
HAL Id: insu-04462262
https://insu.hal.science/insu-04462262v1

Submitted on 17 Feb 2024

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

3-D body-wave tomography from the seismic ambient noise
recorded by a dense array in the Dehdasht area, Iran

Ali Riahi, Zaher-Hossein Shomali, Anne Obermann, Ahmad Kamayestani

To cite this version:
Ali Riahi, Zaher-Hossein Shomali, Anne Obermann, Ahmad Kamayestani. 3-D body-wave tomography from
the seismic ambient noise recorded by a dense array in the Dehdasht area, Iran. Geophysical Journal Inter-
national, 2023, 234, pp.1332-1341. ⟨10.1093/gji/ggad135⟩. ⟨insu-04462262⟩

https://insu.hal.science/insu-04462262v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


Geophys. J. Int. (2023) 234, 1332–1341 https://doi.org/10.1093/gji/ggad135
Advance Access publication 2023 March 27
GJI Seismology

3-D body-wave tomography from the seismic ambient noise recorded
by a dense array in the Dehdasht area, Iran

Ali Riahi ,1,2 Zaher-Hossein Shomali,3 Anne Obermann 4 and Ahmad Kamayestani5
1Institute of Geophysics, University of Tehran (IGUT), Tehran, PO Box 14155-6466, Iran E-mail: riahi@ipgp.fr
2Institut de Physique du Globe de Paris (IPGP), Université Paris Cité, Paris, 75238, France
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S U M M A R Y
The strong attenuation of the thick sedimentary layers in the Dehdasht region, Iran, renders
active seismic exploration surveys difficult. The imaging of the existent limestone reservoirs
is limited to the shallow subsurface due to the strong attenuation of seismic waves. Here, we
discuss a different approach to imaging the subsurface using body waves extracted from the
cross-correlation of the seismic ambient wavefield. We discuss the technical challenges to
extracting clear P-wave arrivals from the seismic ambient wavefield of a dense 3-component
seismic array deployed in the Dehdasht basin. We invert the data for the 3-D P-wave velocity
structure and compare the velocity model with results from the 2-D active seismic surveys
in the area. The results show the potential of using body waves extracted from the seismic
ambient wavefield for imaging purposes in highly attenuating areas.

Key words: Tomography; Body waves; Seismic interferometry; Seismic noise; Sedimentary
basin processes.

1 I N T RO D U C T I O N

Since the discovery that seismic ambient noise carries valuable in-
formation about the subsurface (Shapiro & Campillo 2004), numer-
ous studies have extracted surface waves from the seismic ambient
wavefield to image the subsurface (e.g. Sabra et al. 2005; Abdetedal
et al. 2015; Köhler et al. 2015; Shomali & Shirzad 2015; Obermann
et al. 2016, 2019; Singer et al. 2017; Lehujeur et al. 2018; Planès
et al. 2020). Surface waves have dominant amplitude arrivals in
empirical Green’s functions (Shapiro et al. 2005), allowing for easy
extraction. Extracting body waves is more challenging given the
low energy arrivals. Only a handful of studies extracted diving P
waves in local distances (e.g. Roux et al. 2005; Zhang & Gerstoft
2014; Nakata et al. 2015, 2016; Riahi et al. 2021) or reflected P
waves (e.g. Draganov et al. 2009; Dantas et al. 2018) from the am-
bient wavefield; as well as in teleseismic distances (e.g. Poli et al.
2012; Boué et al. 2013; Spica et al. 2017; Retailleau et al. 2020).
Due to their higher frequency content, using body waves can result
in higher resolution images of the subsurface when compared to
surface waves (Nakata et al. 2015).

