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ABSTRACT  
We present an innovative, multi-scale geomechanics analysis of Þeistareykir geothermal field, Iceland. Results 
were consistent across-scales and a good match to the distribution of reservoir productivity. Þeistareykir is a 
high temperature (~350°C), volcanic-hosted, two-phase geothermal system with 90 MWe of installed capacity. 
It is localized by an accommodation zone that consists of west-dipping normal faults to the north and east-
dipping normal faults to the south. The wellbore-scale analysis, presented herein, focuses on integration of 
borehole image data to parameterize stress tensor models and reveal the wellbore-scale geologic controls on 
permeability. The reservoir-scale analysis, presented in a companion paper (Siler et al., 2026, this volume), 
focuses on static and dynamic geomechanical modelling of reservoir-scale faults. 

Existing interpretations of eleven acoustic borehole image logs (ABI) were reviewed and three selected to 
constrain the stress tensor and explore controls on permeability through static geomechanical modelling. 
Detailed reinterpretation of drilling induced damage constrained the azimuth of horizontal stresses and revealed 
numerous stress rotations. These rotations matched the reservoir-scale dynamic modelling, providing cross-
validation. Slip and dilatation tendency results were coherent with fracture characteristics, such as width, 
mineralization, and openness. First-order mechanical stratigraphy for all eleven wells provided an overall 
explanatory model for the distribution of feed zones and fracture frequency. Despite these insights, wellbore-
scale analysis alone does not account for all feed zone locations and magnitudes. This highlights the central 
finding of this innovative multi-scale study: fluid flux into or out of a wellbore depends jointly on the features that 
are intersected and their connection to the reservoir-scale network of permeability. 

1 INTRODUCTION 
Þeistareykir is a high temperature (~350°C), basaltic-rift type volcanic-hosted geothermal system located in the 
Northern Rift Zone of Iceland. There is 90 MWe of installed capacity and around 8km2 of drilled area. Like many 
of the Icelandic geothermal systems, Þeistareykir has relatively steep gradients in enthalpy, pressure, and 
permeability when compared to typical silicic rift or arc type volcanic-hosted geothermal systems (Wallis et al., 
2023a). We undertook a novel, multi-scale geomechanical study to understand what controls the distribution of 
permeability at Þeistareykir (Figure 1).  

 

Figure 1. Workflow for the novel, multi-scale geomechanical study described herein and in the companion 
paper Siler et al. (2026 this volume). 

In summary, our study seeks to define the geologic controls on permeability, with an emphasis on exploring the 
accumulation of favorable stress conditions that generate and maintain fault/fracture-hosted permeability. 
Static stress modelling involves calculation of fault or fracture slip and dilation tendency using the stress tensor 
defined by the geomechanical model(s) (Ferrill et al., 2020). Dynamic stress modelling calculates the change in 
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stress that results from failure on 3D faults (Siler, 2023), where a geomechanical model generalized from the 
wellbore-scale analysis defines a natural state. The results of stress modelling are compared with the 
distribution and magnitude of feed zones at the wellbore-scale and well capacity at the reservoir-scale. The 
wellbore-scale component of our study is described herein, while a companion paper addresses reservoir-scale 
(Siler et al., 2026, this volume). 

2 DATA AND METHODOLOGY 
Because acoustic borehole images (ABI) were acquired in almost all wells drilled between 2011 and 2023, there 
is a rich dataset with which to explore the wellbore-scale controls on permeability at Þeistareykir. These eleven 
acoustic borehole images were acquired by the Iceland GeoSurvey (ÍSOR) using the ABI-43 tool, a compact 
borehole imager that is temperature-rated to 170°C. The images were interpreted by either Iceland GeoSurvey 
(ÍSOR) or GeothermEx (GX), a Schlumberger company. These ABI data enable the identification of fractures that 
are open or partially open at the borehole wall using wave travel time (Wallis et al., 2023b). This contrasts with 
microresistivity borehole images (MBI) where we cannot easily determine if a fracture is open or not because 
electrically conductive fractures may either contain water or a conductive mineral (e.g., clay). However, the 
higher resolution and more complete picture of lithologic textures in an MBI image improves geologic feature 
type interpretation (e.g., differentiation between tectonic fractures and mechanical weaknesses parted by 
thermal stresses at the borehole wall), which means both technologies provide substantial value during 
subsurface characterization. All borehole images enable us to determine the attitude of fractures and azimuth 
drilling induced damage, which are central to this study where we investigate the controls on permeability using 
geomechanics. 

