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The grant agreement was signed in November 2009, but the first funding year was set to January 1st 

to December 31st 2010. According to the grant agreement a progress report should be delivered 

after the first six months of work under the project. According to the grant agreement this report 

should account for collection of available data and model calculations for designing the field setup 

and measurement strategy. At that time, the first field mission to Grímsvötn was already under way 

and it was decided to postpone the delivery of the progress report and include an account for the 

first field mission. 

1. Preparation and c ollection of available data.  
The PhD student attached to this program, Arnar Már Vilhjálmsson, began his studies at the 

University of Iceland in January 2010. During the first term the main emphasis was on courses, data 

collection and prior model calculations. Two of the courses, i.e. ΨDŜƻǘƘŜǊƳŀƭ wŜǎŜǊǾƻƛǊ 9ƴƎƛƴŜŜǊƛƴƎ 

and Well Logging (REY201F)Ω ŀƴŘ ΨGeothermal Heat (JAR218F)Ω gave deeper insight to geothermal 

ǎȅǎǘŜƳǎ ƛƴ ƎŜƴŜǊŀƭΦ ¢ƘŜ ŎƻǳǊǎŜ ΨLƴǾŜǊǎƛƻƴ aŜǘƘƻŘǎ ƛƴ DŜƻǇƘȅǎƛŎǎ όW98нлсCύΩ ƎŀǾŜ ǘƘŜ ŦƻǳƴŘŀǘƛƻƴ ǘƻ 

inversion methods which is a big part of this project. Additionally the student took a short course in 

Ψ{cientific wŜǎŜŀǊŎƘ aŜǘƘƻŘǎ ό[NCнлмCύΩΦ !ƭƭ ǘƘŜ ŎƻǳǊǎŜǎ ŀǊŜ ƎǊŀŘǳŀǘŜ ŎƻǳǊǎŜǎΦ  

Data from various geophysical methods from the Grímsvötn caldera and its vicinity was collected, 

together with geophysical data from other high temperature areas in Iceland for comparison. The 

methods include gravity (e.g. Gudmundsson and Milsom, 1997; Gudmundsson and Hognadottir, 

2007), seismic (e.g. Alfaro et al., 2007), GPS geodetic studies (e.g. Sturkell et al., 2003), magnetic 

surveys (e.g. Gudmundsson and Milsom, 1997), studies of the thermal output of the area (e.g. 

Björnsson and Gudmundsson, 1993; Gudmundsson et al., 2004; Jarosch and Gudmundsson, 2007) 

and more (e.g. Björnsson and Einarsson, 1990). Articles about other geothermal areas were also 

studied, e.g. resistivity structure of geothermal system in general (Flóvenz et al., 1987; Árnason et al., 

2000), resistivity structure of the geothermal fields in Krafla (Árnason et al., 2009), Hengill (Árnason 

et al., 2010) and Krýsuvík (Hersir et al., 2010) and other methods, e.g. from Krafla (e.g. Einarsson, 

1978, Gudmundsson et al., 1994; Brandsdottir et al., 1997; Mortensen et al., 2010). Furthermore 

various articles about inversion methods in resistivity studies were collected (e.g. Árnason, 1989). 

2. Model calculations  
Prior to the design of the field survey in June 2010, some model calculations were carried out. The 

purpose of these calculations was to study the expected signal strength and signature from a 2km x 

2km source loop at different locations relative to a "hypothetical" geothermal system under the 



Grímsvötn lakes and with a "hypothetical" magmatic root. A vertical cross-section through the model 

is shown on Figure 1. The background model is a 800m thick glacier of 10000 ɱm (dark blue), below 

is a 100 ɱm (blue) layer down to 12km depth and a basement of 10 ɱm (red). Imbedded is a 

"hypothetical" geothermal system with 10 ɱm low-resistivity cap and 50 ɱm (light blue) resistive 

core. The geothermal system extends from 800m depth to the depth of 2.5km. Below the 

geothermal system is a "hypothetical" up-doming magmatic root of 10 ɱm. A horizontal slice through 

the geothermal system is shown on Figure 2. 

 

Figure 1. A vertical cross-section through the test model. The background model is a 800m thick 
glacier of 10000 ɱm (dark blue), a 100 ɱm (blue) layer down to 12km depth and a basement of 10 
ɱm (red). Imbedded is a "hypothetical" geothermal system with 10 ɱm low-resistivity cap and 50 ɱm 
(light blue) resistive core. The geothermal system extends from 800m depth to the depth of 2.5km. 
Below the geothermal system is a "hypothetical" up-doming magmatic root of 10 ɱm. 



 

Figure 2. A horizontal slice through the model at 2.5km depth and the set up in Case-1, a 2km x 2km 
source loop (black square) over the centre of the geothermal system and 5 receivers (green stars), 
2km apart from the centre and up to 8km away from the centre. 

The induced voltage in a (1m2) horizontal receiver coil (the decay of vertical component of the 

magnetic field) after turning off a 1A current in the transmitter loop was calculated using the 

program temddd (Árnason, 1999). 

