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Abstract We applied 3D scattering and absorption imaging to the Hengill volcanic area (southwest
Iceland), where high‐enthalpy geothermal reservoirs are presently harnessed. These techniques have shown the
potential for detecting magmatic intrusions and fluid reservoirs in volcanic regions. Here, we target seismic
scattering and absorption as proxies of the elastic and anelastic properties of the crust to understand their
potential in areas of geothermal energy extraction. The harnessed Nesjavellir geothermal field was used as a
benchmark to extend interpretation into non‐harnessed areas and provide better insight when evaluating
exploitable geo‐resources. Shallow, high‐scattering anomalies mark the sub‐vertical Hengill fissure swarm.
Deeper low‐scattering volumes likely highlight sub‐horizontal magmatic intrusions beneath the Hengill central
volcano, whose less fractured volume acts as a barrier for the surrounding seismicity. At Nesjavellir, high
absorption co‐located with high scattering volumes spatially correlates with previously detected high Vp/Vs
volumes, suggesting the existence of fluid‐ and/or melt‐filled complex seismically active networks of faults and
fractures. Our results suggest the presence of geothermal reservoirs in non‐harnessed areas (Mosfellsheiði and
Ölkelduháls) shown by similar high‐absorption anomalies at depths comparable with the Nesjavellir geothermal
resource. Scattering and absorption imaging complement more standard imaging techniques, improving
interpretation in geothermal resource exploration.

Plain Language Summary We conducted 3D imaging of scattering and absorption of seismic waves
to study the Hengill volcanic area in Iceland, with the goal of identifying potential underground magma and/or
fluid reservoirs that are critical for geothermal energy. While scattering is highly sensitive to the presence of
faults and fractures in the medium, absorption is more responsive to fluids, magma, and high‐temperature rocks.
This work aims to jointly interpret our images with previous geological and geophysical evidence to find
potential geothermal resources, using the extensively studied Nesjavellir geothermal field as a reference. Our
findings suggest that similar geothermal reservoirs may exist in nearby non‐harnessed areas. The study
highlights the value of these imaging techniques for exploring new geothermal energy sources.

1. Introduction
The Hengill central volcano is located in the southwestern part of Iceland, about 30 km east of the capital
Reykjavík, at a triple junction formed by the Reykjanes Peninsula (RP), the Western Volcanic Zone (WVZ) and
the South Iceland Seismic Zone (SISZ) (Einarsson, 2008). This region is geologically characterized by alternating
hyaloclastite layers and fractured basalt deposits formed as a consequence of alternating sub‐glacial and subaerial
volcanic eruptions, ranging from 0.12 Myr to 2,000 years (Sæmundsson et al., 2016). Hyaloclastites have formed
ridge‐shaped mountains and tuyas, such as Mt. Hengill (803 m a.s.l.). Hengill is the youngest volcanic system in
the Hengill volcanic area, intersected by fissures and normal faults striking N30°E and extending northwards to
Lake Þingvallavatn (Figure 1a). This region also comprises minor shield volcanoes on the edges of the Hengill
fissure swarm, such as Mosfellsheiði. Hengill volcano last erupted about 1800 years ago (Sinton et al., 2005).
Directly east of the Hengill volcanic system lies the Hrómundartindur (540 m a.s.l.) system, which last erupted
approximately 11,000 years ago (Sæmundsson et al., 2016). The oldest of the three volcanic systems in the
Hengill region is Grensdalur (497 m a.s.l). It is located farthest to the southeast, was last active during the
Pleistocene (Figure 1a), and is considered extinct.
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The two largest geothermal power plants in Iceland are located in the Hengill volcanic area. The southern
Hellisheiði, and the northern Nesjavellir power plants (Figure 1a), are operated by ON Power and situated in areas
where geothermal fluids migrate through fractures and fissures within the porous basaltic crust. According to
Gunnarsson and Aradóttir (2015), the reservoir temperature in the Hengill region varies between 200°C and
340°C. The energy is used for the production of electricity, space heating in Reykjavík and the surrounding towns,
and other direct applications. 23 production wells are currently in use in the Nesjavellir geothermal field and 49 in
Hellisheiði. After passing through the power plant, the geothermal fluid is reinjected into both shallow (a few
hundred meters deep) and deep injection wells (>1,800 m deep).

Seismicity occurring in clusters characterizes the Hengill region, with natural seismicity linked to volcanic,
tectonic, geothermal and anthropogenic activity (Bodvarsson et al., 1996; Brandsdóttir et al., 2010; Li et al., 2019;
Obermann et al., 2022; Rögnvaldsson et al., 1996). Earthquake depths are mainly confined to the uppermost 6–
7 km of the crust, which is used to infer the depth of the brittle‐ductile transition (Li et al., 2019; Tryggvason
et al., 2002). The highly variable volcanic structure under the Hrómundartindur and Grensdalur volcanic systems
is likely composed of kilometers‐long solidified magmatic intrusions that reach depths of around 3–5 km
(Árnason et al., 2010; Franzson et al., 2010). Just south of Hrómundartindur, uplift events were observed between
1993 and 1999, and again in 2017–2018, causing intense seismicity across the whole Hengill region (Ducrocq
et al., 2021; Jakobsdóttir, 2008; Sigmundsson et al., 1997). Models propose that the source of the uplift was a
pressure source of either a magmatic or hydrothermal origin at depths of 6–7 km, thus deeper than previously
reported solidified magma formations (Ducrocq et al., 2021; Feigl et al., 2000; Sigmundsson et al., 1997). Local
earthquake tomography studies (Foulger & Toomey, 1989; Jousset et al., 2011; Tryggvason et al., 2002) show
positive P‐ and S‐wave velocity anomalies and low Vp/Vs ratios beneath the central volcanoes in the shallowest
two km depth, which have been interpreted as solidified magmatic intrusions. Near the surface, high Vp and low
Vp/Vs have been correlated with steam, hot springs and other geothermal manifestations. At depths of 4–10 km
below Hengill volcano, Tryggvason et al. (2002) found low P‐ and S‐wave velocity anomalies, interpreted as
supercritical fluid, meteoric water and fluids of magmatic origin filling fractured volcanic fissures, with no partial
melt.

