
Seeing Subsalt: A Step Forward 
in Integrated Depth Imaging
Advances in seismic imaging have changed the way we view salt bodies. Once seen as impenetrable 
barriers to geophysical probing, many salt structures are now proving to be thin blankets shielding 
rich reserves. Prestack depth imaging - consisting of both velocity/depth model building and prestack 
depth migration (PSDM) - exploited with interpretative processes have advanced to a point, where, in 
many cases, subsalt events are imaged as clearly as the areas outside the salt. Subsalt structural as 
well as stratigraphic interpretations are possible using novel imaging solutions that are being rapidly 
adopted by oil companies as a key to reduce risk and improve success.

While new imaging technologies have made significant strides, their full potential is far from being 
completely realized. Real breakthroughs are needed in issues related to: poor data, incorrect models 
and associated velocity fields, inaccurate processing algorithms, anisotropy, near-surface and 
topographic effects, lack of a true amplitude solution, computer power and overall costs.

In this poster we discuss how alternative geophysical data can be integrated in the cycle of iterative 
depth migration anisotropic model updating to develop a higher resolution earth model that can 
significantly improve our ability to image around and beneath salt.
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Enhancing complex salt imaging

De-risking subsalt exploration is presently being 
done by advancing seismic technology and 
application of integrated interpretative processes 
focused on seismic data. A revival is underway in 
the use of gravity and magnetics to produce better 
geologic interpretation from seismic data. Other 
independent geophysical tools, which respond to 
the same (or are linked to the same) lithological 
parameters as the seismic method, can be used to 
provide additional input and greatly enhance the 
imaging of salt complexity. A novel cooperative 
multi-dimensional interpretation of high-resolution 
gravity and high-resolution magnetotelluric (HRMT) 
data integrated in the cycle of iterative seismic 
depth migration anisotropic model updating (Fig. 
1) has been tested to improve depth imaging of the 
Wedehof salt dome, located in Northern Germany. 

We are showing how this approach can be of 
enormous benefit, in that we were able to focus 
the salt geometry prior to PSDM and consequently 

company

exploration

near-surface

software

research

reduce the cost and time required to complete the 
depth imaging while increasing the likelihood of 
success.

Data Base

Located at the southern edge of the South Permian 
Basin in Lower Saxony, NW-Germany, the salt 
dome Wedehof has been the subject of intense 
geophysical search for hydrocarbon structures and 
gas exploration drilling. The main objectives have 
been the search for hydrocarbons in the cap region 
and in the higher flanks of the structure. For this 
integrated study the following methodologies and 
data sets were utilized:

3D Seismic

3D seismic was applied to obtain data in the deeper 
flanks and their downward extension into the 
Triassic series. 3D acquisition was carried out over 
a conventional 400 m x 400 m acquisition grid, 
therefore not suitable to image reflectors in the 
shallow subsurface. Ambiguities in top salt imaging 
lead directly to large uncertainties (imaging, depth 
conversion) at base salt (Fig. 2).

High-resolution gravity

A complete Bouguer gravity map was compiled 
from a data set collected over a high resolution grid 
(Fig. 3). Average measurement density was about 
7 stations per km2. Accurate 3D modeling was 
performed over the Wedehof salt dome anomaly 
indicated by dashed lines in Fig. 3. The Bouguer 
gravity shows a dominant gravity low above the 
salt structure caused by a major density contrast 
between the salt dome and the surrounding 

Fig. 1 Cooperative methodology



on 2nd order finite-element forward computation 
and robust constraints inversion.

The HRMT coverage over the Wedehof salt dome 
is shown in Figs. 10, 12 and 13. 

Shallow wells

Seven shallow water wells provided the lithology 
control down to a depth of 200 m. Depths to 
top salt and thicknesses of salt covering crest of 
anhydrite derived from the wells show a good 
agreement with the HRMT imaging results.

Bringing the Wedehof complex salt 
structure into focus

Fig. 7 shows the cooperative data interpretation 
workflow that was applied to enhance the imaging 
resolution of the Wedehof salt dome.

High-resolution gravity

Gravity data analysis involved the application of 
wavelength filtering for anomaly separation into 
regional and residual field components. A 0.3-
50 km bandpass filter was applied to derive the 
reference field for 3D modeling down to a depth 
of 6 km.

This residual gravity anomaly is displayed in Fig. 5, 
together with key horizons of the model and three 
seismic inlines. A large WNW-ESE gravity low is 
noted and  attributed to the Wedehof salt dome. 
Around its center a gravity high is observed, with 
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sediments; in the map the low gravity is indicated 
by bluish colors.

High-resolution magnetotellurics (HRMT)

The general objective of applying magnetotellurics 
(MT) to an exploration program is the determination 
of the subsurface electrical resistivity. The 
resistivity data are then used for the interpretation 
of geology, integrating the resistivity information 
in a cooperative interpretation flow. The extension 
of MT to higher frequencies, the audio frequencies 
used by AMT, leads to the investigation of the very 
shallow subsurface.

For this project, a novel high-resolution array 
(HRMT) was deployed to improve resolution 
of the undetected shallow top salt. Salt shows 
strong resistivity contrasts with the surrounding 
sediments and thus represents a good target 
for electromagnetic measurements. The HRMT 
acquisition ’setup’ is displayed in Fig. 4.