2.1 Fracture Data 
A total of 23,610 fractures had been identified in the eleven ABI. Fractures with complete or partial travel time 
anomalies are referred to here as ‘open’ (21%), acknowledging that a proportion of these will only be open at the 
borehole wall. Those without travel time anomalies are referred to as ‘closed’ (78%). Those where there is no 
classification based on travel time anomaly are referred to here as ‘unknown’ (1%). Due to their low probability 
of being tectonic in origin, the partial, lithobound fractures (N= 199) are excluded. When all data are considered, 
the mean fracture dip magnitude is 65 ± 20°, where closed fractures have a lower mean dip (64 ± 22°) than open 
(68 ± 18°, Figure 2). The NNE ↔ SSW strike trend dominates in the combined dataset, but there is local variation 
with mean fracture strikes trending N ↔ S or NE ↔ SW (Figure 3). Fractures with appreciable apertures have more 
clustered orientation trends than the entire fracture population (Figure 3). As expected, the fracture data 
interpreted from each ABI is impacted by borehole image quality and geometric sample bias, which is where 
fractures parallel or sub-parallel to the borehole are under sampled (Figure 3). 

2.2 Drilling Induced Damage Data 
Three ABI were selected for further analysis based on their location (they approximately span the wellfield), the 
overall quality of the ABI data, and their appropriateness for stress modelling. The latter is defined by (1) the 
presence of high confidence drilling induced damage and (2) an existing interpretation of fracture 
aperture/width.  

 

Figure 2: All fractures interpreted from ABI, classified as open, closed, and unknown using the method 
described in the text. Stereonets are equal area, lower hemisphere with Kamb contours of poles to plane.  
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Figure 3: Illustration of how geometric sample bias impacts the distribution of fractures intersected by the 
well and, therefore, interpreted from the ABI. Poles to plane are plotted on lower-hemisphere, equal area 
stereonets with isogenic contours (Terzaghi, 1965; Fractoolbox, 2025). The same data is presented on two 
stereonets: one with fracture and lithology (interface) data plotted on the same scale (left stereonet for 
each well) and the other where markers are scaled by aperture/width (right stereonet for each well). 

The selected wells were: (1) ÞG-14 (Árnadóttir et al., 2018), which is a relatively low temperature well on the 
northern edge of the drilled area with a high injectivity index (II); (2) ÞG-16 (Þorsteinsdóttir et al., 2018) which is a 
hotter well with a low II that is located on the western edge of the well field; and (3) ÞG-19 (Árnadóttir et al., 2024) 
which is hotter again, has a moderate II, and is located on the south-southwest side of the bore field (refer to 
Siler et al., 2026 this volume for a map of the bore field). We used the existing natural fracture interpretation in 
these wells, but conducted a more detailed interpretation of drilling induced damage. As well as identifying 
classic instances of borehole breakout (BHBO) and drilling induced tensile fractures (DITF), we also identified 
those DITF that interact with natural fractures (atypical DITF; Wallis et al., 2023b) and those BHBO that more 
resemble spalling at fracture intersections on the compressive sides of the borehole wall (atypical BHBO). 

2.3 Lithologic Data and Mechanical Stratigraphy 
Landsvirkjun provided a lithological interpretation of cuttings. We combined this with the ABI data to estimate 
the mechanical stratigraphy. Oversized intervals with low acoustic amplitude are interpreted to be softer 
formation than those intervals that were in-gauge and had a higher acoustic amplitude. Future advancement of 
this work would include integration of drilling parameters with the calculation of mechanical specific energy 
(Wyering et al., 2017) and petrophysical data where available. 

