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By D. Bruhn (GFZ)

On the 12th and 13 th of October 2015 we had our mid-
term conference in Pisa, hosted by CNR-IGG in their large 
auditorium. The conference was preceded by a field trip 
to the Isle of Elba, led by Domenico Liotta and members 
of his research group from Bari (see report on page 2). 
Participants got to see the exhumed geothermal system 
in a tectonic and geological setting that is comparable 
to the currently exploited geothermal site at Larderello 
a few kilometres away on the Italian main land. This 
was an excellent prelude to the actual conference itself, 
which was not only attended by IMAGE project partners 
but also by several invited speakers and guests, inclu-
ding the members of our scientific Advisory Board. 

The project is progressing very nicely, all major field work 
in Iceland and in Italy is finished. The seismometers de-
ployed in SW Iceland for the project in 2014 were collec-
ted again after more than a year. The network included 
24 ocean bottom seismometers that had been deployed 
off-shore and had to be collected again with the help of 
the Icelandic coast guard. An enormous amount of data 
is now waiting to be analysed and interpreted. Similarly, 
data acquisition and mapping on Elba is mostly finished, 
resulting in two PhD theses and a thorough characteri-
zation of the fossil geothermal system. The laboratory 
experiments especially designed to support interpretati-
on of the data from these high temperature systems are 

yielding first results. And the tectonic and thermal mo-
dels of the lower enthalpy systems - the Alpine Molasse 
Basin and the Rhine Graben area – are evolving and ge-
nerating new insight into those systems. All these results 
and work in progress were presented in the beautiful 
setting of Pisa, perfectly organized by our hosts. 
The following day, we received constructive and detailed 
feedback on our work from the members of our Advisory 
Board who had come to join us – Gregory Newman, Mike 
Sandiford and François-David Vuataz – and from Faus-
to Batini, who attended as a reviewer for the European 
Commission. This feedback will help us to improve our 
successful work. All this advice and support is gratefully 
acknowledged and appreciated.

The next year will see a lot of analyses, modelling and 
evaluation of results. Several results of this work will 
be presented at the European Geothermal Congress in 
Strasbourg in September 2016. So if you missed us in 
Pisa, come to Strasbourg. We will be pleased to show 
and explain what we have been doing in IMAGE. 

Finally, we would like to welcome the new project part-
ners from Portugal, EDA – Electricidade dos Açores, and 
all new members in the IMAGE team - see Personalia on 
page 9. We wish everybody a very happy Christmas and 
a successful start in 2016!
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Geological and structural setting of the Eastern Elba Island exhumed geothermal system (Italy)

C. Bianco (University of Bari)

What‘s new?

Fig.: Geological sketch map indicating the distribution 
of the seven tectonic units recognized. In the eastern 
sector of the Elba Island, the main geological structures 
detected and related to old mines and hydrothermal 
mineralization are also shown. 
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Eastern Elba Island is characterized 
by Fe-oxides and sulphides ore depo-
sits deriving from the hydrothermal 
activity developed during cooling of 
the Porto Azzurro pluton (5.9 Ma). In 
my PhD project the results deriving 
from a new geological and structu-
ral map (scale 1:10000) carried out 
in the last two years, are presented. 
Tectonic units belonging both to the 
Tuscan continental and Ligurian oce-
anic environments were recognized 
in eastern Elba Island and their re-
lationships have been defined. Since 
early-middle Miocene, the area has 
been affected by extensional tecto-
nics, developed through normal and 
oblique-slip faults, the latter main-

ly SW-NE oriented, as it can be ob-
served in the schematic geologic 
map below (Figure). Mineralization 
is mostly concentrated along these 
structures and mineralized shear ve-
ins have been extensively recognized 
in the fault-slip surfaces and related 
damage zones. Metasomatic proces-
ses accompanied the fluid flow affec-
ting the cataclasite. Significantly, the 
permeable geological bodies, hydrau-
lically connected with these shear zo-
nes, are affected by metasomatism, 
too. Consequently, the main mining 
activities were located along the SW-
NE shear zones or in the surrounding 
geological bodies.

Topinetti locality. The group is standing on the outcrop 
discussing on the observation (photo: J. Freymark). 

