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Introduction: In August 2017, we collected 4 seis-
mic profiles at Ries Crater, Germany, imaging one half
of the crater profile from outside the southern crater rim
to the crater center (Figure 1). The seismic source was
an Earth tamper capable of visualizing reflections 1.5
km deep. The tamper generated about 300-500 com-
pressions over a 45 second listening period. Our acqui-
sition configuration had 72 channels with 5 geophones
each and channel spacing at 10 m. Maximum offset
from source to receiver was 710 m. We present 2 seis-
mic profiles of the inner crater to better our understand-
ing of the subsurface structure of Ries and the emplace-
ment of the suevite in the crater basin. The last seismic
survey at the crater was in 1968 and this is the first high
resolution seismic data acquired

The 15 Ma, 26 km wide Ries Crater in Southern Ger-
many is a well preserved mid-sized impact crater (Fig-
ure 1). Its diameter is near the 25-30km threshold to
form a peak ring [1, 2] however current interpretations
identify a crystalline ring formed by an upturned crater
rim [3] but not a true peak ring formed by material out-
wardly collapsing from a central uplift [4]. Proposed
suevite deposition processes include fallback from an
impact plume [5], melt flow [6] and impactoclastic den-
sity current [7] and melt-coolant interaction [8].

Interpretations: Within the inner basin, we iden-
tify 3 seismic facies on our profiles (Figure 2). Seismic
facies A is defined by thin, low amplitude nearly hori-
zontal reflectors. When not horizontal, they drape over
relief from below. Seismic facies B expresses higher
amplitude reflectors than facies A. The reflectors are
also less continuous, and they show changes in topogra-
phy, with pronounced peaks at the proposed crystalline
ring and subdued peaks towards the crater center (Fig-
ure 2). In between the crystalline ring and crater center
the reflectors in facies B are subparallel, and some re-
flectors terminate (layers pinch out) in both directions
of the profile. Seismic facies C resolves few reflectors,
the reflectors that are visible are discontinuous with
multiple dipping orientations and a hummocky relief.
Reflectors are generally not resolvable by 0.5s two-
way-travel time (twtt) and the profile shows no reflec-
tors present past 0.75s twtt (Figure 2).

We use the Nordlingen 1973 core descriptions and
sonic log as well as the low-resolution 1968 seismic data
aid our interpretation of the subsurface. The generalized
lithology units recovered in the 1973 core are as fol-

lows: post-impact pelitic lake sediments (0-256m), re-
worked suevite (256m-314.5m), graded suevite (314.5-
331.5m), high temperature, melt rich suevite (331.5-
525m), low temperature, melt poor suevite and crystal-
line basement (525-605m), and crystalline basement
with dike breccias (605-1206m) [9,10].

The Nordlingen 1973 borehole is 1.95km from the
NW end of seismic line 1701 and 2.5 km from the north-
ern end of seismic line 1702 (Figure 1). Although our
new seismic lines do not intersect the well, the lower
resolution 1968 seismic profile crosses the borehole and
shows prominent reflectors that correspond to our seis-
mic facies B, indicating that the deposition near the
crater center in our seismic profiles and the 1973 bore-
hole are similar. The sonic log provides travel times for
the lithological units in the borehole which can be used
as check on our seismic velocities and interpretation.

Based on the continuous and near horizontal expres-
sion of the reflectors and slow seismic velocities we in-
terpret seismic facies A to be the pelitic post-impact lake
sediments and possibly reworked lithologies from the
suevite unit and graded suevite.

We interpret Seismic facies B (Figure 2) to image
the high temperature suevite. Using the sonic log the
high temperature suevite should begin near a depth of
331m or 0.35s twtt for comparison with seismic pro-
files. Our seismic profiles display high amplitude reflec-
tors beginning between 0.3 - 0.35s which are also pre-
sent at 0.35s present on the 1968 seismic profile. There
are multiple reflectors in the suevite with morphology
suggesting the suevite flowed multiple directions in the
inner crater, possibly from a pyroclastic like-flow (Fig-
ure 2).

We interpret seismic faces C to be the low tempera-
ture suevite and the basement. Instead of a sharp contact
between the suevite and the basement, the Nordlingen
borehole shows sequences of suevite followed by large
blocks brecciated basement from 505m to 605m, at 605
m the core is mostly brecciated basement with some
suevite dikes [9]. This may be why the reflectors below
facies B are discontinuous and only resolvable close to
the facies B-C transition (Figure 2). Facies C forms 3
structural highs on line 1702, centered at CDPs ~0, 2500
and 8000, This corresponds to 2 peaks near the pro-
jected location of the crystalline ring and a more sub-
dued peak towards the center of the of the crater; this
inwardmost topography that may represent a collapsed
central uplift.
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Conclusion: We present the first seismic profiles
from Ries crater in many decades. These high-resolu-
tion data image post impact sediments, suevite and base-
ment showing the subsurface morphology. Geometry of
the reflectors in the suevite within the crater is sugges-
tive of deposition as lateral flows, which points to a
ground hugging density currents (impactoclastic flows)
rather than deposition from fallout. Topographic highs
expressed in the basement are interpreted as expressions
of the crystalline ring, which is not a peak ring, and a
collapsed central uplift. This morphology places Ries
Crater near the upper limit of a central peak crater where
dynamic collapse occurred but was limited in duration
and extent.
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Figure 1 (left): Geologic map of Ries crater with
2017 seismic profiles plotted in red. Map by
Schmidt-Kaler 1999 Bayerisches Geologisches

Figure 2 (below): Seismic line 1702 with seismic
facies. Location shown on Figure 1.
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