More recently, denser networks of temporary seismic stations were deployed in the Hengill region as a part of the
H2020 project Science for Clean Energy (S4CE) and the Geothermica‐funded project COntrol SEISmicity and
Manage Induced earthQuakes (COSEISMIQ). The increased number of detected earthquakes allowed more
detailed travel‐time tomographies (Amoroso et al., 2022; Obermann et al., 2022;Wu et al., 2024) and a new shear‐
wave velocity model (Sanchez‐Pastor et al., 2021) that used larger data sets together with new methods. The first
study focuses on the northern part of the Hengill volcanic field, around the Nesjavellir power plant, whereas the
other two encompass the entire volcanic field. In these studies, low‐Vp/Vs anomalies marked the steam‐
dominated production area, where seismicity appears scattered rather than focused on well‐delineated faults.
High Vp/Vs ratios at depth, on the other hand, likely reflect magmatic intrusions near the brittle‐ductile zone,
possibly feeding the geothermal systems. These interpretations were further supported by comparison with
transient electromagnetic (TEM) and magnetotelluric (MT) measurements derived from Árnason et al. (2010) and
Vilhjálmsson et al. (2019). The comparisons showed a strong spatial correlation between high (/low) resistivity
and low (/high) Vp/Vs, consistent with the general understanding that fluid‐rich, highly fractured zones exhibit
both low resistivity and high Vp/Vs, while more consolidated or vapor‐dominated regions tend to show high
resistivity and low Vp/Vs. This highlights the importance of integrating multiple geophysical methods to fully
characterize geothermal reservoirs. In the context of such a wide range of analyses, attenuation studies are
missing.

Seismic attenuation is primarily due to two physical mechanisms: seismic scattering and absorption (Sato
et al., 2012). Measurements of these parameters are reliable proxies for the spatial extension of faults and fluid
reservoirs across tectonic, volcanic and hydrothermal settings (De Siena et al., 2016; Di Martino, De Siena,
Serlenga, et al., 2022; Gabrielli et al., 2022, 2023; Napolitano et al., 2020, 2023; Reiss et al., 2022). Scattering is a
measure of heterogeneity within the crust (Takahashi et al., 2007); increased heterogeneity within the medium
(e.g., fault networks) enhances wave trapping that increases energy across the earthquake coda, marking tectonic
interactions and lithological contrasts (Gabrielli et al., 2022, 2023; Napolitano et al., 2023). Seismic absorption is
mostly sensitive to magma and fluid reservoirs, strain rate and pore space topology within the crust (Guardo
et al., 2022; Napolitano et al., 2023; Reiss et al., 2022; Talone et al., 2023).
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Figure 1. The Hengill volcanic region. Both panels show fissures and faults as black thin lines (Sæmundsson et al., 2016), roads as thick blue lines, seismic stations as
green triangles, the Nesjavellir and Hellisheiði power plant locations with cyan squares. Black dashed lines contour volcanic edifices (Árnason et al., 1986). (a): Place
names are labeled. Red circles are the fumaroles and red thin lines are the eruptive fissures and craters. The three white dashed rectangles highlight the Nesjavellir,
Mosfellsheiði and Ölkelduháls regions. The inset map shows the location of the study area in the Iceland framework. Orange lines are the plate boundaries, green
rectangle is the study area of this paper. Labels: RP: Reykjanes Peninsula (RP), theWestern Volcanic Zone (WVZ) and the South Iceland Seismic Zone (SISZ). (b): gray
and blue dots are earthquake locations of the starting and final selected data set (occurred between 2017 and 2022) provided by Icelandic GeoSurvey (ÍSOR),
respectively. Dark red lines mark cross‐sections AA’, BB’, CC’ and DD’ (dashed lines show their 0.5 km width) (used to interpret the results along and perpendicular to
the main geological trend).
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The separation of scattering and absorption contribution through peak delay and coda decay is becoming a
standard combination in seismology, given their sensitivity to different structures and processes within the same
volume. Peak delay is defined as the time lag between the S‐wave onset and the highest amplitude reached by the
seismogram envelope (Takahashi et al., 2007), interpreted as a proxy for forward scattering within the litho-
sphere. The inverse coda quality factor (Qc

− 1) is a measure of the decay of coda energy with lapse time from the
earthquake origin time. It is a measurement of seismic absorption of the medium (Qi

− 1, i.e., Qc ≈ Qi—Aki &
Chouet, 1975; Calvet & Margerin, 2013; Shapiro et al., 2000) in the diffusion regime. This condition is fulfilled
when (a) the beginning of the coda wave window is taken late enough into the seismogram for diffusion to be
reached and (b) no coda wave energy is lost through leakage into the mantle, nor are coherent phases included in
the coda window (Margerin, 2017). These scattering and absorption proxies have been recently calibrated in the
laboratory and at smaller Earth scales. King, De Siena, Benson, and Vinciguerra (2023), King, De Siena, Zhang,
et al. (2023) showed that trapped and resonant waves drastically increase peak delays at a boundary, making it a
marker of strain increase and fracturing (high peak delays), and overpressure in the pore space (low peak delays).
Di Martino, De Siena, Serlenga, et al. (2022), Di Martino, De Siena, and Tisato (2022) demonstrated that the
heterogeneity of an undeformed synthetic sample, mimicking a volcanic basaltic rock, is sufficient to change the
intermediate coda drastically. Still, the authors demonstrate that in absorption imaging the late lapse time coda
decay remains a function of fluid saturation (in their sample case, air, in its pore space) and pore space topology.

The combined use of these techniques has identified intrusions in mountain chains (Calvet et al., 2013) and
magmatic systems (De Siena et al., 2016; Guardo et al., 2022; Reiss et al., 2022) as high scattering and high
absorption anomalies. In active tectonic settings, high scattering and high absorption anomalies has been inter-
preted as overpressurized fluids in a highly fractured medium, such as the Mt. Pollino area (Southern Italy) that
hosted a 4‐year long swarm‐like sequence (Napolitano et al., 2023). High Vp/Vs ratio and pore fluid pressure with
values reaching 35 MPa in the same crustal volume corroborated this interpretation (De Matteis et al., 2021;
Napolitano et al., 2021). Similar findings for the 2016–2017 central Italy sequence linked thrust faults and pore
pressure to seismic activity (Gabrielli et al., 2022). In the Natron Rift (Northern Tanzania), scattering revealed
fractures and deep fluid‐filled faults channeling carbonatites to Ol Doinyo Lengai eruptions, with high‐absorption
anomalies mapping sills, dikes, and fluid reservoirs (Reiss et al., 2022). At Deception Island (Antarctica), high‐
absorption anomalies identified intrusions linked to caldera eruptions (Guardo et al., 2022). In Campi Flegrei
(Southern Italy), near‐surface scattering exposed faults separating hydrothermal plumes from CO2‐rich zones,
while absorption anomalies distinguished between liquid‐ and vapor‐rich fluids (Di Martino, De Siena, Serlenga,
et al., 2022).

