





Characterizing a geothermal reservoir using broadband 2-D MT survey in Theistareykir, Iceland

10 km has been discovered for the first time in the
Theistareykir area. The MT/AMT data suggests the
presence of a four layered resistivity model down to a depth
of 10,000 m (figure 3). The layers are: a surface layer
(resistive except in some geothermal spots), a conductive
second layera deep resistive third layeand a deeper
conductive fourth layerAround 12,000 m (or more) depth,
a resistive basement is identified.

The hydrothermal reservoir consists of two parts. The
upper reservoir, to a depth of 1,000 m, is water saturated
with a mean temperature ~205 °C. The main aquifers in
the lower geothermal part are associated with fissures and
intrusives. This lower geothermal reservoir part is boiling
with temperatures ranging from 300 °C to 350 °C or more.
The bottom of the upper geothermal reservoir is seated
about 900 m ~1,200 m in depth, and its coverage size is
~32 km? The lateral extent of this upper unit is shown in
figure 1. The buried depth of the bottom of the lower
geothermal reservoir ranges from 2,600 m to 5,000 m. In
the highest potential hydrothermal zone, the bottom seated
depth is about 3,200 m ~ 3,400 m and covers ~46 km?.
Additionally, a deep conductive geothermal reservoir
which has coverage of more than 54 km? has been found by
MT inversions with results in depth ranging from 4,000 m
to 7,000 m or more. The temperature is expected to be >
500 °C. Well ties along section 04 demonstrate a strong
correlation between borehole resistivity and the MT data,
confirming the inversion results of the data (see figure 4).

Based on the linkage between temperature and (clay)
mineral alteration and the linkage between resistivity and
mineral alteration, MT interpretation results indicate the
relationship between resistivity and temperature. These
results are calibrated by using local data from drilled wells
and reference data from other areas. The temperature base
on MT interpretation result is featured as: low resistivity
relates the upper hydrothermal in shallow subsurface up to
1,000 m in depth, high resistivity associated with the lower
(deep) hydrothermal reservoirs ranges from 1,000 m ~
4,000 m in depth, and the deep low resistivity layer implies
the heat source with high temperature in depth range larger
than 4,000 m to 9,000 m. The hot water flows up through
basaltic lava, hyaloclastites and intrusives which are 0.5 km
~ 1 km thick as corroborated by the prior TEM survey
measurements.

Interpretation of the 3D MT survey was performed with a
3D inversion approach. The site spacing was optimized for
the target’s depths and spatial spacing requirements. 3D
results supported the 2D interpretation, but provided for a
more reliable and detailed 3D representation of the
subsurface. The inversion results were interpreted as a 3D
cube, as shown in figure 5.
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Figure 5: Slices from the 3D inversion of the MT/AMT
data

Conclusions

This MT/AMT survey has corroborated the findings of a
previous TEM survey in the Theistareykir field and
confirmed the existence of a high temperature reservoir
under the Theistareykja area. It has also better outlined the
boundaries of the reservoir along each of the 2-D MT
survey lines.  Additionally, a small 3D survey has
demonstrated the value of collecting denser MT
measurements suitable for 3D inversion techniques. This
study establishes the relationship between resistivity,
temperature and lithology and the benefits that can be
realized from MT/AMT data for the mapping of geothermal
reservoirs. The success of this survey has resulted in
additional 2D and 3D data acquisition and the expanded
use of MT/AMT to identify geothermal potential.
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Figure 3: Top: TEM inversion result of profile 307 (from the ISOR report provided by the client); bottom: 2-D deep MT
inversion section 04 shows the striking conductor in depth around 7 km. Location and orientation of the profile is show on

the riaht mao insert.
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Figure 4: Expanded view of well ties along section 04. Note the strong correlation between horehole resistivity
measurements and the inversion result
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