
needs to be determined in a present day
environment comparable to that of the past. In
the case of clastic sediments, active river
channels are proposed as a possibility. This
hypothesis however needs to be tested in
settings where the fossil assemblage and
magnetostratigraphy are known.

Preliminary investigations have already been
made to determine the initial authigenic
10Be/9Be ratios in active river and terrace
sediments from Bulgaria (Fig. 1). One approach,
considered the conventional method, was to
combine ICP MS (9Be concentration) and AMS
data (10Be concentration). In addition, the newly
developed Be carrier free method [4] was used
with the same sediments in order to determine
the authigenic 10Be/9Be ratio in only one AMS
measurement. It has been shown (see report by
J. Lachner, this volume) that both analytical
techniques yield consistent results.

The initial results for the active river sediments
show relatively homogeneous authigenic
10Be/9Be ratios yielding the initial 10Be/9Be ratio
for the age determination. The calculated ages
are fairly reasonable (Tab. 1), but additional
analyses are necessary to decrease the
uncertainties.

Sample
Carrier free
age (Ma)

Conventional
age (Ma)

AUMS1 4.5 ± 0.1 4.7 ± 0.1
AUMS2 8.4 ± 0.4 8.8 ± 0.3

Tab. 1: Sediments ages from above (AUMS 1)
and below (AUMS 2) the tooth bearing sediment
layer.

[1] A. E. Lebatard et al., PNAS 105 (2008) 3226
[2] J. Chmeleff et al., Nucl. Instr. & Meth. B

268 (2010) 192
[3] G. Korschinek et al., Nucl. Instr. & Meth. B

268 (2010) 187
[4] M. Christl et al., Nucl. Instr. & Meth. B 268

(2010) 726
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THE AGE OF THE SEDOM FORMATION, ISRAEL
Evidence from 10Be measurements in contemporary and ancient halite

R. Belmaker1,2, N. Tepelyakov2, J. Beer3, P.W. Kubik, M. Christl, B. Lazar1, M. Stein1,2

The use of 10Be as a halite chronometer was
assessed by measuring 10Be in contemporary
saltpan halite and Pliocene Pleistocene halite
deposits of the Sedom and Amora formations,
Israel (Fig 1).

Fig. 1: Location map (a), and columnar
section of the Dead Sea Group and the Sedom
formation. The Sedom Lagoon is marked in light
gray. White circles mark sampling locations.

In contemporary saltpans seawater is pumped
into a series of pans in which the sea water is
left to evaporate and halite precipitates. 10Be
measurements in these saltpans enabled us to
determine whether beryllium is incorporated
into halite via entrapment of settling dust or by
co precipitation of dissolved beryllium and
primary sediment. Measurements in ancient
halite enabled us to test the use of 10Be as a
halite chronometer.

The average 10Be concentration in saltpan halite is
(1.3±0.5) x 104 atoms/gr and the average flux is
4.2x1010 atoms m 2 y 1, an order of magnitude
higher than the estimated atmospheric flux of
(1.5 3.2)x109 atoms m 2 y 1 [1]. This implies that
the 10Be source into halite is predominantly
dissolved beryllium.

Tab. 1: 10Be concentrations in ancient halite.
Because the age of the Amora formation (*) is
well confined [2], 10Be concentrations of the
Amora formation were used to determine the
initial 10Be concentration from which the 10Be
ages of the Sedom formation were calculated.

In ancient halite 10Be concentrations are
consistent with stratigraphy and calculated ages
are ~3 5 Ma (Tab. 1). These ages are similar to
previous age estimates of the Sedom formation
thus demonstrating that 10Be indeed could be
used as a halite chronometer. As far as we know
here we present one of the first measurements
of 10Be in marine halite and evaluate for the first
the use of 10Be as a halite chronometer.

[1] U. Heikkilä, Ph.D. thesis (2007) ETH Zurich
[2] A. Torfstein, Ph.D. thesis (2008) Hebrew

University, Jerusalem, Israel

1 Earth Sciences, Hebrew University, Jerusalem, Israel
2 The Geological Survey of Israel, Jerusalem, Israel
3 Eawag, Dübendorf

Name Member
10Be [104

at/g]
Age
(Ma)

AMS 1
Amora salt

0.86±0.05
0.4*

AMS 2 0.92±0.05

SD 1
Lot salt

0.07±0.02
4.6±0.9

SD 2 0.13±0.03

SD 3 Me’arat Sedom salt 0.27±0.04 2.7±0.4
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10Be/9Be AND THE BRUNHES MATUYAMA REVERSAL
Carrier free 10Be/9Be measurements from marine sediments

J. Lachner, M. Christl

Geomagnetic events like excursions or field
reversals can lead to an increase in cosmic ray
intensity and thereby to a higher atmospheric
radionuclides production. Five sediment cores
(Fig. 1) were examined for a 10Be/9Be signature
at the time of the Brunhes Matuyama (B/M)
field reversal (ca. 780 ka BP).

Fig. 1: ODP sites sampled for AMS analysis

In total, about 100 samples and blanks were
prepared and measured with the TANDY using
the carrier free method [1]. Peaks in the
10Be/9Be ratio are observed at all studied sites.

Fig. 2: Inclination [2] and 10Be/9Be data from
ODP site 983 over the B/M reversal.

A comparison with the corresponding magnetic
records reveals that the increase in the 10Be/9Be
ratio starts before the inclination signal changes

significantly (Fig. 2). This offset may be due to
post depositional magnetization or because the
intensity of the magnetic field decreased
already before the flipping of the poles.

In Fig. 3, two marine 10Be/9Be records from the
Atlantic Ocean are compared with the 10Be flux
recorded in the EPICA Dome C ice core,
Antarctica [3]. The two sites ODP 983 and 1063
exhibit the highest sedimentation rates of all
sediment cores investigated (>10 cm/ka)
permitting an optimal conservation of the
10Be/9Be signal. Our initial results show that the
marine data agrees well with the ice core data.

Fig. 2: Authigenic 10Be/9Be ratios from North
Atlantic sediment cores ODP 983 and 1063 (age
models: [4], [5]) and median 10Be flux at the
EPICA ice core (age model: EDC3 [3]).

[1] J. Lachner et al., Nucl. Instr. & Meth. B
(2012) submitted

[2] J.E.T. Channell and B. Lehman, Proc. ODP
162 (1999) 113

[3] G.B. Dreyfus et al., Earth Planet. Sci. Lett.
274 (2008) 151

[4] J.E.T . Channell and H.F. Kleiven, Phil.
Trans. Royal Soc. Lond. A 358 (2000) 1027

[5] J. Grützner et al., Mar. Geol. 189 (2002) 5
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PACIFIC DEEP SEA SEDIMENTS AND NODULE FORMATION
Dating of sediment cores from the northeast Equatorial Pacific Ocean

L. Heuer1, C. Rühlemann2, M. Frank1, M. Christl, A. Eisenhauer1

During the “RV Sonne” cruise SO205 in 2010
piston sediment cores were recovered from the
German license area in the northeast Equatorial
Pacific Ocean for the exploration of polymetallic
nodules with the goal to compare elemental
distributions and fluxes between the nodules
and the sediments. In order to obtain a
stratigraphy for these sediments which do not
contain biogenic carbonate, four cores were
selected for dating using the 10Be/9Be ratio.

Fig. 1: 10Be concentration versus depth of
sediment cores 14KL and 15KL.

For this method the exponential decrease of the
10Be/9Be ratio with depth in the core reflects
average sedimentation rates and variations are
recorded by changes in slope. In a first step, the
10Be concentrations were used for preliminary
estimates of the sedimentation rates (SR) (Figs.
1 & 2) between 0.09 and 0.79 cm/1000 years
(ka). This is in the same range as observed for
other abyssal plains of the Pacific Ocean [1].
Sedimentary parameters and a step in the 10Be
in the depth interval between 414 and 463 cm
of 14KL (Fig. 1) indicate non deposition or
erosion (hiatus) at 416 cm below seafloor
(brown bar). Below, however, the extremely low

SR of 0.04 cm/ka between 463 and 900 cm
suggests further hiati in that section. Overall the
SRs of this core result in an age of about 17 Ma
at 13.7 m depth below the seafloor.

The SRs of cores 15KL (Fig. 1), 54KL and 55KL
(Fig. 2) are significantly higher resulting in ages
between 2.7 and 5.8 Ma at their bases.
10Be concentrations may also vary as a function
of short term dilution events. To rule out such
depositional events, the corresponding 9Be
concentrations for each sample will be
measured. This allows removal of dilution
effects from the age determination. The
exponential decrease of the 10Be/9Be ratios will
then serve to obtain the final sediment
chronostratigraphies.

Fig. 2: 10Be concentration versus depth of the
sediment cores 54KL and 55KL.

[1] K. Toyoda and A. Masuda, Chem. Geol. 88
(1990) 127

1 GEOMAR, Helmholtz Centre Kiel, Germany
2 BGR, Federal Institute Hannover, Germany
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36Cl A TOOL TO DERIVE LOCAL EVAPOTRANSPIRATION?
36Cl in rain and drip water samples from Bunker Cave (NW Germany)

C. Münsterer, J. Fohlmeister1, M. Christl, A. Schröder Ritzrau1, V. Alfimov, S. Ivy Ochs, A. Mangini1

36Cl in groundwater is known as a conservative
substance that is mainly produced in the
atmosphere [1]. It is thus a suitable nuclide to
determine the fraction of rain water loss
through evapotranspiration (ET) by comparing
the ratio of 36Cl to total chloride in cave drip
waters with that in precipitation (Fig. 1).

Fig. 1: Water and 36Cl cycle at Bunker Cave.

Monthly rain and drip water samples were
collected over a period of 10 months at Bunker
Cave near Iserlohn, Germany. The 36Cl
concentrations and the 36Cl/Cl ratios were
determined with AMS, while total stable
chloride concentrations were measured with ion
chromatography and AMS. The measured 36Cl
fluxes of (0.97±0.57)x104 atoms cm 2 month 1 in
precipitation are consistent with the expected
local fallout pattern. Stable Cl in the drip waters
(13.2 to 20.9 mg/l) is seven times higher than
expected from empirical ET models [2] (Fig. 2).
Most likely the additional stable Cl is road salt
from a nearby urban conglomeration finding its
way slowly into the soil above the cave. The 10
fold enrichment of 36Cl in the drip waters
relative to rain water ((16.9 to 35.3)x106

atoms/l) is both attributed to a local ET effect,

which appears to be higher than calculated, and
to additional nuclear weapons tests derived 36Cl
stored in the densely vegetated soil above
Bunker Cave. 36Cl seems not to behave as a
completely conservative tracer which has
already been shown previously [3]. The bomb
derived 36Cl might have been retained in the soil
by attaching to minerals and/or organic material
and is still being released now. Based on our
data, the residence time of 36Cl in the soil
associated to such processes would have to be
about 75 to 85 years [4].
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Fig. 2: Comparison of Cl and 36Cl enrichment
factors (relative to rain water) from this work
and previous data [5].

[1] E.J. Conway, Proc. R. Irish Acad. 48 (1942)
89

[2] W. Haude, Mitt. Dtsch. Wetterd. 8 (1954) 1
[3] D. Bastviken et al., Geochim. Cosmochim.

Acta 71 (2007) 3182
[4] C. Münsterer et al., Geochim. Cosmochim.

Acta (2011) submitted
[5] V. Johnston, Ph.D. thesis (2010), University

College Dublin, Ireland
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APPLICATIONS OF “INSITU”
COSMOGENIC NUCLIDES

Calibration of the 36Cl production rate from 39K

Shielding factors for fault scarp geometry

Holocene slip rates of two Andean thrust faults

Rate of crustal shortening in Makran

Combining cosmogenic Be, C, Al and Cl

Pre LGM glaciations in Anatolia

The dating challenge of Swiss Deckenschotter

The age of the Lavini di Marco landslide

Timing of debris flow activity at Illgraben

Debris flows and denudation rates

Erosion in an Alpine inner gorge

Erosion and the Fennoscandian ice sheet

Massive glacier dams and plateau incision
10Be denudation rates across the Betic Cordillera

Landscape evolution of the Cape Mountains, RSA

Sediment routing on the eastern Altiplano

Test for regional denudational asymmetry



Ion Beam Physics, ETH Zurich Annual report 2011

62

CALIBRATION OF THE 36Cl PRODUCTION RATE FROM 39K
Analysis of well dated, saturated Antarctic samples

D. Tikhomirov1, N. Akçar1, S. Ivy Ochs, V. Alfimov, C. Schlüchter1

Surface exposure dating of potassium rich
minerals like K feldspar with cosmogenic 36Cl is
presently limited by the poorly known
production rate on 39K. Published 36Cl
production rates from 39K spallation show a
broad range of numbers between 125±8 [1] and
228±18 [2] atoms g(K) 1 a 1.

To improve the situation we analyzed long term
exposed granite samples from Victoria Land,
Antarctica (Tab. 1). All calculated minimum ages
indicate that, with maybe the exception of
sample 344, 36Cl should be in saturation.
Steady state 36Cl buildup and independent
dating with cosmogenic 10Be, 26Al and 21Ne make
these samples therefore appropriate for 36Cl
calibration.

Sample
name

Altitude
[m]

10Be
[Ma]

26Al
[Ma]

21Ne
[Ma]

207 [3] 1840 1.54 1.20
217b [3] 1820 2.61 2.71
342 [4] 1430 3.87 2.83 3.99
344 [4] 1500 1.01 1.06
ARC1 [5] 2725 4.32 3.53

Tab. 1: Selected samples and their calculated
minimum exposure ages from measured
cosmogenic 10Be, 26Al and 21Ne concentrations.

Each sample was divided into several density
fractions using the heavy liquid CHBr3 to
separate potassium feldspar from plagioclase.
36Cl concentrations and elemental content were
measured for the heaviest and the lightest
fraction of each sample. The mass ratio of Ca to
K was less than 0.04 for the lightest fractions
indicating a pure K feldspar mineral separate

The 36Cl production rate from K was calculated
for the lightest fractions using a MATLAB code
that takes into account spallation reactions on

40Ca, 39K, 56Fe, and 48Ti by fast neutrons, muons
and thermal neutron activation of 35Cl including
non cosmogenic components (Fig. 1).