2.4 1D Geomechanical Models 
1D geomechanical models were constructed using methods described in Zoback (2010) and Peška and Zoback 
(1995), with geothermal-specific methodological adjustments as described in Wallis (2023). Pore pressure was 
constrained using a linear fit to the results of well pivot-point analysis that were provided by Landsvirkjun. The 
vertical stress was integrated using estimated mean rock properties and fluid density. Rock density and porosity 
was estimated using cuttings composition and local databases (Foged and Andreassen, 2016; Loftsson and 
Steingrímsson, 2010) because there are no petrophysical logs to surface to constrain this value. The Þeistareykir 
reservoir is two-phase and variation of steam quality greatly impacts fluid density. However, given the moderate 
to low porosities, the overall impact of this variation is low compared to the uncertainty associated with rock 
density. Subsequently, density for an approximately 50:50 mix of liquid and vapor was used (713 kg/m2). There 
are no extended leak-off tests at Þeistareykir to constrain the magnitude of the minimum stress (Wallis et al., 
2020a), which is likely to be horizontal (𝑆𝑆ℎ𝑚𝑚𝑚𝑚𝑚𝑚). Therefore, we must assume that the crust is in frictional 
equilibrium and use the Coulomb frictional-failure formulation with the limit on frictional failure defined by 
Byerlee (1978). The azimuth of the maximum horizontal stress (𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻) was modelled using the method defined 
by Peška and Zoback (1995), and the mean azimuth of DITF. In their method, the magnitude of 𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  can be 
jointly inverted from drilling induced damage data providing the rock strength is known for BHBO or the tilt on 
DITF is well constrained. Neither is the case at Þeistareykir. The rock strength is greatly variable and could not 
be constrained reasonably using available data and the tilt of DITF is also greatly variable over short distances. 
Consequently, we developed a range of cases that covered simple normal (𝑆𝑆ℎ𝑚𝑚𝑚𝑚𝑚𝑚 < 𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 < 𝑆𝑆𝑣𝑣), transitional 
(𝑆𝑆ℎ𝑚𝑚𝑚𝑚𝑚𝑚 < 𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = 𝑆𝑆𝑣𝑣), and strike slip (𝑆𝑆ℎ𝑚𝑚𝑚𝑚𝑚𝑚 < 𝑆𝑆𝑣𝑣 < 𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻) conditions.  
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2.5 Slip and Dilatation Tendency 
We calculated relative tendency of a fracture to undergo slip or dilatation given the magnitude and orientation 
of principal stresses (Ferrill et al., 2020). Slip tendency (𝑇𝑇s) is defined as: 

Equation 1: 𝑇𝑇𝑠𝑠 = 𝜏𝜏
𝜎𝜎𝑛𝑛

, 

which is the ratio of shear (𝜏𝜏) and normal (𝜎𝜎n) stress resolved on a fracture plane. Dilation tendency (𝑇𝑇d) is defined 
as: 

Equation 2: 𝑇𝑇𝑑𝑑 = (𝜎𝜎1−𝜎𝜎𝑛𝑛)
(𝜎𝜎1−𝜎𝜎3)

, 

where 𝜎𝜎1 is the maximum principal stress, 𝜎𝜎3 is the minimum principal stress, and 𝜎𝜎n is the normal stress 
resolved onto the fracture plane. We define hybrid tendency as: 

Equation 3:  𝑇𝑇ℎ = 𝑇𝑇𝑠𝑠 + 𝑇𝑇𝑑𝑑, 

fractures with high hybrid tendency have an increased likelihood for permeability because shear plus dilation 
may generate volume or self-propping on asperities and/or fracture rugosity/sinuosity. These calculations do 
not account for the influence of rock strength on the likelihood that a fracture will self-prop, so we consider that 
separately using mechanical stratigraphy. If empirical rock strength data were available, future work could 
investigate the absolute value of fracture closure force (𝜎𝜎n) against the ability of rock to withstand that force. 

