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Forelands record the upliŌ and exhumaƟon history of mountain belts. The alpine foreland basin is parƟcularly 
exciƟng, as is shows late-orogenic exhumaƟon, possibly as a reacƟon to mantle-driven, plate convergence, or 
climaƟc forcings. However, inferring the contribuƟon of the individual drivers to exhumaƟon from straƟgraphic 
or thermochronological data is challenging. The reason for this are along strike variability basin of straƟgraphy, 
different degree of exhumaƟon, as well as structural style of the Subalpine Molasse (i.e., the fold-thrust belt at 
the southern fringe of the basin). Furthermore, the influence of fluid flow on the thermochronological ages is 
unknown.  

ExhumaƟon esƟmates in the central part of the basin are mostly based on straƟgraphic arguments. 
Thermochronological data is scarce and limited to local studies. As the Molasse has also been upliŌed in the 
central part of the basin since the Miocene, it is probable that it also responds to deep-seated processes, but to 
a lesser extent than the western part of the basin. This may be a result of different slab dynamics along strike the 
orogen. To test this, we used detrital and in situ low-temperature thermochronological age daƟng to shed light 
on the surface expression of the underlying geodynamic process (Figure 1). Data shows that most ages in the 
central part of the basin are unreset, while reseƫng occurs in the southernmost tectonic slices of the Subalpine 
Molasse. Generally, Miocene shortening in the Subalpine Molasse progressively decreases from west to east. The 
paƩern coincides with slab geometries at depth (Mock et al., 2020). A general trend of lesser erosion from west 
to east is also visible in the flat lying Molasse based on vitrinite reflectance data. This suggests that a geodynamic 
driver is required for explaining basin exhumaƟon on basin scale.  

Locally, the paƩern is more complex. ParƟcularly in the Subalpine Molasse, exhumaƟon may be 
associated with plate convergence. To test the influence of faulƟng on exhumaƟon, we constrained the 
geometries of the fold-thrust belt. Using a new compilaƟon of straƟgraphy and structures along the enƟre Alpine 
deformaƟon front (Ortner et al., 2023), we idenƟfied two key regions: the Bregenzerach south of the eastward 
terminaƟon of the Jura Mountains, and the Hausham Syncline southeast of Munich. The Bregenzerach region lies 
at the surface boundary between Eastern and Western Alps. Furthermore, previously published 
thermochronological data indicate thrust acƟvity in the mid-Miocene. Structures at depth are reasonably well-
constrained due to good outcrop condiƟons and seismic data. The Hausham Syncline represents the region where 
structures at depth are less well constrained, and addiƟonally the frontal triangle zone of the Subalpine Molasse 
tapers out. Structural modeling shows that it is possible to quanƟfy the uncertainty of structures at depth, paving 
towards thermo-kinemaƟc modeling including structural uncertainty (Brisson et al., 2023; Frings et al., 2023). 

The extensive thermochronological dataset offers the opportunity to idenƟfy local parƟculariƟes not in 
line with the general trends observed in the data. Using thermal springs as proxy for heat flow (Luijendijk et al., 
2020), we show that fluid flow may at least locally influence the cooling paƩern. This is important for translaƟng 
cooling into exhumaƟon, parƟcularly in regions where less data is available and thus outliers may be overlooked.  
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Figure 1: Thermochronological data from the Molasse Basin collected at the surface and from borehole data 
(western Molasse). 
 

Brisson, S., Wellmann, F., Chudalla, N., Harten, J. von and von Hagke, C. (2023) ‘EsƟmaƟng uncertainƟes in 3-D models of 
complex fold-and-thrust belts: A case study of the Eastern Alps triangle zone’, Applied CompuƟng and Geosciences, vol. 18, 
p. 100115. 

Frings, K., von Hagke, C., Wellmann, F., La Varga, M. de, Ortner, H. and Luijendijk, E. (2023) ‘Constraining the 3-D Geometry of 
Fold-Thrust Belts Using SecƟon Balancing vs. 3-D InterpolaƟve Structural and ProbabilisƟc Modeling’, Tektonika, 1.2, pp. 54–75 
[Online]. Available at 10.55575/tektonika2023.1.2.21, 2023. 

Luijendijk, E., Winter, T., Köhler, S., Ferguson, G., von Hagke, C. and Scibek, J. (2020) ‘Using Thermal Springs to QuanƟfy Deep 
Groundwater Flow and Its Thermal Footprint in the Alps and a Comparison With North American Orogens’, Geophysical 
Research LeƩers, vol. 47, no. 22, e2020GL090134. 

Mock, S., von Hagke, C., Schlunegger, F., Dunkl, I. and Herwegh, M. (2020) ‘Long-wavelength late-Miocene thrusƟng in the north 
Alpine foreland: implicaƟons for late orogenic processes’, Solid Earth, vol. 11, no. 5, pp. 1823–1847. 

Ortner, H., von Hagke, C., Sommaruga, A., Mosar, J., Beidinger, A. and Hinsch, R. (2023) ‘The DeformaƟon Front of the Alps: in 
Rosenberg, C. & Bellahsen, M. (Ed.) The Alpine Chain’, Earth Sciences (ISTE-Wiley ediƟons). 

  