Fig. 1: Sea level high latitude (SLHL) 36Cl
production rates from K.

As a preliminary result, a SLHL production rate
mean value of 169±28 atoms g(K) 1 a 1 can be
deduced. We have 8 more suitable samples to
be analyzed in the near future which should
result in a more precise mean value. The current
preliminary average is close to the most used
value of 174±18 [6] atoms g(K) 1 a 1.

[1] I. Schimmelpfennig, Ph.D. thesis (2009)
Paul Cézanne University, France

[2] T.W. Swanson and M.L. Caffee, Quart. Res.
56 (2001) 366

[3] S. Ivy Ochs et al., in: The Antarctic Region:
Geological Evolution and Processes (1997)
1153

[4] S. Tschudi, Ph.D. thesis (2000) University of
Bern, Switzerland

[5] L. Di Nicola, Ph.D. thesis (2007) University
of Siena, Italy

[6] J.M. Evans et al., Nucl. Instr. & Meth. B 123
(1997) 334
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SHIELDING FACTORS FOR FAULT SCARP GEOMETRY
Mathematical model and MATLAB code for shielding calculations

D. Tikhomirov1, N. Akcar1, V. Alfimov, S. Ivy Ochs, C. Schlüchter

In the last 20 years, dating of limestone fault
scarp surfaces with cosmogenic 36Cl has
advanced from an idea to a working method.
Concentrations of 36Cl accumulated in a
limestone fault surface are used to date past
paleo earthquakes and obtain a lower estimate
of their magnitude. Currently, this method
allows reconstruction of paleoseismic events
during the last few tens of thousands years with
uncertainties of 0.5 1 ka for the age and of
about 20 cm for the displacement. The need for
a better understanding of reccurrence intervals
of major seismic events calls for both
methodological and computational improve
ments.

The subject of our analysis is a hypothetical
profile of 36Cl accumulated in a fault surface.
Due to the complexity of this analysis, a special
model and calculation codes were developed
[1]. The model should consist of three main
parts: (1) production rate calculation, (2)
geometrical shielding calculation and (3) fitting.

Fig. 1: Shielding factor profiles for different
values of the dip of the scarp surface.

Proper calculation of geometrical shielding
factors is a key component of the analysis. We
developed a realistic mathematical model and

respective MATLAB code for the calculation of
shielding factors for fault scarp geometry. In the
model, cosmic radiation received by a point on
the fault scarp is represented as unit rays which
are then exponentially attenuated into the rock
of a simplified scarp geometry. Shielding factors
are calculated for fast neutrons and muons and
include shielding by topography, fault scarp
surface, colluvium cover, snow cover and self
shielding. The code output is the shielding factor
profile along the scarp surface, which represents
the physical reality quite well (Fig. 1 and 2).

Fig. 2: Shielding factor profiles for different
values of dip of the colluvium overlying the
lower part of the fault surface.

The code is provided as a MATLAB function to
supplement other codes and as stand alone
software. The stand alone version has a user
friendly interface and can be used for a manual
estimate of earthquake ages or for a cross check
of other software.

[1] A. Schlagenhauf et al., Geophys. J. Int. 182
(2010) 36

1 Geology, University of Bern
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HOLOCENE SLIP RATES OF TWO ANDEAN THRUST FAULTS
Slip rates from 10Be exposure dating of displaced terraces near Mendoza

S. Schmidt1, R. Hetzel1, F. Mingorance2, V.A. Ramos3, P.W. Kubik

The eastern margin of the Andes at 30° 33°S is
one of the seismically most active zones of
thrust faulting in the world. Here, the most dev
astating earthquake in the Argentinean history
destroyed the city of Mendoza in 1861. To eval
uate the seismic hazard of this region, we de
termined slip rates for two active thrust faults –
the Peñas and Cal faults – by applying 10Be ex
posure dating to fluvial terraces, which are tec
tonically offset along fault scarps (Fig. 1).

Fig. 1: (a) The Peñas thrust fault ~40 km north
of Mendoza. (b) Fault scarp of the Cal thrust
fault, which extends into the city of Mendoza.

Three sample types were used for 10Be dating:
(i) sandstone boulders, (ii) amalgamated sand
stone pebbles, and (iii) sand samples from depth
profiles. While pebbles and sand yield identical
and stratigraphically consistent 10Be ages, the
ages from the boulders are variable and consid
erably older owing to the presence of a pre
depositional 10Be component [1]. This inherited
component, which is also present in boulders
from river beds, results from the intermittent

storage and irradiation of boulders in alluvial
fans, which are currently remobilized in the
more internal part of the mountains [1].

Holocene slip rates for the two thrust faults
were calculated from the ages and displace
ments of four different terrace levels. For the
Peñas fault, we obtained a constant shortening
rate of ~2 mm/a during the last ~12 ka, whereas
shortening on the Cal fault accelerated from
~0.5 to ~5 mm/a during the late Holocene [2].
Paleoseismologic investigations in a trench ex
cavated across the Cal thrust fault, revealed that
the high rate of ~5 mm/a reflects the total dis
placement during three earthquakes that oc
curred in the past ~800 years [3, 4]. The last
event was most likely the earthquake that dev
astated Mendoza in 1861, whereas the penulti
mate event was probably the historic earth
quake of 1782. The similarity between the fault
slip rates determined over 103 to 104 years and
the current shortening rate of ~3 mm/a across
the mountain front, as documented by GPS,
suggests that the intense paleoseismicity during
the past few hundred years should not be re
garded as exceptional. Seismic activity is likely
to continue at a similar level in the future [2, 4].

[1] S. Schmidt et al., Earth Planet. Sci. Lett.
302 (2011) 60

[2] S. Schmidt et al., Tect. 30 (2011) TC5011
[3] S. Schmidt et al., Geochronom. (2012) ac

cepted
[4] E. Salomon et al., Bull. Seis. Soc. Am. (2011)
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RATE OF CRUSTAL SHORTENING IN MAKRAN
10Be exposure dating on folded fluvial terraces

N. Haghipour1, J P. Burg1, S.Ivy Ochs, F. Kober1, G. Zeilinger2, P.W. Kubik

Fluvial terraces have been used to decipher the
Quaternary increment of crustal shortening and
shortening rate in the on shore Makran
Accretionary Wedge (Iran). We focused on three
major catchment basins and associated fold
systems. Terrace profiles reconstructed from
differential GPS measurements combined with
DEM revealed two regional dominant wave
lengths, about 5 km in the northern part of the
study area and about 15 km to the south. These
two wavelengths suggest the existence of two
active décollement layers at two rooting depths.
The average shortening rate due to folding is
estimated at 0.8 1.2 mm/a over the last 140 ka
using 10Be exposure dating. This accounts for
about 15 % of the shortening rate (~ 8mm/a)
given by kinematic GPS measurements.

Fig. 1: Field photographs of fluvial terraces

Despite active deformation and a relatively high
shortening rate, the geophysical record shows
nearly absent seismic activity in Makran. We
propose that strain accumulated in folds over
intermediate décollement levels within a thick,

incompletely lithified sedimentary cover explain
the essentially aseismic, recent tectonics in this
region. The importance of folds points to
imperfect Coulomb behavior of the wedge.

 
Fig. 2: Profiles of deformed fluvial terraces
showing the two dominant wavelengths.

1 Geology, ETH Zurich
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COMBINING COSMOGENIC Be, C, Al AND Cl
Quantifying depth of glacial erosion and timing of deglaciation

C. Wirsig, S. Ivy Ochs, N. Akçar1, V. Alfimov, C. Kämpfer1, C. Schlüchter1

Over the course of the next years, we are aiming
to combine signals of cosmogenic 10Be, 14C, 26Al
and 36Cl to constrain depth and rate of glacial
erosion at several study sites in the Alps and to
determine the timing of local deglaciation.

Within this suite of nuclides, the system of Be
and Al is the best understood. They are
routinely used and combined for various
applications in Quaternary geology. 36Cl is an
important addition due to its unique depth
profile: complicated production pathways cause
the maximum concentration not to form at the
top of the rock, but at a depth of some
centimeters [1]. Furthermore, extending the
suite by in situ produced 14C is crucial. Its short
half life enables the detection of brief periods of
ice coverage that could not be noticed in the
other nuclides.

Concentration depth profiles for all of these
nuclides can be modeled for diverse scenarios of
past ice coverage. If the local Quaternary history
is known independently, (glacial) erosion rates
can be determined.

Fig. 1: Study site at Grueben glacier in the
Grimsel region. Samples were taken at the ridge
to the left.

Fig. 2: Glacially modified bedrock sample at
Grueben glacier

As a first study site, Grueben glacier in the
Grimsel region was chosen. The area was
recently mapped in detail by C. Kämpfer
allowing to draw robust conclusions based on
field observations. Four bedrock samples were
taken to be analyzed this winter for a first
assessment of the local situation and to identify
promising sites for intense examination in the
future.

[1] V. Alfimov and S. Ivy Ochs, Quart.
Geochronol. 4 (2009) 462

1 Geology, University of Bern
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PRE LGM GLACIATIONS IN ANATOLIA
36Cl surface exposure data show pre LGM on Anatolian erratic boulders

R. Reber1, N. Akçar1, D . Tikhomirov1, V. Yavuz2, S. Ivy Ochs, C. Vockenhuber, C. Schlüchter 1

In the Kaçkar Mountains (northeastern Turkey),
we sampled 14 erratic boulders of volcanic
lithologies for surface exposure dating with
insitu produced cosmogenic 36Cl to reconstruct
glacial advances in the past (Fig. 1).

Fig. 1: K is the locality of the study site in the
Kaçkar Mountains.

The extent of a glacier in the past is delineated
with glacial deposits and landforms like
moraines and erratic boulders. Around the
globe, evidences of the Last Glacial Maximum
(LGM) and younger advances are mostly dated
with this dating technique. As evidences of older
glaciations have been overridden during the
LGM and post LGM advances, we have to look
beyond the LGM extent for older glaciations.

In the Çoruh valley, located to the south of the
mountain chain, one of the sampled boulders
(TRYAY 1) clearly lies on a lateral position. Three
boulders (TRYAY 12, TRYAY 13 and TRYAY 14)
are located where the valley morphology
changes from U shape (glacier erosion) to V
shape (river erosion). This change in the
morphology indicates the maximum extent of
glaciers in this valley. Exposure ages from these
four samples yielded minimum pre LGM
exposure ages of around 70 ka exposures , while
the younger ones around 35 ka (Fig. 2).

Fig. 2: Four Pre LGM boulders exposure dated
with cosmogenic 36Cl.

In addition to the Kaçkar Mountains, our recent
results from northwestern Turkey [1] point also
to pre LGM glaciations, which are even larger
than the LGM due to the external positions of
erratic boulders with respect to the LGM extent.

Both field evidence and exposure ages from
northern Anatolia suggest at least two (perhaps
more) pre LGM glaciations that were never
before been recognized in the circum Black Sea
region.

[1] N. Akçar et al., GSA Bulletin (2011)
submitted

1 Geology, University of Bern
2 Faculty of Mines, Istanbul Technical University,
Turkey
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THE DATING CHALLENGE OF SWISS DECKENSCHOTTER
Application of cosmogenic 10Be and 26Al to a stratigraphical problem

N. Akcar1, S. Ivy Ochs, V. Alfimov, H.R. Graf2, P.W. Kubik, M. Rahn3, J. Kuhlemann3, C. Schlüchter1

Deckenschotter (cover gravels) are the oldest
Quaternary units in the northern Swiss Alpine
foreland. They are a succession of several
glaciofluvial gravel layers intercalated with
glacial and/or over bank deposits. This
lithostratigraphic sequence is called cover gravel
because it “covers” Molasse or Mesozoic
bedrock and forms hill tops beyond the extent
of the Last Glacial Maximum. It consists of two
sub units: the Höhere (HDS), which is older, and
the Tiefere (TDS) Deckenschotter. The only
available quantitative age for the Swiss
Deckenschotter is 2.5 to 1.8 Ma based on
mammal remains found in HDS at the Irchel site
[1]. Can we use the decay of cosmogenic 10Be
and 26Al to date the Deckenschotter?

We have collected samples from abandoned
gravel pits in Canton Zurich (Fig. 1) for single
clast isochron burial dating (34 samples from
HDS in Siglisdorf) and for depth profile dating (4
samples from HDS in Irchel and 4 samples from
TDS in Mandach).
10Be concentrations from the Irchel and
Mandach sites indicate a pattern of decreasing
nuclide concentrations with depth.

Fig. 1: Sampling locations with respect to LGM
extent in the northern Alpine foreland. ©Federal
Office of Topography, Swisstopo, CH 3084
Wabern

We used the MATLAB code for cosmogenic
depth profiles [2] for this analysis (Fig. 2). Based
on a preliminary analysis, we conclude that the
upper 4 m of the TDS at Mandach site is
deposited at least 800 ka ago.

Fig. 2: Best fit of the modeled 10Be
concentrations changing with depth (red). Blue
dots indicate the measured 10Be concentrations.

A minimum depositional age of 800 ka for TDS is
also in accordance with the stratigraphy of the
Quaternary glaciations in the Alps. Our results
from the analysis of cosmogenic nuclides from
Deckenschotter are the first quantitative data
on the chronostratigraphy of these deposits and
extremely encouraging for continuation of our
study.