3 RESULTS 

3.1 Drilling Induced Damage and Geomechanical Models 
Geomechanical models were constructed to define the stresses for ÞG-14, ÞG-16, and ÞG-19, where the 
azimuth of 𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  was modelled from the mean DITF azimuth (Figure 4). The interpretation of drilling induced 
damage in ÞG-19 was limited by the generally poor image quality and the likely depths of stress rotation have 
been inferred to correspond with major lithologic transitions as indicated by the gamma and cuttings lithology 
(Figure 4, Features 7 and 8). Low confidence BHBO in ÞG -16 includes damage features that may be related to 
pipe wear on the low and high sides of the borehole, especially above 1700 mMD where their azimuths are 
rotated relative to DITF. 

Abrupt rotations in azimuth of DITF were found in all cases, with two or three rotations in each well (Figure 4). 
Our 𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  modelling resulted in a 3- to 20-degree shift from the raw DITF azimuth. However, the stress rotations 
observed with depth persisted and, therefore, are not an artifact generated by changes in wellbore trajectory. 
Stress rotations are found to correspond with major faults, such as Feature 5 in ÞG-16 (Figure 4) where the 
rotation likely corresponds to a rift-edge fault that is mapped at surface. Stress rotations also correspond with 
feed zones (Figure 4), perhaps indicating the presence of other active faults that localize fluid flux. The depths of 
stress rotation in ÞG-19 were inferred from geologic data, so cannot be interpreted as correlating with the large 
feed zone with depth. However, we can say that this large feed zone does correspond with a transition from 
intermediate to basaltic rock compositions and a localized peak in fracture frequency that together may indicate 
the presence of a fault. Differences in  𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  azimuth between wells are discussed in a reservoir-scale 
companion paper (Siler et al., 2026, this volume).  

3.2 Slip and Dilatation Tendency 
Using the existing fracture interpretations for ÞG-14, ÞG-16, and ÞG-19 (Árnadóttir et al., 2018; Þorsteinsdóttir 
et al., 2018; Árnadóttir et al., 2024) and the geomechanical models described above, we calculated the slip (𝑇𝑇𝑠𝑠), 
dilatation (𝑇𝑇𝑑𝑑), and hybrid tendency (𝑇𝑇ℎ) of each fracture. Results are presented here on a sail plots (Figure 5), 
where those fractures with highest 𝑇𝑇ℎ  occur on the top right. 𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  azimuth rotations alter the range of 𝑇𝑇𝑠𝑠 and 
𝑇𝑇𝑑𝑑, so sail plots that aggregate all data from a well will be slightly offset. This is most clearly seen in ÞG-14 and 
ÞG-19.  
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Figure 4: Results of our interpretation of drilling induced damage in ÞG-14, ÞG-16 and ÞG-19, with DITF and 
𝑺𝑺𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯 azimuth as indicated and contextual well data. Key features are: (1) a likely fault/fissure zone that is 
characterized by oversized borehole and wide fractures at 1550 – 1600 mMD; (2) scatter in the DITF azimuth 
at 1760 – 1770 mMD, likely due to the presence of a geologic discontinuity; (3) counter-clockwise rotation 
of DITF azimuth with a progressive change in azimuth from 2005 to 2065 mMD; (4) a change in the azimuthal 
spread and overall appearance of BHBO at 1700 mMD, likely due to a change in mechanical rock properties 
as indicated by the borehole rugosity (c.f., caliper); (5) rotation in mean DITF azimuth at 2100 mMD; (6) more 
scattered azimuths of atypical DITF below 2540 mMD, similar to what is observed around large feed zones 
in Indonesian, New Zealand and USA geothermal wells (Wallis et al., 2023b,c); and (7, 8) possible depth of 
stepwise stress rotation based on geologic context.   
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There are systematic relationships between the tendency results (𝑇𝑇𝑠𝑠, 𝑇𝑇𝑑𝑑, and 𝑇𝑇ℎ) and fracture properties, 
specifically open vs closed fractures as defined by travel time and their width/aperture (Figure 5). As most clearly 
seen in the ÞG-16 case study, open fractures, especially those with larger apertures, tend to have a higher 𝑇𝑇ℎ  
than those that are closed. Wide fractures tend to have a higher 𝑇𝑇𝑑𝑑  in ÞG-16. In all cases, wide fractures typically 
have higher 𝑇𝑇𝑠𝑠 for a given 𝑇𝑇𝑑𝑑, more so as the relative magnitude of 𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  increases. ÞG-19 has a higher proportion 
of fractures with high 𝑇𝑇ℎ  than ÞG-14 and ÞG-16, especially above the stress rotation at 2740 mMD.  

