
Introduction

Due to the radioactive decay of uranium, U-rich microminerals like uraninite, uranothorite or
coffinite can be used to determine the age of geological processes. Under certain conditions,
uranium is highly water soluble – therefore the investigation of U-rich microminerals is also of
interest for hydrogeology.

Within the last years, the Geological Survey (since 1.1.2023 GeoSphere Austria) was involved in
some projects investigating Uranium-bearing microminerals by means of scanning electron
microscopy – both for hydrogeological and economical geology.

In several Austrian regions there appears groundwater with an uranium concentration over
the national threshold value for drinking water which is 15 µg/l (Berka et al., 2014 and
Schubert et al., 2018). The high uranium contents in groundwater appears mostly in
orthogneisses of Alpine regions and in the dry basins in the East (eastern Molasse basin,
Vienna basin and western margin of the Pannonian basin, fig. 1).

Fig. 1: Uranium in national groundwater observation wells and springs (Berka et al., 2014): the highest uranium
content is mostly associated with orthogneisses in the Alps and with Neogene–Quaternary basins in NE Austria.
Samples for the geochronological analyses were taken at the locations S1 to S4 (right side).

Recent studies

Within the DaFNE-project “uranium in groundwater”, for the first time the mineralogy of
aquifers was scanned by means of electron microscopy on the micro- and submicrometre
scale (Humer et al., 2019). From 2016 to 2017 in the MRI-project “micro uranium minerals” the
U-Th-Pb-analysis by electron microscope was improved and U-rich microminerals from the
central Tauern window were dated chemically (Finger et al., 2017). Between 2018 and 2023 in
the MRI-project DaMM (“dating of mineralisation processes by means of innovative
micromineral analysis”) such minerals were systematically used for the age dating of samples
from Austrian ore deposits both in the Alps and in the Bohemian Massif (fig. 1 sample location
S1 to S4). Furthermore, in both projects the influence of the U-rich microminerals to
groundwater was taken under consideration.

Results geochronology

New energy dispersive X-ray (EDX) detectors have larger and more sensitive detector areas
and better counting statistics. New electron microscopes have a better beam and current
stability as well as current yield (Waitzinger 2018).
 Spot size can be decreased to less 1 µm for accelerating voltages <= 15 kV

Uraninites (re)crystallised between the Permian and Variscan event, coffinite/thorite at the
Alpine event.

Crystallisation ages for uraninite, brannerite and xenotime are about 80 Ma. Brannerite and
coffinite loose Pb (Waitzinger 2020).

Both EDX and WDX show that calculated ages of the uraninites range from the Variscan to the
Alpine orogeny.

Uraninites were formed during the Cadomian as well as the Variscan orogeny.

Results hydrogeology

Concerning hydrogeology, it came out that in the crystalline regions a high uranium content
in groundwater was always associated with abundant U-rich microminerals. This is not the
case in the Neogene basins in the east of Austria. Here other sources should be taken under
consideration (concentration of uranium by evaporation and redox reactions, uranium from
phosphate fertiliser). It is also remarkable, that U-rich granites and orthogneisses are
normally associated with high radon concentration in the groundwater whereas in the basins
in the East the radon content is very low.

Fig. 2: 222Radon in groundwater in wells end springs after Berka et al. (2014). The highest 222Rn concentrations
are associated with granites and orthogneisses which have a high uranium content. In spite of this, in the
groundwater of the granites of the Bohemian Massif the uranium content of groundwater is normally low (fig. 1).
The mineralogical reason for this is under investigation.
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Name Mineral SiO₂ SO₃ Y₂O₃ PbO ThO₂ UO₂ Total

Urn Uraninite 0.5 - 4.0 3.9 7.8 82.2 98.4
Urn Uraninite 0.4 - 0.9 3.8 9.7 81.3 96.1
UThSi Thorite 18.1 - 0.7 0.3 38.9 38.8 96.8 U-Th-Pb

age calculation

50 µm

BSE Th Pb

References
•Berka, R. Katzlberger, Ch., Philippitsch, R., Schubert, G., Korner, M., Landstetter, C., Motschka, K., Pirkl, H., Grath, J., Draxler, A. & Hörhan, Th.
(2014): Erläuterungen zur geologischen Themenkarte Radionuklide in den Grundwässern, Gesteinen und Bachsedimenten Österreichs 1:500.000.
– 109 p., Geological Survey, Vienna, ISBN: 978-3-85316-075-6.
•Humer, F., Wemhöner, U., Rudolf Philippitsch, R., Elster, D., Schubert, G., Kaminsky, E.-F., Hobiger, G., Benold, Ch., Legerer, Ph., Berka, R.,
Waitzinger, W., Finger, F., Krämer, St., Chardi, K., Schenkeveld, W., Fischer, L., Hann, St. & Dersch, G (2019): Uran im Grundwasser. Endbericht zum
DaFNE-Forschungsprojekt Nr. 101204. – 190 p., Appendix 201 p., Federal Ministry of Agriculture, Vienna.
•Schubert, G., Berka, R., Katzlberger, Ch., Motschka, K., Denner, M., Grath, J. & Philippitsch, R. (2018): Radionuclides in groundwater, rocks and
stream sediments in Austria – results from a recent survey. – In: Gillmore, G. K., Pierrier, F. E. & Crockett, R. G. M., Radon, Health and Natural
Hazards, Special Publications, 451, p. 83-112, Geological Society, London, doi: 10.1144/SP451.
•Waitzinger, M., & Finger, F. (2018). In-situ U–Th–Pb geochronometry with submicron-scale resolution: low-voltage electron-beam dating of
complexly zoned polygenetic uraninite microcrystals. Geologica Carpathica, 69(6), doi: 10.1515/geoca-2018-0033.
•Waitzinger, M., Sorger, D., Paar, W.H., & Finger, F., (2020): Geochronological constraints on uranium mineralization within the Hüttenberg siderite
deposit (Eastern Alps, Austria). – Chemie der Erde, p. 125678, doi: 10.1016/j.chemer.2020.125678.

The projects were financed by the Ministry for Ariculture and the Environmental Agency (DaFNE) and by the Ministry for Science (MRI).

200 µm 20 µm

10 µm

BSE

Qtz

Ap

Urn
UThSi

Zrn

20 µm spot
Laser ICP-MS

10 µm spot
SIMS

CL

10µm

1 µm spot 
EDX/WDX

S4

S3

S2

S1