Before the mid-term IMAGE confe-
rence a field excursion to eastern Elba 
Island was organized by UNIBARI and 
CNR. Eastern Elba Island in fact was 
chosen as study area as an examp-
le of exhumed geothermal system, 
active during Messinian-Pliocene, 
and considered the analogue of the 
present active Larderello geothermal 
system. Almost 35 colleagues from 
the IMAGE consortium participated 
to this event, lasting two full days in 
Elba Island (9-11 October 2015). We 
arrived in Rio Marina, the evening of 
9 October 2015, leaving Pisa airport 
at about 13.00 where participants 
were grouped in minivans. Thus, the 
first day was dedicated to the trans-
fer to Elba Island and, in the evening, 
to the visit of the Museum of Mine-
rals in Rio Marina. Here we got the 
opportunity to illustrate the main to-
pics of the field trip and to visit the 
exposition where amazing samples of 
the past mining activity are collected. 
The day later (10 October 2015) the 
field excursion took place in a raining 
day. Initially we visited the so-called 
Porto Azzurro monzogranite (dated at 
about 5.9  Ma), representing the heat 

source of this exhumed geothermal 
system. We recognized the almost 
vertical deformational structures that 
were active together with the hyd-
rothermal fluid flow (now mostly re-
presented by tourmaline and quartz 
shear veins) during the very initial 
period of the monzogranite cooling. 
The second stop was dedicated to 
one of the most famous outcrop of N. 
Apennines where a low angle normal 
fault (the Zuccale fault) is superbly 
exposed. Also this structure was ac-
tive during fluid flow, as testified by 
the occurrence of Fe-hydroxides and 
Fe-oxides shear veins on the fault 
slip surface and within the cataclas-
tic level. Despite of no-stopping rain, 
after a couple of sandwiches, we 
continued our field excursion visiting 
one of the main structural conduit of 
the exhumed geothermal system (Il 
Bacino mining area). This outcrop, 
together with the one showing the 
skarn mineralogical assemblage gave 
us information on the fluids lateral 
migration. Finally, under a warm and 
summer-like sun, the 11 October was 
dedicated to Topinetti and Valle Gio-
ve mining areas, representing the 

Field excursion to Eastern Elba Island

D. Liotta (University of Bari) 

shallow reservoir of the exhumed geo-
thermal system in Eastern Elba Island. 
Participants concluded this field trip 
reporting comments for further de-
velopments. We can therefore assess 
that the IMAGE excursion was fruitful, 
contributing to verify the work done 
up to now, to receive further ideas on 
how interpret and integrate the coll-
ected data, and.... to make a group, 
strengthening the european geother-
mal specialists among them! 



The Stress Pattern of Iceland

M. Ziegler (GFZ)

As part of the IMAGE project we com-
piled the first comprehensive stress 
map of Iceland. In total we interpre-
ted ~34 km of acoustic image logs 
for stress indicators. We revised the 
existing data records for Iceland in 
the World Stress Map and conducted 
an extensive literature research to 
compile the available stress data.
The new stress compilation consists 
of 444 data records for the orientati-
on of the maximum horizontal stress 
(SHmax) in and around Iceland with 
307 data records of  A-D qualities ac-
cording to the World Stress Map ran-
king scheme (Figure). A closer look 
at subregions reveals four different 
provinces with fairly consistent mean 

SHmax orientation. They are in the 
Capital area and Southern Lowlands 
(SHmax= 38°), the eastern Highlands 
and Eastfjords (SHmax= 9°), the Tjör-
nes Fracture Zone and Akureyri 
(SHmax=152°), and the Westfjords 
(SHmax=137°). 
This distribution of SHmax orientations 
is in agreement with the prevailing 
structural geology. At the spreading 
ridges an orientation of SHmax paral-
lel to the plate boundary is observed. 
In the transform zones SHmax is at an 
angle of approximately 20° to 60° to 
the plate boundary. A rotation of 
SHmax from ridge parallel to ridge nor-
mal is seen in the Westfjords.

Fig.: Stress indicators of quality A-D in Iceland.  

IMAGE Newsletter N° 03, December 2015

Seismic and acoustic measurements in Iceland

P. Jousset, J. Henninges, T. Reinsch (GFZ)

What‘s new?