Here, we extract body waves from a dense seismic array in the
Dehdasht basin in southwestern Iran. The Dehdasht area is located
in the southern Dezful Embayment in the Zagros fold-and-thrust
belt, a rich petroleum area that contains around 8 per cent of global

hydrocarbon reservoirs (Bordenave & Hegre 2005). Several geolog-
ical features suggest that the Dehdasht basin also hosts petroleum
reservoirs. The Dehdasht basin is a small and lowland area that
is enclosed by the Kuhe Siah anticline in the NE and the Khaviz
anticlines in the SW, exposing Sarvak and Asmari formations, re-
spectively (Macleod & Akbari 1970; Liewellyn 1973). The De-
hdasht area contains both compressive and halokinetic sequences
that complicate the tectonics and their interpretation in the region
(Najafi et al. 2018; Lashgari et al. 2020).

A particular challenge is that the Dehdasht basin consists of
up to 6 km thick evaporates, the Gachsaran formation, overlaying
the potential reservoir host rocks (Heydarzadeh et al. 2020, 2021).
Several 2-D active seismic profiles from the National Iranian Oil
Company (NIOC) crossed the Dehdasht area. However, the strong
attenuation of the Gachsaran formation limited the survey depth to
around 3 km and failed to image deeper, that is the potential Asmari
reservoir.

From August 2016 to July 2017, NIOC deployed 119 tempo-
rary 3-components seismic stations with an interstation spacing of
around 2 km in 10 m deep boreholes across the Dehdasht region
(Salinas et al. 2019; Fig. 1). The stations consist of broad-band
seismic sensors, SARA SS-BHV and R-sensors CME-4211, with
corner frequencies of 0.2–50.0 Hz and 0.1–50.0 Hz, respectively.
Spidernano digitizers were used for all stations.
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3-D body-wave noise tomography 1333

Figure 1. The location and data availability of the Dehdasht array. The circles show the locations of the 119 seismic stations, colour-coded for data availability.
The locations of the grid nodes are marked by crosses. The city of Dehdasht is illustrated in grey in the middle of the array. The black star refers to the position
of the well.

Using part of this database, Riahi et al. (2021) showed that body
and surface waves could be simultaneously extracted using the po-
larization approach of Takagi et al. (2014). With a summation of the
ZR and RZ components, the P-wave contribution could be enhanced
and the Rayleigh wave component eliminated.

In this study, we modify and expand the work of Riahi et al.
(2021) and perform 3-D seismic tomography of the Dehdasht area
by inverting the time arrivals of the retrieved diving P wave. We first
evaluate the noise source characteristics and describe the extraction
of the P wave from the seismic ambient wavefield (Section 2) and
outline the tomography (Section 3), before we discuss our results
(Section 4).

2 P - WAV E R E C O N S T RU C T I O N F RO M
T H E S E I S M I C A M B I E N T WAV E F I E L D

The P-wave reconstruction from the seismic ambient wavefield is
a challenging endeavour. Since localized noise sources can bias the
reconstruction, we first analyse the noise sources in detail (Section
2.1). Then, we separate surface and body waves (Section 2.2) and
finally separate the first arriving P waves (Section 2.3).

2.1. Dominant ambient noise sources

Riahi et al. (2021) showed with beamforming analysis that the
noise source distribution in the Deshdasht area is uneven for the
frequencies of interest (around 0.7–1.2 Hz). The most dominant
noise sources are the Persian Gulf, located approximately 80 km
south of the area, and two concrete dams: the Maroun dam in the
SW and the Koser dam in the SE in the vicinity of the array (Fig.
S1).

Here, we further evaluate the dominant noise sources and the
directional intensity in small time segments to rule out a remaining
bias for the P-wave reconstruction using the polarization approach
by Takagi et al. (2018). This approach utilizes the separation of
surface wave and P wave through the imaginary and real parts of the
cross-spectra. The imaginary part of the cross-spectra between the

vertical and two horizontal components is related to the azimuthal
of elliptical Rayleigh energy, and the real part is related to the linear
P wave.