[1] T. Bolliger et al., Eclog. Geol. Helv. (1996)
1043

[2] A. Hidy et al., G Cubed (2010) 1

1 Geology, University of Bern
2 Dorfstrasse 40, CH 8014 Gächlingen
3 Swiss Federal Nuclear Safety Inspectorate (ENSI),
Brugg
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THE AGE OF THE LAVINI DI MARCO LANDSLIDE
Surface exposure dating of bedrock and boulders with 36Cl

S. Ivy Ochs, S. Martin1, P. Campedel2, V. Alfimov, C. Vockenhuber, A Vigano2, E. Andreotti3, G. Carugati3

The Lavini di Marco rock avalanche (estimated
volume ~2 108 m3) is located along the left side
of the middle Adige valley, south of the town of
Rovereto (NE Italy). The rock avalanche
developed within carbonate rocks of the Jurassic
Calcari Grigi Group. Failure was favored by
bedding plane dip slopes (dip of about 20°
towards NW), the clayey marly interbeds and
the presence of diffuse N20W and N80E
trending fractures, oriented perpendicular to
the bedding planes. At present, along the Mt.
Zugna Torta slope, the upper landslide scarps
form steep walls, while the sliding planes form
extended smooth surfaces (up to 15,000 m2)
(Fig. 1). The km scale regular sliding plane shows
abundant dinosaur traces (e.g., Camptosaurus
and Dilophosaurus).

Fig. 1: View of the Lavini di Marco rock
avalanche source area and deposits. Major
faults are indicated.

The Lavini di Marco deposit is composed of at
least two different bodies; the Lavini di Marco
(the principal) and the Costa Stenda, which are
separated one from the other by the Costa
Stenda fault (Fig. 1). The right flank of the
principal sliding plane is bordered by the NW SE
Lizzana Vallone strike slip fault, belonging to the

regional scale Schio Vicenza fault system. The
lowest distal deposit at the foot covers the
alluvial Adige deposits. Rock avalanche deposits
are composed of boulders of different size,
ranging up to 100 200 m3. The bigger boulders
are generally located in the lower portion of the
deposits.

Fig. 2: Upper detachment scarp. Large block in
the center right is 1.5 m high.

Samples for 36Cl exposure dating were taken
from boulders, bedrock detachment sliding
planes, as well as the detachment wall (Fig. 2).
During sampling rock weathering (i.e., karst
erosion), recent rock fall as well as soil and plant
cover were considered. Preliminary 36Cl results
for the studied rock avalanche deposits yield
late Holocene ages, some of which can be
compared with the available historical records,
including those of past seismicity in the region.

1 Geosciences, University of Padua, Italy
2 Geological Survey of Trentino, Trento, Italy
3 INFN, University of Insubria, Como, Italy
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TIMING OF DEBRIS FLOW ACTIVITY AT ILLGRABEN
10Be and 36Cl exposure dating of fan boulders

S. Ivy Ochs, P. Schürch1, A.L. Densmore1, F. Kober2, V. Alfimov, N.J. Rosser1, P.W. Kubik

Debris flows are one of the most important
processes in the construction of post Last
Glacial Maximum sediment fans in Alpine valleys
and in delivering sediment from higher
elevation glacial and periglacial regimes down
into the active fluvial system. To understand the
timing of periods of enhanced debris flow
activity through the Holocene and the dynamics
of fan construction, we are using cosmogenic
nuclides to date boulders in surficial debris flow
deposits of the Illgraben fan, which is located in
the middle reaches of the Rhone river (Canton
of Valais, CH). We also document the
geomorphic interaction between a major rock
avalanche and debris flow deposition on the
fan.

Fig. 1: Results from geomorphic mapping [1].
Lobes are numbered from oldest (L1) to
youngest (L11). Digital elevation model
DTMAV©2011 published with permission from
Swisstopo No: 5704 000 000.

The choice of samples was based on detailed fan
surface mapping supplemented by terrain
analysis of LIDAR elevation data set (Fig. 1) [1].
Samples were taken from the uppermost

surfaces of the largest boulders (Fig. 2) on
clearly recognizable geomorphic positions (on
debris flow levees or flow snouts).

Fig. 2: Top surface of the boulder was sampled
for 36Cl dating.

Reflecting the varied lithology of fan boulders,
36Cl was implemented for calcareous rocks and
10Be for quartz bearing rocks. Preliminary results
show excellent agreement between boulder
exposure ages and relative depositional ages
determined from geomorphic relationships. Our
results indicate near complete resurfacing of
the Illgraben fan during the late Holocene.
Cosmogenic nuclide dating of alluvial fan
deposits has been commonly applied in arid
regions but infrequently in more humid
climates. Despite the potential pitfalls that arise
in such settings, we demonstrate that boulder
exposure dating may be a feasible and useful
technique on humid region fans.

[1] P. Schürch, Ph.D. thesis (2011) Durham
University, U.K.

1 Geography, Durham University, U.K.
2 Geology, ETH Zurich
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DEBRIS FLOWS AND DENUDATION RATES
Perturbation of cosmogenic 10Be catchment wide denudation rates

F. Kober1, K. Hippe2, B. Salcher1, S. Ivy Ochs, P.W. Kubik, L. Wacker

Catchment wide denudation rates derived from
cosmogenic 10Be have been widely used in the
last years to understand the coupling of climate,
tectonics and erosion in alpine mountain
settings. A requirement in these studies is that a
geomorphic and isotopic steady state has been
achieved. We tested this assumption by
sampling in a debris flow prone area in Central
Switzerland (Fig. 1). Debris flows are episodic
processes and can perturb a steady sediment
flux signal in an alpine catchment significantly.

Fig. 1: Aare catchment, Central Switzerland.
Active debris flow catchments are the Spreitlaui
and Rotlaui torrents. Samples have been taken
at AI and AI2 southeast of Innertkirchen.

Ten samples were taken between fall 2008 and
fall 2010 capturing years which were debris
flow free (2008) and those with small and
moderate debris flow events (2009) and with
heavy debris flow events that caused severe
damage of existing infrastructure (2010). The
debris flow events in 2009 and 2010 occurred in
the Spreitlaui torrent (Figs. 1 & 2) with annual
total volumes of up to 280,000 m3. Samples
taken from 2008 yielded denudation rates of
about 0.9 mm/a that are in a similar range with
denudation ranges from other Alpine catch
ments [1]. Samples from 2009, taken following
smaller to moderate debris flow events, yielded
denudation rates on the order of 1.5 mm/a,

while following the major debris flow events in
2010 only a slight further increase to 1.8 mm/a
was observed. This indicates that 1) debris flows
can perturb denudation rates obtained with
cosmogenic nuclides quite significantly and 2)
that after the small to moderate debris flows
from 2009 already a threshold of perturbation
of denudation rates was approached. That
might be a result of the remobilization of
material from 2009 deposited along the debris
flow fan and the junction with the Aare trunk
stream during the 2010 events. Furthermore,
preliminary cosmogenic in situ 14C measure
ments in the same aliquots suggest (in
combination with the 10Be data) that the
material released by the debris flows is material
derived from the headwaters that might have
been stored there for at most a few thousand
years.

Fig. 2: Spreitlaui torrent, active in 2009 and
2010. Substantial erosion and incision occurred
in the debris flow fan area (green), while up to
15 m aggradation occurred past the confluence
with the Aare (red).

[1] H. Wittmann et al., J. Geophys. Res. 112
(2007) F04010, doi:10.1029/2006JF000729

1 Geology, ETH Zurich
2 Geochemistry, ETH Zurich
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EROSION IN AN ALPINE INNER GORGE
Rapid erosion in the Entlen inner gorge revealed by in situ 10Be

F. van den Berg1, F. Schlunegger1, N. Akçar1, P.W. Kubik

We report in situ 10Be data from the 64 km2

large Entlen catchment (Swiss Alps) that hosts a
7 km long and >100 m deep inner gorge [1]. The
10Be concentrations measured at the
downstream end of the gorge yield a
catchment wide denudation rate of 0.42±0.04
mm/a, while denudation rates are consistently
lower upstream of the inner gorge, with
0.14±0.01 mm/a in the morphologically intact
glacial surface, and 0.23±0.02 mm/a where
hillslope mass wasting has perturbed the glacial
surface (Fig. 1). However, budget calculations
for the incised segments yield rates of 1.27±0.49
mm/a for the inner gorge of the trunk stream.
Likewise, erosion rates are 1.98±0.47 mm/a, and
1.88±0.22 mm/a for the incised reaches of 16
km2 and 3km2 large tributaries, respectively.
Moreover, we measured bedrock incision rates
into Oligocene conglomerates ranging from
2.43±0.53 mm/a to 3.76±1.08 mm/a at the
erosional front of the gorge.

The measured denudation rates, as well as
present day incision rates at the erosional front
are too low to infer a post glacial age (15 20 ka)
for the gorge initiation. This would require
denudation rates within the trunk stream inner
gorge that are 2 times higher (>2 3 mm/a) than
present day estimates. Likewise, fluvial incision
rates at the erosional front would have to be 5 6
times higher (>20 mm/a) than at present. We
propose thus that the presence of glacially
related unconsolidated material favored high
knickzone propagation rates, and that
subsequent hillslope relaxation has led to a
progressive decrease in denudation rates.
Because the 10Be based rates from the inner
gorge cover the past 2 3 ka, the hypothesis of a
postglacial age for the onset of incision cannot
be discarded.

Fig. 1: Erosion rates in the Entlen catchment.
Green: glacially formed landscape, blue: incised
valleys, brown: landscape upstream of the
incised segment. Numbers in yellow boxes:
basin averaged denudation rates, numbers in
blue boxes: denudation rates at the reach scale,
and red boxes: bedrock incision rates.

[1] F. van den Berg et al., Geomorph. (2012) in
review

1 Geology, University of Bern
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EROSION AND THE FENNOSCANDIAN ICE SHEET
Deepening valleys on the Baltic Shield

J.D. Jansen1, A.T. Codilean2, A.P. Stroeven1, P.W. Kubik

We quantify the magnitude of glacial erosion
and postglacial fluvial erosion on the Baltic
Shield, east of the Scandinavian mountains, with
10Be exposure dating (Fig. 1). Previous dating on
interfluve surfaces reveals significant inherited
10Be consistent with a mainly cold based and
therefore non erosive Fennoscandian ice sheet
[1]. We collected 13 bedrock samples along
transects spanning 7 gorges in 6 rivers (Fig. 1).

Fig. 1: Field area in northern Scandinavia, with
deglaciation isochrons in ka (purple), previous
exposure ages (red), study rivers (blue), and new
exposure ages (yellow) at a–Porjusfallet, b–
Harsprånget, c–Benbryteforsen, d–Kaxfallet, e–
Vormforsen, f–Bålforsen, and g–Midskog.

The results show that, unlike the interfluves,
exposure ages in the valleys conform to the
timing of deglaciation (Fig. 2), indicating that

wet based conditions existed at least
sporadically allowing glacial erosion to remove
the cosmogenic nuclide inventory in all except
of 3 of the samples.

Fig. 2: Surface exposure ages (± 1 external
uncertainties) plotted as a function of their
deviation from the timing of deglaciation.

Our exposure dating transects also show that
postglacial rivers have incised bedrock by up to
25 m; however, contrary to some inner gorges
in the Alps [2], gorges on the Baltic Shield are
not incrementally deepened during successive
interglacials. We are currently examining factors
that may have impeded postglacial fluvial
incision, including thick sediment covers,
depletion of sediment ‘tools’ for erosion, and
the effects of back tilting linked to glacio
isostatic adjustments.

[1] D. Fabel et al., Earth Planet. Sci. Lett. 201
(2002) 397

[2] D.R. Montgomery and O. Korup, Nat.
Geosci. 4 (2011) 62

1 Physical Geography & Quaternary Geology,
Stockholm University, Sweden
2 Earth Surface Geochemistry , Deutsches
GeoForschungsZentrum GFZ, Potsdam, Germany
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MASSIVE GLACIER DAMS AND PLATEAU INCISION
Field and cosmogenic exposure dating evidence

D. Scherler1, H. Munack1, J. Mey1, H. Wittmann2, P.W. Kubik, M. Strecker1

The topographic evolution of continental
plateaus depends on the pace of headward
fluvial incision in competition with tectonic
growth. Recent research posits that natural
river blocking dams, such as large landslides or
moraines, on the edges of continental plateaus
can impede headward fluvial incision at 106 year
timescales and thus its erosional decay [1].

Fig. 1: Location map of the study area.

We evaluate this hypothesis by studying the late
Quaternary history of the upper Shyok Valley
(Fig. 1), on the western edge of the Tibetan
Plateau, where km wide and flat valleys along
with several hundred meters high terraces
testify voluminous sedimentary fillings resulting
from massive and prolonged damming of one of
the largest tributaries to the Indus River. We
conducted field mapping and obtained

cosmogenic nuclide data showing that the
Siachen Glacier was >190 km long and blocked
the Shyok River during the penultimate glacial
period, causing upstream aggradation, of which
the river has not yet recovered. The river
damming episode ended at ~130 ka, with the
beginning of the Eemian (Fig. 2). This and
subsequent, less extensive, glacial advances
impounded the Shyok River for at least 170 ka.
Similar events probably occurred several times
during the Quaternary.

Fig. 2: 10Be depth profile data and modeling
results.

Our data highlight the potential longevity of
massive glacier dams that can block large rivers
in tectonically active orogens, possibly due to
the constant replenishment with moving up ice
that counteracts dam incision after overtopping.
However, because glaciers erode bedrock
themselves, their ability to delay fluvial
headward incision appears limited and may
have been overrated in previous studies.

[1] O. Korup et al., PNAS 107, 12 (2010) 5317

1 Earth and Environmental Science, University of
Potsdam, Germany
2 Helmholtz Zentrum Potsdam, Deutsches
GeoForschungsZentrum GFZ, Potsdam, Germany



Ion Beam Physics, ETH Zurich Annual report 2011

75

10Be DENUDATION RATES ACROSS THE BETIC CORDILLERA
Coupling between slope morphology and erosion

V. Vanacker1, N. Bellin1, R. Ortega Perez1, P.W. Kubik

The Betic Cordillera in Southeast Spain forms
the western end of the Alpine mountain belt. It
consists of a succession of E W to NNE SSW
oriented mountain ranges surrounded by
Neogene Quaternary sedimentary basins. The
average uplift rates are low to moderate (20 –
300 mm/ka), but show remarkable spatial and
temporal variation across the Betic Cordillera.

