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SUMMARY
72 transient electromagnetic soundings using the inloop configuration were carried out perpendicular and parallel to the
strike direction of the Araba fault in Jordan. A 50 m x 50 m transmitter loop was used and Ḣ x and Ḣ y components of
the magnetic field were measured additionally to the Ḣ z component using a receiver coil constructed at the University
of Cologne. However, the multidimensional interpretation of the TEM data was limited to the quantitative modeling of
the Ḣ z component. The late time apparent resistivities derived from the Ḣ z induced voltages show clear differences
between the stations located at the eastern and at the western part of the Araba fault. The fault appears as a boundary
between the resistive western (ca. 100 Ωm) and the conductive eastern part (ca. 10 Ωm) of the survey area. On profiles
parallel to the strike, late time apparent resistivities were almost constant as well in the time dependence as in lateral
extension at different stations, thus indicating a 2D resistivity structure of the investigated area. After having been
processed, the data were interpreted by conventional 1D Occam and Marquardt inversion. The 1D models were then
used as a starting model for a 2D resistivity forward modeling which was extended to a 3D resistivity model explaining
in a satisfactory way the time dependences of the observed transients at all 72 stations. In general, the observed lateral
conductivity anomaly associated with the location of the Araba fault indicates the different water contents of the
structures west and east of the fault which blockade the groundwater flowing from the mountains to the east of the
valley.
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Survey area, Field-Setup and TEM data
The measurements for this study were carried out on
the Araba fault which is a part of the Dead Sea
Transform (DST) fault and located in the southern part
of Jordan between the Dead and Red Sea (Figure 1a). 72
inloop soundings were realized on 6 profiles (Figure 1b)
using a 50m x 50m square transmitter loop and using a
special 3 component receiver coil, which was
constructed in the University of Cologne (Figure 2).
Profile 7 and 7A were perpendicular to the fault,
whereas profiles E, C, D and F were oriented parallel to
it. The station spreading was 50m on the perpendicular
and 100m on the parallel profiles. With this field set-up
a multidimensional interpretation of the observed TEM
data was possible.

Figure 1a: Overview over the Dead Sea Transform
fault (DST) marked by the red line and the
measurement area (blue square).
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Figure 3: Comparison of the TEM transients of station
4 (western part of the fault) and 15 (eastern part of the
fault) of profile 7

Figure 1b: TEM profiles. Profile 7 and profile 7A
consist of 20 TEM station with 50m spacing. These
profiles are perpendicular via the Araba fault (red
dotted line). Profile E and F contain 5 measurement
sites, profiles C and D 10.

The data quality was extremely good. The noise was at
least one decade less than the observed induced voltage.
Fig. 3 shows induced voltages for two selected stations
on profile 7 (Figure 1b). Station 4 was located at the
western part of the fault and station 15 at the eastern
part. Clear different time dependences of induced
voltages of both stations indicate different conductivity
structures beneath the western and eastern part of the
fault.

Interpretation of the TEM data by resistivity
models
First of all, the observed transients were interpreted by
Occam and Marquardt inversion techniques resulting a
RMS error less than 4 % (Rödder, 2010). In Figure 4, the
Marquardt inversion results of station 4 (western part)
and 15 (eastern part) are displayed. There is a resistive
layer (100 Ωm) beneath a relative conductive one at
station 4 down to 100 m depth. On the other hand, the
structure at the same depth beneath station 15 is much
more conductive. The data fitting for both stations is
good.

Figure 2: 3 component (3C) receiver coil by the
University of Cologne enables the measurement of

Ḣ x Ḣ y and Ḣ z simultaneously. Cables are in the
wooden frame and each coil is connected to an
amplifier
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Figure 4a:1D Marquardt inversion models (bottom)
and data fit (top) for station 4
An intensive 2D forward modelling study was also
carried out to examine the reliability of the 1D
inversion of TEM-transients observed on a 2D
resistivity structure. Synthetic TEM transients were
calculated using a 2D conductivity model derived from
the 1D interpolated resistivity section. Synthetic TEM
transients are calculated using a 2D conductivity model
derived from the 1D interpolated resistivity section. 5
% Gaussian noise was added to the synthetic data in
order to simulate the field conditions and were 1D
inverted (Rödder, 2010) afterwards. 1D inversions of
transients calculated at stations close to the fault (less
than 100 m) resulted fictive layers and, therefore, the
exact location of the fault position was not possible. In
order to find out the correct position of the fault and to
calculate a conductivity model which explains all
observed transients, the observed data were interpreted
by 2D/3D forward modelling.
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Figure 4b:1D Marquardt inversion models (bottom)
and data fit (top) for station 15
For the modelling with synthetic data and for the
modelling of the field data, the algorithm of Druskin
and Knizhnerman (1988) was applied which is assumed
to be the most effective approach to solve the transient
electromagnetic forward problem due to the less
amount of computation time needed (Weidelt, 2000) .
Intensive tests were carried out to find out the optimum
mesh. 1D conductivity models were used to derive a
start model which was then modified by using the very
time consuming trail and error procedure until a
satisfying misfit between measured and observed data
had been obtained.

A. Rödder and B. Tezkan, 2013:
Rödder electromagnetic
and Tezkan, Transient
on the Araba
Transient
survey on theelectromagnetic
Araba fault, Jordansurvey
A 3D conductivity
modelfault,

Jordan A 3D conductivity model

carried out to examine the location of the fault. In a
next step, the calculated 2D conductivity models of
profile 7 and 7A together with the profiles C, D, E and F
were combined to a quasi 3D conductivity model of the
survey area. After an intensive trial and error
procedure, the model with the best data fitting is
presented in Figure 7. A RMS fitting less than 20 % was
achieved and the model can explain satisfactorily the
the observed 72 inloop TEM transients. In general, the
quasi-3D model is a confirmation of 2D model shown in
Fig. 5 with small modifications.

Figure 5: Best 2D model for profile 7
First of all, 2D conductivity models were calculated for
profile 7 and 7a (Figure 1b). No lateral change of
conductivity was observed beneath profiles E, C, D and
F. Figure 5 shows the 2D final conductivity model for
profile 7 resulting an optimum data fit with a RMS of
7%. The observed and calculated induced voltages are
displayed as pseudo-sections in Figure 6. The 2D
conductivity model confirms the general structure of
the first 100 m beneath profile 7 derived by 1D
inversions, i.e. a resistive structure west of the fault and
a conductive one east of it. In addition, a 500 Ωm
resistive block west of the fault and a thin less resistive
layer (5 Ωm) east of it were indicated to improve the
fitting. The east-west structure is inverse between 100
and 200m depth. In the western part, there are lower
resistivities of 5 Ωm and east of the fault the structure
has an average resistivity of 50 Ωm. Below this depth, a
400 Ωm half space was modeled. Model studies were

Figure 7: 3D forward resistivity model to explain all 72
inloop TEM transients simultaneously.
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Figure 6: Pseudo-section of measured voltages on
profile 7 on the top. Below the corresponding modeled
voltages of the model in Fig. 5.