Fig.1

Within the framework of IMAGE sci-
entists from the German Research 
Centre for Geosciences (GFZ Pots-
dam) and from the Iceland Geosurvey 
(ÍSOR) deployed 30 seismic stations 
on-land in March 2014 (Fig.1) and 24 
Ocean Bottom Seismometer around 
Reykjanes, SW Iceland in August 
2014 (Fig.2). On-land seismometers 
come from the Geophysical Instru-
mental Pool of Potsdam and the OBS 
from the DEPAS (German pool for 
OBS). All equipment were collected 
in August 2015. The scientists also 
installed a fiber optic cable behind 
the anchor casing of the geothermal 
well RN-34 in the Reykjanes geother-
mal field. Along this cable, distribut-
ed acoustic sensing (DAS) data were 
acquired continuously for a duration 
of one week. The DAS principle takes 
advantage of the elastically backscat-
tered light within an optical fiber and 
allows for monitoring of acoustic si-
gnals with a high spatial resolution. 
Besides acoustic measurements, fi-
ber optic distributed temperature 
sensing (DTS) measurements were 
performed along the same cable. 
For the temperature measurements, 

inelastically backscattered light is 
analysed. In addition to the wellbore 
measurements, DAS data was acqui-
red along a 15 km long cable deplo-
yed at the surface. Within the dura-
tion of the measurement campaign 
several explosions were performed 
to orientate the Ocean Bottom Seis-
mometers (OBS). We aligned on-land 
seismometers of the IMAGE network 
and other networks permanently de-
ployed by HS Orka and the Iceland 
Meteorological Office with a gyro-
compass. Apart from active sources, 
data from natural events were ob-
served. Data from the DAS measu-
rements will be used in combination 
with data from the IMAGE network in 
order to increase the understanding 
of the geothermal reservoir below the 
Reykjanes peninsula. Data is being 
processed together with colleagues 
from TNO. First results reveal details 
of the velocity field within the reser-
voir at the tip of the Peninsula. The 
final aim is to image the structure 
and processes of fluid circulation in 
geothermal systems within the Reyk-
janes Mid-Oceanic ridge.
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Fig.2
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Validation of the cation exchange capacity on electrical resistivity logs in geothermal wells

T. B. Weisenberger, G. P. Hersir, Ó. G. Flóvenz, L. Lévy, E. I. Eyjólfsdóttir and H. Ingimarsson (ÍSOR)

What‘s new?
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Introduction
Resistivity models based on Transient 
Electro Magnetic (TEM) and Magne-
to Telluric (MT) soundings are wide-
ly used in geothermal exploration to 
select sites for exploration drilling. 
Árnason et al. (1987) showed that 
the structure of the resistivity mo-
del within a high-temperature field in 
SW-Iceland mimic the dominant alte-
ration zones in the subsurface. The-
reby the typical observed boundary 
between the low resistivity cap and 
the underlying resistive core in high 
temperature systems can be related 
to change in secondary minerals ha-
ving different cation exchange capa-
city (CEC). The aim of this project 
within task 3.3. in IMAGE is to vali-
date the direct influence of CEC on 
electrical resistivity logs.

Method
A representative aliquot of cuttings 
from a particular depth is selected. 
Cuttings are washed to remove po-
tential contamination and afterwards 
the sample is milled. CEC experi-
ments are conducted according to 
the method described by Meier and 
Kahar (1999) using 0.01 M copper 
triethylenetetramine (Cu-trien). 200 
mg rock powder is weighed into 50 
mL centrifuge tubes that contain 50 
mL of deionized water and 10 mL of 
0.01 M Cu-trien solution. After 3 mi-
nutes reaction time, the suspension 
is centrifuged with a micro-centri-
fuge. The supernatant solutions is 
removed from the solid fraction and 
the remaining Cu-trien concentration 
of the supernatant is measured in a 
photometer at a wavelength of 578 
nm. The water content of the samp-
les is determined by the weight loss 
obtained after heating the samples 
for 2-3 days at 105 °C. The CEC is 
given based on the anhydrous weight 
of the rock sample.

Results
The 2215 m deep well KJ-18 from the 
Krafla high-temperature geothermal 
field in NE-Iceland was selected as
pilot well. Several resistivity logs 
were carried out in well KJ-18, inclu-

ding resistivity time series during the 
heating of the well (Figure; heating 
up is represented from cold to warm 
colors). The CEC results show an ex-
ponential decrease with increasing 
depth. This reflects the alteration 
sequence, in particular the minera-
logical composition of clay minerals. 
Rocks within the smectite alteration 
zone yield the highest CEC, whereas 
rocks within the chlorite zone or even 
epidote-actinolite zone result in a si-
gnificant lower CEC and correspon-
ding lower conductivity. The calcu-
lated trend-line mimic the resistivity 
trend (Figure). The oscillation within 
the resistivity log at shallow depth 
(<700 m) coincide with the CEC pat-
tern and the lithostratigraphic units. 
In general, high CEC and low-resisti-
vity values are associated with tuffs 
and glass-rich units. In contrast, 
low CEC and high-resistivity values 
are associated with more crystalline 
units. In deeper areas, no relation is 
detectable. It should be pointed out 
that although an overall correlati-
on exists there is a broad scattering 
when the CEC and resistivity is com-
pared. This is most likely related to 
the uncertainty of the depth origin of 
cuttings and possible cutting mixing.