Our work aims to evaluate the Quaternary
topographic evolution of the southern Betic
Cordillera by drawing on 10Be basin average
denudation rates and morphometric analyses of
hillslope and river channels.

Fig. 1: View from the Sierra de Torrecilla
towards the southeast.

Our 10Be derived basin averaged denudation
rates range between 10 and 280 mm/ka, and
correlate with the Late Neogene Recent uplift
rates that were established for the Spanish Betic
Cordillera 1 .

Denudation rates vary considerably between
the various mountain ranges, with low rates
measured in the Sierra de Torrecilla and
Estancias (10 50 mm/ka, n=7); intermediate
rates in the Sierra de los Filabres (30 110

mm/ka, n=6); and higher rates in the Sierra
Almagrera and Cabrera (60 250 mm/ka, Fig. 2).

Fig. 2: Spatial pattern of 10Be derived basin
averaged denudation rates (mm/ka) in the
southern Betic Cordillera, Spain

Morphometric analyses based on a 10m
resolution Digital Terrain Model suggest that
denudation rates are non linearly related to the
basin averaged hillslope gradient. No clear
relation was observed between denudation
rates and river channel gradients.

These results suggest a coupling between 10Be
derived basin averaged denudation rates and
Late Neogene Recent uplift rates for the
southern Betic Cordillera, with the highest
denudation rates measured in the mountain
ranges with the highest average uplift rates.

[1] J.C. Braga et al., Geomorph. 50 (2003) 3
[2] N. Bellin et al., Catena 87 (2011) 190

1 Earth and Life Institute, Université de Louvain,
Belgium
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LANDSCAPE EVOLUTION OF THE CAPE MOUNTAINS, RSA
Alpine topography yields unusually low denudation rates

T. Scharf1, A.T. Codilean2, M. de Wit3, P.W. Kubik

The ca. 250 Ma old Cape Fold Belt (CFB) of
South Africa is located on an early Cretaceous
passive continental margin and is now an
exhumed mountain range following extensive
shoulder uplift and excavation during the
Mesozoic break up of Gondwana [1]. Despite
this old inheritance the high relief, steep slopes
and deeply incised river canyons of the CFB are
comparable to that of present day active
orogens.

Recent studies suggest that the landscape of
southern Africa is relatively stable, with
denudation rates of 10 m/Ma for the past 105

years and less than 15 m/Ma since the
Cretaceous [1, 2]. Traditional geomorphology,
however, advocates a primary role for
hypothetical uplift events of the Cenozoic in
shaping the coastal hinterland of today [3].

To assess the possibility of Cenozoic uplift within
the southern coastal margin of Africa we have
quantified denudation rates along the western
limb of the CFB through the analysis of in situ
produced cosmogenic 10Be in quartz from river
sediment and bedrock samples (Fig. 1).

Fig. 1: Distribution of the CFB within South Africa
(A). Sample locations within the Langeberg and
Swartberg Ranges of the south western CFB (B).

The denudation rates of the CFB are amongst
the lowest in the world, despite its imposing
topography (Fig. 2).

Fig. 2: Box plots comparing denudation rates
and topographic metrics of the CFB catchments
with those from eastern Tibet [4] – a landscape
characterized by steep slopes and high
denudation rates. Denudation rates in the CFB
are amongst the lowest in the world and
uncharacteristic for such rugged topography.

Very low denudation rates within deeply incised
canyons infer a present day landscape
unaffected by neotectonic uplift. Together with
previous cosmogenic nuclide and apatite fission
track analyses [1, 2], this study suggests a
subcontinent approximating geomorphic steady
state. An overwhelmingly strong lithological
control on landscape development is likely
responsible for the apparent preservation of the
high relief topography of the CFB throughout
the Cenozoic.

[1] J. Tinker et al., Tectonophysics 455 (2008)
77

[2] J. Decker, Ph.D. Thesis (2010) University of
Cape Town

[3] T. Partridge and R. Maud, S. African J. Geol.
90 (1987) 179

[4] W. Ouimet et al., Geology 37 (2009) 579

1 AEON, University of Cape Town, South Africa
2 Earth Surface Geochemistry, Deutsches
GeoForschungsZentrum GFZ, Potsdam, Germany
3Geosciences, Nelson Mandela Metropolitan
University, South Africa
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SEDIMENT ROUTING ON THE EASTERN ALTIPLANO
Studying denudation and sediment storage with 10Be, 26Al and in situ 14C

K. Hippe1, F. Kober1, G. Zeilinger2, S. Ivy Ochs, C. Maden1, L. Wacker, P.W. Kubik, R. Wieler1

The Bolivian eastern Altiplano is a landscape of
smooth topography with low geomorphic
gradients. Denudation is dominated by hillslope
processes and episodic fluvial transport that is
dependent on the strongly seasonal rainfall. To
evaluate and quantify denudation processes and
sediment transfer along the eastern Altiplano
margin, we have analyzed cosmogenic 10Be, 26Al
and in situ 14C in fluvial sediments.

Concentrations of the long lived nuclides 10Be
and 26Al imply consistently low catchment wide
denudation rates that reflect slow sediment
production on the hillslopes. The good
agreement between these long integrating rates
and published modern sediment discharge data
suggests overall geomorphic and isotopic
steady state conditions since the late
Pleistocene. Denudation rates on the eastern
Altiplano are up to two orders of magnitude
lower than in the adjacent Rio La Paz basin and
coincide with a sharp contrast in geo
morphology and denudation processes (Fig. 1).

Fig. 1: Relief map of the southern part of the
study area illustrating local topography and
geomorphic processes on the eastern Altiplano.
The catchment of one sample, for which all three
cosmogenic nuclides were analyzed, is high
lighted.

Results from the analysis of in situ 14C provide
evidence for sediment storage on the eastern
Altiplano. The low in situ 14C concentrations are
in agreement with at least one episode of
sediment storage and partial shielding lasting
through most of the Holocene or even up to ~20
ka (Fig. 2). However, there may as well have
been several periods of storage and reworking
during sediment routing through a catchment.

Fig. 2: Results from the in situ 14C analyses
plotted in a two nuclide diagram. Note that
burial lines are calculated for sediment storage
at 2 m depth.

This study proves that the long lived 10Be and
26Al nuclides can provide adequate estimates on
long term denudation rates even if sediment
transport is interrupted by several ka of storage.
It further illustrates that in situ 14C can give
fundamental information on the sediment flux
and residence within a fluvial system.

1 Geology, ETH Zurich
2 Geosciences, University of Potsdam, Germany
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TEST FOR REGIONAL DENUDATIONAL ASYMMETRY
A 10Be denudation rate inventory from Ladakh and Zanskar, India

H. Munack1, J. Blöthe1, H. Wittmann2, P.W. Kubik, O. Korup1

Recent research has rekindled the debate about
the conspicuously asymmetric topography of
the Trans Himalayan Ladakh and Zanskar
Ranges that flank the upper Indus River. These
arid high altitude mountain chains are underlain
by the granodioritic Ladakh Batholith and the
sedimentary Indus Molasse, respectively (Fig. 1).
Both lithotectonic units represent major stages
during the Himalayan orogenesis.

Fig. 1: a) Upstream view of the Indus River,
which flows along the contact between Ladakh
Batholith (LBa) and Indus Molasse (IMo). b)
Exposed thrust contact between these two
major litho tectonic units.

We present the first regional cosmogenic 10Be
derived inventory of basin wide denudation
rates from 21 tributary catchments along the
upper Indus. We test for potential lithological
differences and a longitudinal climatic gradient

in catchment denudation, using a bootstrap
scheme in order to estimate uncertainties
inherent to the sampling number and spread.

Preliminary results indicate consistently low (<
0.1 mm/yr) denudation rates, integrating over
periods of up to 60 ka. The medians of these
rates differ between Batholith and Molasse
rocks by a factor of ~2 (Fig. 2). Yet a longitudinal
gradient in denudation rates is only evident for
Molasse rocks (median R2 = 0.57). This finding
rules out any overarching climatic control on
denudation rates in this area, where moisture
advection is largely driven by the South Asian
summer monsoon and the westerlies drift.

Fig. 2: Bootstrap estimates of linear model
slopes of 10Be denudation rates in Batholith and
Molasse rocks versus longitude [°E]. Box plots
show range of inferred denudation rates.

1 Earth and Environmental Sciences, University of
Potsdam, Germany
2 Helmholtz Zentrum Potsdam, Deutsches
GeoForschungsZentrum GFZ, Potsdam, Germany
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APPLICATIONS OF ANTHROPOGENIC
RADIONUCLIDES

en.wikipedia.org/wiki/Nansen_bottle

129I in Germany

Anthropogenic radionuclides in the North Sea
236U in the equatorial Atlantic Ocean

Ca 41, bones and vitamin D

Ultra trace determination of Pu in human urine

Pu isotopes in urine
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129I IN GERMANY
Analyses of precipitation and surface waters in Germany

A. Daraoui1, M. Schwinger1, M. Gorny1, B. Riebe1, C. Vockenhuber, H. A. Synal

The concentration of 129I (T1/2 = 15.7 Ma) in the
environment has changed substantially with the
use of nuclear technology. In western Europe,
the main source of 129I is the release from
reprocessing plants. The stable 127I and the long
lived 129I exhibit massive disequilibria in all biotic
and abiotic compartments of the environment.
Iodine from wet and dry precipitation is
transported by surface waters, accumulates in
soils, infiltrates groundwater, and makes its way
through the biosphere. Many of the ecological
pathways of iodine are still unknown. The goal
of the project reported on here is to investigate
atmospheric input, inventories in the pedo
sphere and output of 129I and 127I by river waters
over the entire area of Germany.

For the separation of iodine from the different
samples matrices various separation schemes
were used [1, 2]. Here, we present AMS results
for precipitation and surface water samples
collected in the first half of 2011.
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Fig.1: 129I/127I ratios measured in precipitation
(A) and surface water (B) in Germany.

In both precipitation and surface waters, there
is a trend to higher 129I/127I isotopic ratios to be
found in the northwest of Germany (Fig.1, A, B).
In general, however, the 129I/127I ratios are lower
in surface waters than in precipitation. This can

be explained by soil being an additional source
of stable 127I.

Tab. 1 lists iodine concentrations and 129I/127I
ratios in precipitation in Hanover over a period
of four months. For each sampling month both
129I and 127I concentrations in through falling
precipitation (collected under trees) are higher
by a factor 2 5 than in open field precipitation.
However, the 129I/127I isotopic ratios are similar
in the range of (3 7)x10 7. This is interpreted by
us of being due to the filtering action of the tree
canopies and revealing the dry deposition of
iodine isotopes on the leaves.

Tab. 1: 129I, 127I in precipitation Hannover.

During this project a sufficiently dense grid of
sampling points will be established to map
nation wide the atmospheric input, the
accumulation in soils, and the transport with
surface waters back to the sea. Based on these
data, a model will be established describing the
different pathways of iodine isotopes in the
environment.

[1] A. Daraoui, Ph.D. thesis (2010) University
of Hanover, Germany

[2] R. Michel et al., Sci. Total Environment
(2012) accepted

1 Radioecology and Radiation Protection, University
of Hannover, Germany
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ANTHROPOGENIC RADIONUCLIDES IN THE NORTH SEA
The distribution of 236U in 2009

M. Christl, J. Lachner, I. Goroncy1, J. Herrmann1, H. A. Synal

The first comprehensive dataset of the 236U
distribution in the North Sea (sampled in 2009)
has been produced. The data is used explore the
potential of 236U as a new oceanic tracer.

Fig. 1: Measured 236U/238U ratios (x 10 9) in the
North Sea in 2009. The brown triangles indicate
the location of Sellafield (GB) and La Hague (F).

Measured 236U/238U ratios range between 2 and
22x10 9 (Fig. 1), which is significantly higher than
a value of 0.7x10 9 determined in the surface
waters of the open Atlantic Ocean [1]. Modeling
results further indicate that the inventory of
236U in the North Sea can be explained solely by
U releases from the two reprocessing plants
Sellafield and La Hague [2].

In a next step, the 236U data will be compared
with other anthropogenic radionuclides (e.g. Pu,
129I, 3H) from the same region to test the
potential of isotopic ratios (e.g. 236U/3H, Fig. 2)

as a water mass tag and as a tool to quantify
water mass mixing in the North Sea and in the
adjacent Atlantic Ocean.

Fig. 2: 236U/3H ratios (106 at/Bq) in the North
Sea in 2009. The numbers in the triangles
represent the calculated release ratios and the
assumed 236U/3H background in the North
Atlantic, respectively [3].

[1] M. Christl et al., Geochim. Cosmochim.
Acta 77 (2012) 98

[2] M. Christl et al., Nucl. Instr. & Meth. B
(2012) accepted

[3] Annual Report "Umweltradioaktivität und
Strahlenbelastung 2009", BMU, Bonn,
Germany

1Bundesamt für Seeschifffahrt und Hydrographie,
Hamburg, Germany
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Ca 41, BONES AND VITAMIN D
Assessing the impact of nutrition on post menopausal bone health

K. Hotz1, C. Vockenhuber, T. Schulze König, H. A. Synal, M. Zimmermann1

The 41Ca methodology is a promising technique
to monitor small changes in bone calcium fluxes
in response to comparatively mild interventions.
In a recent human trial (Fig. 1) the 41Ca
methodology was used to determine optimum
serum 25(OH) vitamin D concentrations and
associated supplementation levels that would
minimize net bone calcium loss.