We apply the method to 15 continuous days of data. First, we
cut the waveforms into 15 min windows for each station. Next, we
calculate the cross-spectra between different components for each
segment, using Welch’s method (REF). We only consider the fre-
quency band of 0.7–2.0 Hz, since we know that the P wave can be
retrieved in this frequency range (Riahi et al. 2021). The backaz-
imuth of the dominant noise source of the P wave is calculated by the
arctangent between the mean of the real part of vertical-north and
the mean of the real part of vertical-east cross-spectra. The imag-
inary part is used for the Rayleigh wave. The directional intensity
amplitude of the P wave is estimated by the square root of the mean
of vertical-north and the mean of vertical-east cross-spectra. The
real and imaginary parts of cross-spectra relate to the directional
intensity of P and Rayleigh waves, accordingly.

The results are shown in Fig. 2, in which each dot corre-
sponds to a time segment. We select two stations (black circles;
Fig. 2a) near Dehdasht city (labelled A) and the other station far
from the potential noise sources (labelled B) that may include in-
cident plane waves. The backazimuths and directional intensity
ratios for both sites are illustrated in Figs 2(b)–(d) and (e)–(g),
respectively. The arctangent in the equation leads to an uncer-
tainty of 180◦ for the backazimuths. An average from the results
of all the stations of the array is calculated, which is shown in
Figs 2(h)–(j).

Figs 2(c) and (f) show the dominant noise source backazimuth,
mostly in the direction of around 200–300◦ (±180◦) for the Rayleigh
energy. The dominant P wave is mostly emitted from the backaz-
imuth of about 200–250◦ to station ‘B’ (Fig. 2e), while there are
directional variations in the station ‘A’ with higher density around
200◦ (±180◦; Fig. 2b). These variations are likely caused by the
local cultural noise of Dehdasht city. The averaged backazimuth
shows less deviation, mostly around 200◦ (±180◦) for P-energy
and around 150–200◦ (±180◦) for Rayleigh energy (Figs 2h and i).
These directions agree with the location of the Persian Gulf and the
concrete dams (Figs S1c–e).
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Figure 2. The polarization estimation, backazimuth of the dominant ambient noise sources of the P and Rayleigh waves, and the amplitude ratio between them.
(a) The location of the selected stations are marked by black circles, labelled by ‘A’ and ‘B’. (b–d) The dominant backazimuth of P- and Rayleigh waves of
seismic noise sources for station ‘A’ and the directional intensity. The dots refer to each 15 min segment. There is an uncertainty of 180◦ for the backazimuths.
The direction of 270◦ refers to the west side of the array. (e–g) Same as (b–d) but for station ‘B’, and (h–j) same as (b–d) but for an average of all stations that
are denoted in (a) by circles.

The directional intensity ratio between dominant noise sources
of P and Rayleigh waves for station ‘A’, station ‘B’, and the av-
erage of all stations are illustrated in Figs 2(d), (g) and (j). These
ratios show that the contribution of the Rayleigh wave noise usually
dominates.

2.2 Separation of surface and body waves

Using part of the Dehdasht data set, Riahi et al. (2021) reconstructed
a clear P wave from the ambient wavefield with the bin-stacking
method (Ruigrok 2014; Nakata et al. 2015; Nakata & Nishida 2019).
For our 3-D tomographic purposes, we modify this approach since
the bin-stacking strongly averages lateral variation and does not
warrant enough 3-D phases for picking.

First, we estimate the daily empirical Green’s functions by cal-
culating the cross-coherency of different component pairs (ZZ, ZR,
RZ and TT). We work in the frequency band of 0.7–2.0 Hz, which
warrants a flat instrument response. Here, we are only interested
in the time-antisymmetric parts of the (ZR + RZ)/2 component, as
they emphasize the P wave part of Green’s function and eliminate
the Rayleigh energy. The ZR and RZ components are represented
by the first order of the Bessel function, which indicates the asymp-
tote to zero amplitude at zero distance. For P-wave incidence, these
components are purely imaginary (Takagi et al. 2014). Since the
energy partition between surface and body waves often depends on
the noise level (Takagi et al. 2018), we obtain more enhanced results
using only selected days with high SNR for the bin-stack (250 m)
of the (ZR + RZ)/2 components between all virtual sources and all
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Figure 3. (a) Distance-arrival time representation of the final estimated empirical Green’s functions after applying the ACF approach to all traces. Note that
the Y-axis is sorted by the interstation distance between virtual sources and virtual receivers. The amplitude of each trace has been normalized. The warm and
cold colours denote positive and negative amplitudes, respectively. (b) Same as (a), but the ACF is only applied to the daily selected traces with CC > 0.8. The
coherent moveouts of the arrivals show the reconstructed P wave and the later arrivals. (c) Same as (b), but only the selected empirical Green’s functions for
manual picking are illustrated. The picked P phases are shown by green dots. (a), (b) and (c) contain 6149, 3559 and 2855 traces, respectively.