Outlook
To elaborate the relation of CEC on 
the resistivity logs further and quan-
tify the direct influence between CEC 
and resistivity logs, addition wells 
within Hengill high-temperature sys-
tem in SW-Iceland have been selec-
ted for CEC analysis. The wells selec-
ted are based on following criteria: 
(i) simple lithostratigraphy with thick 
lithological units, to minimize mixing 
of cutting, (ii) well defined low-re-
sistivity cap to avoid possible other 
parameters that may influence the 
resistivity, and (iii) available minera-
logical data (e.g. clay analysis) from 
cuttings to directly link the CEC to 
the mineralogical inventory. Finally, 
cores  from cored wells in Krafla have 
been selected for CEC analysis and 
rock measurements at reservoir tem-
perature in a laboratory.

Fig.: Profile of well K-18 showing resistivity logs, CEC 
(red squares & trend-line) and alteration zones. 
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Three new auxiliary chemical geothermometers for hot brines discharged from granite and 
sedimentary reservoirs 

B. Sanjuan, R. Millot, F. Gal, H. Jirakova, V. Frydrych (BRGM, Geomedia)  

What‘s new?
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Fig.2: Na-Cs thermometric relationships.

One of the major applications of wa-
ter geochemistry in the exploration of 
the potential geothermal reservoirs 
involves estimation of their tempera-
ture using chemical and isotopic geo-
thermometers on fluid samples coll-
ected either from geothermal wells 
or thermal springs. Since 1965, se-
veral geothermometers such as Na-
K, Na-K-Ca, Na-K-Ca-Mg, K-Mg, SiO2, 
δ18O(H2O)-δ18O(SO4) are commonly 
available in geothermal exploration 
but unfortunately, the estimates of 
reservoir temperatures using these 
classical tools are not always concor-
dant, especially at low and medium 
temperature. The absence of chemi-
cal or isotopic equilibrium reactions 
between water and minerals occur-
ring in the geothermal reservoirs, the 
mixing of the deep geothermal fluids 
with surface waters or their cooling 
and the associated precipitation/dis-
solution processes during their rising 
to the surface can be responsible of 
these discordances. So, after an ex-
hausted literature review about the 
use of potential auxiliary chemical 
geothermometers, we identified and 
tested several thermometric relati-

onships for dilute geothermal wa-
ters discharged from European gra-
nite reservoirs (Michard, 1990). We 
developed three new Na-Rb, Na-Cs 
and K-Sr thermometric relationships 
from 20 hot natural brines (Figures 
1., 2 and 3; Sanjuan et al., 2015) 
collected from granite and sedimen-
tary reservoirs whose the majority is 
located in the Rhine Graben (France 
and Germany), apart two which are 
at Salton Sea, in the Imperial Valley 
(USA), and are the hottest reservoirs 
(300-320 °C). The existence of dif-
ferent thermometric relationships for 
a given geothermometer suggests 
that this geothermometer not only 
depends on temperature, but also on 
other influent factors such as the na-
ture of the rock, its degree of altera-
tion, the water-rock ratio or the fluid  
composition and salinity.

References
Michard G. (1990) - Behaviour of major elements and 
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hot waters from granitic areas. Chemical Geology, 89, 
117-134.
Sanjuan B., Millot R., Gal F., Jirakova H., Frydrych 
V. (2015) - Chemical geothermometers and tracers. 
IMAGE preliminary report D7.8, 39 p.  

Fig.3: K-Sr thermometric relationships.

