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Introduction
Application of geogenic electromagnetic radiation (EMR) in 

geosciences has been increased. The EMR technique facilitates the 
investigation of geological structures and related stress regimes. 
It is based on the natural electromagnetic waves emitting from 
brittle materials when exposed to mechanical stresses. That is an old 
phenomenon but in last few decades has been tested for applicability in 
the field of structural geology. Micro-fracturing related charge transfer 
is proposed to be the main source of the EMR among other possible 
processes. For basic facts on EMR and its application in structural 
geology and neotectonics, it is recommended to read the valuable 
works [1,2]. The most promising theories to explain the generation of 
EMR induced by brittle fracturing are (1) charge separation processes 
between or along the crack walls associated with micro-cracking [3,4], 
(2) crack-induced movement and reorientation of dislocations [5,6],
and (3) the surface vibrational-wave model (SVW) [7,8]. The model (3)
is able to explain the generation of EMR independent of the material, as 
well as the directional properties of the emitted electromagnetic waves,
which are the main requirements of a source mechanism. Furthermore, 
the SVW model is in accordance with further investigations, able to
explain the properties of the measured EMR waves with the crack
dimensions and the material properties [9-12]. Koktavy propose a
combination of the charge-separation models and the SVW model [13]. 
It is therefore probable that more than one mechanism contributes to
the generation of EMR associated with micro-cracking. The previous
publications based on the EMR-Technique and Cerescope [14-20].The
present study, in the same context, is the first attempt using the EMR-
technique/method and Cerescope in surface detection, investigation
and mapping of an active fracture system, beside the identification of the 
main horizontal stress direction σH at Landau area in the central Upper
Rhine Graben, SW Germany (Figure 1). To achieve the main objectives 
of the study, a grid of linear profiles was surveyed using Cerescope
to define the locations of active faults, which deform the uppermost
sedimentary cover. Horizontal measurements were also carried out to
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determine the direction of maximum EMR- intensities that is directly 
related to the orientation of the largest principal horizontal stress axis 
(σ1). The effect of the Upper Rhine Graben active tectonism and the 
Enhanced Geothermal System, south of Landau, on the seismicity and 
reactivation of an old rift-related fracture system will be discussed.

Methodology
The Cerescope

All EMR-measurements are performed with the Cerescope (Figure 
2). The hardware, adjustment steps and functionality of the Cerescope 
was described with details in [21,22]. The values measured by the 
Cerescope store as Parameters A to E. Parameter A is the number of 
peaks cross the assigned discrimination level, whereas the Parameter 
B defines the number of counted bursts. The Parameter C defines the 
average amplitude of the bursts, while the energy of bursts measured 
as Parameter D. Finally, the mean frequency of bursts is measured as 
Parameter E. Parameters A and D are the most useful for meaningful 
interpretation (Table 1).

Measurement procedures 

Linear measurements

Linear Cerescope measurements are recorded along linear profiles 
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as described in Obermeyer [21]. They carried out to detect the site of 
active faults and stress focuses. The linear measurements are usually 
carried out in the time-triggered mode and hence it needs a regular 
speed along the measured profile to produce a uniform distribution 
for the measuring points. So, in mountainous areas and long profiles 
of kilometers length the linear measurements can be taken with the 
car of regular speed to ensure a regular spacing between individual 
measurements.

Horizontal measurements

With horizontal measurements it is possible to determine the main 
horizontal direction of EMR. Assuming tensional micro- and nano-
cracks as the source of EMR, the main radiation direction coincides 
with the preferred orientation of the cracks and therefore allows the 
determination of the direction of the main horizontal normal stress 
direction (σH). During horizontal measurements the beam antenna is 
moved in a circle in the horizontal. Two procedures can be used. First, 

using a template with a 360° azimuth, one person rotates the antenna 
stepwise in 5° intervals, while a second person operates the Cerescope, 
resulting in 72 single measurements at each measuring location. This 
assures correct and highly reproducible results. An alternative method 
used is to mount the antenna onto an automatic turning device [22].