virtual receivers (Fig. S2a).
Next, we apply a narrow Gaussian window with a length of 1.4 s

to the bin-stack traces, where the P-phase moveout is observable
corresponding to the distance. This window isolates the retrieved
P wave and mutes noise and artefact pulses. This step is important
since there are localized high-energy influxes in the Dehdasht area,
overlapping with our frequency band of interest, resulting in promi-
nent spurious arrivals that could be mistaken for the P wave (Fig.
S2b; Forghani & Snieder 2010; Pedersen & Colombi 2018; Riahi
et al. 2021).

2.3 Extraction of P phases

The uneven distribution of noise sources in the Dehdasht area can
result in the existence of localized noise sources outside the end-
fire lobes, impeding the P-wave reconstruction for certain days or
station pairs. We can avoid the use of such traces by filtering the
data with ideal ‘filter traces’ that contain well reconstructed P waves.
Only if the correlation coefficient (CC) between the filtered trace
and the isolated P phase from the individual trace is CC > 0.8, the
trace is kept (Nakata et al. 2015). Only around 5 per cent of the
data pass these very selective filtering criteria, reducing the final
number of available daily traces from 1300 000 to around 50 000
daily traces. The exact number of daily traces varies hereby for each
station couple but is below 50 for the vast majority of couples (95
per cent).

We further boost the weak P phases by suppressing the incoherent
pulses with an Adaptive Covariance Filter (ACF) approach (Samson
& Olson 1981; Du et al. 2000; Nakata et al. 2015). The ACF

is controlled by three parameters: the length of the time window,
overlapping, and harshness. All time-series are divided into several
equal length subtraces according to a specific time-window and
overlapping; then the ACF is applied to each subtrace of all available
daily data sets. The coherency of the ACF approach is controlled
by harshness. We apply the ACF to (ZR + RZ)/2 components for
all station couples with a time window = 1 s, overlapping = 45
per cent, and harshness = 1.5. We test the application of the ACF
on all available daily traces (Fig. 3a) and on selected daily traces
only (Fig. 3b) that show a CC > 0.8, resulting in a suppression
of incoherent energies. While the stack of all daily traces yields
unsatisfactory results, the stack of selected days only reveals a clear
moveout of the reconstructed P phase (zero moveout) and a later
arrival. The later arrival might be an associated PP phase or another
converted phase. Note that the amplitude ratio of the first to second
arrivals is generally >1 in short distances (< ∼6 km), but this
ratio tends to be <1 in far distances (> ∼6 km). The extraction
of the P phase in Fig. 3(b) and the absence of it in Fig. 3(a) show
the importance of the selective filtering steps for the body-wave
extraction. Note that the minimum interstation distance in Fig. 3 is
around 2 km. The amplitude of each trace is normalized for better
illustration of the low-amplitude P-wave energy.

3 B O DY- WAV E T O M O G R A P H Y

For the tomography, we focus on the dense rectangle of stations
in the centre of the Dehdasht area, since the locations of the outer
stations of the array could not provide sufficient ray coverage for a
detailed tomography.
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Figure 4. Horizontal slices showing the final P-wave velocity perturbation relative to the 1-D initial model (black curve of Fig. S4b). The crosses denote the
nodes.