EGS: key situations for optimizing exploration

M. Peter, S. Gentier, A. Blaisonneau, T. Guillon, C. Dezayes (BRGM)

The widespread exploitation of the in-
depth heat by EGS (Engineered Geo-
thermal System) techniques requires 
re-thinking the approaches to move 
towards an optimized and adapted 
exploration designed to minimize the 
“geological” risk. The present-day 
prospected resources correspond of-
ten to deep hydraulic systems more 
or less continuous, heterogeneous 
and localized; globally, they show no 
real geothermal manifestations at 
surface. In this context, the difficul-
ty is to identify the most favorable 
areas before any significant capital 
investment.
The ongoing work on the EGS and on 
the characterization of the associated 
potential resource leads us to try to 

define “key situations” with the aim 
to understand how they allow an in-
itial discrimination during the explo-
ration phase to choose the location of 
the first exploratory drillings. Key si-
tuations could be defined as patterns 
that suggest that there is a resour-
ce having sufficient temperature and 
flow at an economically viable depth. 
They could be elementary situations 
(related to lithology, structural geolo-
gy, temperature, fluid content, stress 
state…) and combined situations 
(take into account the interactions).
To have a better knowledge and un-
derstanding of key situations, nume-
rical modelling (mechanical, thermal, 
hydraulic…) allow quantitative evalu-
ations of the favorable characteristics 

of the patterns. They are based on 
conceptual models of the key situa-
tions. The understanding of key si-
tuations will help to develop guides 
for exploration methodology: in par-
ticular, it should constraint the explo-
ration methods as geophysical mea-
surements, by defining objects that 
have to be identified (constraint on 
the method) and their size (resoluti-
on constraint). 
In the IMAGE project these above 
described reflexion and methodology 
have been applied to the context of 
continental rift of the Rhine Graben 
(mainly based on Soultz-sous-Forêts 
hydrothermal EGS site knowledge 
and data).

Fig.1: Na-Rb thermometric relationships.
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Development of a stress model for the Rhine Graben

T. Guillon, M. Peter-Borie, S. Gentier, A. Blaisonneau, C. Dezayes (BRGM)

What‘s new?
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The aim of the IMAGE project is to 
propose solutions for better siting 
of exploration wells. In most cases, 
the position of the exploration well is 
chosen based on observations from 
structural geology and geophysics. 
Confronting these observations to 
results from additional disciplines 
should bring more objectivity in fin-
ding the region to explore and where 
to implant the geothermal system. 
The siting of the well would thus be 
chosen with greater confidence. As 
far as geomechanics is concerned, 
the stress distribution around the na-
tural fault zones is a key factor for 
the success of a geothermal system. 
Indeed, the stresses acting on the 
fault zones condition their response 
to the injection of pressurized fluid 
in terms of opening and sliding. The 
fault zones are embedded in a more 
complex, regional-scaled fault net-

work resulting from tectonic events. 
The stresses associated with the tec-
tonic events can be assumed to be 
homogeneous at the regional scale, 
but the great complexity of the fault 
network leads to a heterogeneous 
stress distribution at smaller scales, 
which makes it impossible to infer 
the stresses in the region aimed at 
for the geothermal system from the 
tectonic ones. To assess the stress 
distribution around the fault zones, 
we propose a methodology based on 
the numerical modeling of the regio-
nal fault network under the tectonic 
stresses. The regional fault network 
is modeled using the mechanical 
code 3DECTM, which is based on the 
Distinct Element Method. In 3DECTM, 
the network is a complex of interac-
ting blocks and joints, representing 
the rock mass and the faults respec-
tively. Great efforts have been put 

Fig.: The Rhine Graben fault network is modeled using 
3DECTM, where faults are mechanically active joints. 

3D Structural and thermal model of the Upper Rhine Graben and western Molasse Basin

J. Freymark, J. Sippel (GFZ) 

We have built a regional lithosphe-
ric-scale 3D structural model of the 
Upper Rhine Graben (URG) and the 
western Molasse Basin, two regions 
of increased geothermal potential in 
central Europe. The model integrates 
a multidisciplinary dataset including 
in particular smaller-scale structu-
ral models, reflection and refraction 
seismic data. A combined approach 
of (re)-interpretation of seismic pro-
files and 3D gravity modelling provi-
des us with new insights into the 3D 
structure of the crystalline crust. Ac-
cordingly, the spatial distribution of 
reflectivity, velocity and density fol-
lows the configuration of juxtaposed 
pre-Mesozoic Variscan domains. 
By parameterising the resulting li-
thospheric-scale 3D structural model 
with measured and lithology-depen-
dent thermal properties and applying 
a 3D finite element method, we cal-