EMR measurements at Landau area 

Linear measurements

A grid of linear EMR-profiles (12 profiles oriented N-S and 6 profiles 
oriented E-W) was designed and surveyed by the Cerescope (Figure 3). 
The shortest and longest measured EMR-profiles were 126m (profile 10 
due N) and 661m (profile 1 due E), respectively. The study area is a new 
urban area under construction, to the south of Landau city, subdivided 
by several routes (future streets), gardens and a few narrow corridors. 
We did not use a car but measuring while marching, in constant and 
regular steps, was carried out. The Cerescope device was adjusted on 
a suitable discrimination or gain level (mainly the highest level of gain 
3) during all measurements, with the Cerescope antenna oriented 
vertically, perpendicular to the ground surface. The measurements 
were operated during several days in May 2014, with optimum time 
and weather conditions suitable for EMR working. The time from 10:00 
am until 03:00 pm was chosen to avoid the effect of the artificial signals 
from very low frequency transmitters (VLF), the daily fluctuation of 

Figure 1: Geographical map of the Upper Rhine Graben (URG), southwest 
Germany (left-side map) and a Google Earth satellite image (right-side image) 
of the study area at Landau. EBF, WBF, OGP and HTBF are boundary faults.

Figure 2: The Cerescope device used in the present study.

Object-Landau___, Profile – 18_________, 26.05.2014  12:14:45

Picket Param-
eter A

Param-
eter  B

Param-
eter  C

Param-
eter  D

Param-
eter  E

Azi-
muth Time

1 6 0 0 0 0 0 5/26/2014 
12:14

2 10 0 0 0 0 0 5/26/2014 
12:14

3 21 1 79 125 22 0 5/26/2014 
12:14

4 12 0 0 0 0 0 5/26/2014 
12:14

Table 1: A data file in Microsoft Excel recorded with Cerescope demonstrating the 
different EMR measured parameters.  

Figure 3: Horizontal measurements recorded by the Cerescope and projected 
on the fracture map of the study area. Negative measurements mean that no 
EMR-signals were recorded.

Figure 4: Polar plots of the horizontal measurements recorded by the 
Cerescope (See Fig. 5 for the location of different measured points).
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the earth tides and irradiation from the sun [16]. Although measuring 
EMR-profiles through urban areas, especially along streets, may subject 
the measuring process to disturbance by artificial sources of radiation 
like power lines, communication lines and television cables, water and 
gas pipelines, for linear measurements the effect of artificial sources 
is in most cases easy to detect. The pattern of the EMR-profile is 
characterized by a dramatically increase or decrease in EMR intensity 
towards these artificial sources. The measured linear EMR-profiles 
are interpreted in the light of the data available from the previous 
publications and studies as we have not yet any standard profiles, 
curves or guided EMR-catalogs. On each profile the high intensities 
(summits) on the EMR intensity-curves are marked and numbered as 
peaks (Figure 3). Each peak can be separately interpreted to detect the 
nature of a fault or fracture emitting the signal. After projecting the 
different EMR-peaks of the intersected linear EMR-profiles, on a map 
with a suitable scale, the strike of the proposed faults could be traced 
(Figure 4), whereas the dip (amount and direction) of these faults is 
easily identified from analyzing the asymmetric shape of the intensity-
curves themselves. The intensity-curves of the northerly and easterly 
EMR linear-profiles of the study area were mutually interrelated to get 
a realistic view for the dimension and orientation of the detected faults. 

(Figure 3) demonstrates a possible interpretation for the different 
EMR-peaks identified from the different measured E and N -oriented 
EMR-profiles. The horizontal grey lines define a very steep to sub-
vertical fault represented by one distinct peak of a single fault or a 
fracture zone including several sub-peaks of successive faults, while the 
inclined grey lines propose a shallow or steeply-dipping fault depending 
on the degree of inclination of the line. Based on the spatial distribution 
of the different EMR-peaks recorded along the intersecting eastern and 
northern profiles (Figure 4) and on the method of peak-interpretation 
discussed above, a system of NNE-SSW (in the southern part of the area) 
and NNW-SSE (in the northern part of the area) oriented fractures are 
postulated. These fractures are arranged in two domains separated by a 
belt of ESE-WNW to E-W oriented left-stepping en echelon fractures 
(Figure 5). The nature of this fracture system and the causal stress will 
be discussed in the next sections.

