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The Chopfi pinnacles near Winterthur, Switzerland: long-distance

effects of the Ries impact-earthquake?

The mid-Miocene Ries impact in southern Germany is Cen-
tral Europe’s biggest cosmic disaster in Phanerozoic geo-
logic history. While earlier theories posited the Ries impact
was contemporaneous with the smaller nearby Steinheim
event in a double-impact scenario, it was recently shown that
the Ries, with a Langhian age of 14.81 Ma (Schmieder et al.
2018), predates Steinheim (Serravallian) by a few hundred
thousand years (Buchner et al. 2020). In addition to the dis-
tribution of impact ejecta, the Ries impact triggered a power-
ful My, ~8.5) earthquake with far-reaching environmental
effects (Buchner et al. 2020).

Geologic traces of the Ries event can be found in sedi-
ments of the Upper Freshwater Molasse (“Obere Siilwas-
sermolasse”, OSM) within the North Alpine Foreland
Basin of southern Germany and northern Switzerland,
where coarse-grained distal Ries ejecta form a mid-Mio-
cene marker bed (e.g., Sach 1997; Hofmann 2008). At sev-
eral localities across the basin, Ries ejecta overlie an at
least ~ 3—-5 m-thick seismite unit characterized by sedimen-
tary features typical of soft-sediment deformation (Buchner
et al. 2020). The most distal effects of the Ries impact in
the foreland basin, evidence of ballistic ejecta deposition
and seismic shaking, are found within a maximum radial
distance of ~ 180 km from the crater center (e.g., Buchner
et al. 2020).

The ‘Chopfi’ (47°31' N, 8°42' E; Fig. 1A), a group of
sandstone pinnacles near Winterthur, are a protected geo-
site. They occur in OSM sandstones with an estimated age
of ~ 15 Ma (Rey et al. 2011; Zingg 2016) that were depos-
ited in the Hornli alluvial fan (Bolliger 1998). The outcrop
features numerous prominent, irregular-shaped, often times
nodule-, knob-, and diapir-like, and typically carbonate-
cemented sandstone pinnacles, some of which are more

than a meter tall and several tens of centimeters wide.
Many Chopfi have distinct bulbous heads. Owing to their
selective cementation, the pinnacles are seemingly more
resistant to erosion compared to the surrounding sandy
substrate that has been removed (Zingg 2016). The Chopfi
show no obvious layering within the sandstone but locally
subhorizontal fracturing. The sandstone appears internally
featureless. The OSM sandstone exposed in the Winterthur
area has been placed in the lower MN 6 European Land
Mammal Zone (Bolliger 1998), i.e., the Langhian.

The formation of the Chopfi is still largely enigmatic as
this type of sand cementation and pinnacle-like preserva-
tion is uncommon in the Molasse. The prevalent formation
model appears to be localized carbonate (and clay/marl)
cementation, leaving behind the pinnacles as erosional
penitents (Zingg 2016). We here present an alternative,
event-related origin of the Chopfi. The largely featureless
internal structure of the sandstone that builds up the Chopfi
is consistent with their formation as a seismite, i.e., sedi-
ment modified during the passage of high-energy seismic
waves. Diapir-like sand intrusions are typical features
within the structural inventory of soft-sediment deforma-
tion and liquefaction (Montenat et al. 2007). Liquid to duc-
tile sand injections within the host sediment would have
contained supersaturated fluids, promoting rapid cemen-
tation by carbonate. This process could explain the eye-
catching appearance of the Chopfi, delineating the three-
dimensional shape of individual sand diapirs (Fig. 1B). As
seen elsewhere in the Molasse basin (Buchner et al. 2020),
clay-rich subsurface layers (aquitards) can locally increase
the amount of fluids within overlying sands, thereby sup-
porting the formation of soft-sediment seismites on an
outcrop scale during an earthquake. The rare exposure of
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Fig. 1 Diapir-like sandstone pinnacles in Switzerland and Southern
Germany. a The ‘Chopfi’ in~15 million year-old Upper Freshwa-
ter Molasse sandstone near Winterthur, Switzerland. The outcrop
features numerous diapir- and knob-like, predominantly carbonate-
cemented, pinnacles of sandstone. Image: Adrian Michael. b A fos-
sil sand diapir in an exposure of the Ries-seismite near Biberach an

fossil sand diapirs near Winterthur may, therefore, indicate
water saturation of the local substrate and its interaction
with strong seismic waves.

The estimated stratigraphic age of the Chopfi host sand-
stone of ~ 15 million years, corresponding to early MN 6 (Bol-
liger 1998), postdates major seismotectonic activity within
the North Alpine Foreland Basin (Keller 2012), but lines up
well with the age for the Ries impact (Schmieder et al. 2018).
At~14.81 Ma, the local OSM deposits would have been
unconsolidated and close enough to the land surface to expe-
rience strong seismic soft-sediment deformation, as observed
at a number of localities across the basin (Buchner et al. 2020;
Sach et al. 2020; Fig. 1B). Located ~ 205 km southwest of the
center of the Ries crater, the Chopfi may represent the most
distal direct effects of the mid-Miocene Ries impact-earth-
quake that are currently known.
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der RiB3, Germany (compare Buchner et al. 2020). The sand diapir
strongly resembles those of the ‘Chopfi’ and occurs within sands that
show soft-sediment deformation. Due to carbonate cementation, the
sand diapir is more resistant to weathering and erosion compared to
the surrounding sands. Image: Volker J. Sach
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