In this study, scattering and absorption imaging techniques are, for the first time, applied to a high‐enthalpy
geothermal area. We aim to better understand the physical elastic and anelastic properties of the crust in areas
of geothermal utilization. Using as a benchmark the harnessed Nesjavellir geothermal field, where extensive
geological, geophysical and well‐log information is available, we also analyzed two non‐harnessed areas
(Ölkelduháls and Mosfellsheiði, Figure 1a), suggesting the existence of similar exploitable fluids reservoirs.

2. Data Collection and Preprocessing
Refined locations of 10,191 seismic events (gray dots in Figure 1b) were provided by Iceland GeoSurvey (ÍSOR)
on behalf of Reykjavík Energy/ON Power. The events, located between lat: 64.02°N–64.15°N and lon: 21.1°W–
21.4°W, range from local magnitudes ML‐0.6 and ML 3.9, with a maximum depth of 9.7 km. The events were
recorded between January 2017 and December 2022 by permanent and temporary seismic stations operated by
four seismic networks: ON‐ÍSOR operated by Iceland GeoSurvey for ON Power and Carbfix, two stations funded
through the H2020 funded S4CE project, Icelandic National Digital Seismograph Network (SIL), and the
Geothermica funded COSEISMIQ network. For our analysis, we used earthquakes recorded on a subset of 24
seismic stations that were located within the target area (Figure 1).

We defined selection criteria for earthquakes from the initial data set, setting a minimum local magnitude (ML)
threshold of 0.5 and retaining only the E‐W component with both P‐ and S‐phase picking available. We applied a
declustering procedure (Reiss et al., 2022) with the goal of reducing earthquake oversampling due to clustering of
seismicity while removing the most unstable measurements in terms of signal‐to‐noise ratio, for which the lower
threshold has been fixed to 3. In practice, we first divided the study region in blocks of length 1 km in all three
directions; we then divided each of these volumes into sub‐volumes by splitting each side of the cube into five
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segments; we finally retained only those event‐station pairs with the lowest uncertainty on coda‐decay mea-
surement in each sub‐volume. The final data set, input for the following analyses, consists of around 10,600
waveforms, belonging to 2240 earthquakes. The waveforms have been filtered with a 8–16 Hz (central frequency,
fc= 12 Hz), 4‐th order, zero‐phase, Butterworth band‐pass filter. This frequency band contains the largest portion
of the energy produced by such small‐magnitude earthquakes while ensuring a prevalence of body waves within
the coda and no contamination due to the strong microseism in Iceland. The envelopes were computed using a
Hilbert transform and subsequently smoothed with a moving window duration t = 8/fc.

3. Methods
The analyses have been performed usingMurat3.0, the third release of an open‐access code (De Siena et al., 2014)
that enables the measurement and 3D modeling of spatial variations in total attenuation, scattering, and ab-
sorption. The code, over the past 10 years, has been widely applied in different tectonic (Borleanu et al., 2017;
Gabrielli et al., 2022, 2023; Napolitano et al., 2020, 2023) and volcanic (Di Martino, De Siena, Serlenga,
et al., 2022; Reiss et al., 2022) contexts. The methods used for producing scattering, absorption imaging and
clustering analysis are described in the following subsections.

3.1. Peak Delay Method

A clear indication of the contribution of scattering to the attenuation of seismic waves can be observed in the delay
between the onset of S‐waves and the time of maximum amplitude in the envelope, referred to as peak‐delay time.
This delay widens as the distance between the seismic source and the receiver increases (Calvet et al., 2013;
Takahashi et al., 2007). The logarithmic increase in peak delay times (tpd, measured in seconds) exhibits a linear
relationship with the logarithm of the hypocentral distance (RH, measured in km), expressed by the equation:

log10tpd( f ) = A( f ) + B( f ) · log10RH (1)

here, A( f ) and B( f ) are the coefficients obtained from regression fit (Gusev & Abubakirov, 1999). The hypo-
central distance is computed using a 1D velocity model specific for the Nesjavellir area (Amoroso et al., 2022),
allowing the rays to propagate in a 3D grid with a ray‐bending approach (De Siena et al., 2017, from Block, 1991).
The amount of scattering along the ray path is determined by comparing the calculated peak delay time of the ith
waveform (ti

pd in Equation 2, gray circles in Figure S1 in Supporting Information S1) to the theoretical peak delay
at the corresponding hypocentral distance (tpd in Equation 2, red line in Figure S1 in Supporting Information S1):

∆log10t( f ) = log10 [ti
pd( f )] − log10 [t

pd( f ) ] (2)

Positive or negative variations compared to the average value measured with the linear trend identify high‐ and
low‐scattering areas. Positive variations are associated with heterogeneous crustal regions, while negative var-
iations with solid and compact volumes. Figure S1 in Supporting Information S1 shows the log‐log plot of peak
delays within one standard deviation from the linear fit as a function of S‐wave travel time for the Nesjavellir area
at a central frequency of 12 Hz.

For each source‐receiver ray, the peak delay time is computed as the time lag between the S‐wave onset and the
maximum S‐wave amplitude (Takahashi et al., 2007). The logarithmic variation of the S‐wave peak delay time is
then mapped, assuming source‐receiver sensitivity on rays and employing a conventional weighted regionali-
zation technique (Calvet et al., 2013; Gabrielli et al., 2023) on a grid with 1 km vertically spaced nodes in all three
directions. The stability of peak delay analysis is assessed by computing the hit count maps at different depths
(Figure S2 in Supporting Information S1), considering peak delay variations within blocks crossed by at least 20
seismic rays.

3.2. Q‐Coda Method

Different methods have been developed to assess strong lateral variations in lithospheric characteristics using
coda wave attenuation. These methods share a common initial step of computing the energy density envelopes of
coda waves to determine the coda quality factor (Qc). The energy within the coda window (E(t, f )) at lapse‐time t
and frequency f is:
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E(t, f ) = S( f) t− α exp (− 2πf tQ− 1
c ( f)) (3)

where S(f) is the source term, t is expressed in seconds between the origin time of the event and the beginning of
the coda window, and the constant α is related to geometrical spreading and fixed to 3/2 in a multiple scattering
interpretation (Calvet et al., 2013). The algorithm MuRAT3D employs a linearized approach to solve this
equation, proven to be computationally faster than a grid search and equivalent to the linearized approach
(Napolitano et al., 2020):

ln[E(t, f ) · tα]

2πf
=
ln[S( f)]
2πf

− Qc
− 1t (4)

