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Motivation
Underground geophysical exploration using seismic sources and receivers has
been applied successfully in various geological settings including crystalline
or rock salt formations [1], but little experience is available for underground
rock laboratory (URL) scale characterization in clay rock.
This study aims at investigating the applicability and limits of relatively
sparse seismic acquisition, which is often the result of real conditions in

underground infrastructure with limited geometrical distribution of potential
acquisition locations. In spite of restricted acquisition geometry, a
tomographic characterization of anisotropic clay formations (shaly and
carbonate-rich sandy facies of the Opalinus Clay) for compressional wave
velocities could be achieved.

Seismic measurement geometry

Error estimation

The seismic measurements were
conducted using the 3D underground
seismic system of the GFZ [2] that
consists, of a pneumatic impact
source, 3-component geophones and
rock anchors.
For this tomography study, we focused
on a partial area of the full survey
(25 m x 25 m, Fig. 1) that was
covered with 19 shots recorded by 16
receivers.
Fig. 1: Acquisition geometry of the More details about the pilot survey and
centre part of the seismic pilot survey.
source comparison are shown by

Wawerzinek et al. (this conference).

Anisotropy
• Fig. 3 shows the estimated elliptical
anisotropy with data subsets only
passing
through
shaly
(blue)
or
carbonate-rich sandy facies (crs, red)
• For the shaly facies the average seismic
velocity anisotropy for P-waves (AvP) is
30% with a strike direction of 54°
• For the carbonate-rich sandy facies
AvP=20% and the strike 51°
• Results are in good agreement with [3],
[4] and [5]

• Traveltime quality check is done
with systematic error Δ𝑣(𝑡)
determined by propagation error

Fig. 2: Average velocities for direct ray
paths between source and receiver points
(black dots) with error bars. The errors,
that exceed the relative standard derivation
(11%), are coloured in red.

• Errors that exceed the standard
derivation are coloured in red
(Fig. 2)
• The red errors are all located • A filter will be applied for this range
to exclude the high error data
within a distance up to 5 m

Tomographic characterization
• inversion was done with simulr16 [6]
Bedding
strike
direction

shaly

• Fig. 5 shows the result with a
homogeneous initial model without
any a priori information
• The resolution of the carbonate-rich
sandy facies is weak but visible with
higher velocities (the black line
marks the boundary)

crs

• An artefact with higher velocity is
clearly visible outside the carbonaterich sandy facies (ellipse in Fig. 5)

Fig. 3: Scatter plot for the anisotropic
characterization in the horizontal plane for Pwaves.

Fig. 5: Inversion result for the homogeneous
velocity model including EDZ feature.

• The initial model was created
with the geological map and
velocities
from
former
experiments [3][7]

Resolution
• The checkerboard test was
performed with different cell
sizes (1-10 m), the best
result was achieved with a
7 m x 7 m pattern (A)

• The anisotropic velocity model
(Fig. 6A) shows high velocity
structures within the shaly as
well as in the carbonate-rich
sandy facies

• The result (B) shows, that
the
pattern
can
be
recovered,
but
with
smearing effects in diagonal
Fig. 4: Checkerboard test with a cell size of 7 m x
7 m and a ±10% perturbation. Pattern seen in (A) directions

• In the isotropic velocity model
(Fig. 6C) the high velocities are
suppressed

and solution in (B).

Conclusion
• Sparse data acquisition still
anisotropic characterization

allowed

tomographic

inversion

and

• Anisotropic effects on traveltimes were removed to a certain degree for
the computing of the isotropic velocity models
• High velocity contrast between shaly and carbonate-rich sandy facies can
be resolved by a homogeneous initial velocity model → a more detailed
initial model is needed to resolve more than the transition
• Low ray coverage results in high velocity artefacts and weak resolution in
the centre of the investigated area
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Fig. 6: Tomography for P-wave traveltimes.
The upper row shows the anisotropic and
the lower one the isotropic inversion. In the
left column are the velocity models and in
the right column the ray paths.

References

• A high velocity artefact remains
in the shaly facies along gallery
08
• Overall the anisotropy effects
could be terminated to calculate
an isotropic velocity model even
with
a
sparse
acquisition
geometry

[1] Richter et al. (2018): Comparison of pneumatic impact and magnetostrictive vibrator
sources for near surface seismic imaging in geotechnical environments. Journal of Applied
Geophysics 159, 173–185. [2] Borm & Giese (2003): Geophysical investigations: integrated
seismic imaging system for geological prediction during tunnel construction. In: Kolymbas, D.
(Ed.), Rational Tunnelling Summerschool. Innsbruck, 2003, Logos Verlag. 2003, pp. 225–234.
[3] Schuster et al. (2017): High-resolution mini-seismic methods applied in the Mont Terri rock
laboratory (Switzerland). Swiss Journal of Geosciences 110, 213-231. [4] Popp & Salzer
(2007): Anisotropy of seismic and mechanical properties of Opalinus Clay during triaxial
deformation in a multi-anvil apparatus, Physics and Chemistry of the Earth, 32, 879-888. [5]
Siegesmund et al. (2014): Seismic and mechanical properties of Opalinus Clay: comparison
between sandy and shaly facies from Mont Terri (Switzerland), Environmental Earth Sciences,
71, 3737-3749. [6] Bleibinhaus, F., Gebrande, H., 2006. Crustal structure of the Eastern Alps
along the TRANSALP profile from wide-angle seismic tomography. Tectonophysics 414(1-4),
51-69, doi: 10.1016/j.tecto.2005.10.028 [7] Kneuker et al. (2017): Microstructure and
composition of brittle faults in claystones of the Mont Terri rock laboratory (Switzerland): New
data from petrographic studies, geophysical borehole logging and permeability tests.
Engineering Geology, 231:139–156.

contact: roman.esefelder@gfz-potsdam.de