culated the present-day conductive 
thermal field for the entire region. 
More than 2400 temperature mea-
surements from 338 wells (down to 
depths of up to 5km) as well as pu-
blished temperature maps were used 
to validate the 3D thermal model. 
The model reproduces most of the 
temperature data reliably well - and 
thus is able to explain major thermal 
anomalies. However, larger misfits 
occur in the shallow part of the URG, 
where fluid flow is expected to contri-
bute to heat transport. 
Overall, the main controlling factors 
of the regional thermal field are the 
varying radiogenic heat production 
in the different domains of the upper 
crystalline crust in combination with 
the low thermal conductivity of the 
overlying sediments. For instance, 
highest temperatures were predicted 
in the northern URG in the areas of 

Fig.: Crustal part of the lithospheric-scale 3D structural 
model (UC = Upper Crust).

the geothermal fields of Soultz-sous-
Forêts and Landau, where the Saxo-
thuringian crustal domain of high ra-
diogenic heat production is overlain 
by thick deposits of low thermal con-
ductivity. 

in designing computational geometry 
tools to generate the desired geome-
try in 3DECTM, as well as relevant 
structural geology based tools to gui-
de the geometry building. To date, we 
are facing some issues with the over-
lapping of some blocks in our 3DECTM 
test case based on the Rhine Graben, 
but there is no reason why this should 
not be settled soon!
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Doublet optimization tool to aid geothermal exploration of sedimentary reservoirs

J. ter Heege (TNO)

What‘s new?
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It is a well-known fact that populati-
ons of fractures around fault zones or 
in fractured reservoirs have charac-
teristic properties, such as preferred 
orientation, specific fracture density 
distribution and permeability. Existing 
relations that describe these proper-
ties can be used to predict reservoir 
and fault zone permeability, even if li-
mited data is available in early stages 
of geothermal exploration. Within the 
IMAGE project, Jan ter Heege (TNO) 
is developing a procedure to use prior 
information on properties of fracture 
populations for optimization of geo-
thermal doublet designs. The proce 
dure includes predictive fault zone- 

models with a specific architecture, 
consisting of a fault core and damage 
zone, surrounded by intact reservoir 
rock. 3D permeability tensors that 
describe non-isotropic permeability 
in each of these structural units are 
derived using a combination of local 
data and generic scaling relations. 
Using the models optimum flow paths 
can be determined that follow existing 
fracture networks. If the injection and 
production wells are aligned with the 
optimum flow paths, doublet perfor-
mance may be significantly increased. 
TNO’s doublet optimization tool aims 
to optimize geothermal doublet per-
formance by quantifying the perfor-

Fig.: Two geothermal doublets in “across fault” 
and “along damage zone”       orientations. 

Geothermal energy potential of 
Dutch Dinantian platform carbo-
nates

L. Lipsey et al. (TNO)

In joint effort, L. Lipsey, S. Carpen-
tier, M. Pluymaekers, T. Goldberg, 
J.-D. van Wees, I. Millan-Sanchez 
and J.T. Heege of TNO are exploring 
a new geothermal play concept in 
the Netherlands. A thermal anomaly 
(~200 °C at 4600 meter) in combina-
tion with increased fracture permea-
bility (~60 mD) at depths of 4600-
5200 meter in the Luttelgeest-01 well 
could indicate convection. Convective 
flow can make relatively high tempe-
rature fluids accessible for geother-
mal energy extraction. A combination 
of well log interpretation, diagenesis 
and facies interpretation, seismic at-
tribute analysis of a 3D seismic sur-
vey and numerical flow simulations 
will be used to model the geothermal 
system and assess the resource po-
tential of the area. In particular, the 
role of fracture populations and pro-
perties in controlling the thermal an-
omaly will be investigated. If proven 
viable, the geothermal play concept 
can be explored elsewhere in Euro-
pe where similar platform carbona-
tes are occurring at depths relevant 
for geothermal energy exploitation. 
consisting of a fault core and damage 
zone, surrounded by intact reservoir 
rock. 