In volcanic media like those under study, the onset of diffusion is observed immediately after the S‐wave arrival
when using active sources (Prudencio et al., 2017;Wegler, 2004). When using earthquakes, this onset ranges from
a few seconds from the S‐wave arrival for very‐shallow shallow seismicity (De Siena et al., 2013) to tens of
seconds after the S‐wave arrival for deeper earthquakes and depending on frequency and topography (De Siena
et al., 2016; Gabrielli et al., 2020). We set both lapse time and coda window length to 10 s for the entire data set,
which is a reasonable choice to reach equipartition with a very local data set and shallow earthquakes (above 7 km
depth, as discussed in Napolitano et al., 2020). We also tested the stability of Qc

− 1 measurements computed for
each waveform as a function of the ray length (Calvet et al., 2013) and of the earthquake index at a central
frequency of 12 Hz (upper panels in Figure S3 in Supporting Information S1). To better visualize these results, we
computed a moving average and standard deviation of Qc

− 1 on a 500‐point window, showing a clear constant
Qc

− 1 value around 0.002 within the selected ray length range at 12 Hz (lower panels in Figure S3 in Supporting
Information S1).

Seismic absorption tomography (Sketsiou et al., 2020) uses an inversion scheme (De Siena et al., 2017) based on
3D diffusive sensitivity kernels (Del Pezzo et al., 2018; Mayor et al., 2016; Obermann et al., 2013; Ogiso, 2019),
which in turn are based on Paasschen's equations (Paasschen, 1997) and are independent of the 3D velocity model
choice. To compute the sensitivity kernel, we set two fundamental quantities: seismic albedo and extinction
length. The seismic albedo is the dimensionless ratio of the scattering loss to total attenuation. The extinction
length is the distance in km over which the primary S‐wave energy is decreased by e− 1. They are set to average
values for similar geothermal regions, specifically the Campi Flegrei caldera (Akande et al., 2019). The sensi-
tivity kernels require constant S‐wave velocities in the computation, which has been set to 3.0 km/s, obtained as
the average value from the 3D velocity model for the Nesjavellir area (Amoroso et al., 2022). We set the same grid
defined for peak delay (1‐km spaced nodes along the three directions of motion). The spatial variation maps of
Qc

− 1 are validated through checkerboard tests at a depth of 4.3 km, where all the high‐attenuation anomalies
discussed have been located (Figure S4 in Supporting Information S1). The synthetic test allows us to interpret 2‐
km wide anomalies in the three directions of motion.

3.3. Earthquake Clustering

Clusters of similar earthquakes suggest the presence of highly attenuating bodies (fluids, melt, high temperature
rocks) permeating the highly fractured seismogenic volume, a phenomenon observed across various geological
contexts, such as subduction zones, mountain ranges, volcanic, and geothermal areas (Danrè et al., 2022; De
Barros et al., 2020; Fisher et al., 2014; Napolitano et al., 2021; Palo, Ogliari, & Sakwa, 2024; Palo, Scotto di
Uccio, Picozzi, & Festa, 2024; Ross et al., 2020; Ruhl et al., 2016).

In the study area, clusters of similar earthquakes have been defined following the approach described in Palo
et al. (2023). In this approach, a similarity coefficient ranging between 0 and 1 is defined for each pair of events in
the catalog. The similarity between pairs of earthquakes was here measured as the largest cross‐correlation (CC)
between the P‐wave phases (in a time window of 1 s starting 0.2 s before the P‐wave arrival time) among the
stations that have detected the events of the pair. We used the vertical components of the waveforms belonging to
the same data set used to perform the attenuation tomography. A 4‐th order Butterworth frequency filter in the 1–
20 Hz frequency band was applied beforehand.
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This method estimates the similarity between earthquakes even when no station has recorded both events. It relies
on hierarchical agglomerative clustering (HAC) applied to the CC matrix at each station, grouping earthquakes
with similar waveforms into one‐station clusters. Consider a case where event 1 is detected only at station A and
event 2 only at station B. Since no direct comparison is possible, the algorithm leverages other earthquakes that
belong to their respective one‐station clusters: U1A (earthquakes similar to event 1 at station A) and U2B
(earthquakes similar to event 2 at station B). The key idea is to identify earthquakes from U1A that were also
recorded at station B and earthquakes fromU2B that were recorded at station A. These serve as “bridges” between
the two stations, allowing indirect similarity estimation. Cross‐correlations are computed between event 1 and the
earthquakes in U2B, as well as between event 2 and the earthquakes in U1A. These values are then averaged to
provide a similarity estimate for the event pair. Eventually, a similarity coefficient is assigned to all earthquake
pairs thus defining a multi‐channel similarity matrix (MCM). HAC applied to MCM provides finally a multi‐
channel cluster index to all catalog events. For further technical details, see Palo et al. (2023).

Only absolute clusters whose mean CC (averaged over stations and earthquake pairs) was equal to or larger than
0.7 were selected and displayed here.

4. Results and Discussion
In Figures 2 and 3, we show the horizontal depth slices and a zoom‐in of the Nesjavellir production area at 4.3 km,
slicing the 3D peak delay (scattering parameter, as defined in Section 3) and Qc

− 1 (absorption parameter, as
defined in Section 3) models of the Hengill geothermal area for a central frequency of 12 Hz. In each map, we
show earthquakes with magnitude ML greater than or equal to 0.5, whose depths are ±1 km from each slice.
Scattering maps (left panels) show positive (red) or negative (blue) anomalies relative to the average peak delay
value at a certain hypocentral distance. Blocks crossed by less than 20 rays are masked, as shown by the hit count
map (Figure S2 in Supporting Information S1). The Nesjavellir (Ne) field and the Hengill central volcano (He) are
the best‐recovered areas at depths of 1–7.6 km, while the entire study region is well‐recovered between 3 and
7.6 km depth. Absorption maps (Qc

− 1, right panels) show higher values (up to 0.013) using brighter colors.
Checkerboard tests (Figure S4 in Supporting Information S1) allow us to interpret the most significant high‐
absorption anomalies. Well‐resolved Qc− 1 areas are contoured by thin white dashed lines. The chosen grid
spacing for regionalization (peak delay) and inversion (Qc

− 1) allows us to interpret 1‐km wide anomalies. The
declustering procedure (Reiss et al., 2022) mitigates the effect of spatially colocated seismicity on the scattering
and absorption models.

In the following sections, seismic scattering and absorption anomalies are discussed in light of the most recent
geophysical literature on the Hengill geothermal area. We have split the discussion into three subsections: the
Hengill central volcano (He), the Nesjavellir geothermal field (Ne), and the two non‐harnessed geothermal areas
(Mosfellsheiði and Ölkelduháls). The last three areas have been marked by white dashed rectangles in Figure 1,
while the Hengill central volcano is already contoured by a black dashed line.