We plotted fracture tendency with contextual geologic and reservoir engineering data to explore the relationship 
between our results and wellbore-scale fluid flux (Figure 6). Because fractures with high tendency occur 
throughout, there is no clear relationship between feed zone location and these results, with one clear 
exception. There is a cluster of fractures with wide apertures at 1547 – 1600 mMD in ÞG-14 that coincide with a 
large feed zone and have a range of 𝑇𝑇𝑠𝑠, high 𝑇𝑇𝑑𝑑, and high 𝑇𝑇ℎ  (Feature 1, Figure 6). When projected to surface, 
these fractures correspond with a line of fumaroles mapped at surface. This cluster contrasts with one below 
~2400 mMD in ÞG-14 that contains wide aperture fractures with low 𝑇𝑇𝑠𝑠, 𝑇𝑇𝑑𝑑, and  𝑇𝑇ℎ  and no corresponding feed 
zone. 

 

Figure 5: Sail plots that illustrate the variation of slip and dilatation tendency results by well and by stress 
state. Markers are colored by type classification and sized by aperture (for open fractures) or width (for 
closed fractures). Insert illustrating the expected failure mode for various sectors of the sail plot is from 
Ferrill et al. (2020).   
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Figure 6: Slip and dilatation tendency results for the normal faulting case plotted by depth with contextual 
data. Key features are: (1) a likely fault/fissure zone that is characterized by oversized borehole and wide 
fractures at 1550 – 1600 mMD; (2) scatter in the DITF azimuth at 1760 – 1770 mMD, likely due to the presence 
of a geologic discontinuity; (3) counter-clockwise rotation of DITF azimuth with a progressive change in 
azimuth from 2005 to 2065 mMD; (4) a change in the azimuthal spread and overall appearance of BHBO at 
1700 mMD, likely due to a change in mechanical rock properties as indicated by the borehole rugosity (c.f., 
caliper); (5) rotation in mean DITF azimuth at 2100 mMD; (6) more scattered azimuths of atypical DITF below 
2540 mMD, similar to what is observed around large feed zones in Indonesian, New Zealand and USA 
geothermal wells (Wallis et al., 2023b,c); and (7, 8) possible depth of stepwise stress rotation based on 
geologic context.   
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3.3 Mechanical Stratigraphy 
A simple mechanical stratigraphy was constructed using acoustic amplitude, lithology, and caliper data is 
plotted in Figures 4 and 6. The soft conditions are dominantly basaltic tuffs, breccia and glassy basalts 
(hyaloclastites). The hard conditions are dominantly basaltic and intermediate lavas. Average fracture frequency 
was lower in soft formation. This observation is unsurprising, given that stress may be accommodated by 
particle/clast rearrangement and/or ductile deformation in softer rocks. However, there is more borehole 
oversizing and surface roughness in the soft intervals. Therefore, the acoustic imager is less likely to resolve 
fractures. Wide, open fractures are less common in the soft intervals than in the hard, except for ~1115 – 1390 
mMD in ÞG-19 where a group of wide, open fractures correspond to a thick but medium to large magnitude feed 
zone.  