Potential of ambient seismic noise techniques to monitor injection 
induced subsurface changes at the St. Gallen geothermal site

A. Obermann (ETH Zürich) 

In summer 2015 we have published 
our recent work on the potential use 
of ambient noise techniques for mo-
nitoring purposes of the St. Gallen 
geothermal site in Switzerland. In 
July 2013, an injection test and two 
acid injections were performed at the 
St. Gallen geothermal site in a depth 
of 4.5 km. The operations were ac-
companied by a small number of mi-
cro-earthquakes (ML < 0.2), nothing 
to be worried about. The operators 
were surprised by an uncontrolled 
gas release from the formation (gas 
kick). The “killing” procedures that 
had to be initiated following standard 
drilling procedures led to a ML3.5 
earthquake.
With ambient seismic noise cross cor-
relations from nine stations, we ob-
serve  a significant loss of waveform 
coherence that we can horizontally 
(Fig.) and vertically constrain to the 
injection location of the fluid. The 
loss of waveform coherence starts 
with the onset of the fluid injections 
4 days prior to the gas kick. We inter-
pret the loss of coherence as a local 
perturbation of the medium, possib-
ly due to the escaping gas. We show 
how ambient seismic noise analysis

can be used to assess the aseismic 
response of the subsurface to geome-
chanical well operations and how this 
method could have helped to recog-
nize the unexpected reservoir dyna-
mics at an earlier stage than the mi-
croseismic response alone, allowed. 
We hope that in the future there will 
be more data available from injection 
tests, to improve our understanding 
of the subsurface procedures and 
provide more reliable real-time war-
nings about potential hazards. A pro-
ject in this direction is currently un-
dertaken within the Image project by 
Cornelius Weemstra with data from 
the icelandic deployements.
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Fig.: We observe a loss of waveform coherence for 
stations close to the injection well with onset of the 
injection tests. 

mance for different doublet orienta-
tions relative to the fault zone strike 
and dip.
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K. Bär, A. Strom, T. Reinsch, J. Sippel, J. Freymark, P. Mielke, P. Wiesner (TUD, GFZ)

What‘s new?

IMAGE Newsletter N° 03, December 2015

Fig.: Schematic structure of the IMAGE Rock Property 
Database illustrating the main four pillars: sample 
information, petrophysical properties, thermophysical 
properties and mechanical properties. Additionally 
electrical conductivity and magnetic susceptibility are 
included into the database. The italic fields indicate the 
different input field groups, while the fields written in 
small font are the real input fields.

Petrophysical rock properties are key 
to populate local and/or regional nu-
merical models and for the interpre-
tation of many geophysical investiga-
tion methods. To date, large numbers 
of datasets are available in numerous 
sources (e.g. Landolt-Börnstein, Pe-
troMod, Clauser and Huenges 1995, 
Schön 2004, 2011, Hantschel and 
Kauerauf 2009). This diversification 
often causes time-consuming litera-
ture research with often limited suc-
cess due to unwanted generalizati-
on of the dataset. A lack of detailed 
information on the sample location, 
petrography, stratigraphy, measuring 
method and measurement conditions 
makes it difficult to use these data for 
specific locations or reservoir units.
An open-access database is currently 
under development within the scope 
of the EC funded project IMAGE. Si-
milar to the World Stress Map (Heid-
bach et al. 2010), the IMAGE databa-
se aims at providing information on 
published data – here petrophysical 
properties – in one single compilati-
on. The data-base is designed to al-
low for an easy access to data rele-
vant for geothermal exploration and 
reservoir characterization. Collected 
data include petrophysical properties 
like grain and bulk density, total and 
effective porosity, matrix and rock 
permeability; thermophysical proper-

ties like thermal conductivity, ther-
mal diffusivity, specific heat capacity, 
radiogenic heat production; mecha-
nical properties like P- and S-waves 
velocity, Young‘s Modulus, Shear Mo-
dulus, Lamé-Modulus, cohesion, fric-
tion coefficient, Poisson‘s ratio, uni-
axial compressive strength, tensile 
strength; and additionally electrical 
resistivity and magnetic susceptibili-
ty. Each data point or sample is iden-
tified by an unambiguous sample ID, 
based on the name of the first author 
of the original publication, the pub-
lication year and a running number. 
A link to the original publication is 
stored as a literature reference. Fur-
thermore, sample information like the 
type of location (well, outcrop, area), 
geographic coordinates (longitude 
and latitude), elevation and sampling 
depth are documented and linked 
with the stratigraphy (chronostrati-
graphic age and local stratigraphic 
unit) and the petro-graphic descrip-
tion as implemented in a hierarchical 
petrographic catalogue. In addition, 
information on the experimental set-
up of the different laboratory measu-
rements (measuring type, pressure, 
temperature, degree of saturation) is 
given for additional quality control. 
Thus, the dependence of rock proper-
ties from these factors can be taken 
into account for definitions of speci-