Two cases were considered. In Case-1 a 2km x 2km source loop is placed over the centre of the 

geothermal system and the response calculated for five receivers, 2km apart, from the centre of the 

loop and to 8km away from the centre (see Figure 2). Figure 3 shows the calculated transients, 

voltage (V/m2/A) as a function of time (s) after the current turn-off, for the five receivers. The voltage 

in the receiver at the centre of the loop (Rec 5, cyan) is positive for all times. It starts above 10-5 V at 

10µs ŀǘ ŀƴŘ ŘŜŎŀȅǎ ǿƛǘƘ ǘƛƳŜ ǘƻ ŀōƻǳǘ нϊмл-13 V/m2/A at 1s. All the transients for receivers outside 

the source loop are negative at early times and decrease in magnitude with distance from the loop. 

The three transients furthest away and outside the resistivity anomaly of the "geothermal system" 

change sign at late times (> 0.1s) and at progressively later times with increasing distance from the 

loop. 



The transient for the receiver outside the loop, but still over the resistivity anomaly (receiver no. 4 on 

Figure 2 and purple squares on Figure 3), shows three time reversals. This complicated behaviour is 

due to complicated distortion of the induced current by the low-resistivity cap of the "geothermal 

system". This indicates that looking for transients with multiple sign reversals can be used to 

delineate the boundaries of the system.  

 

Figure 3. Case-1. Induced voltage (V) as a function of time (s) after a 1A current in the source loop is 
turned off. For location of the source loop and the receiver see Fig. 2 The transients for the five 
receivers are shown in different colours and their signs are indicated by + and - signs. 

In Case-2 a 2km x 2km source loop is placed with its centre 8km to the "east" of the centre of the 

geothermal system. The response was calculated for nine receivers, 2km apart, from 8km "west" of 

the centre of the resistivity anomaly, across it and to the centre of the source loop (see Figure 4). 

Figure 5 shows the calculated transients, voltage (V/m2/A) as a function of time(s) after the current 

turn-off, for the five receivers. The transients for the four receivers furthest away (Rec. 1, 2, 3 and 4) 

are negative all the way from 10µs to 1s after the current turn-off. and the voltage is very low, below  

нϊмл-9 V/m2/A, but slowly decreasing with time. The transient for the receiver above the centre of the 

anomaly is also negative across the calculated time interval. It is noteworthy that the transients for 

ǊŜŎŜƛǾŜǊǎ о ŀƴŘ р ƘŀǾŜ ǾƻƭǘŀƎŜ ƻŦ ŀōƻǳǘ нϊмл-13 V/m2/A at 1s, similar to Case-1, but the other 

transients are about an order of magnitude higher at 1s. The transients between the centre of the 

anomaly and the loop show sign-reversal at progressively earlier times for decreasing distance from 

the loop and at the centre of the loop the transient is positive at all times. 



 

Figure 4. A horizontal slice through the model at 2.5km depth and the set up in Case-2, a 2kmx2km 
source loop 8km from the centre of the geothermal system and 9 receivers (green stars), 2km apart 
and to 8km from the centre of the system. 

Experience from central-loop TEM soundings in Iceland shows that generally the signal from the 

vertical component of the magnetic field can be expected to be recorded down to the noise level of 

about 10-11 V/m2/A. Figure 5 shows that in the case where the transmitter loop is to the side of the 

resistivity anomaly, the transient voltage for receivers on the other side is below the noise threshold 

except at very early times. The induced currents seem to be trapped in the low resistivity anomalies 

until at very late times. The transmitter loop couples more strongly to the low-resistivity anomaly 

when it is right above or very close to the anomaly. The conclusion from these model calculations is 

therefore that the source loop should be located within or in very close vicinity of expected low-

resistivity anomalies and the transients should be recorded inside the loop and within 10km away 

from its centre. 



 

Figure 5. Case-2. Induced voltage (V) as a function of time (s) after a 1A current in the source loop is 
turned off. For location of the source and the receivers see Fig. 4 The transients for the nine receivers 
are shown in different colours and their signs are indicated by + and - signs. 

3. Software development  
Existing software for 1D (layered earth) inversion of central-loop TEM data (Árnason, 2006) has been 

generalised to invert data where the receiver can be either inside or outside the source loop. The 

first step in the data interpretation will be to perform 1D inversion using this software. Existing 

software for processing of TEM data (Árnason, 2006a) rejection of noisy data and stacking) has also 

been generalised to work on the data collected in the project. 

4. The field survey  
The original plan was to carry out 2-3 weeks long field survey in June 2010. Set up the current loop at 

2-3 location and measure at 20-50 soundings site for each current loop location. Unfortunately, the 

Eyjafjallajökull eruption had unforeseen impact on the plan. The fine ash produced during the 

phreatomagmatic phase of the eruption, scattered over the Vatnajökull glacier, causing irregular 

melting on the surface. It became extremely difficult to travel over the glacier and experienced 

people in glacier travels had never seen conditions so bad on the glacier, see Figure 6 and Figure 7.  



 

Figure 6. The glacier surface was very uneven. A view towards Mt. Grímsfjall from north. 

 

Figure 7. The average travel speed of the cars was less than 5 km/hour. όCƻǊŘ орл ƻƴ псέ ǘƛǊŜǎύ 