4 DISCUSSION 
Our analysis of stress in three wellbore-scale case studies at Þeistareykir, and the slip (𝑇𝑇𝑠𝑠), dilatation (𝑇𝑇𝑑𝑑) and 
hybrid (𝑇𝑇ℎ) tendency of fractures imaged therein, has generated insight into controls on permeability. In 
summary, we found abrupt rotations 𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  azimuth coincide with feed zones and reservoir-scale faults. 𝑇𝑇𝑠𝑠, 𝑇𝑇𝑑𝑑, 
and 𝑇𝑇ℎ  results correspond to fracture aperture, but do not have a simple relationship to the distribution of feed 
zones. However, generally high 𝑇𝑇ℎ  may generate a well-connected fracture network, favorable for production. 
Finally, mechanical rock properties are found to influence fracture frequency and relate to magnitude 
distribution of feed zones.  

Our study revealed stepwise rotations of the 𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  azimuth in all three case studies. These rotations correspond 
to key structures identified at the reservoir-scale and feed zone locations. Our reservoir-scale dynamic stress 
modelling that used a simplified fault model for Þeistareykir also generated a counter-clockwise rotation in the 
𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  azimuth (Siler et al, 2026, this volume), despite having specified a single average 𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  azimuth with depth 
in the natural state. This corroborates our conclusion that fault rupture is the likely cause of observed rotations 
in 𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  azimuth. Similar relationships between stress rotations, the presence of reservoir-scale faulting and 
the distribution of feed zones have been observed in silicic rift type volcanic-hosted geothermal systems in New 
Zealand (Wallis et al., 2020b; McNamara et al., 2015) and basement-hosted deep circulation geothermal 
systems in the western US (Fercho et al., 2020). 

The 𝑇𝑇𝑠𝑠, 𝑇𝑇𝑑𝑑, and 𝑇𝑇ℎ  results described herein resemble those that arose from outcrop studies by Ferrel et al. (2020) 
who mapped and modelled the ultra-low permeability Cretaceous Eagle Ford Formation and Austan Chalk, 
which are formations that host an unconventional oil and gas reservoir in south Texas, USA. Fault segments with 
high 𝑇𝑇ℎwere found to be more likely to form fluid flux conduits, with calcite vein cements (indicative of fluid flow) 
observed in fault segments with high 𝑇𝑇𝑑𝑑  and low to moderate 𝑇𝑇𝑠𝑠 (i.e. at the top of the sail plot). At Þeistareykir, 
open fractures, especially those with wider apertures, commonly have higher 𝑇𝑇ℎ  than closed fractures. Wide 
fractures had clearly higher 𝑇𝑇𝑑𝑑  than narrow fractures in one case, but they had higher 𝑇𝑇𝑠𝑠 for a given 𝑇𝑇𝑑𝑑  in all three 
cases (more so when the relative magnitude of 𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  increases). It would not have been possible to recognize 
these relationships without reliable identification of which fractures are open (at least at the wellbore wall) and 
a measurement of fracture width/aperture. This highlights the value of using acoustic borehole imagers, as the 
travel time data can be used to determine if a fracture is open at the borehole wall. While excess resistivity 
models have been used in cases to determine fracture aperture from microresistivity data (Luthi & Souhaite, 
1990), this has been found to perform poorly in some cases (Wallis et al., 2024) and further validation work is 
required. 

Because there are numerous fractures with high 𝑇𝑇𝑠𝑠, 𝑇𝑇𝑑𝑑, and 𝑇𝑇ℎ  throughout the logged intervals, there is rarely a 
simple relationship between these parameters and the location or magnitude of feed zones. The exception is 
ÞG-14 where 𝑇𝑇ℎ  may explain why one cluster of open fractures with wide apertures correspond to a large feed 
zone while another with similar fracture properties does not. A study of fracture 𝑇𝑇𝑠𝑠 in four volcanic-hosted 
geothermal systems (silicic rift and arc type) similarly found that there was no simple correlation between 
fracture 𝑇𝑇𝑠𝑠 and feed zones. This contrasts with the seminal work Barton et al. (1995) that demonstrated a 
relationship between high 𝑇𝑇𝑠𝑠 (critically stressed fractures) and fracture-hosted fluid flow in three crustal wells 
that, based on their thermal gradient and geologic setting, were much lower permeability than is typical in 
conventional geothermal. These low-permeability conditions allowed Barton et al. (1995) to identify fluid hosting 
fractures through local inflections in a high-resolution temperature profile, something not possible in 
conventional geothermal given the well construction and in-wellbore dynamics.  

