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Rapid Revelation of Radiocarbon Records
with Laser Ablation Accelerator Mass
Spectrometry
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Abstract: By focusing high-intensity laser pulses on carbonate samples carbon dioxide is generated and can be
directly introduced into the gas ion source (GIS) of an Accelerator Mass Spectrometer (AMS). This new technique
allows rapid radiocarbon analyses at high spatial resolution. The design of the deignated laser ablation cell as
well as first results on a stalagmite sample are presented.
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Radiocarbon (14C) is an important iso-
tope for the investigation of carbonates
such as stalagmites or corals. Applications
range from the indirect dating of young
stalagmites, by using the excess 14C gen-
erated during nuclear weapons testing
(‘bomb peak’) as a time marker,[1] to the
tracing of broad redistributions of water
masses via the 14C-signal recorded in deep-
water corals.[2] This requires acquisition
of 14C data at high spatial resolution, im-
plying that numerous samples need to be
taken and processed. Conventionally, 14C
detection with accelerator mass spectrom-

etry (AMS) makes mechanical drilling of
the sample material necessary, limiting the
achievable spatial resolution. Furthermore,
laborious chemical processing is needed in
order to extract the carbon from the sample
material and convert it either into graph-
ite or CO

2
. By using laser ablation (LA)

as a sampling method in combination with
gas ion source (GIS)–AMS,[3] 14C analysis
with high spatial resolution can be per-
formed much more rapidly. Here, CO

2
is

generated by material decomposition upon
exposure of a focused high intensity laser
beam. The so-formed gas can directly be
introduced into a GIS-AMS. An overview
of the setup is depicted in Fig. 1.

For the direct coupling of LA with
AMS a LA unit was developed consisting
of an ablation cell with an effective vol-
ume of approximately 0.6 mL. The dedi-
cated ablation cell design (Fig. 2) provides
short washout times with minimal particle
deposition on the cell window and sample
surface. Consequently, short measurement
times can be achieved and cross-contami-
nation is reduced. At the same time large
samples (150 × 25 × 15mm3) can be hosted
by the cell and moved by a computer con-
trolled positioning system at high spatial
resolution relative to the laser beam. An
ArF-Excimer Laser (λ = 193 nm) is guided
to the sample surface, allowing for ablation
at a scale of less than 100 µm.

A preliminary characterization of the
setup has been carried out and measure-
ments of different standard materials and
natural samples were performed. In these
studies, the reference value for a pressed
carbonate reference standard (IAEA C2)
with a 14C-activity ratio of 41.14 ± 0.03
pMC was measured and a value of 41.9

± 1.6 pMC was derived. Furthermore, a
stalagmite sample with a conventionally
derived 14C profile that shows the radio-
carbon signature of the bomb peak[4] was
analyzed. The black triangles in Fig. 3 rep-
resent data from micro drilling and subse-
quent graphitization whereas the red dots
depict the results for LA-GIS-AMS. With
the LA-setup the conventionally derived
14C profile of the stalagmite could be ac-
curately reproduced. This method allows
an analysis of such radiocarbon profiles
within only ~2 h compared to 12 h required
with the conventional method for the same
amount of samples. The spatial resolution
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Fig. 1. Overview of the LA unit (purple frame)
and the AMS (red frame). L: Laser Source,
C: Ablation Cell and positioning system, O:
Optical setup, I: Ion source, M: Magnet, A:
Accelerator, E: Electrostatic analyzer.
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in this experiment was not at its limit and
can be improved by a factor of two or three.

Future work will comprise a modifica-
tion of the LA-setup in order to increase
the signal intensity, which will allow for a
higher precision and shorter measurement
times. These first investigations using the
described in-house developed LA-setup
coupled to AMS indicate that this new
sampling technique will be very suited for
rapid 14C analysis of carbonate records at
high spatial resolution.
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Fig. 2. Cross section
of the laser ablation
cell (located inside of
‘C’ in Fig. 1).

Fig. 3. Comparison of
conventionally pro-
cessed radiocarbon
data (black triangles)
with LA sampling (red
dots).