Figure 5a: Electromagnetic spectrum, intensity curves, of linear EMR-profiles 
measured due east and north.

Figure 5b: Electromagnetic spectrum, intensity curves, of linear EMR-profiles 
measured due east directions.  

Figure 5c: EMR-profiles which are highly disturbed by artificial signals.
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Horizontal measurements

Several horizontal EMR-measurements were taken along the study 
area at different locations (Figure 3). The purpose of performing such 
horizontal measurements by using the Cerescope is the identification 
of direction of the main horizontal stress (σH). The horizontal 
measurements were plotted on polar diagrams (Figure 4).

Discussion
Discussion of EMR measurements

In the study area 18 linear EMR-profiles were measured and repeated 
horizontal EMR-measurements at 12 locations were performed, applying 
the EMR-technique using Cerescope. The results of the linear profiles 
are displayed as intensity-curves using parameter A and parameter D 
plotted on the same histogram (Figure 5) to discriminate the natural 
geogenic-pulses of defined energy from the artificial ones of low energy 
but high pulsed peaks (Figures 5b and 5c). EMR intensity-peaks are 
a main clue for interpretation of these profiles. A distinct single peak 
with simple intensity curve characteristics could represents a single 
fault (Figures 5a and 5b), whereas another peak may define a fracture 
zone of closely-spaced steeply-dipping to sub-vertical fault planes  
(Figure 5a). However, several peaks represent a belt consisting of 
faults or fault segments forming en echelon arrangement (Figures 5a 
and 5b). For a full map-view of these peaks and their related faults 
represented in the map (Figure 6). Interpretation of the linear EMR-
profiles including analysis of the associated EMR intensity-curves 
resulted in, as shown on the fracture map of the study area in (Figure 
6), a fracture system of normal dip-slip faults oriented NNE-SSW and 
NNW-SSE. The important characteristics of these faults are the en 
echelon arrangement and the graben and horst structural style, along 
their trend, i.e. they have oppositely dipping surfaces along the same 
profile. As EMR-measurements make it possible to detect faults and 
make predictions about the dip direction and the strike by combining 
different linear measurements, the normal sense of displacement along 
the detected faults could be estimated from the shape of their different 
EMR intensity-curves, especially when the structural and tectonic 
regime of the area is well known. However, the strike-slip component 
is difficult to be estimated depending on the linear EMR-measurements 
alone. Greiling and Obermeyer gave much attention to the tectonic 
setting of the investigated areas [2], while discussing the application 
of the EMR-study results in different tectonic environments. The 
distribution of these faults is also of great significance, where the NNE-
SSW oriented faults are situated to the southwest while the NNW-SSE 
oriented faults are located to the north. Furthermore, the central area 
in between the two fault-trends is deformed by a differently oriented 
set of faults, oriented ESE-WSW to E-W with a left-handed en echelon 
arrangement. The en echelon arrangement postulates shorter lengths for 
these faults than the NNE and NNW oriented faults. Fault propagation 
and growth models [23,24] propose that faults which tend to arrange 
en echelon, within transfer or wrench zones, are forming with shorter 
fault-segments than one long major fault. As outlined in detail by 
Lichtenberger and Reuther [17,20], a single peak of EMR is interpreted 
as due to an extensional fracture, where the direction of the fractures 
is parallel with that of the maximum horizontal stress. Accordingly, 
two or four peaks can generally be related to shear fractures and the 
maximum horizontal stress direction, in that case, is in the direction 
of the bisector of two conjugate peaks. The results of horizontal 
EMR-measurements of the study area (Figures 7 and 8) point to two 
main radiation directions, NNE and NNW, although demonstrating 
a complex pattern. These trends can be interpreted as to define two 
conjugated sets of fractures, where the acute bisectrix of both sets is 

Figure 6: Tracing map of the detected faults depending on the anomaly peaks 
of high EMR-intensity. Red and blue peaks are arranged along the east- and 
north-oriented EMR-profiles, respectively.

Figure 7: Fault-map of the study area illustrating the fault domains, NNW-
oriented faults to the north and NNE-oriented faults to the south, separated by 
a right-handed transfer or shear zone in the central part.

