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Introduction
Accurate dating of climate-proxy archives is quintessential for any paleoclimate reconstruction. In this respect, speleothems are among the most reliable terrestrial archives
of past climate information, their physico-chemical properties ensuring their robustness as candidates for U-series geochronology. However, sampling uncertainty is frequently an
issue and often the investigator faces the difficult task of compromising between spatial resolution and data quality. Moreover, areas with high detrital Th are seldom discernible
by visual inspection, thus are difficult to avoid during sampling and can induce further uncertainties in the final age modelling.
In this contribution we present a new, rapid screening technique for fast identification of sampling regions within speleothems that are less suitable for U-series chronology.
High-resolution, rapid elemental imaging by means of LA icpTOF is implemented for the first time to resolve growth increments smaller than 40 µm that show chemical fingerprints
of detrital input (e.g., high 232Th and selected REE, low 238U/232Th ratio, etc.). In addition, coupling of the highly sensitive, simultaneous, and fast TOFWERK’s icpTOF with the
Teledyne CETAC’s Aerosol Rapid Introduction System (ARIS) allows for much faster acquisition of data that can be further used in paleoclimate reconstructions. We compared
key trace element concentrations of the ablated areas on a stalagmite collected from Izvorul Tăușoarelor Cave (N Romania) with stable isotope data (δ18O and δ13C) previously
acquired along the same growth bands and found concurrent geochemical trends.
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Analyte G2 (CETAC)

Spot size

40 µm

Repetition rate

100 Hz

Ablation mode

Single spot

Fluence

3 J/cm2

Dosage

10
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Plasma Power

1550 W

Sampling depth

1 mm (low)

He gas flow rate

0.3+ 0.3 l/min

Neb gas flow rate

0.8 l/min

m/Q attenuated

40, 90

Tof extraction time

30 µs

Number of integrated TOF extractions

323

Data point per laser pulse

10

Data integrated per pixel (10 pulses in this experiment)

98 ms

Aerosol wash in delay

60 ms
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Figure 2. High-resolution images for selected elements (U – image (a); Th – image (b); and Y (c). All scales are
in ppm. Total ablation time: 93 minutes for 0.6 cm2. While there is no visible optical zoning of the CaCO3
layers, it becomes apparent that there is at least one zone where high Th and Y contents are inversely correlated
with U. This is believed to be caused by detrital input. Furthermore, the high resolution allows for inter-crystal
growth zones to be resolved.

Figure 1. Stalagmite segment used for the study. The
sample has been previously micromilled for high
resolution O and C isotope measurement. Maps for
area (1) are in Fig.2, while area (2) is shown in Fig. 3.
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Figure 3. High resolution map of Zr
distribution (scale in ppm), compared
to δ18O and δ13C ratios. The
partitioning coefficient of Zr in calcite
is very low, therefore elevated
concentrations are likely caused by
detrital input. These zones are well
correlated with negative excursions
of δ18O and δ13C, which hold climatic
value. Therefore, Zr distribution can
be inferred to have been caused by
changes in the climate outside the
cave (e.g., temperature and
precipitation).
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Conclusions
Rapid imaging of speleothems by
means of LA icpTOF proves to be a powerful
tool for dramatically decreasing the sampling
uncertainty and increasing the accuracy and
precision of the data used in paleoclimate
reconstructions and age models.
Furthermore, the screening procedure is very
fast, thus saving valuable analytical time and
resources. The robustness of this method
makes it easily adaptable to other types of
samples that are relevant to paleoclimate
studies (e.g., corals, ice cores, etc.).