3.1. P-phase picking

The P-wave phases are picked manually on the time–distance plots.
We eliminate traces with unclear P phases as well as outliers of
more than 0.12 standard deviation. Picking coherent phases in
the time–distance plots is important, as despite the enhanced pre-
processing, only a minority of individual traces (35 per cent) show
dominant P-wave onsets. Accurate picking of the first arrivals is
hence done on time–distance plots, where a coherent moveout of
the P wave is present. The final arrival times are illustrated in
Fig. 3(c) by green dots. We transform the traces of Fig. 3(c) to the
time intercept—slowness (τ–p) domain (Fig. S3; McMechan et al.
1982) and observe a coherent wavefield with horizontal slowness
of around 0.15 s km–1 in the time intercept of up to 3.5 s. This ob-
servation is in agreement with the P-arrival picks marked by green
dots in Fig. 3(c). Since some traces are spaced larger than half of
the wavelength, the spatial aliasing may lead to some artefact lines
as depicted throughout Fig. S3.

3.2. Inversion for a 3-D Vp structure

We use SIMULPS14 (Thurber 1983, 1993; Eberhart-Phillips 1993)
to invert a 3-D velocity structure. SIMULPS14 can simultaneously
invert both source locations and velocity structure. Here, we only

invert the velocity structure, as the virtual source locations are
known. We use a horizontal grid of 2 km and a vertical spacing
of 1 km down to 4 km depth. We align the grid with the array
geometry (black crosses, Fig. 1). The optimum damping value is
determined from the trade-off between data variance and model
variance (Eberhart-Phillips 1986). We selected a damping value of
15 for this inversion (Fig. S4a).

NIOC provided us with two 1-D P-wave velocity models; a 1-D
P-wave model resultant from well logging (well location indicated
with a black star in Fig. 1; blue curve, Fig. S4b) and a 1-D P-wave
model from an active field survey (red curve, Fig. S4b). NIOC
provides us velocity models that were smoothed and interpolated
with a constant depth resolution of 200 m. Since the vertical spacing
in this study is fixed at 1 km, we derive the block model of Fig. S4(b)
according to the spacing of the vertical nodes. Although the 1-D
P-wave velocity model agrees well with our picked arrival times
from far distances (> ∼2 km), the velocity model from the well is
accurate for near distance arrivals (< ∼2 km). This can be explained
by the different structures between the drilling point of the well and
the seismic surveyed area, especially in shallow depths. We hence
decided to use an average of these two models as the initial reference
velocity model for the inversion (black curve in Fig. S4b).

SIMULPS14 controls weighting as a function of arrival time
residual. We set an appropriate time residual weighting to reduce the
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Figure 5. Horizontal slices showing the diagonal element of the resolution matrix of the tomography output. The crosses denote the nodes. The inversion
results of the nodes with RDE <0.1 are not reliable.

portion of any miss-reconstructed P-phases or any miss-picking in
the results. In detail, we set weighting 1.0 below time residual =0.0,
weighting 0.0 above time residual =3.0, and weighting 0.02 at time
residual =0.2, with linear tapers between them.

We then invert the station delay to compensate for near-surface
anomalies beneath the stations and phase differences. The corrected
delay for each station is illustrated in Fig. S5. Note that the picked
P-wave first arrivals (Fig. 3c, green dots) may include some bias
due to the phase differences. Fig. 3(c) shows a gentle slope (small
slowness) in the offset shot-gather less than 5 km, which makes its
physical interpretation difficult. The station delay correction repairs
such systematic measurement bias as well as the effect of shallow
structure.

As a next step, the velocity structure is inverted. The results are
shown for horizontal slices at 1 km height and 0, 1, 2 and 3 km depth
(Fig. 4). The corresponding resolution of the diagonal elements
(RDE) and Derivative Weight Sum (DWS) are illustrated in Figs 5
and S6, respectively. The high density of the rays at the centre of
the array can provide the feasibility of regularization according to
the ray density (e.g. Barmin et al. 2001).