Fig. 1: Design of the vitamin D intervention trial

Apparently healthy post menopausal women
(n=25) were administered a single intravenous
dose of 41Ca. Subsequently, urinary 41Ca/40Ca
isotope ratios were monitored in 24 h urine
collections to establish the kinetics of urinary
clearance of the isotopic label. At 6 months
post dosing, when excreted tracer mainly
originated from bone, a 36 week intervention
period was initiated. All subjects were
sequentially supplemented with increasing
amounts of vitamin D per day: 10 μg (currently
recommended intake), 25 μg, and 50 μg (each
for 12 weeks, see Fig. 1). Serum 25(OH) vitamin
D concentrations were monitored by radio
immunoassay (RIA) at the University Hospital
Zurich, and urinary 41Ca/40Ca ratios were
measured by accelerator mass spectrometry
(AMS). Each subject acted as her own control
through extrapolation of the labeling curve
(period without supplementation) using non
linear mixed effects modeling (NONMEM) and a
three compartmental model (Fig. 2).

Fig. 2: Linear three compartment model used
to evaluate urinary 41Ca tracer excretion

In 2011 we completed the AMS measurements
started a year earlier with more than 600
individual 41Ca/40Ca determinations. The urinary
41Ca/40Ca ratios measured during the interven
tion period were then compared to the extrapo
lated baseline to assess the effect of the in
tervention on the calcium transfer rates.
Although NONMEM analysis is still ongoing and
the preliminary results have to be treated with
caution, the current evidence suggests that the
effect of vitamin D supplementation can indeed
be monitored by the 41Ca technique (Fig. 3).

Fig. 3: Deviation of measured to extrapolated
41Ca data in a typical sample subject associated
with increasing vitamin D status.

1 Human Nutrition, ETH Zurich
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ULTRA TRACE DETERMINATION OF PU IN HUMAN URINE
Isotopic Pu analysis at sub fg level in large volume samples

X. Dai1, M. Christl, S. Kramer Tremblay1, H. A. Synal

Plutonium is present in varying concentrations
in environmental and biological samples as a
consequence of activities related to nuclear
weapons testing/production and accidental or
authorized discharges from nuclear power
plants. Plutonium is considered to be the most
dangerous radiotoxic substance, in particular,
when it gets into the human body through
inhalation of insoluble dust or aerosol. To meet
regulatory requirements of a reportable dose of
1 mSv for occupational exposure in nuclear
power plants, a highly sensitive and accurate
method capable of measuring the Pu isotopes at
a concentration of 1 fg/L in urine sample is
needed.

Fig. 1: Flow diagram of the Pu urinalysis
procedure.

Although measurement of Pu isotopes has been
routinely undertaken by a number of
techniques, most of the current radiochemical
separation methods for Pu bioassay in urine
developed based on these techniques are either
insufficiently sensitive or very time consuming
to meet the stringent regulatory requirements.

Employment of the accelerator mass spectro
metry (AMS) technique can significantly reduce
the demands on sample preparation chemistry,
due to its high rejection of interferences and
low susceptibility to sample matrix. Recently, a
rapid sample preparation method (Fig. 1)

followed by AMS analysis was developed for
bioassay of Pu isotopes (including 239/240/241Pu) at
femtogram levels in 24 hour urine samples.
Using the compact ETH TANDY AMS facility
operating at ~300 kV, the method was validated
with spiked urine samples [1]. The new method
is relatively simple, fast and robust. For all Pu
isotopes investigated the average procedural
blanks were in the attogram range (Tab. 1).
Assuming a standardized normal distribution for
the procedural blanks, the detection limit Ld [2]
can be calculated (Tab. 1).

Nuclide bg (fg) Ld (fg)
239Pu 0.47±0.12 0.38 (0.88 μBq)
240Pu 0.26±0.12 0.40 (3.3 μBq)
241Pu 0.038±0.024 0.08 (0.32 mBq)

Tab. 1: Procedural background (bg) and detec
tion limit (Ld) for different Pu isotopes in 1400
mL of human urine [1].

The method validation tests using spiked urine
samples showed excellent agreement between
the measured and the expected values for Pu at
1 30 fg in 1400 mL of urine. The results
demonstrate the feasibility of a cost effective
bioassay method using a compact, low energy
AMS system for routine isotopic Pu analysis at
ultra trace levels in large volume urine samples,
to meet the regulatory requirement for a
reported dose of 1 mSv for occupational Pu
exposures in the nuclear facilities.

[1] X. Dai et al., J. Anal. At. Spectrom. 27
(2012) 126

[2] L. A. Currie, Anal. Chim. Acta 391 (1999)
127

1 Chalk River Nuclear Laboratory, Atomic Energy of
Canada Limited, Chalk River, Canada
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Pu ISOTOPES IN URINE
Results of a blind study

M. Christl, J. Sund1, H. Ziegler1, S. Nour2, J. LaRosa2, K. Inn2, H. A. Synal

The project intended an independent validation
of a recently presented method for ultra trace
determination of Pu isotopes in urine samples
using AMS [1] (see also report by X. Dai, this
volume). The study was carried out in the
following way: NIST provided femtoMass with
14 blind samples. The artificial urine samples
contained about 5 pg of 242Pu – this value was
reported to ETH. Additionally, the samples were
spiked with well known amounts of 239Pu (4.6
55 fg) and 240Pu (1.3 – 16 fg) – these values were
not reported to ETH. The chemical preparation
was carried out by femtoMass following the
new procedure [1]. The AMS measurement was
performed at ETH Zurich using the compact
AMS facility TANDY. The amount of xPu (in fg) in
the samples together with the 1 measurement
uncertainty was reported to femtoMass (Fig. 1).

Fig. 1: Measured amount (fg) of 239Pu (blue)
and 240Pu (red) for the 14 blind samples plotted
on a logarithmic scale.

The data analysis showed that the blank level
(samples 12 14) was (0.95±0.12) fg and
(22.7±0.3) fg for 239Pu and 240Pu, respectively.
The high blank level for 240Pu was probably
caused by a contamination of the artificial urine
solution. Nevertheless, after blank subtraction,
all 239Pu samples and all but one 240Pu sample
passed ANSI performance and traceability

criteria [2, 3] for radiobioassay. The method for
ultra trace determination of Pu isotopes in urine
samples therefore was independently verified.

Fig. 2: Measured vs. added 239Pu amounts (fg);
(red line: linear fit to the 239Pu data).

We note the excellent quality of the 239Pu data,
which was not obscured by an exceptionally
high blank level. Only negligible corrections
(max.: 0.02 fg) for 238U tailing on mass 239 had
to be applied. The linearity of the system
between about 5 and 60 fg was very good (Fig.
2). A linear fit to the data does not indicate any
instrumental offset (intercept) or non linearity
(slope) for 239Pu measurements with the TANDY
in the fg range. Compared to the NIST values the
average bias of all 239Pu measurements was
(1.4±3.1) %. We therefore conclude that a
precise and accurate detection of 239Pu amounts
in the femtogram level is possible with the
compact low energy AMS system Tandy.

[1] X. Dai et al., J. Anal. At. Spectrom. 27
(2012) 126

[2] IEEE report ANSI N42.22 1995
[3] IEEE report ANSI N13.30 1996

1 femtoMass Inc., London, Canada
2 Radioactivity Group, NIST, Gaithersburg, USA
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Resolution measurements

PIXE in air

Micro PIXE analysis of ancient bronze

Ion irradiation of Rubrene single crystals

Oxygen determination by 5 MeV alpha resonance
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RESOLUTION MEASUREMENTS
Position resolution measurements of the capillary microprobe

M.J. Simon, A. Eggenberger, M. Döbeli

A capillary microprobe is installed at our
laboratory. In house produced conical glass
micro capillaries are used to extract the ion
beam into air. STIM and PIXE measurements
have been carried out with this device with the
assumption that the ion beam diameter is
approximately equal to the capillary exit
diameter. However, the influence of scattering
of beam particles from the inner wall of the
capillary and angular straggling induced by air
has not yet been investigated.

Fig. 1: Partial view of the capillary microprobe.
Between capillary and particle detector a Si
wafer with a sharp edge is mounted on the
sample stage for resolution measurements via
STIM.

A sample with a very sharp edge is scanned
across the microbeam to measure the spot size
and angular divergence at the capillary outlet
either by observation of the energy spectrum of
transmitted ions (STIM) or by looking at emitted
X rays (PIXE). It is essential that the edge of the
sample is much sharper than the beam
diameter. For STIM a cleaved Si wafer (Fig. 1)
and for PIXE a chemically etched Au grid were
chosen.

Measurements presented here were performed
with a 5 MeV He2+ beam for different distances
between capillary exit and sample. Two PIXE

profiles taken at 0 and 100 m distance from
the capillary tip are shown in Fig. 2.

Fig. 2: X ray counts as a function of sample
position measured for two distances between
capillary tip and sample. The dashed lines
represent error functions fitted to the data.

As expected, the profile width right at the exit
corresponds well to the 7 m inner diameter of
the capillary measured with an optical
microscope. Fig. 3 shows the FWHM of the
profile as a function of the sample distance from
the tip. From this data an initial angular beam
divergence of less than 0.5° can be estimated.
At larger distances from the exit the influence of
angular straggling in air can be observed.

Fig. 3: FWHM of the beam profile as a function
of the distance between sample and capillary
tip.
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MICRO PIXE ANALYSIS OF ANCIENT BRONZE
Antique Roman and Hellenistic artwork studied by in air microprobe

M. Krieg1, M.J. Simon, M. Döbeli

Archaeological bronze objects are generally
covered by patina due to the long term burial in
soil. However, sometimes certain kinds of
colored patina have been created intentionally
for the artful embellishment of surfaces. The
location of the original surface and the pristine
color of the patina are often not obvious due to
the strong oxidation of the material [1]. Careful
analysis of the surface composition is necessary
to deduce the primary composition, structure
and appearance of a possible intentional patina
and to infer the applied fabrication process.

Fig. 1: Antique bronze figurine at the in air
microprobe with close up of the micro capillary.

The patina of a selection of ancient bronze
objects from the Avenches archaeological site
have been investigated by RBS and PIXE with 2
and 5 MeV He and 3 MeV protons. For the
larger objects PIXE measurements have been
performed at the in air capillary microprobe
(Fig. 1). RBS measurements yield the main
composition of the surface including
information on the oxidation state and PIXE

gives more insight on neighboring metals and on
trace elements (Fig.2).
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Fig. 2: PIXE spectrum of the bronze artwork
shown in Fig. 1.

It was well possible to determine the
stoichiometry of the patina and the composition
of the inlays (Fig. 3). However, for all of the
investigated objects the patina was too thick to
be penetrated by the 5 MeV He particles making
it impossible to determine the thickness of the
oxide layer.

Fig. 3: Detail of a probably Hellenistic bed
frame, with silver and copper inlays.

[1] A. Giumlia Mair, Antike Welt 24 (1993) 2

1 Bern University of the Arts
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ION IRRADIATION OF RUBRENE SINGLE CRYSTALS
Deep trap states were created by helium and proton irradiation

T. Zimmerling1, B. Batlogg1, K. Mattenberger1, M.J. Simon, M. Döbeli

There has been impressive progress in the
performance of electronic devices based on
organic semiconductors such as light emitting
diodes. However, the performance of current
devices is limited by charge carrier trapping at
localized in gap states [1]. In order to
investigate this mechanism, trap states have
been introduced deliberately into rubrene
crystals by 1 MeV He and p irradiation at
fluences from 0.1 to 5 1012 cm 2 (Fig. 1).

Fig. 1: Rubrene crystal sandwiched between
gold contacts allowing current voltage measure
ments through the crystal bulk. The crystal is
partially shielded during irradiation by a metal
plate to protect the crystal underneath as a
reference.

The density of bulk trap states produced has
been determined by current voltage measure
ments (Fig. 1). In Fig. 2, the induced trap density
of states (DOS) of proton and He irradiated
samples is shown, each of them exposed to a
dose of 35 J/g. Insight into the microscopic
mechanisms of trap formation can be gained
from the dose response curve, which nicely
follows an exponential fill function (Fig. 3). The
creation of traps is primarily attributed to C–H
bond breaking accompanied by hydrogen loss.
This has been corroborated by irradiation of a
sample that was not capped by the top contact.

Trap formation was significantly increased due
to additional hydrogen loss (Fig. 3).

Fig. 2: Radiation induced trap DOS in five
crystals that absorbed about 35 J/g from proton
or He radiation. Magnitude and shape are
consistent with creation of a generic trap peak.

Fig. 3: Induced trap density as function of
absorbed radiation dose. Crystal 5 was
irradiated without top contact.

[1] W.L. Kalb et al., Phys. Rev. B81 (2010)
155315

1 Solid State Physics, ETH Zurich
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OXYGEN DETERMINATION BY 5 MEV ALPHA RESONANCE
Enhanced scattering yield helps to see light elements in a heavy matrix

M. Döbeli, D. Flak1

Determination of oxygen contents in heavy
matrices is a ubiquitous problem in ion beam
analysis. Due to the large background of the
heavy elements, RBS is not well suited for this
task. ERDA can partly solve the problem but is
complex and laborious. Since several decades
the 16O( )16O resonance at 3.04 MeV is used
for this purpose [1]. It requires standards, a
careful choice of the He beam energy and
scattering angle and has the disadvantage that
the resonance peak is often sitting close to the
oxygen edge which complicates the precise
determination of the peak area. We have
instead used the broad elastic scattering
resonance at 5 MeV which enhances the
scattering yield from oxygen by about a factor of
7 to determine the oxygen stoichiometry in bulk
oxide samples.
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Fig. 1: 5 MeV He RBS of a TiO2 sample showing
the enhanced oxygen edge.

Fig. 1 shows an example of a 5 MeV RBS
spectrum of a TiO2 sample. A close up of the
oxygen edge is presented in Fig. 2. Since the
resonance is relatively broad, compared to the
3.04 MeV case, the elemental step can be fitted
well by an error function. The step height of
unknown samples is then compared to a

standard (in this study we used SrTiO3) and
corrected for the difference in stopping powers.
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Fig. 2: Oxygen edge of the TiO2 spectrum fitted
by an error function.

The results obtained for 9 individual oxide
samples are shown in Table 1. The average
deviation from the expected stoichiometry is
2.6 % which is a clear improvement compared
to standard RBS.

