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The Trondheim harbour area 
has been suffering prominent 
submarine landslide events 
during the last decades, which 
are linked to expansions by 
land reclamation. Whereas 
high-resolution marine seismic 
methods mapped the fjord 
sediments in great detail, an 
onshore seismic investigation 
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Fig. 6: Non-destructive seismic 
operation close to sensitive 
infrastructure in buildings and 
beneath glass fronts.

Results

Conclusions
The shear wave data set clearly yields the stratigraphic
details of the sediment body down to the depth of the  
bedrock in 150-200 m. The differentiation of five 
stratigraphic units is possible which are continuously 
traceable across the entire seismic grid. From top to 
bottom we distinguish: anthropogenic fill masses, glazio-
fluviatile sediments, two marine layers, and the bedrock 
which also shows internal structuring. 

Fig. 10: 3D interpretation of five main stratigraphic units identified in 
the seismic sections. The deformation structures are interpreted to 
have formed during irregular compaction of the fjord sediments by 
debris flows.
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of comparable resolution in the mostly paved harbour 
area is the challenge. Furthermore, with respect to a 
geotechnical evaluation of the underlying sediments to 
the bedrock nearly 150 m in depth, shear wave velocities 
are essential for estimation of sediment stiffness.

11 shear wave reflection 
seismic profiles of ca. 4 km 
total length were acquired 
in a dense grid. The data 
achieved a high vertical 
resolution of  5 m in the 
sediments. Also the clear 
detection of the bedrock 
and probably deeper 
structures was possible.

Fig. 4: Data acquisition during the 
night was supported by profes-
sional road safety. 

Fig. 1: City of Trondheim. 
Dotted red line indicates the 
former coast line.
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Fig. 3: Bathymetric map view from the fjord. Yellow arrows mark 
submarine landslides with the first reported in 1888 (inset).

Fig. 2 (left): Reclaimed harbour
area. Circles and dotted line 
denote buildings in the planning 
phase or under construction.

Shear-wave reflection seismics was experimentally 
applied using a 120-channel land streamer system (1 m 
intervals) in SH configuration combined with LIAGs
newly developed shear wave vibrator buggy. A GEODE 
system was used for  data recording. The equipment 
enabled flexible use and fast operation within the traffic 
enterprise zone in an environment-friendly manner.

The seismic survey was carried out during 10 nights  to 
minimize ambient vibration noise from heavy traffic 
(railway, trucks, and container handling) and for crew 
safety reasons. Tests during daytime yielded a 30 times 
higher signal-to-noise ratio, which would have hampered 
successful data acquisition. Sweep frequencies were 
restricted to 25-100 Hz to prevent disturbing air waves 
and their reflections from buildings or ships. Recording 
time was 14 s, using a 10 s long sweep. 

Fig. 5: LIAGs shear wave vibrator 
buggy specially designed for 
enviromental-friendly use.

Fig. 7: Flexible profile tracking within 
a truck parking and container storage 
area, which could not be cleared due 
to business reasons.

Fig. 8: Profile map.

The seismic sections display clear and continuous 
reflection events marking the distinct sedimentary layers 
in the region. Numerous structural features such as 
thrusts, faults and folds occur, especially within the 
upper 50 m. In such type of sediments these 
deformations are interpreted to result from strong 
compressional forces due to extensive debris masses 
from land slides into the fjord.
The shear wave velocity could be calculated at least 
down to the bedrock to indicate the average stiffness of 
the sedimentary layers.

Fig. 9: Shear wave reflection seismic section overlain by colour-coded 
shear wave velocities (top) and resulting small strain shear modulus  of 
sediments down to  the bedrock (bottom).

Fig. 9 

NE SW

NE SW

VS

G0

580 m

Non migrated

FD-migrated (700)

Fault ?

Bedrock
contact

Top marine sequence?

50 m50
 m

NE SW The applied full-SH wave seismic survey reveals a high 
potential for onshore investigation below land 
reclamation areas on sediment bodies. In contrast to 
conventional P-wave seismics this experiment design 
not only allows for high-resolution structural imaging but 
also for the determination of elastic properties.
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