Additionally, three vertical profiles are shown in Fig. 6 that co-
incide with active seismic survey lines from NIOC. The smoothed
perturbation of the P-wave velocity at zero depth in Fig. 4 shows a
high velocity area on the west side of the array, corresponding to an

absolute velocity of around 5.5 km s–1. From the horizontal depth
slices at 2 and 3 km (Figs 4c and d), we observe a low velocity area
(around 6 km s–1) in the middle of the array and higher velocities
(around 6.5 km s–1) towards the basin edges. The wavelength of the
P wave with a dominant frequency of 1 Hz is around 5 km, which
provides an estimation of the ray’s penetration depth.

3.3. Resolution assessment

To assess the resolution of the tomographic inversion, we conduct
a 3-D checkerboard test. Arrival times are simulated based on a
velocity model with alternating ±15 per cent velocity perturbation
(Fig. S7). We use the same initial velocity model and grid for the
test as for the final model. The velocity structure is well recovered
in the centre of the array, worsening towards the boundaries. Lateral
smearing can be observed.

We also compute the DWS of the final results and study the
RDE of both main results (Fig. 5) and checkerboard outcomes. The
DWS and RDE of the three illustrated profiles in Fig. 6 are shown in
Fig. 7. The DWS estimates the total ray length that affects the model
parameter (Thurber & Eberhart-Phillips 1999). The RDE evaluates
range from 1 for perfect resolution to 0 in places of no resolution
(Toomey & Foulger 1989). Comparison of recovered checkerboard
anomalies (Fig. S7) and the corresponding resolution distribution
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1338 A. Riahi et al.

Figure 6. Vertical-section comparison between the absolute P-velocity from this study and the analysed active field data from NIOC. (a) The location of three
profiles 8203, 8204 and 8211 that cross the centre of the Dehdasht array, are labelled by A-B, C-D and E-F, respectively. The triangles denote the station
locations. (b–d) The active field results overlaid with coloured P-velocities with appropriate agreement in low-velocity synclines. The white and black arrows
refer to the west and east side synclines, respectively. The areas with unreliable resolution (RDE < 0.1) are masked.
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Figure 7. (a–c) Derivative weight sum and (d–f) diagonal elements of the resolution matrix, corresponding to vertical-sections A-B, C-D and E-F of Fig. 6.
The regions with RDE >0.1 are resolved.

indicates that the area with RDE >0.1 can reliably image structures
with velocity perturbation of around ±4 per cent.

Consequently, investigation of Fig. 5 with consideration of the
zones with RDE >0.1 shows that the nodes of the horizontal slice at
zero depth have the highest resolutions, particularly in the middle of
the array. The middle of the slice at depth of 1 km has the appropriate
resolution, but unreliable results in the boundaries. The horizontal
depth slices at 2 and 3 km contain few nodes with appropriate
velocity inversion in the core of the array. The first layer has few
accepted nodes with appropriate resolution, mostly clustered in the
north and north-west of the array. According to Fig. 7, we mask the
areas with unreliable resolution in Fig. 6.

4 D I S C U S S I O N

We used local tomography and obtained the 3-D diving P-wave
velocity structure in the shallow depths of the Dehdasht area (Fig. 4).
As depicted by the results, at zero depth, a prominent high-velocity
zone is resolved in the inversion, in addition to two low-velocity
zones in the middle of the array. The shape of the velocity zones
indicates the existence of two synclines in the core of the Dehdasht
basin. At zero and 1 km depths, we obtained several clusters with
high or low-velocity variations. The 2 and 3 km depth slices show a
high-velocity zone in the south of the array and a low-velocity area
in the middle. The first layer (height = 1 km) shows a high-velocity
zone in the north and west sides of the array and a low-velocity area
between them. These velocity variations can be explained by the
complex deformation of the Gachsaran formation and the existence
of several small anticlines and/or synclines in the area, which are a
consequence of the Arabian and Eurasian plate collision that formed
the Zagros fold-and-thrust belt.

We compared the tomography results with vertical 2-D seismic
reflection profiles provided by NIOC. We selected three lines (8203,
8204 and 8211) that cross the core of the array (see Fig. 6a). All

three cross-sections show halokinetic flaps with low-velocity syn-
clines that are surrounded by compressed Gachsaran limestone with
high seismic velocity. By plotting the absolute P-velocities of the
tomography across these profiles (Figs 6b–d), we obtained a very
good agreement between the passive seismic tomography results
and the active reflection survey.