Material O Stoichiometry Deviation in %
TiO2 1.96 2.2
TiO2 2.06 3.1
Fe2O3 3.07 2.2
Fe2O3 3.01 0.2
Fe2O3 2.94 2.0
ZnO 1.06 6.2
ZnO 1.04 4.0
SnO2 1.98 1.0
SnO2 2.05 2.4

Tab. 1:Measured stoichiometric coefficients and
deviation from expected values.

[1] J.R. Tesmer, Handbook of Modern Ion
Beam Analysis, MRS, Pittsburgh 1995

1 EMPA, Dübendorf
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SPIRIT ion beam surface analysis tutorial

School project: counting tree rings and 14C atoms
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SPIRIT ION BEAM SURFACE ANALYSIS TUTORIAL
An international IBA course for young scientists organized at LIP

M. Döbeli, A.M. Müller, M.J. Simon, J. Lachner, C. Vockenhuber, H. A. Synal

The Laboratory of Ion Beam Physics (LIP) is a
partner of the European Integrating Infra
structure Initiative SPIRIT (http:\\www.spirit
ion.eu), which is supported by the EC under the
7th Framework Programme (EC contract no.
227012). As part of the networking activities,
the 11 partners of the SPIRIT consortium
organize a series of workshops and tutorials
addressing mainly young researchers in Europe.
The second tutorial was on "Ion Beam Surface
Analysis" and was hosted by our laboratory on
June 21 22, 2011 for 22 young researchers from
13 nations.

Fig. 1: A young participant from Russia
prepares his own samples for RBS/PIXE analysis.

On the first day, 7 lectures on the basic
principles of Ion Beam Analysis were given by
the LIP team. Then, samples were prepared for
RBS and PIXE measurement at the TANDEM
laboratory (Fig. 1). In addition to standard
samples of didactic value, participants were
allowed to bring samples from their own
research projects. The laboratory work
alternated with a practical course in stopping
power calculations of MeV ions in matter.
Experiments were carried out by the attendees
in 4 groups under supervision (Fig. 2).

Fig. 2: A group of tutorial attendees tries to
interpret experimental spectra during data
taking.

The acquired RBS/PIXE data was then analyzed
by the participants in the afternoon with
support of the local team (Fig. 3). All attendees
were very motivated by the challenge of solving
the given tasks. According to the feedback form
they had to fill out, the hands on part of the
tutorial was appreciated the most.

Fig. 3: Participants analyzing their data after
the measurements. They were also required to
solve a number of problems.
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SCHOOL PROJECT: COUNTING TREE RINGS AND 14C ATOMS
Piecing together the bomb peak recorded in Swiss trees

I. Hajdas, C. Biechele, G. Bonani, M. Maurer, H. A. Synal, L. Wacker

Radiocarbon dating is popular with school
projects. Each year, at least two groups of
secondary school students join our laboratory
for a week, during which the students learn the
basics of the method.

One topic this year centered on the application
of the 14C “bomb peak”. There, one of the
projects was also part of the ETH outreach
program ETH Studienwoche: "Physik ohne
Grenzen" in June this year. Six students
analyzed a set of samples and presented the
results during the final half day session of the
ETH program. In a second project, two students
from Kantonsschule Olten worked on a set of
samples during one week in November.

Fig. 1: Teamwork: counting tree rings and
sampling wood for 14C analyses.

14C was added to the atmosphere during the
nuclear weapons tests in the last century
providing today an excellent tracer ("bomb
peak") for environmental studies and a tool for
art forgery detection. Radiocarbon dating of
materials younger than 50 years is also possible
thanks to the precise measurements of 14C in
atmospheric CO2 [1, 2]. A global curve obtained
by compilation of many data is available [2].
However, for specific applications a local 14C

record is important. Teams of the last 2 years
school projects were analyzing tree slabs
collected in 2010 in a forest near Elm (GL). Tree
rings were counted and 65 single year samples
were cut out for radiocarbon dating (Fig. 1).
Each team prepared a set of samples, for which
the combined data available to date are shown
in the Fig. 2. An agreement between results of
the groups is evident. The differences observed
for tree rings grown prior to the bomb peak will
provide a subject for future projects.

Fig. 2: Combined results of dated wood
performed during school projects in 2010 and
2011 are shown together with atmospheric data
from [2].

The main purpose of the school projects is an
introduction into the 14C dating method. During
one week students are able to prepare and
analyze the samples as well as discuss the
results. We will continue this program because
14C dating is an excellent interdisciplinary topic
that has the potential to spark the interest of
young students in natural sciences.

[1] I. Levin et al., Science of the Total
Environment 391 (2008) 211

[2] Q. Hua, and M. Barbetti, Radiocarbon 46
(2004) 1273
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Switzerland, Berne, 20. 27.7.2011, XVIII. INQUA Congress

N. Akçar, D. Tikhomirov, Ç. Özkaymak , V. Alfimov, S. Ivy Ochs, H. Sözbilir, Ö. Sümer, B. Uzel and C.
Schlüchter
Cosmogenic exposure dating of paleoearthquakes
Switzerland, Berne, 10.11.2011, Quaternary Global Change and Exogene Geology Seminars

V. Alfimov, C. Vockenhuber and H. A. Synal
A new 2D sensitive detector setup for 36Cl AMS at ETH Zurich
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry

N. Bellin, V. Vanacker and P.W. Kubik
Contrasting modern and cosmogenic nuclide derived erosion rates for the Betic Cordillera, Spain
Austria, Obergurgl, 8. 13.8.2011, ESF LFUI Conference on Cosmogenic nuclides

M. Benz, A. Co kun, I. Hajdas, B. Weninger, K. Deckers, K.W. Alt and V. Özkaya
Methodological implications of new radiocarbon dates from the Early Holocene site of Körtik Tepe,
Southeast Anatolia
Cyprus, Pathos, 10 15.04.2011, 14C and Archeology 6th International Symposium

A. Birkholz, R. Smittenberg, I. Hajdas, L. Wacker, J .Bakke and S. M. Bernasconi
Reconstruction of soil organic carbon build up and dynamics using compound specific radiocarbon
analysis of lake sediments
Austria, Vienna, 3. 9.4.2011, EGU General Assembly 2011

M. Christl, J. Lachner, C. Vockenhuber, O. Lechtenfeld, I. Stimac, M. Rutgers van der Loeff and H. A. Synal
Erste Messungen von 236U im Ozean
Germany, Dresden, 13. 18.3.2011, DPG Spring Meeting

M. Christl, P.W. Kubik and J. Lachner
New Be cathode preparation method for the ETH 6 MV Tandem
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry
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M. Christl, J. Lachner, C. Vockenhuber and H. A. Synal
First data of uranium 236 in the Atlantic Ocean
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry

M. Christl
Accelerator mass spectrometry (AMS) at low energies: Recent developments and outlook
Austria, Obergurgl, 8. 13.8.2011, ESF Research Conference Cosmogenic Nuclides

M. Christl, J. Lachner, C. Vockenhuber, M. Rutgers v. d. Loeff, O. Lechtenfeld and I. Stimac
Vertical distribution of U 236 in the western equatorial Atlantic Ocean
Czech Republic, Prague, 14. 19.8.2011, Goldschmidt Conference 2011

M. Christl and S. Portier
Secondary ion mass spectrometry vs. accelerator mass spectrometry
Switzerland, Villigen, 20.10.2011, PSI NES Colloquium

M. Döbeli
Ion beam analysis of materials
Switzerland, Dübendorf, 31.3.2011, EMPA Advanced Materials and Surfaces Day

M. Döbeli
In air STIM with a capillary microprobe
Brasil, Ipanema, 14.4.2011, 20th International Conference on Ion Beam Analysis

S.M. Fahrni, L. Wacker, J. Bourquin, M. Seiler, M. Molnar, R. Pfenninger and H. A. Synal
Fully automated measurements of gaseous samples at MICADAS
Switzerland, Zurich, 13. 16.9.2011, International Workshop on Small Scale Radiocarbon Analysis

M. Gierga, R. Smittenberg, S.M. Bernasconi, I. Hajdas and L. Wacker
The chronology of Lake Soppensee (Switzerland) using a biomarker and a compound specific isotope
approach
Switzerland, Zurich, 11 13.11.2011, 9th Swiss Geoscience Meeting

E.F. Gjermundsen, N. Akçar, J. Briner, O. Salvigsen and A. Hormes
Cosmogenic 26Al/10Be data from alpine landscapes in Northwest Spitsbergen, Svalbard, suggest minimal
glacier erosion throughout the Pleistocene
Switzerland, Bern, 20 27 July 2011, XVIII. INQUA Congress

E.F. Gjermundsen, N. Akçar, J. Briner, N. Gantert, O. Salvigsen, P.W. Kubik and A. Hormes
Ice sheet configuration in Northwest Spitsbergen during the Late Weichselian glaciation from 10Be dating
of erratic boulders and bedrock
Norway, Longyearbyen (Svalbard), 1. 4.6.2011, APEX Final International Conference and Workshop

A. Graf, S. Strasky, Z. Zhao, N. Akçar, S. Ivy Ochs, P.W. Kubik, M. Christl, R. Wieler and C. Schlüchter
Surface exposure dating in the Shaluli Mountains, eastern Tibet: Evidence for an ice advance in Marine
Isotope Stage 2, with a contribution to 10Be and 21Ne methodology
Switzerland, Berne, 20. 27.7.2011, XVIII. INQUA Congress
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D. Güttler, C. Vockenhuber, M. Döbeli, and H. A. Synal
Accelerator SIMS for isotopic analysis of trace elements
Germany, Dresden, 13. 18.3.2011, DPG Spring Meeting

D. Güttler, L. Wacker, B. Kromer, M. Friedrich, N. Bleicher and H. A. Synal
High precision 14C AMS analysis of oak tree rings Can we observe a modulation of the 14C content
according to the 11 years solar cycle?
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry

D. Güttler, C. Vockenhuber, M. Döbeli and H. A. Synal
Accelerator SIMS for isotopic analysis of trace elements
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry

N. Haghipour, F. Kober, S. Ivy Ochs, J. P. Burg, G. Zeilinger, P.W. Kubik and F. Mohammad
Incision and deformation of quaternary fluvial terraces on the exposed Makran Accretionary Wedge in SE
Iran
Austria, Vienna, 3. 8.4.2011, EGU General Assembly 2011

N. Haghipour, J. P. Burg, F. Kober, G. Zeilinger, S. Ivy Ochs, P.W. Kubik and F. Mohammad
Active crustal shortening in the Makran Accretionary Wedge (SE Iran) revealed by deformed fluvial
terraces
Switzerland, Zurich, 19. 20.11.2011, 9th Swiss Geoscience Meeting

I. Hajdas and A. Michczynski
The last 14,000 years based on 14C chronology and varve counting from lake Soppensee (CH)
Germany, Potsdam, 7 10.02.2011, Working Group Chronologies Meeting INTIMATE (COST Action
ES0907)

I. Hajdas, G. Bonani, W. Broecker, E. Clark , M.Molnar, C.Taricco, G.Vivaldo and L.Wacker
Radiocarbon dating of carbonate samples—different treatment methods compared
Austria, Vienna, 3. 9.4.2011, EGU General Assembly 2011

I. Hajdas, J. Trumm, G. Bonani, C. Biechel, M. Maurer and L. Wacker
Roman ruins as an experimental ground for radiocarbon dating of mortar
Cyprus, Pathos, 10 15.04.2011, 14C and Archeology 6th International Symposium

I. Hajdas
From the Radiocabon Archive
Switzerland, Zurich, 1.6.2011, AMS Seminar

I. Hajdas
From 14C content to calibrated ages: methods and considerations
Switzerland, Zurich, 13 16.9.2011, International Workshop on Small Scale Radiocarbon Analysis

A. Heer, H.Veit, G.Adamiec, R. Galbreight, I. Hajdas, H. May
New findings concerning quartz properties important for luminescence dating of sediments in the Swiss
NW Alpine foreland.
Poland, Torun, 10 14.07.2011, 13th International Confernce on Luminescence and ElectronSpin
Resonance Dating
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K. Hippe, L. Wacker, F. Kober, S. Fahrni and R. Wieler
Cosmogenic in situ 14C analysis at ETH Zürich
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry

A. Hormes, N. Akçar and P.W. Kubik
Ice sheet configuration during MIS 2 on Nordaustlandet, Svalbard
Norway, Longyearbyen (Svalbard), 1. 4.6.2011, APEX Fifth International Conference and workshop

F. Kober, K. Hippe, B. Salcher, S. Ivy Ochs, P.W. Kubik and L. Wacker
The impact of debris flows on catchment wide denudation rates from cosmogenic nuclides
Switzerland, St. Niklaus (Mattertal), 29.6. 1.7.2011, Annual Assembly Schweizerische Geomorphologische
Gesellschaft 2011

F. Kober, K. Hippe, B. Salcher, S. Ivy Ochs, P.W. Kubik and L. Wacker
Denudation rates down the Matter Valley a cosmogenic nuclide approach
Switzerland, St. Niklaus (Mattertal), 29.6. 1.7.2011, Annual Assembly Schweizerische Geomorphologische
Gesellschaft 2011

F. Kober, K. Hippe, B. Salcher, S. Ivy Ochs, P.W. Kubik, L. Wacker and S.D. Willet
The pertubation of catchment wide denudation rates in debris flow dominated catchments
Germany, Munich, 4. 7.9.2011, Fragile Earth Conference

O. Kurapova, K. Chikkadi, M. Döbeli and C. Hierold
The influence of hydrogen concentration in atomic layer deposited aluminum oxide films on its chemical
properties
USA, Cambridge, 26. 29.6.2011, 11th International Conference on Atomic Layer Deposition

J. Lachner, M. Christl, H. A. Synal and C. Vockenhuber
Direkter Nachweis von Aktinidenmolekülen im Ladungszustand 3+
Germany, Dresden, 13. 18.3.2011, DPG Spring Meeting

