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Measurements of In-situ Produced °*Mn in Rocks
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Terrestrial cosmogenic nuclides have become an indispens-
able tool in Earth sciences, particularly for studying the
chronology of landforms. The ultra sensitive measurements
of longliving radionuclides with AMS give time-dependent
information over geological processes. There are some ra-
dionuclides like '°Be and stable nuclides like 3He and 2! Ne,
which are produced in-situ in rocks by cosmic rays. Mea-
suring their concentrations can reveal the exposure time
of the rock to the cosmic rays. Now for the first time, it
is possible to measure the in-situ produced radionuclide
53Mn in terrestrial samples. The advantage of >>Mn is the
long half-life of 3.7 Myr. With this nuclide it is possible
to date rocks about 10 Myr back. ?*Mn is produced exclu-
sively by spallation of cosmic rays on iron, which is nearly
in every rock.

In concert with other in-situ produced stable or unstable
nuclides, it is also possible to get information on the pe-
riods of irradiations and shielding of the cosmic rays due
to ice or other rocks. Also, it is possible to calculate a
production rate of ®*Mn, which is altitude and latitude
dependent.

We measured 3Mn with AMS at the GAMS (gas-filled
analyzing magnet system). Background of AMS measure-
ments originate usually from the interfering stable isobar,
in case of ®*Mn this is 53Cr (10% isotopical abundance).
Therefore it is necessary, to extract the manganese by ef-
ficient chemistry - and to get rid of the chromium. We
developed a new chemical procedur to suppress chromium
two orders of magnitudes more than was standard at the
beginning of our tests (Fig. 1) [2]. The extraction of MnF~
instead of MnO~™ from the ion source gives an additional
suppression of a factor of six [2].
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Fig. 1: Ratio of 33Cr to Mn for different chemistry tests.

We measured 14 samples from different locations in
Antarctica. The results are compared with the data of 3He
[3] in Fig. 2. A linear correlation between He and 53Mn
can be seen. Adjusted for the duration of exposure, these
results correlate well with the concentrations of cosmic-
ray-produced He in the same samples, implying that the
53Mn is produced in-situ and retained quantitatively.

Our results show that the 3Mn concentrations in bulk
terrestrial rocks can be used for dating on time-scales ex-
ceeding 10 Myr.
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Fig. 2: Measured ®2Mn atoms per gram iron decaycorrected against
the measured 3He atoms per gram sample in the same rock. Decay-
correction for 53Mn concentrations are based on [1,2]
53Mndecay—corr = 53Mnmea5ured * (AT/(1— ei)\T))v

where A = 0.187 % 1076 yr=! and T = 3He-age [yr];

For comparison of the measurements, we simulated >>Mn
production in terrestrial rocks with a computer model
based on two published codes [4,5]. The theoretical value
for the production rate is 101 £ 12 atoms yr—! (g Fe)~! at
sea level and high latitudes (normalized to iron, because
it is the only important target element). With the mea-
surements we get a production rate of 95 & 7 atoms yr—!
(gFe)~! which corresponds well to the calculated one.
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