Figure 8: Instrumental and historical earthquakes in the Upper Rhine Graben 
(URG) (source data: Fracassi et al., 2005 and Leydecker, 2005). The map shows a 
wide distribution of the small earthquakes occurring over the entire graben.
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to assume that the Late Variscan Shear Zone area is a precursor of the 
later on formed URG in Cenozoic time. Furthermore, the geophysical 
and tectonostratigraphic data in Edel and Weber and also in Schumacher 
proposed additional evidence on a major NNE trending Late Variscan 
shear system dissecting the area of the Upper Rhine Graben [25,33,34]. 
However, the NE-ENE and NW Variscan trends are also encountered in 
the URG. High rates of Quaternary surface processes, intensive human 
modification, relatively slow tectonic deformation and presently low 
intra-plate seismic activity characterize the central and northern parts, 
including the study area, of the URG. Meanwhile, the southern URG is 
characterized by moderate to high level seismic activity as it abuts the 
northern margin of the Miocene to Pliocene fold and thrust belt of the 
Jura Mountains that experience ongoing tectonic activity [27]. On a 
regional scale, the URG developed by passive rifting in the foreland of 
the Alps. The rifting was initiated by an E-W extension, occurring 
approximately contemporaneous with the collisional phases of the 
Alpine and Pyrenean orogenies [35-37]. It was marked by Middle 
Eocene synrift sediments revealed from seismic and borehole data [38-
41]. The URG developed in two main phases. During the Oligocene 
crustal extension (first phase), preexisting weakness zones were 
reactivated in an overall extensional to transtensional stress field with 
E-W oriented extension. The individual basins coalesced, resulting in 
the development of the NNE-SSW striking Upper Rhine Graben. The 
graben structure opened and sedimentation occurred across the entire 
graben. The Early to Late Miocene time (second phase) was marked by 
a major reorientation of the regional stress field, which is responsible 
for the main subsidence phase of the northern parts of the URG and a 
reactivation of the URG system by left-lateral shearing, persisting until 
present [25,37,42,43]. A NW-SE oriented compression and a NE-SW 
oriented extension were prevailing during such phase. The seismicity of 
the URG is characterized by low to moderate intra-plate earthquake 
activity [44-46]. The URG is at present amongst the most seismically 
active areas in Western Europe north of the Alps. The historical seismic 
catalogue of the URG area is dated back to 800 AD [46]. The map of the 
instrumental and historical earthquakes in the URG shows a wide 
distribution of small earthquakes occurring over the entire graben 
(Figure 8). The tectonic regime in the central URG including the 
Landau area is extensional with a minor strike-slip component, where 
the maximum horizontal stress (SH) is oriented NW-SE [47-50]. Recent 
modeling of strain rates across the URG based on the velocity 
measurements of continuously operating GPS stations, revealed a 
gradual change from transpression in the southern URG to transtension 
in the northern URG [51]. This result confirms the decrease of 
compression from south to north, which has been suggested by the 
seismological studies [48,49,52]. Based on GPS measurements and 
modeling studies on the GPS velocities, the crustal motions of the URG 
area are characterized by NW directed horizontal compressional rates 
between 0.1 and 2.9 mm/year with an E-W extension of 0.5 to 1.5 mm/
year [53-56]. The NNE-SSW trending URG, under the present day 
stress field, is subjected to sinistral transtension with NW directed 
horizontal stress (SH). The direction of SH in the URG area is on average 
NW-SE (N150) as demonstrated in the World Stress Map,  
(Figure 9) [57]. However, for the Landau area, there is no published 
stress-depth distribution available. Rotation of the SH from NW-SE to 
NNW-SSE was observed with increasing depth [58]. Based on 2D 
seismic profile interpretations, neotectonic fault activity is assigned 
mainly to 170˚-180˚ striking faults, which are defined by Illies and 
Greiner as Riedel Shears with a left-lateral sense of movement [59]. 
Recent seismological studies confirmed the seismic activity of 020˚ 
striking faults located in the southern and central URG, which are 
associated with important historical earthquakes that could be well 