fic parameters relevant for modelling 
the subsurface or interpreting geo-
physical data and of empiric generic 
models later on. Up to now, most of 
the data that entered the database 
are either from published data coll-
ections or from laboratory measure-
ments performed at TU Darmstadt. 
So far, more than 75,000 data points 
from more than 35.000 locations all 
over the world, but mainly located 
in Europe, were collected. It is plan-
ned to first publish the status quo of 
the database and then set up a pu-
blicly accessible database through a 
web-based inter-face to allow exter-
nal users and scientists to add own 
research data. Later, the web-based 
database will be updated continuous-
ly using any provided data and own 
measurements. The collected data 
will help particularly in the early sta-
ges of new geothermal projects to 
make a first assessment of the sub-
surface geothermal rock properties. 
This will help planning future explo-
ration and, in areas where the exis-
ting data density is sufficient, even 
support exploitation projects. Addi-
tionally, the database will also help 
improving local and regional geos-
cientific studies with different focus 
such as on the subsurface storage 
potential.

Are you interested in contributing to a 
global property database that spares 
time-consuming searches across scatte-
red and hard-to-access publications?  

Do you want to know more about this 
database and our activities? 

Then please contact us: 

Dr. Kristian Bär (TUD) 
baer@geo.tu-darmstadt.de 

Dr. Thomas Reinsch (GFZ) 
reinsch@gfz-potsdam.de

Dr. Judith Sippel (GFZ) 
sippel@gfz-potsdam.de



Personalia  
Welcome in the IMAGE team! 
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Hans-Peter Wiesner studied Applied Geosciences at the Technische 
Universität Darmstadt. He is working on the IMAGE rock property 
database including the TU Darmstadt database and data from lite-
rature research containing thermophysical and mechanical proper-
ties into the IMAGE database. He quality-checks the provided data 
and adds all valuable data to the data collection as a basis for the 
European Catalogue of thermophysical and mechanical properties.

Heimir Ingimarsson (Geologist at ÍSOR, Iceland GeoSurvey, BS in 
Geology from University of Iceland). Finishing his master degree 
in Geology from University of Iceland in February 2016) has been 
carrying out laboratory measurements of Cation Exchange Capacity 
(CEC) in rock cuttings from several boreholes in Krafla, NE-Iceland 
and Hengill, SW-Iceland. He also collaborated on the development 
of the laboratory method used to measure CEC in rock cuttings.

Léa Lévy (Geophysicist at ÍSOR, Iceland GeoSurvey and a PhD 
student at University of Iceland, Ecole Normale Supérieure (Paris) 
and University of Montpellier) will carry out laboratory measure-
ments of rock properties at reservoir temperature for comparison 
with results from borehole logs and surface resistivity soundings, 
to enhance techniques for geothermal exploration. The objective is 
to provide new constraints on the dynamics of geothermal systems 
both within the Krafla volcanic system, NE-Iceland and in general.

Tobias Björn Weisenberger (Geochemist at ÍSOR, Iceland GeoSur-
vey, Dr. rer. nat. University of Freiburg) is working on the valida-
tion of laboratory results with in situ down-hole measurements of 
physical properties. Further, he will collaborate on the development 
of a method to measure high reservoir temperature by FIs.

Unnur Þorsteinsdóttir (Geologist at ÍSOR, Iceland GeoSurvey 
and an MSc student at the University of Iceland) recently began 
working with the development of the conceptual model for Krafla, 
NE-Iceland. She is a part of the team that has been constructing a 
workflow for conceptual modeling of greenfield areas which will be 
applied in the Pico Alto geothermal field on Terceira Island, Azores, 
Portugal.

Jan ter Heege (TNO Petroleum Geosciences) has joined the IMAGE 
project, carrying out research on modelling permeability around 
fault zones and in fractured reservoirs. He has more than 15 years 
experience in experimental rock physics and reservoir geomecha-
nics research, applied to shale gas and geothermal energy.

Lindsay Lipsey (Geologist at TNO and Utrecht University, MSc in 
Geology at Utrecht University, BSc in Business Administration at 
College of Charleston). She uses numerical models of thermal con-
vection to predict and understand the likely distribution of geother-
mal resources in the Netherlands, as well as the interplay between 
geothermal anomalies and natural fracture permeability. 


