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Abstract—The article presents the results of DSS seismic surveys in the Persian Gulf. Bottom analog-type
seismographs and seismic airgun sources were used in the studies. The bottom seismographs were moored
and shooting was carried out according to three regional profiles with a length from 100 to 250 km. The main
result of these studies was a velocity–depth model of the sedimentary cover and Earth’s crust up to the Moho
boundary, which was revealed at a depth of about 43 km in the water area. Given that the thickness of the
upper crust is only 4–5 km and based on the velocity characteristics of the remaining layers, the type of crust
can be attributed to the subcontinental Archean type. This situation (complete absence or drowning of the
upper layer of the Earth’s crust) is typical of the waters closest to the Persian Gulf: the Black, Caspian, Med-
iterranean, and Red seas. A structure was found in the Earth’s crust of the studied area, which may be a
brachyanticline with an isometric dome-shaped shape, which corresponds to the platform-type folding in the
areas of salt dome tectonics. No faults have been found in the crust of the water area of the Persian Gulf adja-
cent to the Bushehr Peninsula.
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INTRODUCTION
Elements of the Tectonics of the Persian Gulf 

and Zagros Mountains
According to [43] and other authors, the Persian

Gulf and Zagros mountain belt framing it from the
northeast were formed as a result of collision of Arabia
and microplates of Central Iran after closing of the
Neotethys Ocean. The time of the initial collision
along the Zagros Mountains ranges from the Late
Cretaceous to the Pliocene [26, 29]. In some studies,
Zagros was considered an example of a young conti-
nent, a continental collisional belt [30, 31].

In the Arabia–Eurasia collision zone, according
to [27, 35, 48], orogenic plateaus formed as a result of
a continent–continent collision, as evidenced by the
Turkish–Iranian Highlands. Plateaus form during
continental collisions, where crustal thickening and
surface uplift are combined with relatively slow ero-
sion and incision rates that limit further thickening
and landform formation [37]. This is true for the Per-
sian Gulf.

The boundaries of the Zagros–Persian Gulf colli-
sion zone are clearly delineated by topographic and
seismological characteristics [36]. Sharp topographic
fronts in the Persian Gulf and along the northern side
of the Greater Caucasus and Kopetdag delineate the
southern and northern margins of large active defor-
mations in the area.

According to [24, 49], subduction of the Arabian
Plate under Zagros, which occurred in the Vendian,
was gradually replaced by collision. There are four
zones in the Zagros Fars segment (Fig. 1): Imbri-
cated, High Zagros, Low Zagros, and Piedmont.
According to the proposed interpretation of the evo-
lution of the Zagros, collisional compression in the
zone of the Main Thrust led to the appearance of
gentle folds in front of it in the Imbricated Zone,
similar to those now developing in the Piedmont
Zone. The folds were directly ref lected in the relief
and, during weathering, served as a source of detrital
material [24, 49]. Fars is separated from Dezful prov-
ince by the Kazerun fault zone (Fig. 1).
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Fig. 1. Elements of tectonics of Persian Gulf and Zagros Mountains according to data [1, 2]. Red lines, faults; P, Piedmont zone;
LZ, Low Zagros zone; HZ, High Zagros zone; I, Imbricated zone; purple line, Kazerun fault zone; green lines, boundaries of
tectonic zones; Fars and Dezful, tectonic provinces.
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The thickness of the crust, according to model
studies performed in [39], is about 40 km, increasing
under the Zagros Mountains to 60 km.

The heat f low in the water area of the Persian Gulf,
according to [47], reaches a value of about 55 mW/m2,
increasing up to 60 mW/m2 under the Zagros Moun-
tains. The gravity Bouguer and free air anomalies are
close to zero; in the water area of the gulf, they do not
exceed –20 mGal, but in the area of the Zagros
Mountains, the free air anomalies increase to zero
and Bouguer anomalies decrease to –200 mGal or
less [32, 52].
Deviation from the geoid in the Persian Gulf water
area is no greater than –13 m, increasing near the
Zagros Mountains to a maximum of 13 m [44].

Magnetic field anomalies in the Persian Gulf are
local in nature and have small amplitudes (no more
than 70 nT) [53].

Modeling of the structure of the crust in the Per-
sian Gulf in [39] on based on gravimetric data, infor-
mation on the heat f low, the relief of the region, and
deviations from the geoid, showed that the four-layer
model of the crust is the most reliable. The model
consists of a sediment layer with a thickness of 10 km
and a density of 2530 g/cm3; upper crust with a thick-
ness of about 5 km and density of 2800 g/cm3; middle
OCEANOLOGY  Vol. 63  No. 5  2023
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Table 1. Velocity sections of crust of Persian Gulf and Zagros Mountains

d is the depth of the base of the layer, km; h is the thickness of the layer, km; V is the average velocity in the layer, km/s.

Link to data 
source  [39]  [16]  [41]  [21]  [34] DSS

layer d h V V d h V d h V d h V

Sediments 10 10 5.3 5.0 3 3 4.0 7 7 5.5 5.0 5.0 4.1
Upper crust 15 5 6.0 6.3 13 10 5.5 15 8 6.2 4.5 4.5 6.0
Middle crust 23 8 6.1 6.4 20 7 6.0 21 11 6.3
Lower crust 40 17 6.5 6.9 45 25 6.7 42 27 6.5 40.5 20.0 6.8
Mantle 8.1 8.05
crust with a thickness of 8 km and 2820 g/cm3; and
lower crust with a thickness of 17 km and density of
2950 g/cm3. Then, according to [16], it is possible
(rather conditionally) to estimate the velocity of longi-
tudinal seismic waves in the crust of the Persian Gulf
using the formula

(1)
where ρ is the density of crustal rock in t/m3 and Vp is
the longitudinal seismic wave velocity in the layers of
crust, km/s.