consistent with the maximum horizontal stress direction and suggesting 
N to NNE direction of σ1. To sum up, the linear EMR-measurements led 
to two fault-domains separated by an accommodation or shear zone 
(Figure 7). The northern fault-domain comprising the NNW oriented 
faults, while the southern fault-domain consists of the NNE oriented 
faults. Geometrically, the two fault-trends would be interpreted as a 
set of conjugate fractures. The bisectrix between the conjugated NNE 
(N025˚-030˚) and NNW (N160˚-170˚) oriented faults proposed an 
applied regional stress σ1 (shortening) directed N to NNE (N005˚-007˚) 
with a maximum extension (lengthening) in E to ESE direction (N095˚-
097˚). The acute angle between these faults is on average 35˚-50˚. Left-
stepping faults forming the central shear zone suggest a right-lateral 
wrenching deforming the central part of the study area. Wrenching 
zones are characteristic for recent tectonics not only at Landau area but 
along the entire Upper Rhine Graben, as well. The direction of the main 
horizontal stress interpreted from the horizontal EMR-measurements 
(the main radiation directions) is, however, consistent with the direction 
estimated from the fracture analysis of the linear EMR-profiles.

Landau area and the Upper Rhine Graben

The Upper Rhine Graben (URG) is located at the center of the 
European rift system of Cenozoic age, which comprises several rift-
formed basins covering the area from the North Sea in the north to the 
Gulf of Lyon in the south [25-30]. The dimension of the URG is about 
300 km long by 40 km wide, and is delineated from the north by the 
Rhenish Massif and from the south by foreland thrusts of the Jura 
Mountains. The structural orientations of the Upper Rhine Graben 
have been developed during the Paleozoic in relation to the Variscan 
Orogeny, and during the subsequent Permo-Carboniferous wrench 
related tectonics [31]. The Variscan trend is dominant and characterized 
by NNE oriented left-lateral faults which are synchronously formed 
with the Lower Carboniferous-Permian intrusives outcropping in the 
basement of the Vosges Mountains in France,the Black Forest in 
Germany, and the Odenwald Mountains in Germany [32,33]. This led 

Figure 9: The maximum horizontal stress directions SH for the Upper Rhine 
Graben (URG) areas as demonstrated on the World Stress Map (WSM), 
Heidbach et al. (2008). Realize the recorded data at the northern and southern 
URG (the main direction is NW-SE), whereas no date recorded at Landau area.
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localized [60,61]. The studies of Gabner and Frietsch on Landau (study 
area) and Insheim areas that depend on the fault plane solutions of the 
micro-earthquakes together with the relative locations of the 
hypocenters proposed a prevailing NNW-SSE striking normal faulting 
regime with a variable minor dextral strike-slip component [62,63]. 
They suggested reactivation of pre-existing faults or opening of new 
fractures that follow the trend of the old ones. The maximum horizontal 
stress direction (SH) was postulated to be NNW-SSE. The slip tendency 
(ST) model results for the URG faults show that the magnitude of ST is 
strongly depending on the fault orientation [64]. NE-SW trending 
faults show relatively low ST values, while N-S trending faults exhibit 
the highest ST values. Faults with largest ST values strike 160˚ to 170˚ 
(NNW-SSE), which is nearly parallel to the direction of SH. Faults with 
intermediate ST values have main strike directions of 020˚ (NNE-SSW) 
and 120˚ (NW-SE), whereas the faults of low ST values are oriented 
nearly perpendicular to the maximum horizontal stress with a strike of 
about 065˚ (ENE-WSW). Using finite-element modelling, Buchmann 
found that high values for dilatation-tendency and slip-tendency 
prevail for faults which strike in NNW-SSE to NNE-SSW direction in 
the northern and central Upper Rhine Graben [65]. Peters and Van 
Balen based on the tectonic geomorphology find also NNW-SSE 
oriented fault trends inside the northern and central Upper Rhine 
Graben [66]. According to the previous discussion, the majority of 
faults, especially the fault sets striking 020˚ and 170˚, within the URG 
are optimally oriented for fault reactivation. The fault-trends detected 
during the present work, using the EMR-Technique and Cerescope, are 
very close to these trends. The effect of the complex tectonic setting and 
recent activity of the URG are obvious on the results of the present 
study. The direction of the maximum horizontal stress, which is 
assigned N-S to NNE-SSW during the horizontal EMR-measurements 
in the present work, is slightly deviating from that detected in NNW-
SSE direction through the previous studies and tectonic models. This 
NE deviation may be interpreted as the main horizontal stress is rotated 
with depth, especially where these studies are mainly depending on the 
focal plane solution mechanisms [62,63], and on the subsurface bore-
hole data and break-out measurements [64,65]. The results of horizontal 
EMR measurements in the Kachchh Basin in western India [19] have 
shown a similar case, where the main radiation direction is oriented 
060˚ and deviation of 20˚ about the orientated main horizontal stress 
direction known from focal plane solutions at a depth of 9 to 15 km. This 
deviation was explained as stress rotation between depth (where σH was 
determined with focal plane solutions) and the surface (where EMR 
measurements were carried out). At greater depth, within the basement of 
both URG and Jura Mountains, the direction of present-day maximum 
horizontal stress is consistently oriented NW-SE [49,67], while the recent 
stress field in the sedimentary cover (Mesozoic to Tertiary) as estimated 
from in-situ stress measurements, reveals NNW, N to NNE oriented 
maximum horizontal stresses [68,69]. Anticlockwise rotation of the 
maximum horizontal stress from the sedimentary cover to basement [27] 
indicates ongoing mechanical decoupling of the sedimentary cover from its 
basement along Early Mesozoic weak layers [70,71].