4.1. Hengill Central Volcano (He)

Scattering is well resolved between 1.1 and 6.5 km depth (Figure S2 in Supporting Information S1), however, as
indicated by the checkerboard tests, resolution is too poor to interpret absorption anomalies at any depth below the
volcano (Figure S4 in Supporting Information S1). In this section, we will thus focus on and interpret only the
scattering results. This discrepancy in the resolution of scattering and absorption arises from the differences in
sensitivity, together with the distribution of seismicity, which is clustered and predominantly located outside or
around the Hengill central volcano (Figure 1). The sensitivity differences emerge as the scattering attributes are
mapped using high‐frequency rays, while absorption attributes utilize diffusive sensitivity kernels with maxima
near sources and receivers. In the case of Hengill, there is only one seismic station within the central volcano, and
the seismicity is sparse (Figure 1).

Peak delay maps at 1.1 and 2.2 km (Figure 2) show a SW‐NE‐trending high‐scattering anomaly crossing Hengill.
The SW‐NE orientation and its shallow depth correlate well with the SW‐NE trending Hengill fissure swarm that
transects the central volcano (as is common in Iceland). This is especially true for the western part of the fissure
swarm, whereas a low‐scattering anomaly dominates the eastern part. The area immediately outside the surface
trace of the Hengill central volcano is marked by low‐scattering anomalies to the west and east, whereas high
scattering anomalies dominate north and south of it. The high‐to‐low scattering contrasts on the west and east side
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of the Hengill central volcano reflects its surface trace, especially at 2.2 km depth, which can be a sign of the
heterogeneity in the fault/fracture orientation caused by the complex interplay between tectonic forces (i.e.,
divergent deformation from rifting) and magmatic or hydrothermal activities.

Figure 2. Peak delay (left panels) and Qc
− 1 (right panels) horizontal cross‐sections through the model obtained at 3 different

depths for fc = 12 Hz in the Hengill area. Dark gray dots show seismic events within 1 km from the cross‐section depth. The
contour of the surface trace of the three central volcanoes (Figure 1) are marked by green dashed lines (He—Hengill, Gr—
Grensdalur, Hr—Hrómundartindur). Light gray lines, blue/white lines, and cyan squares show faults and fissure swarms,
roads, and the Nesjavellir and Hellisheiði power plants, respectively. Peak delay variations are shown only when more than
20 rays cross the parameter space block (hit count in Figure S2 in Supporting Information S1). Well‐resolved areas of Qc

− 1

(checkerboard test in Figure S4 in Supporting Information S1) are contoured by thin white dashed lines.
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At 3 km depth, the scattering patterns change. The shallow “ring‐shaped” low‐scattering anomaly following the
volcano contour becomes a single low‐scattering anomaly, reaching down to 7 km depth (Figures 2 and 3, slice
AA’ in Figure 4). The anisotropic model by Wu et al. (2024) observed a change at the same depth. Shallow sub‐

Figure 3. Peak delay (left panels) and Qc
− 1 (right panels) horizontal cross‐sections through the model obtained at 4.3 and

6.5 km depth for fc= 12 Hz in the Hengill area. Dark gray dots show seismic events within 1 km from the cross‐section depth.
The contour of the surface trace of the three central volcanoes (Figure 1) are marked by green dashed lines (He—Hengill, Gr
—Grensdalur, Hr—Hrómundartindur). Light gray lines, blue/white lines, and cyan squares show faults and fissure swarms,
roads, and the Nesjavellir and Hellisheiði power plants, respectively. Well‐resolved areas of Qc

− 1 (checkerboard test in
Figure S4 in Supporting Information S1) are contoured by thin white dashed lines. White hexagon at 4.3 km depth is the
center of the 2006–2017 subsidence (Juncu et al., 2017) and the green hexagon is the center of the 1993–1999 uplift episode
(Feigl et al., 2000). Magenta box: Zoom‐in on the scattering and absorption anomalies under the Nesjavellir (Ne) area, at
4.3 km depth. Green triangles show the locations of the seismic stations, Nesjavellir power plant and production wells are
shown with cyan square and circles, respectively. The location of NJ‐18, the only deep injection well at the time of this study
is the yellow star. The blue line in the absorption image represents the Vp/Vs = 1.9 isoline obtained from seismic
tomography (Amoroso et al., 2022).
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vertical fractures and cracks give way to deeper horizontal layering, where the lava flows and/or sub‐horizontal
intrusions become predominant according to well cuttings (Wu et al., 2024). The single, nearly aseismic, low‐
scattering anomaly agrees well with their interpretation, as homogeneous volcanic intrusions are thought to
lead to a reduction in reverberating and trapped waves and, thus, to a decrease in scattering (King, De Siena,
Benson, & Vinciguerra, 2023; King, De Siena, Zhang, et al., 2023).

It should be noted that due to the study area selection, and consequently the earthquakes selected for the analysis,
we have low resolution in the high‐scattering Húsmúli injection zone (Hù), located between the Hellisheidi power
plant and the central Hengill volcano (Slice AA’ in Figure 4). Húsmúli is characterized by intense seismic activity
(cluster H1 in Obermann et al., 2022), mainly related to fluid reinjection in pre‐existing faults, which supports the
high seismic scattering observed. Being at the limit of the scattering resolution (Figures S2 in Supporting

Figure 4. Cross‐sections AA’ and BB’ (see Figure 1b for reference) showing scattering (upper panels) and absorption (lower
panels) results. The blue line represents the Vp/Vs = 1.9 contour obtained from seismic tomography (Amoroso et al., 2022).
Gray and white circles show the earthquakes within 500 m from each cross‐section. The green circles belong to clusters of
events producing similar waveforms. The trace of the Hengill central volcano on the cross‐section is shown with a red bar.
Well heads in the Hellisheiði (left of Hengill central volcano) and Nesjavellir (right of Hengill central volcano) production
wells are shown as magenta triangles. Hellisheiði (left) and Nesjavellir (right) power plant locations are shown with small
black industry symbols. Well‐resolved absorption models defined by using checkerboard tests are contoured by white dashed
lines.
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Information S1), we refrain from interpreting the scattering estimates in this region. Importantly, our analysis also
does not cover the main production area of the Hellisheiði power plant, Skarðsmýrarfjall and Hverahlíð, located
further south of the investigated area.