Data were acquired in a multi-dipole configuration 
using a 24-bit networked system. Each ‘setup’ 
acquired six frequency bands at: 48 KHz, 9600, 
4000, 1000, 500 and 25 Hz sampling rates. The 
full tensor continuous coverage and the wide 
frequency range (0.001-20,000 Hz) allowed for 
the reconstruction, via multi-dimensional inversion 
technology, of an impressive high-resolution 
model from ground surface to depths of the order 
of 2,000 meters and deeper.

Innovative data processing procedures were 
developed to handle the huge daily data flow and 
the strong local noise contamination. Advanced 
depth imaging capable of inverting efficiently huge 
amounts of data and unknowns was applied, based 

Fig. 2 Seismic slice, Fig. 3 Bouguer gravity  
 central salt dome  map

 

Fig. 4 HRMT acquisition ’setup’

Fig. 5 Bouguer gravity Fig. 6 Bouguer gravity,  
 0.3-50 km bp  SVD

Fig. 7 Cooperative data integration workflow
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highest peaks occurring at the northern margin of 
the dome.

This positive gravity values have been attributed 
to sharp bending of the sediment sequence below 
the salt overhangs. – The salt dome shallow 
boundaries are outlined by the white zero-contour 
line of the second vertical derivative (SVD), shown 
as top surface in Fig. 6; they match the HRMT 
depth imaging extremely well. In addition, the 
cooperative interpretation of gravity and HRMT 
data produced an accurate image of top salt and 
anhydrite crest thickness.

High-resolution magnetotellurics (HRMT)

HRMT depth imaging clearly defined top of salt 
and salt flanks geometries. HRMT data examples 
are displayed in Fig. 8. They are illustrating the 
response when measurements are made over 
the salt body or over the sediments when salt is 
absent (Fig. 8). High quality data were obtained 
throughout most of the survey area by application 
of advanced processing techniques designed to 
reduce the strong local background noise. The 
advanced interpretation tools applied, delivered 
an impressive high resolution image of the salt 
geometry down to a depth of 2,000 meters.

HRMT depth imaging slices are shown in Fig. 9, 
that were computed via multidimensional inversion 
technology. In these images the ‘true’ resistivity is 
displayed to 5,000 m for line 4 (Fig. 9, left) and is 
zoomed in for line 1 and 7 (Fig. 9, right). The red 
color (up to 800 Ωm) indicates the highly resistive 
top salt body, yellow to green (5-30 Ωm) indicate 
intermediate areas, and blue represents low to 
very low resistivity surrounding sediments. 

3D Seismic

Seismic depth migration provided a high resolution 
image of the sedimentary sequence surrounding 
the salt dome. Further analysis of the 3D migration 

volume showed the maximum lateral extension of 
the salt structure fairly accurately. The seismic-
derived sedimentary sequence was used to 
constrain a second pass gravity- and HRMT-depth 
imaging. The second pass imaging revealed a 
significant change in character of the subsalt 
geometry. Subsequent seismic depth imaging 
revealed a lateral salt feature at Muschelkalk and 
Keuper level that was confirmed by further gravity 
model updating.

The cooperative model-building 
methodology

By taking full advantage of the strength of each 
individual exploration tool and their proper 
integration (Fig. 10), the complex salt top geometry 
could be accurately imaged first. The anhydrite 
crest depth and shape were imaged by cooperative 
interpretation of the HRMT and gravity data. HRMT/
gravity enhanced seismic depth imaging was used 
to constrain a second pass HRMT depth imaging, 
which revealed a significant change in character of 
the subsalt geometry that was again confirmed by 
gravity model updating. Fig. 11 shows a SE view 
of six vertical density slices and one horizontal 
slice, extracted from the 3D gravity model. The 
interpreted upper dome structure is shown as a 
separate geobody.

The new upper dome structure was used to remove 
the gravity effects of the assumed model and to 
constrain the interpretation of density anomalies 
at Zechstein horizon level beneath the upper salt 
structure. The gravity fit to the reference field could 
be improved to a standard deviation of 0.18 mGal 
by this integrated approach (Fig. 12). A SE view of 
the interpreted final salt geometry is shown in Fig. 
13 (transparent), included are HRMT depth slices, 
the SVD zero line (white) and a seismic inline.
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Fig. 8 HRMT data examples for stations above sedi- 
 ments and salt, with seismic inline
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Fig. 9 HRMT depth imaging slices, down to 5000 m  
 (line 4) and 1300 m (lines 1 & 7) (S-N views)

Fig. 10 SVD, HRMT and Fig. 11 Density slices of the 
 seismic lines  3D gravity model

Fig. 12 Results from 3D  Fig. 13 Final salt geometry 
 gravity modeling  (SE view)
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 (Std. Dev.: 0.18 mGal)
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Conclusions

The cooperative interpretation of high resolution 
gravity, high resolution magnetotellurics and 
seismic depth imaging has produced a phenomenal 
increase in resolution of the complex geometry 
image of the Wedehof salt structure. The new 
integrated model shows dramatic improvements 
over the previous interpretation based on seismic 
data alone. The thickness and character of the 
caprock/top salt were determined extremely 
well. The dome extends more to the north than 
previously assumed. The salt dome has steep 
flanks: especially the northern flank is very steep. 
The new integrated model would facilitate further 
testing of alternative models, and would provide a 
robust framework for performing detailed analysis 
on a localized, prospect-level basis.
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