Effect of the Enhanced Geothermal System (EGS) to the south 
of Landau 

The Upper Rhine Graben (URG), in SW Germany, is the geothermal 
province with the highest geothermal gradients in Germany. 
Exploration wells show geothermal gradients up to 7.7°C/100 m. Pre-
rift sedimentation is represented by Early to Middle Triassic deposits of 
the fluvial Buntsandstein and marine Muschelkalk formations, which 
are overlying the crystalline basement. These formations, beside the 
basement, are actually the main geothermal reservoirs in this region. 

One geothermal power plant is operating since 2007 in the city of 
Landau and a second power plant became operational in autumn 2012 
near Insheim to the east of Landau. Furthermore, several geothermal 
power plants are currently projected in this region. In 2009 two 
earthquakes with magnitudes (ML) of 2.4 and 2.7 occurred directly 
underneath the city of Landau at 2.5-3 km depth in vicinity of the 
geothermal reservoir. These seismic events were felt inside a radius of 
several kilometers. Groos found a mainly normal-faulting component 
for the two earthquakes which is in accordance to the extensional stress 
regime in this part of the Upper Rhine Graben [72]. The fluid injection 
in boreholes is usually carried out during industrial operations 
targeted to permeability enhancement of hydrocarbon reservoirs and 
geothermal heat exchangers. Pressures in the order of 10 MPa are 
used in order to decrease the effective normal stress that results in 
shearing of preexisting fractures and/or creating new tensile fractures. 
A part of the deformation is brittle, which is expressed in the form of 
small seismic events. However, recent studies indicate that non-brittle 
deformation plays much role in the permeability enhancement during 
hydraulic fracturing. These non-brittle deformation also generate 
Long Period Long Duration (LPLD) seismic events during hydraulic 
stimulation but in the lower frequency range and with low energy 
level than the microseismic events [73,74]. Accordingly, treatments 
of geothermal fields which are often associated with small-magnitude 
earthquakes (ML from 2 to 4) are representing a source for the seismic 
risk of these operations. In hydrothermal and geothermal industries, 
active faults are the main target because of the mechanical fracturing is 
to some extent prevent deposition of minerals dissolved in geothermal 
fluids. Faults with large displacements are mostly developing cores 
that decrease the permeability of a fault due to clay and phyllosilicate 
mineral overgrowth [75]. As a consequence, fracture porosity could 
be reduced due to mineral precipitation and the ongoing deformation 
should dynamically counteract the fracture sealing through generating 
new fractures [76]. Tensional to transtensional faults are the most 
important ones, where the formed fractures could stay open and 
accordingly increase the porosity and the permeability of the fault 
or damage zone. Several hydro-geothermal systems are associated 
with active faults and/or fault systems. Among them are the hydro-
geothermal power plants near Landau and Bruchsal, the Great Basin 
in the western United States as well as hydro-geothermal systems in 
the western Turkey [77,78]. Such examples enhance the role of active 
fault systems (normal, dip-slip and wrench) in geothermal industry. In 
Enhanced Geothermal Systems (EGS), the permeability of the reservoir 
rocks has been increased by hydro-fracturing. High pressure, cold water 
is pumped down an injection well to increase fracture permeability and 
hydraulically stimulate geothermal resources. Hot water is extracted 
from the pumping well and is then ready for power generation in 
steam state or using a binary-cycle power plant. Enhanced Geothermal 