4.2. Nesjavellir Geothermal Field (Ne)

The volume under the Nesjavellir geothermal area (Ne in Figure 2) has good resolution for both scattering (hit
count in Figure S2 in Supporting Information S1) and absorption (checkerboard tests in Figure S4 in Supporting
Information S1). This allows us to provide an interpretation of the high‐scattering anomaly characterizing vol-
umes right below the Nesjavellir production area between depths of 1 and 6.5 km (Figures 2–4), and of the only
high‐absorption anomaly detected in this area.

High scattering anomalies at shallow depths (<2.5 km) are coincident in space with both natural‐ and production‐
induced microseismicity (Obermann et al., 2022), while at greater depths (>2.5 km) the natural seismicity is
predominant (Amoroso et al., 2022; Obermann et al., 2022). Shallow high‐scattering values can be explained by
strong heterogeneities due to a large number of small faults (in the order of hundreds of meters) and fractures that
characterize the area, as observed across rifts (Reiss et al., 2022) and in the highly fractured and tectonically
complex continental crust (Napolitano et al., 2020). The scattering images suggest that strong heterogeneities,
consistent with a highly complex fault system, are co‐located with the deeper, NE‐SW‐trending, natural seis-
micity that is aligned with the fissure swarm. With increasing complexity the relative scattering value increases,
compared with the overall Hengill region. The almost vertical low‐to‐high scattering contrast observed imme-
diately to the west of the Nesjavellir production area (Slice BB’ in Figure 4) delineates an abrupt change between
a highly fractured volume to the east and a more coherent crust to the west. The hit count map (Figure S2 in
Supporting Information S1) allows us to interpret this scattering contrast from the surface down to a depth of
4 km, below which, as also evident from the smearing effect at a depth of 5.5 km (Slice BB’ in Figure 4), the
scattering map is not well recovered. The highly fractured block coincides in space with the harnessed geothermal
system and is consistent with the fracture‐dominated flow observed. Based on recent scattering results in tectonic
environments (Gabrielli et al., 2023; Napolitano et al., 2023; Nardoni & Persaud, 2024), we also infer that this
strong lateral scattering contrast might likely depict a quasi‐vertical fault structure, belonging to the Hengill
fissure swarms as suggested by Wu et al. (2024). The absence of seismic events along this possible fault structure
between 2017 and 2022 indicates that it was inactive during the study period. In the nearby Reykjanes peninsula,
recent observations of extreme fracture generation during intrusive volcanic events suggest that the fracturing in
fissure swarms along extensional boundaries may occur principally in highly active periods during volcanic
unrest (Sigmundsson et al., 2024).

The strongest absorption anomaly in the Nesjavellir geothermal field is observed at 4–6.5 km depth, below what is
considered the geothermal reservoir in the area, already marked by high‐scattering, and at the southern edge of the
deep earthquake cluster of natural seismicity. In contrast, low‐to‐average absorption values are observed at
shallower depths (Figure 4). The high‐absorption anomaly coincides spatially with a high‐Vp/Vs anomaly (>1.9,
from Amoroso et al., 2022) found at the same depth (Figure 3). They found the high Vp/Vs anomaly likely to
represent the Nesjavellir geothermal heat source, as it correlated spatially with the shallow and deep up‐doming of
low resistivity layers and the highest well temperatures. It is therefore likely that the strong absorption anomaly is
also related to the heat source of the Nesjavellir geothermal system. Slice BB’ in Figure 4 shows that the deeper
natural seismogenic volume (>3 km depth) beneath the Nesjavellir production area borders the eastern flank of
the high‐absorption and high‐Vp/Vs anomaly. Further investigating this seismicity, we find that part of the deep
events are grouped in clusters of events of similar waveforms (green‐filled dots in Figure 4). The hottest wells in
Nesjavellir (>380°C at 1.5–2.0 km depth, Gunnarsson et al., 2011) are also located right above the high‐
absorption anomaly.

The interpretation of this high‐scattering and high‐absorption volume, which has been shown to have high Vp/Vs
and low‐resistivity, and is bordered to the east by small‐magnitude and partially clusterized seismicity, is not
straightforward in such a complex region. This is mainly due to the fact that the interpretation of high‐attenuation
anomalies is non‐unique and must be based on geological context and evidence independent of attenuation
analysis. In a tectonic environment such as the Apennines mountain chain in Central and Southern Italy, high‐
absorption bodies revealed in a highly fractured volume suggested the presence of comparable fluid reservoirs
(Gabrielli et al., 2022; Napolitano et al., 2023). The presence of fluids filling a complex network of faults and
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fractures, especially in a geothermal environment such as the Nesjavellir geothermal field, is the most
straightforward interpretation of this anomaly. However, evidence from the well NJ‐11, one of the deepest wells
in the region, at the western edge of the Nesjavellir Valley, suggests that more likely the high‐attenuation anomaly
is caused by excess heat. This well shows a temperature profile that transitions from a boiling point curve shape,
indicative of mixing within a geothermal reservoir, to a geothermal gradient, indicative of conductive heat flow, at
about 2 km depth (Steingrímsson et al., 1990). This suggests a transition from a more permeable zone above 2 km
to a less permeable zone below. Furthermore, the temperatures at the bottom of the well (at 2100 m depth),
reached at least 380°C, the maximum range of the thermometer used (Steingrímsson et al., 1990). Finally, the
brittle‐ductile transition in the area is shallow (6–7 km depth; Tryggvason et al., 2002; Li et al., 2019).

Therefore, we suggest the presence (or co‐existence with fluids) of high‐absorption melt‐filled pore‐spaces/
fractures. Recent scattering and absorption works performed in volcanic environments support this speculation as
they have revealed the sensitivity of seismic absorption to small‐scale thermal anomalies related to feeding and
eruptive pathways (Guardo et al., 2022; Reiss et al., 2022). At Deception Island (Antarctica), Guardo et al. (2022)
observed deep eruptive pathways from the caldera center to its rim with high absorption anomalies. In the Natron
Rift (East Africa), more similar to our volcanic context, Reiss et al. (2022) observed both high‐scattering and
high‐absorption anomalies in the top 6 km of the crust, in relation to fluid‐filled faults that degas magmatic fluids
and high‐fractured dyke pathways. They also observed a single high‐absorption anomaly within the more ductile
part of the crust, interpreted as a melt reservoir that feeds eruptions at Oldoinyo Lengai volcano.