The tendency modelling results herein indicate that ÞG-19 is more likely to form a connected fracture network 
than the other two cases because it has a greater proportion of fractures with high 𝑇𝑇ℎ  than ÞG-14 and ÞG-16. ÞG-
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19 is in the southwest of the well field and has high wellhead pressure and steam rate. While ÞG-14 to the north 
has the highest injectivity index of the case study wells, it is also the coolest and it contains fewer medium and 
large feed zones than ÞG-19. McLean (2020) conducted numerical pressure transient modelling of western wells 
ÞG-11, ÞG-15 and ÞG-17 (south-western wells that are close to ÞG-19) and an eastern well ÞG-16. They found 
that ÞG-16 matched a channel model with a restricted fracture network while the western wells fit a radial model 
that is more consistent with a well-connected fracture network. Future work includes further tendency 
modelling and integration with reservoir engineering analysis.  

Using a simple, first-order mechanical stratigraphy, we found that average fracture frequency tends to be lower 
in soft formations. When all wells are considered together, we also found that larger feed zones are more 
common in hard formations (refer to Siler 2026, this issue). While this relationship between harder rock types 
and feed zone magnitude may relate to variation in fracture frequency, it is more likely to be a consequence of 
how asperities and/or fracture rugosity/sinuosity are more likely to prop open fractures in a hard rock and, 
therefore, sustain volume/aperture over time. While further work is needed to improve the mechanical 
stratigraphy, these results demonstrate that there is an underlying rock mechanical control on permeability at 
Þeistareykir. 

5 CONCLUSIONS 
Together with the companion paper Siler et al. (2026), the study described herein has demonstrated how our 
novel, multi-scale geomechanical workflow can reveal insight into the geologic controls on permeability in a 
complex, volcanic-hosted geothermal system. With a single exception, the three Þeistareykir wellbore-scale 
case studies found no simple relationship between the slip (𝑇𝑇𝑠𝑠), dilatation (𝑇𝑇𝑑𝑑) and hybrid (𝑇𝑇ℎ) tendency of 
fractures and the location or magnitude of feed zones. This aligns with results from similar studies in silicic rift- 
and arc-type volcanic-hosted geothermal systems (Wallis, 2023). The location and magnitude of feed zones in 
volcanic-hosted geothermal systems are jointly influenced by the presence of active faulting (as indicated by 
stress rotations), favorable fracture characteristics (aperture, network connectivity, 𝑇𝑇𝑠𝑠, 𝑇𝑇𝑑𝑑, and 𝑇𝑇ℎ), and 
mechanical rock properties. On the surface, these findings appear to conflict with the now often cited control 
that critically stressed (high 𝑇𝑇𝑠𝑠) fractures have on fluid flux (Barton et al., 1995). However, this is more likely a 
matter of scale. Individual fracture 𝑇𝑇𝑠𝑠, 𝑇𝑇𝑑𝑑, and 𝑇𝑇ℎ  characteristics influence the overall (background) permeability 
network and feed zones are wellbore-scale sweet spots with connection to the wider reservoir, resembling the 
numerical models of Hanano (2004). Given that feed zones require connection to the wider reservoir to sustain 
flow, it is important to place this wellbore-scale analysis within the context of the reservoir-scale distribution of 
permeability sweet spots—as is described in Siler et al. (2026). Through an improved understanding of the 
geologic mechanisms controlling permeability across scales, this workflow supports reservoir management 
strategies and future well targeting. 
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