Our P-wave velocity model follows a prominent low-velocity
zone throughout all profiles, which is observable down to a depth
of 3 km. This low-velocity zone relates to synclines that had also
been observed with an active seismic survey from NIOC (Fig. 6).
The velocity model in Figs 6(b)–(d) illustrates the existence of
two synclines, marked by white and black arrows. The compressed
Gachsaran between them has an average velocity of 6 km s–1 at
a depth of 1 km. Fig. 6(d) shows the penetration of the syncline
with an absolute velocity of around 5.8 km s–1 in a layer with a
velocity of around 6.3 km s–1 at a depth of about 2 km. The results
of the active field data can show the shape of the west side syncline
clearly (white arrow; Fig. 6), while the east side (black arrow) has
insufficient resolution. The estimated P-velocity explains the shape
of both synclines, showing that the east side syncline extends up
to a depth of around 3 km with an average velocity of 6.2 km s–1

in this depth (Fig. 6c). The location and depth of the estimated
velocity anomaly as resolved in this study on the eastern side of the
array (black arrow in Fig. 6) is in agreement with the results from
a surface wave tomography (Kazemnia et al. 2023). The estimated
P-velocity anomaly on the western side (white arrow in Fig. 6) is
only confirmed by the imaged syncline from the NIOC active survey
and not the surface wave study.

We observe a lateral smearing in the first layer of the checkerboard
test (Fig. S7), which can be explained by the near-vertical direction
of the rays and fewer crossings in the near-surface layer. At greater
depths, the high frequency of the retrieved body wave, the station
spacing, and the geometry of the array limit the depth penetration to
around 3–4 km (Fig. S6). The low values of DWS (Figs S6 and 7a–c)
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at depths > ∼3 km clearly show poor ray coverage and consequently
unreliable results.

By using body waves extracted from the seismic ambient wave-
field, we could provide additional details on the shape of the Gach-
saran formation in the Dehdasht basin, especially in the middle of
the array and depth range of around 0–2 km. However, no addi-
tional information about the underlying Asmari formation could
be provided. The tomography results of Fig. 4 do not show any
velocity increment related to the Asmari formation, indicating that
this formation is located deeper. We could clearly reconstruct and
pick the P wave at a distance of up to around 26.5 km with an appro-
priate SNR. This is the farthest station distance between available
virtual sources and virtual receivers. The quality of the retrieved P
waves in this study is good enough even at far distances; making the
consequence that the applied algorithm has the potential to retrieve
the body wave in distances of >26.5 km. However, we have been
limited by the size of the array. The longest available ray travelled
to a depth of around 3–4 km (Fig. S6), so it could not touch the
reservoir limestone. The deeper study of the Dehdasht basin and
exploration of the Asmari formation request a bigger array.

5 C O N C LU S I O N

We applied the cross-coherency and polarization approach to con-
tinuous seismic ambient noise data to reconstruct the body wave at
both near and far distances (∼1.5–26.5 km) in the Dehdasht area.
We show that working with a strongly decimated but high-quality
data set of around 5 per cent of daily traces is of utmost impor-
tance for successful P-wave extraction. A careful investigation of
these selected traces shows that around 65 per cent of them contain
dominant inherent artefacts or later arrivals which complicate the
selection of the lower amplitude P waves used for tomography.

With the reconstructed diving P wave from the seismic ambi-
ent wavefield, we imaged the 3-D velocity structure containing the
highly attenuating Gachsaran formation. The compatibility of our
inversion results with 2-D active seismic profiles demonstrates the
application of the interferometry of body wave ambient noise in
structural studies. The P-velocity outcomes show the existence of
two synclines in the Gachsaran formation that have velocity differ-
ences of about 0.5 km s–1 compared to the compressed Gachsaran
areas at equal depths. The tomography results suggest the extension
of synclines to a depth of around 3 km.
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