4.3. Non‐Harnessed Areas

Across Mosfellsheiði and Ölkelduháls (Mos and Ölk in Figures 2 and 3), two non‐harnessed areas within our
study region, the event‐station distribution and the synthetic tests (Figures S2 and S4 in Supporting Informa-
tion S1) allow us to interpret most of the results in terms of scattering and absorption. In more detail, scattering
maps can be interpreted between 2.2 and 6.5 km depth for Mosfellsheiði, while the Ölkelduháls area is well‐
resolved between 3.3 and 7.6 km depth (Figure S2 in Supporting Information S1). Absorption anomalies, on
the other hand, are well resolved at the depths where they appear, as clearly demonstrated by the checkerboard
tests (Figure S4 in Supporting Information S1).

4.3.1. Mosfellsheiði (Mos)

Mosfellsheiði (Mos in Figures 2 and 3) comprises a dormant shield volcano (last eruption >10 kyr) and its lava
fields and is located to the west of the Nesjavellir geothermal field (Sæmundsson et al., 2016). The seismicity rate
in the area is high and is focused between depths of 3–7 km (Obermann et al., 2022). The underlying mechanisms
of the seismicity are unknown, as the area lies outside the Hengill fissure swarm, and there are no geothermal
surface manifestations. Horizontal and vertical cross‐sections through the scattering model (Figures 2 and 3 and
slice CC’ in Figure 5) show that the bulk of the seismicity (Obermann et al., 2022) occurred at the interface
between high‐to‐low scattering anomalies. This is most clear at 4.3 km depth (Figure 3), where the northernmost
NW‐SE‐trending seismicity bends southwards, always following the interface between high and low scattering.
The seismicity stops at the surface trace of the Hengill central volcano (He in Figure 3), which is dominated by
low‐scattering at and below 4.3 km depth.

A single high‐absorption anomaly is observed at 3.5–5.5 km depth (Figure 5), within the depth range of the
earthquakes. The absolute value of the Mosfellsheiði high‐absorption anomaly is slightly higher than those found
in the Nesjavellir geothermal area at similar depths (Slice BB’ in Figure 4 and CC’ in Figure 5). This volume
correlates spatially with Vp/Vs values reaching 1.8 found by Obermann et al. (2022) at the edge of their well‐
resolved area. Larger Vp/Vs values (>1.84) have been found 3 km south of our high absorption anomaly at
the same depths (Obermann et al., 2022). Although the two anomalies are shifted by a few km, the proximity is
indicative of a body with similar characteristics to the high‐Vp/Vs and high‐absorption volume at the same depth
under Nesjavellir (Slice BB’ in Figure 4). In addition, Árnason et al. (2010) showed that a deep‐lying low‐
resistivity zone at these depths stretches from the Hengill central volcano toward Mosfellisheiði. Notably, all
the earthquakes are located outside the aseismic high‐absorption anomaly (Figure 3), surrounding its eastern flank
(Figure 5, slice CC’). The absorption inversion procedure does not invert for seismic event locations, which have
been computed independently and merely superimposed on the absorption maps, thereby increasing the signif-
icance of these findings (see Section 3). The results also revealed that the seismicity partially occurred as clusters
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of events of similar waveforms (normalized cross‐correlation, CC > 0.7, Slices CC’ in Figure 5). Wu et al. (2024)

used Voigt average isotropic S velocity (vvoigt =
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(2V2
SV + V2

SH)/3
√

, where VSV and vSH are the S‐wave vertical

and horizontal velocity components, respectively) and anisotropic ambient noise imaging, finding that the first
2 km in this area were characterized by very low Vvoigt (<1.7 km/s). At greater depths, a high Vvoigt (>3.8 km/s)
coincides instead with the high‐absorption volume. Wu et al. (2024) suggest that mineral alteration that yields
clay formation is the likeliest reason for the anomalously low shear wave velocity. Still, the nature of the deep

Figure 5. Cross‐sections CC’ (showing Mosfellsheiði) and DD’ (crossing Hengill central volcano and Ölkelduháls, see
Figure 1b for reference) showing scattering (upper panels) and absorption (lower panels) results. Gray and white circles show
the earthquakes within 500 m from each cross‐section. The green circles belong to clusters of events producing similar
waveforms. Well‐resolved absorption volumes are contoured by white dashed lines.
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high‐velocity anomaly remains unknown. Low‐velocities (<1.5 km/s) in the shallower crust of Mosfellsheiði
were also found by Sanchez‐Pastor et al. (2021) down to a depth of 3 km.

Our results, jointly interpreted with those from previous and independent studies, suggest the high‐scattering and
high‐absorption body likely reveals the presence of a fluid‐ and/or melt‐filled fault network at depths of 3.5–
5.5 km. In analogy with the volume under the Nesjavellir geothermal field, the high Vp/Vs, high absorption and
low‐resistivity volume likely play a pivotal role in the triggering of earthquake swarms occurring in the short time
span of 2018–2021. A more in‐depth analysis of the seismicity could give more insights into the triggering
mechanism of these clusters. The Mosfellsheiði area is unharnessed and consequently lacks well data and,
therefore, in situ lithological and temperature measurements. The scattering and absorption anomalies suggest
that this could be an interesting site for geothermal development, with a rich geo‐resource at a depth comparable
with that in the Nesjavellir geothermal field, despite the absence of surface geothermal manifestations.

4.3.2. Ölkelduháls (Ölk)

Ölkelduháls (Ölk in Figures 2 and 3) lies southeast of Hengill, northwest of Grensdalur, and southwest of
Hrómundartindur central volcanoes. In Ölkelduháls, the natural seismicity is concentrated between depths of 1
and 6 km and characterized by a moderate earthquake rate (Obermann et al., 2022). The continuous WNW‐ESE‐
striking seismicity between depths of 3–5 km occurs mainly in areas marked by high scattering (Figures 2, 3 and
5), and is spatially confined among the three central volcanoes, disappearing at the interface with the deep low‐
scattering structure of Hengill (Slice DD’ in Figure 5).

Two high‐absorption anomalies appear at depths of 3.5 and 5.5 km between Hengill and Grensdalur (Figure 3 and
slice DD’ in Figure 5). A third high‐absorption anomaly is located further east, between Grensdalur and Hró-
mundartindur, at the limit of the model resolution and thus is not interpreted. The absolute values of these
anomalies are comparable with those in Nesjavellir (Figure 3). Of the two anomalies, the one further southeast
(the closest to Grensdalur) is smaller, shallower (up to a depth of about 2.2 km) and vertically oriented. A
vertically oriented high‐absorption anomaly has been retrieved under Mt. Pollino in Italy. Napolitano et al. (2023)
interpreted it as the signature of fluids migrating toward known faults during a long‐lasting seismic sequence and
feeding surface deep‐sourced springs. How significant this anomaly is in the Ölkelduháls case study is unclear,
due to the lack of studies about fault structures that could corroborate this inference.