J. Lachner, M. Christl, C. Vockenhuber and H. A. Synal
AMS of 236U at low energies: highly efficient performance and first detection of (UH)3+ and (ThH)3+

molecules
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry

J. Lachner, M. Christl, M. Frank, M. Jakobsson and H. A. Synal
Carrier free 10Be/9Be measurements with low energy AMS: Determination of sedimentation rates in the
Arctic Ocean
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry

J. Lachner
Actinide measurements at the TANDY AMS facility
Switzerland, Zurich, 29.8.2011, Ph.D. Seminar

A. Michczynski and I. Hajdas
Complex statistical model of the Lake Soppensee chronology
Austria, Vienna, 3. 9.4.2011, EGU General Assembly 2011
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M. Molnár, Lukas Wacker, Hans Arno Synal, Róbert Janovics and Mihály Veres
C 14 analysis of groundwater down to the milliliter level
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry

A.M. Müller
Gas ionization chambers Basics and developments
Switzerland, Zurich, 27.4.2011, AMS Seminar

A. Ott, S. Ivy Ochs, A. Bauder, N. Akçar, J. Schaefer and C. Schlüchter
Holocene glacier history at Damma, central Switzerland.
Switzerland, Berne, 20. 27.7.2011, XVIII. INQUA Congress

R. Reber, N. Akçar, C. Zahno, A. Lüthold, D. Tikhomirov, S. Ivy Ochs, P.W. Kubik and C. Schlüchter
Exposure ages from erratic boulders on the northwestern flank of Rigi (Switzerland)
Switzerland, Zurich, 11 13.11.2011, 9th Swiss Geoscience Meeting

R. Reber, N. Akçar, S. Ivy Ochs, P.W. Kubik, R. Burkhalter and C. Schlüchter
Deglaciation of the Reuss glacier in the Alpine Foreland at the end of Late Glacial Maximum
Switzerland, Berne, 20. 27.7.2011, XVIII. INQUA Congress

R. Reber, D. Tikhomirov, N. Akçar, V. Yavuz, S. Ivy Ochs, V. Alfimov and C. Schlüchter
Quaternary glaciations in the southern part of the eastern Black Sea Mountains
Switzerland, Berne, 20. 27.7.2011, XVIII. INQUA Congress

R. Reber, N. Akçar, D. Tikhomirov, V. Yavuz, S. Ivy Ochs, C. Vockenhuber and C. Schlüchter
Pre LGM glaciations in Anatolia
Switzerland, Berne, 27.10.2011, Quaternary Global Change and Exogene Geology Seminars

J. Rethemeyer, A. Dewald, R. Fülöp, I. Hajdas, S. Höfle, U. Patt, B. Stapper and L. Wacker
Sample preparation facilities for 14C analysis at the new CologneAMS center
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry

I. Röhringer, R. Zech, U. Abramowski, A. Aldahan, P.W. Kubik, S. Merchel, L. Zöller and W. Zech
Glacial history of the Pamir Mountains during the Last Glacial cycle along a semi humid to arid transect
based on 10Be surface dating
Switzerland, Berne, 20. 27.7.2011, XVIII. INQUA Congress

S. Savi, K. Norton, N. Akçar, F. Schlunegger, V. Picotti, F. Brardinoni and P.W. Kubik
Sediment transfer in an alpine catchment, assessed by 10Be
Austria, Vienna, 3. 9.4.2011, EGU General Assembly 2011

S. Savi, K. Norton, F. Brardinoni, F. Schlunegger, V.Picotti, N. Akçar and P.W. Kubik
10Be in the understanding of sediment transfer
Switzerland, Berne, 20. 27.7.2011, XVIII. INQUA Congress

S. Savi, K. Norton, F. Brardinoni, F. Schlunegger, V.Picotti, N. Akçar and P.W. Kubik
10Be in the understanding of sediment transfer
Austria, Innsbruck, 8 13.08.2011, Cosmogenic Nuclides Conference 2011
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T. Scharf, A.T. Codilean, M.J. de Wit and P.W. Kubik
Denudation rates and geomorphic evolution of the Cape Fold Belt, determined through the use of in situ
produced cosmogenic Be 10
South Africa, Cape Town, 28.8 2.9.2011, Inkaba ye Africa and Geosynthesis 2011

M. Seiler, T. Schulze König and H. A. Synal
Massenspektrometrischer Nachweis von Radiokarbon bei 45 keV
Germany, Dresden, 13. 18.3.2011, DPG Spring Meeting

M. Seiler
Radiokarbon AMS ohne Beschleuniger
Switzerland, Zurich, 6.4.2011, AMS Seminar

M. Seiler
Radiocarbon AMS at 45 keV
Switzerland, Zurich, 29.4.2011, Ph.D. Seminar

H. A. Synal
Radiocarbon dating of cultural objects: Limits and possibilities
Germany, Dresden, 13. 18.3.2011, DPG Spring Meeting

H A. Synal
Most recent developments in accelerator mass spectrometry
Germany, Mainz, 23.5.2011, Colloquium

H A. Synal
Possiblities and limits of radiocarbon dating: Examples
Switzerland, Zurich, 25.5.2011, AMS Seminar

H A. Synal, M. Seiler, M.Suter and L.Wacker
Reducing size and complexity of radiocarbon detction systems
Czech Republic, Prague, 18.8.2011, Goldschmidt Conference 2011

H A. Synal
Pushing the size limits of radiocarbon analysis: Instrumental perspectives
Switzerland, Zurich, 13.9.2011, An International Exploratory Workshop

H A. Synal
The ETH Zurich Laboratroy of Ion Beam Physics
Switzerland, Zurich, 1.12.2011, CIO Round Table

D. Tikhomirov, V. Alfimov, N. Akçar, P.W. Kubik and C. Schlüchter
Calculation of shielding factors for production of cosmogenic nuclides in fault scarps
Switzerland, Berne, 20. 27.7.2011, XVIII. INQUA Congress

D. Tikhomirov, V. Alfimov, N. Akçar and C. Schlüchter
36Cl production rate on 39K in long term exposed samples from Victoria Land
Switzerland, Berne, 20. 27.7.2011, XVIII. INQUA Congress
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D. Tikhomirov, N. Akçar, S. Ivy Ochs, V. Alfimov, and C. Schlüchter
36Cl production rate on 39K: calibrations and results
Switzerland, Berne, 3.11.2011, Quaternary Global Change and Exogene Geology Seminars

D. Tikhomirov, N. Akçar, Ç. Özkaymak , V. Alfimov, S. Ivy Ochs, H. Sözbilir, B. Uzel and C. Schlüchter
Reconstruction of seismic events using cosmogenic 36Cl: An example from the western Anatolian Province
of Turkey.
Switzerland, Zurich, 11 13.11.2011, 9th Swiss Geoscience Meeting

V. Vanacker, R. Ortega Perez and P.W. Kubik
Dynamic interaction between vegetation and erosion through historical times: evidence from the
agricultural complex of Melque (Toledo, Spain).
Switzerland, Berne, 20. 27.7.2011, XVIII. INQUA Congress

V. Vanacker, F. von Blankenburg, G. Govers, A. Molina and PW. Kubik
Anthropogenic influence on erosion rates in tropical mountain regions an example from the Ecuadorian
Andes
Switzerland, Berne, 20. 27.7.2011, XVIII. INQUA Congress

C. Vockenhuber, M. Christl, P.W. Kubik, L. Wacker, H. A. Synal, V. Alfimov and T. Schulze König
Performance parameters and standard reference materials at the ETH AMS facilities
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry

C. Vockenhuber, V. Alfimov, M. Christl, J. Lachner, A. Müller, T. Schulze König, M. Suter, H. A. Synal and L.
Wacker
The potential of He stripping in AMS
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry

C. Vockenhuber
Introduction into accelerator mass spectrometry (AMS)
Switzerland, Zurich, 21.6.2011, SPIRIT Tutorial "Ion Beam Surface Analysis"

C. Vockenhuber
The potential of measurements at ETH Zurich for cosmic dust
Austria, Vienna, 22.11.2011, CoDustMas Intra CRP workshop

L. Wacker, B. Hattendorf, M. Christl, D. Günther and H. A. Synal
Direct coupling of a laser ablation cell to an AMS
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry

L. Wacker, S. Bernasconi, A. Birkholz, S. Fahrni, M. Gigera, I. Hajdas, N. Perron, M. Ruff, T. Schulze Koenig,
R. Smittenberg, H. A. Synal, S. Szidat and Y. Zhang
A versatile gas interface for routine radiocarbon analyses with a gas ion source
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry
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L. Wacker, J. Lippold, M. Molnár and H. Schulz
Towards single foraminifera dating with a gas ion source
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry

L. Wacker, R. Fülöp, I. Hajdas, M. Molnár and J. Rethemeyer
A novel approach to process carbonate samples for radiocarbon measurement
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry

L. Wacker, J. Lippold, M. Molnár and H. Schulz
Towards single foraminifera dating with a gas ion source
New Zealand, Wellington, 20. 25.3.2011, 12th International Conference on Accelerator Mass
Spectrometry

C. Wirsig, R. Kowsmann, D. Miller, J.M. Godoy and A. Mangini
Uranium thorium dating of cold seep carbonates
Switzerland, Zurich, 27.6.2011, AMS Seminar

H. Wittmann, F. von Blanckenburg, J.L. Guyot, L. Maurice, N. Filizola and P.W. Kubik
Large scale denudation and sediment fluxes from cosmogenic nuclides in the Amazon Basin
Austria, Obergurgl, 8. 13.8.2011, ESF LFUI Conference on Cosmogenic nuclides

H. Wittmann, F. von Blanckenburg, L. Maurice, J.L. Guyot, N. Filizola, P.W. Kubik
Sediment in the Amazon Basin: How much in and out?
Austria, Vienna, 11. 14.4.2011, Int. Conf. on the Status and Future of the World´s Large Rivers
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SEMINAR
'CURRENT TOPICS IN ACCELERATOR MASS SPECTRO
METRY AND RELATED APPLICATIONS'

Spring semester

23.02.2011
Martin Martschini (University of Vienna, Austria), AMS of 36Cl with the VERA 3 MV Tandem accelerator

02.03.2011
Martin Suter (ETHZ, Switzerland), Entwicklung einer virtuellen AMS Anlage was lernen wir?

09.03.2011
Luca Malatesta (ETHZ, Switzerland), Political power and climate variability in Central Asia
geoarchaeological study of a flooding near Samarkand, Uzbekistan

16.03.2011
Jose Abreu (EAWAG, Switzerland), Properties of solar activity derived from cosmogenic radionuclides

23.03.2011
Esther Haudenschild (University of Bern, Switzerland), Cosmogenic 10Be exposure dating of ancient
quarries in Western Turkey

30.03.2011
Mihaly Molnar (Hungarian Academy of Sciences, Debrecen, Hungary), Study of carbon dynamics of
Baradla cave, Hungary

06.04.2011
Martin Seiler (ETHZ, Switzerland), Radiocarbon AMS ohne Beschleuniger

13.04.2011
Lukas Wacker (ETHZ, Switzerland), The MICADAS gas ion source performance and applications

20.04.2011
Tim Eglington (ETHZ, Switzerland), Exploring macro scale to molecular level radiocarbon variability in
sedimentary organic matter

27.04.2011
Arnold Müller (ETHZ, Switzerland), Gasdetektoren Grundlagen und neueste Entwicklungen

Melchior Limacher (ETHZ, Switzerland), Bestimmung der Auflösung von Gasdetektoren bei tiefen
Energien

04.05.2011
Bodo Hattendorf (ETHZ, Switzerland), Principles and applications of laser ablation inductively coupled
plasma mass spectrometry
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11.05.2011
Friedhelm Steinhilber (EAWAG, Switzerland), Sonnenaktivität im Holozän

18.05.2011
Jakob Liebl (University of Vienna, Austria), C 14 bomb peak dating of human DNA samples at the
microgram level

01.06.2011
Irka Hajdas (ETHZ, Switzerland), From the radiocarbon archive

27.06.2011
Christian Wirsig (University of Heidelberg, Germany), Uranium thorium dating of cold seep carbonates

Fall semester

21.09.2011
Mathias Mann (EAWAG, Switzerland), 10Be in lacustrine sediments

28.09.2011
Stephan Winkler (University of Vienna, Austria), The 236U input into the ocean and further evolution
determined from yearly resolved natural archive

05.10.2011
Martina Schulte Borchers (University of Göttingen, Germany), Proton beam writing in semiconductors: A
new approach towards MEMS devices

19.10.2011
Niels Bleicher (Dendrochronology, Zurich, Switzerland), Dendrochronologie, Archäologie und 14C
Probleme aus dem Alltag

26.10.2011
Susan Lang (ETHZ, Switzerland), Chemical oxidation and headspace sampling for radiocarbon analysis of
small (μg C) organic carbon samples

02.11.2011
Yaroslav Romanyuk (EMPA, Switzerland), Inorganic thin film solar cells

09.11.2011
Norbert Frank (LSCE, Gif sur Yvette, France), Cold water corals: A unique archive of (past and present)
ocean ventilation and circulation

22.11.2011
Klaudia Herbst (University of Kiel, Germany), On the computation of cosmogenic nuclides

23.11.2011
Kristina Hippe (ETHZ, Switzerland), Cosmogenic insitu 14C analysis: method and applications

30.11.2011
Dominik Güttler (ETHZ, Switzerland), Accelerator SIMS – Applications
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01.12.2011
Karin Hotz (ETHZ, Switzerland), Using Ca 41 methodology to assess the impact of nutritional and exercise
interventions on post menopausal bone health

07.12.2011
Ingo Leya (University of Bern, Switzerland), Cosmogenic nuclides in extraterrestrial matter experiments,
data, and model calculations

14.12.2011
Caroline Münsterer (ETHZ, Switzerland), LA ICPMS of 14C status report

Sascha Maxeiner (ETHZ, Switzerland), 12C Ladungsausbeuten in He bei tiefen Energien