Systems are in the Upper Rhine Graben at Landau City in Germany 
and Soultz Sous Forets in France [79,80]. At Landau Pfaltz (Germany), 
the Enhanced Geothermal System (EGS) produces about 3 MW of 
electricity (2007), with a thermal capacity of about 3 MW (2010) for 
district heating, as a secondary operation. The Borehole depth is 3000-
3340 m and the reservoir temperature is 160˚C. The horizontal distance 
at the surface between the injection and production wells is 5 m, while 
at the subsurface this distance reaches 1.5 km. From the aforementioned 
discussion, the Landau area (including the area studied) has been 
affected by the processes of mechanical hydro-fracturing occurring 
in the reservoir rocks underlying the geothermal power plant. The 
stimulations of the reservoirs below Landau are accompanied by 
microseismicity [81,82]. This seismicity indicates the generation of new 
cracks or the reactivation of existing faults. Under the stress conditions 
and fracture analysis described in the present study, it can be expected 
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that these cracks and faults are aligned preferably in the NNW-SSE to 
NNE-SSW direction [83-86]. Hot water (165˚C) with significant flow 
rates is extracted from faults at about 2–2.5 km depth at the geothermal 
power plant in Landau, Schindler [87]. Therefore, it is obvious that the 
cracks are fluid-filled in the region of anisotropic wave propagation 
[63]. The detected fracture system at Landau area, applying the EMR-
Technique and Cerescope, is proposed to be newly formed. This 
argument is built on the following facts: (1) the processes of mechanical 
hydro-fracturing and reservoir stimulations occurring below Landau 
area have a tendency to generate new cracks in reservoir rocks, which 
suggested to propagate upward affecting the overlying sedimentary 
cover; (2) the accompanied microseismicity indicates reactivation of 
pre-existing faults, where repeated movements along such large active 
faults enhance fracturing processes [76]; (3) ongoing mechanical 
decoupling between the sedimentary cover and its basement [27] 
with rotation of a maximum horizontal stress from greater depths to 
shallow crustal levels, suppose a new system of fractures deforming the 
sedimentary cover and controlled by old trends. The detected fractures 
in Landau area trend NNE-SSW and NNW-SSE, estimating an N to 
NNE oriented maximum horizontal stress which rotated with depth to 
NW direction [88,89]. 

Conclusions
Applying the EMR-Technique using Cerescope at Landau area in 

the central Upper Rhine Graben (URG) resulted in detection of two 
conjugated sets of active faults following the same trends characterizing 
the rift-related tectonics predominating in the URG during the Late 
Eocene-Miocene time span. Linear and horizontal EMR-measurements 
were performed using a Cerescope device for mapping the active 
faults and determining the direction of maximum horizontal stress σ1, 
respectively. The study demonstrates that the NNE-SSW and NNW-
SSE fault trends are still active. The main direction of horizontal 
stress is represented by the acute bisectrix between the two preferred 
orientations. The maximum horizontal stress (σ1) is generally directed 
N to NNE (N5˚-7˚E). Mechanical hydro-fracturing occurring in the 
reservoir rocks underlying the Enhanced Geothermal System at Landau 
area causes reactivation of the pre-existing deep-seated (basement) 
faults that are controlled by a complex structural and tectonic setting 
of the Upper Rhine Graben. Reactivation of the old fault-trends is 
deforming the uppermost sedimentary fill by creation of a newly active 
system of fractures, which follow the same orientations and induce 
active seismicity.
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