The spatial distribution of the seismicity at Ölkelduháls has been related to an up‐doming low‐VVOIGT body (slow
S‐waves) at depths greater than 3 km and interpreted as evidence of a shallow brittle‐ductile‐transition zone (Wu
et al., 2024). In addition, the Ölkelduháls area hosted the 2006–2017 subsidence (white hexagon Figure 3) (Juncu
et al., 2017) and a subsequent uplift episode (2017–2018) located 3 km NNW of an uplift episode that occurred
between 1993 and 1999 (green hexagon Figure 3). The latter occurred at a depth of approximately 5–7 km
(Ducrocq et al., 2021; Feigl et al., 2000), located close to the brittle‐ductile transition (Li et al., 2019). Part of these
events are also included in our data sets, and clusters of similar waveforms have been found among these
earthquakes (Slice DD’ in Figure 5). The nature of these processes is debated. It been proposed to be hydrothermal
or magmatic (Ducrocq et al., 2021). The seismic tomography study from Tryggvason et al. (2002), targeting the
1993–1999 inflation beneath SW Hrómundartindur, finds seismic velocities at these depths to be more consistent
with those of rocks where pore space is filled with supercritical fluids, rather than those of melt bodies. The
permeability in the Ölkelduháls reservoir is relatively high. High flow rates were observed in the two deep wells
there located. Geothermal surface manifestations are much greater than in Nesjavellir (Figure 1). Similar high‐
absorption and high‐attenuation anomalies have been detected at the location of sources of ground deforma-
tion both of hydrothermal (like at Campi Flegrei, De Siena et al., 2017) and magmatic (Ol Doyinio Lengai, Reiss
et al., 2022) nature. In the Ölkelduháls area, the deeper (>3 km), high‐absorption anomaly (Figures 3 and 5)
coincides spatially with the modeled source of the observed surface deformation (within uncertainty). The depth,
characteristics and spatial correlation of the high‐absorption anomaly with the high Vp/Vs of Jousset et al. (2011)
and low resistivity values at the same depths (Árnason et al., 2010) suggest that they are more likely due to
geothermal fluids trapped within the crust than melt. The upward flow of these fluids occurs through a highly
fractured high‐scattering medium in small, vertically oriented structures as suggested by independent anisotropy
analyses (Wu et al., 2024), resulting in hot springs and extensive geothermal manifestations.
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5. Conclusion
Seismic scattering and absorption are more sensitive to variations in rheology, fracturing levels and fluid and/or
melt content within the crust than seismic wave velocities. They, therefore, have the potential to be key pa-
rameters for identifying and delineating geothermal resources. Here, we present the first 3D scattering and ab-
sorption imaging of the Hengill region (SW Iceland) obtained using the peak delay and Q‐coda methodology. The
results allow interpretation of crustal structures under the Hengill central volcano, the Nesjavellir geothermal field
and two non‐harnessed areas: Mosfellsheiði, located to the west of Nesjavellir, and Ölkelduháls, located in‐
between the three central volcanoes (Hengill, Grensdalur and Hrómundartindur).

Within the Hengill central volcano, a shallow SW‐NE‐trending high‐scattering anomaly marks the fissure swarm.
High‐to‐low scattering contrasts on the west and east sides of Hengill (reflecting the shape of the central volcano)
are interpreted as the transition from a more fractured crust within the fissure zone of Hengill to a more coherent
crust on either side of the volcano. At depths greater than 3 km, a wide low‐scattering anomaly reflects a change
from shallow sub‐vertical fractures and cracks to predominant sub‐horizontal intrusions that reduce wave
reverberation and consequently decrease seismic scattering. Outside the Hengill central volcano, scattering is
usually high, highlighting strong heterogeneity, within which mostly natural but also induced (from geothermal
operations) small‐magnitude earthquakes occur.

In the Nesjavellir geothermal field, a high‐scattering and high‐absorption volume coincides with the high‐Vp/Vs
and low‐resistivity anomaly previously found at around 4.5 km depth in the production area of the Nesjavellir
power plant, where the hottest production wells are located. These volumes are interpreted as fluid‐filled complex
networks of faults and fractures. However, we cannot exclude the presence (or co‐existence with fluids) of melt‐
filled fractures within this volume.

We also imaged scattering and absorption across two neighboring non‐harnessed areas: Mosfellsheiði and
Ölkelduháls. In both areas co‐located high‐absorption and high‐scattering volumes mark the likely presence of
fluid and/or melt reservoirs at depths comparable to those found in Nesjavellir. In the case of Mosfellsheiði, the
lack of well data and, therefore, in situ lithological and temperature measurements do not provide further cor-
roborations of our results. On the contrary, in Ölkelduháls, our interpretation is supported by surface geothermal
manifestation, uplift and subsidence episodes, strong groundwater flux, and clusters of events of similar
waveforms.

In conclusion, the analysis demonstrates the potential of scattering and absorption imaging as new comple-
mentary tools to existing geophysical methods for geothermal resource exploration. Our analysis suggests that the
geothermal development should focus in Mosfellsheiði area despite the absence of geothermal surface
manifestations.

Data Availability Statement
Seismic networks used in this study are: 2C, OR and VI (http://www.coseismiq.ethz.ch/en/dissemination/sta-
tions/). All stations are discoverable using fdsnws:stations, for example, http://eida‐federator.ethz.ch/fdsnws/
station/1/query?net=2C,OR,VI&format=text&level=station&nodata=404. Seismic waveforms are stored and
openly available on the European Integrated Data Archive (EIDA). An example of how to download data in the
analyzed period for the used seismic network is: https://eida.ethz.ch/fdsnws/dataselect/1/query?
network=OR&network=2C&network=VI&starttime=2017‐01‐01T00:00:00&endtime=2022‐12‐31T00:00:00.
The seismic catalog used in this analysis is available at Zenodo repository (Reykjavík Energy, 2024). The
software Murat3.0, the third release of an open‐access code (De Siena et al., 2014), used to perform scattering and
absorption imaging of this area is available at Zenodo repository (Napolitano, 2024). Figures 1 and 2 have been
obtained through the GMT 6 (Wessel et al., 2019), accessible and downloadable at https://www.generic‐mapping‐
tools.org/download/. Figures 4 and 5 have been obtained through GMT 6 and Paraview software version 5.11.1
(Ahrens et al., 2005), available under BSD 3‐Clause license at https://www.paraview.org/resources/. Colormaps
have been created using the Scientific color maps (Crameri et al., 2020) accessible from the following link: https://
www.fabiocrameri.ch/colourmaps/ and also stored on Zenodo (Crameri, 2023).
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