21.12.2011
Alexander Zapf (PSI, Switzerland), Radiocarbon dating of high Alpine glaciers
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THESES (INTERNAL)
Term papers
Sascha Maxeiner
12C Ladungsausbeuten in He bei tiefen Energien
ETH Zürich

Daniel Meister
236U/238U am TANDY – Erste Ergebnisse
ETH Zurich

Diploma/Master theses
Melchior Limacher
Gasionisationsdetektoren bei niedrigen Energien
ETH Zurich
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THESES (EXTERNAL)
Diploma/Master theses
Esther Haudenschild
The Kestanbol Intrusion (Western Turkey) and its importance as a building stone: Application of
cosmogenic 10Be to archaeology
University of Bern (Switzerland)

Hermine Lemaire
Implementation of the CAEN DT5724 digitizer in low energy ion detection chains
National Engineering School, Caen (France)

Luca Malatesta
Landscape evolution and lateral growth of the Southwest Tian Shan, Uzbekistan
ETH Zurich (Switzerland)

Eliano Sonzogni
Alberi e Vulcani: Effetti dell'eruzione (1950 51) del vulcano Etna sull'accrescimento degli alberi
University of Zurich (Switzerland)

Doctoral theses
Martin Esposito
Thin metal oxide films by PLD: “Tracing” the oxygen and understanding its role
ETH Zurich (Switzerland)

Simon Fahrni
New methods for radiocarbon measurements of atmospheric and polycarboxylic acids with accelerator
mass spectrometry
University of Bern (Switzerland)

 
Jacob Liebl
C 14 bomb peak dating of human DNA samples at the microgram level
University of Vienna (Austria)

Mathias Mann
Variations in the depositional fluxes of cosmogenic beryllium at mid latitudes
ETH Zurich (Switzerland)

Silke Schmidt
Holocene rates of thrust faulting at the front of the Andean Precordillera (Mendoza, Argentina) revealed
by geomorphologic, paleoseismologic and geochronologic data
University of Münster (Germany)

Bastian Wojek
Superconductivity and magnetism in cuprate single crystals and thin film heterostructures
University of Zurich (Switzerland)
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COLLABORATIONS

Austria
AlpS Zentrum für Naturgefahren und Riskomanagement GmbH, Geology and Mass Movements,
Innsbruck

Geological Survey of Austria, Sediment Geology, Vienna

University of Innsbruck, Institute of Botany, Innsbruck

University of Innsbruck, Institute of Geography, Innsbruck

University of Innsbruck, Institute of Geology, Innsbruck

University of Vienna, VERA, Faculty of Physics, Vienna

Vienna University of Technology, Institute for Geology, Vienna

Belgium
University of Louvain, Department of Geography, Louvain

Canada
Chalk River Laboratories, Dosimetry Services, Ottawa

TRIUMF, Vancouver

Femtomass Inc., London

China
Peking University, Accelerator Mass Spectrometry Laboratory, Beijing

Peking University, Department of Geography, College of Urban and Environmental Sciences, Beijing

China Earthquake Administration, Beijing

Denmark
Risø DTU, Risø National Laboratory for Sustainable Energy, Roskilde

Germany
University of Freiburg, Institut für Vorderasiatische Archäologie, Freiburg

Alfred Wegener Institute of Polar and Marine Research, Marine Geochemistry, Bremerhaven

BSH Hamburg, Radionuclide Section, Hamburg

Deutsches Bergbau Museum, Bochum
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German Research Centre for Geosciences (GFZ), Potsdam

Hydroisotop GmbH, Schweitenkirchen

IFM GEOMAR, Palaeo Oceanography, Kiel

Regierungspräsidium Stuttgart, Landesamt für Denkmalpflege, Esslingen

University of Bremen, Geosciences, Bremen

University of Cologne, Theoretical Chemistry, Cologne

University of Hannover, Center for Radiation Protection and Radioecology, Hannover

University of Hannover, Institute of Geology, Hannover

University of Heidelberg, Institute of Environmental Physics, Heidelberg

University of Jena, Institute of Geosciences, Jena

University of Jena, Institute of Physical Geography, Jena

University of Münster, Institute of Geology and Paleontology, Münster

University of Potsdam, Institute for Geosciences, Potsdam

University of Tübingen, Department of Geosciences, Tübingen

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

Israel
Hebrew University, Geophysical Institute of Israel, Jerusalem

Italy
Geological Survey of the Provincia Autonoma di Trento, Landslide Monitoring, Trentino

University of Padua, Department of Geology and Geophysics, Padua

Universty of Turin, Department of Earth Sciences, Turin

University of Salento, Department of Physics, Lecce

Istituto Nazionale di Geofisica e Vulcanologia, Sez. Sismologia e Tettonofisica, Rome

Lichtenstein
OC Oerlikon AG, Balzers
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Norway
The University Centre of Svalbard, Quaternary Geology, Longyearbyen

University of Bergen, Department of Earth Science, Bergen

Singapore
National University of Singapore, Department of Chemistry, Singapore

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

Spain
University of Seville, National Center for Accelerators, Seville

Universitat Autònoma de Barcelona, Environmental Science and Technology Institute, Barcelona

Sweden
Onsala Space Obervatory, Onsala

Switzerland
ABB Semiconductors AG, Baden

University of the Arts, Berne

Dendrolabor Wallis, Brig

Empa, Functional Polymers, Dübendorf

Empa, High Performance Ceramics, Dübendorf

Empa, Nanoscale Materials, Dübendorf

Empa, Thin Films, Dübendorf

Empa, Mechanics of Materials and Nanostructures, Dübendorf

EPFL Lausanne, Institute de Physique de la Matière Condensée, Lausanne

ETH Zurich, Engineering Geology, Zurich

ETH Zurich, Institute of Food Nutrition and Health, Zurich

ETH Zurich, Institute of Geochemistry and Petrology, Zurich

ETH Zurich, Institute of Geology, Zurich

ETH Zurich, Institute of Isotope Geochemistry and Mineral Resources, Zurich
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ETH Zurich, Laboratory of Inorganic Chemistry, Zurich

ETH Zurich, Metals Research, MATL, Zurich

ETH Zurich, Nonmetallic Materials, MATL, Zurich

ETH Zurich, Solid State Physics, Zurich

ETH Zurich, Micro and Nanosystems, MAVT, Zurich

ETH Zurich, Optical Materials Engineering, MAVT, Zurich

Kanton Bern, Achäologischer Dienst, Berne

Kanton Graubünden, Archäologischer Dienst, Chur

Kanton Solothurn, Kantonsarchäologie, Solothurn

Kanton St. Gallen, Kantonsarchäologie, St. Gallen

Kanton Zug, Kantonsarchäologie, Zug

Kanton Zürich, Kantonsarchäologie, Dübendorf

Labor für quartäre Hölzer, Affoltern a. Albis

Laboratoire Romand de Dendrochronologie, Moudon

Office et Musée d'Archéologie Neuchatel, Neuchatel

Oxyphen AG, Research and Development, Wetzikon

Paul Scherrer Institut (PSI), Laboratory for Atmospheric Chemistry, Villigen

Paul Scherrer Institut (PSI), Laboratory for Radiochemistry and Environmental Chemistry, Villigen

Paul Scherrer Institut (PSI), Materials Group, Villigen

Paul Scherrer Institut (PSI), Nuclear Materials, Villigen

Paul Scherrer Institut (PSI), Electrochemistry, Villigen

Paul Scherrer Institut (PSI), Muon Spin Rotation, Villigen

Research Station Agroscope Reckenholz Tänikon ART, Air Pollution / Climate Group, Zurich

Stadt Zürich, Amt für Städtebau, Zurich

Swiss Federal Institute for Forest, Snow and Landscape Reseach (WSL), Landscape Dynamics,
Dendroecology, Birmensdorf

Swiss Federal Institute for Forest, Snow and Landscape Reseach (WSL), Soil Sciences, Birmensdorf
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Swiss Federal Institute of Aquatic Science and Technology (Eawag), SURF, Dübendorf

University of Basel, Department of Physics, Basel

University of Basel, Institut für Prähistorische und Naturwissenschaftliche Archäologie (IPNA), Basel

University of Bern, Institute of Geology, Berne

University of Bern, Oeschger Center for Climate Research, Berne

University of Fribourg, Department of Physics, Fribourg

University of Geneva, Department of Anthropology and Ecology, Geneva

University of Geneva, Department of Geology and Paleontology, Geneva

University of Lausanne, Institute of Geomatics and Risk Analysis, Lausanne

University of Neuchatel, Department of Geology, Neuchatel

University of Zurich, Abteilung Ur und Frühgeschichte, Zurich

University of Zurich, Institute of Geography, Zurich

University of Zurich, Paläontologisches Institut und Museum, Zurich

Turkey
Istanbul Technical University, Faculty of Mines, Istanbul

Tübitak, Marmara Arastirma Merkezi, Gebze Kocaeli

United Kingdom
Durham University, Department of Geography, Durham

University of Bristol, Department of Earth Sciences, Bristol

University of Manchester, Corrosion Protection Center, Manchester

USA
Columbia University, LDEO, New York
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VISITORS AT THE LABORATORY

Silvana Martin
Geoscience Department, University of Padua, Italy
5 Jan. 28 Feb. 2011

Andrea Ott
Department of Geology, University of Bern, Switzerland
5 Jan. 28 Feb. 2011

Caroline Münsterer
Institute of Environmental Physics, University of Heidelberg, Germany
26 – 28 Jan. 2011

Paolo Campedel
Geological Survey of Trentino, Trento, Italy
2 – 4 Feb. 2011

Alfio Vigano
Geological Survey of Trentino, Trento, Italy
2 – 4 Feb. 2011

Lasse Heuer
IFM Geomar, University of Kiel, Germany
7 – 11 Feb. 2011

Kexin Liu
Institute of Heavy Ion Physics, Peking University, Beijing, China
7 – 11 Feb. 2011

Martin Martchini
VERA Laboratory, University of Vienna, Austria
23 Feb. 2011

Jose Maria López Gutiérrez
Centro Nacional de Aceleradores, University of Seville, Spain
4 Mar. – 31 May 2011

Mihaly Molnar
Atomki Institute, Hungarian Academy of Sciences, Debrecen, Hungary
1 Apr. – 30 Sept. 2011

Laszlo Rinyu
Atomki Institute, Hungarian Academy of Sciences, Debrecen, Hungary
11 Apr. – 6 May 2011

Laszlo Palcsu
Atomki Institute, Hungarian Academy of Sciences, Debrecen, Hungary
11 – 24 Apr. 2011
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Arpar Zoltan Kiss
Atomki Institute, Hungarian Academy of Sciences, Debrecen, Hungary
16 – 21 Apr. 2011

Mihaly Veres
Isotoptech zrt., Debrecen, Hungary
16 – 21 Apr. 2011

Javier Santos
Centro Nacional de Aceleradores, University of Seville, Spain
29 Apr. – 8 May 2011

Isabel Gómez Martínez
Centro Nacional de Aceleradores, University of Seville, Spain
29 Apr. – 8 May 2011

Hermine Lemaire
ENSICAEN, L'Ecole Nationale Supérieure d'Ingénieurs de Caen et Centre de Recherche, Caen, Fance
1 May – 31 July 2011

Amandine Perret
Laboratoire EDYTEM, Université de Savoie, le Bourget du Lac, France
10 – 31 May 2011

Liebl Jakob
VERA Laboratory, University of Vienna, Austria
18 May 2011

Lucio Calcagnile
Centro di Datazione e Diagnostica, University of Salento, Italy
23 – 24 June 2011

Catarino Norberto José Sobral
Ion Beam Laboratory (Physics and Accelerators), Instituto Tecnológico e Nuclear, Sacavém, Portugal
25 – 26 June 2011

Christian Wirsig
Institute of Environmental Physics, University of Heidelberg, Germany
27 June 2011

Abdelouahed Daraoui
Institut für Radioökologie und Strahlenschutz, University of Hannover, Germany
27 June – 01 July 2011

Mareike Schwinger
Institut für Radioökologie und Strahlenschutz, University of Hannover, Germany
27 June – 01 July 2011

Fölüp Reka
Organic Geochemistry & Radiocarbon Dating, University of Cologne, Germany
18 – 24 July 2011
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Liping Zhou
Institute of Heavy Ion Physics, Peking University, Beijing, China
18 – 19 July 2011

Stephan Winkler
VERA Laboratory, University of Vienna, Austria
28 Sept. 2011

Martina Schulte Borchers
Institute of Physics, University of Göttingen, Germany
5 Oct. 2011

Niels Bleicher
Dendrochronology, Stadt Zürich, Switzerland
19 Oct. 2011

Jens Fohlmeister
Institute of Environmental Physics, University of Heidelberg, Germany
24 – 27 Oct. 2011

Norbert Frank
Laboratoire des Sciences du Climat et l'Environnement (LSCE), CNRS CEA UVSQ, Gif sur Yvette, France
9 Nov. 2011

Klaudia Herbst
Extraterrestrical Physics, University of Kiel, Germany
22 Nov. 2011

Florian Adolphi
Department of Earth and Ecosystem Sciences, Lund University, Sweden
28 Nov. – 16 Dec. 2011

Abdelouahed Daraoui
Institut für Radioökologie und Strahlenschutz, University of Hannover, Germany
28 Nov. – 2 Dec. 2011

Mareike Schwinger
Institut für Radioökologie und Strahlenschutz, University of Hannover, Germany
28 Nov. – 2 Dec. 2011

Liping Zhou
Institute of Heavy Ion Physics, Peking University, Beijing, China
5 – 7 Dec. 2011

Ingo Leya
Institute of Physics, University of Bern, Switzerland
7 Dec. 2011

Silvana Martin
Geoscience Department, University of Padua, Italy
12 – 14 Dec. 2011
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Alexander Zapf
Labor für Radiochemie, Paul Scherrer Institut, Villigen, Switzerland
21 – 22 Dec. 2011