Vp in the upper layer (thickness 10 km), in accor-
dance with modeling in [39], is 5.3 km/s (sediments);
in the upper crust, Vp is close to 6 km/s (conditionally
granitic rocks); in the middle crust (thickness 8 km),
Vp is 6.1 km/s (conditionally granite rocks), in the
lower crust (thickness 17 km),Vp = 6.5 km/s (condi-
tionally basaltic rocks).

However, if we use the Neif-Drake plot [41, 42], then
in the upper layer (thickness 10 km) Vp will be 5.0 km/s,
in the upper crust (thickness 4 km) Vp = 6.3 km/s (con-
ditional basalts), in the middle crust Vp = 6.4 km/s
(conditional basalts) and in the lower crust Vp =
6.9 km/s (conditional basalts).

Paper [21] presents a velocity section of the crust
obtained by processing records of three blasts recorded
by seismic stations installed in the conjugation zone of
the Fars and Dezful tectonic provinces (north of the
Bushehr NPP (BNPP), Low Zagros zone) and used to
localize microearthquakes in the study area. All of the
above sections are summarized in Table 1.

The section from [21] significantly differs from that
constructed from of modeling data [39] by a relatively
thick (10 km) layer of sedimentary rocks with a veloc-
ity of 5.5 km/s and a layer of crystalline rocks (7 km)
with a velocity of 6.3 km/s.

In [34], to construct the velocity section under the
Persian Gulf water area, the arrival times of local seis-
mic events were used, recorded by a dense seismolog-
ical network. It was found that the velocity structure of
the upper crust consists of a 7-km-thick sedimentary
layer (where the P-wave velocity is 5.5 km/s) and an
8-km-thick upper crystalline crust (Vp = 6.2 km/s).
This publication reports that an analysis of the records

ρ = −p2ln 0.8,V
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of seven teleseismic earthquakes suggests that the
lower crust is 27 ± 2 km thick with a P-wave velocity
of 6.5 km/s.

It should be noted that a brief review of publica-
tions on the structure of the crust in Persian Gulf water
area indicates contradictory results. Use of different
methods for reconstructing the velocity structure of a
solid medium under the floor of the Persian Gulf: mod-
eling based on gravimetric and other data [39]; inter-
pretation of low-detail seismic data obtained from
blasts [21], and reconstruction of the velocity structure
from earthquake records [34] yield different crustal
velocity sections. There are no publications on detailed
seismic studies using deep seismic sounding (DSS) in
the open press, which indicates the relevance of the
research results presented in this article.

METHODS AND EQUIPMENT
To study the Persian Gulf water area, the following

marine geophysics methods were used:
Deep seismic sounding (DSS) using refracted and

reflected waves was carried out along three regional
profiles, the method for which is described in [6]. Air-
guns (AG) with a total working chamber volume of
60 L and autonomous bottom seismographs (OBS)
were used. The main marine profiles supplemented
regional land profiles by other methods. Despite the
difference in methods and apparatus, the marine and
land data proved well-consistent. Thus, the general
structure of the crust and sedimentary sequence of
both the Persian Gulf and the construction site of the
BNPP was obtained.

High-resolution 48-channel seismic profiling CDP
(common depth point method) made it possible to
study the structure of the sedimentary sequence and
its velocity characteristics under the bottom of the Per-
sian Gulf to a depth of about 1.0 km with a resolution
of 1–2 m and to identify a number of acoustic inho-
mogeneities (listostromes, steep folds, gas saturation,
faults, dislocations, etc.). The CDP results were used
to construct regional depth profiles.

Super-resolution seismoacoustic profiling using a
CHIRP-II seismic profiler (CAP-6600) was carried
out to study the fine structure of the upper sediment
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Fig. 2. Spectrum of airgun pulse, determined from data of
control hydrophone record.
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layer at a depth of 20–40 m below the seabed with a res-
olution of 10–30 cm in order to identify surface neotec-
tonic faults, gas-saturated sediments, and gas seeps.

A local seismicity study using highly sensitive auton-
omous bottom seismological stations was carried out
to determine the degree of activity of neotectonic
faults at the bottom of the Persian Gulf.

In this article, due to the limited volume of the
publication, only the results of works carried out by the
DSS method are presented. In an abbreviated form,
they are considered in [11], and the results of seismo-
logical observations–in [12].

Navigational support and positioning of the vessel
(R/V Professor Shtokman) on the profiles, as well as
during the mooring and raising of the bottom seismo-
graphs, was carried out using the DGPS global satel-
lite navigation system. An NT300D satellite navigation
receiver (Trimble Navigation) and dKart Navigator
software system based on an electronic map were used.

DSS and Persian Gulf microearthquake studies
used bottom seismographs developed jointly by
IO RAS and the Joint Institute of Physics of the Earth
RAS (JIPE RAS) [8, 23]. Each device recorded signals
using an SV-5 type vertical seismic receiver with an
eigenfrequency of 5 Hz. Additionally, the IO RAS instru-
ments were equipped with hydrophones and SV-5M
horizontal geophones. Signals from each sensor after
amplification were continuously recorded on mag-
netic tape by direct recording with high-frequency
bias. Each signal was recorded at two amplitude levels:
rough and sensitive. The amplification of signals at
each level differed by a factor of 10–25. The OBS used
six information recording tracks and two service
tracks, on which the pilot signal and time stamps were
recorded. The frequency range of the record was 3–
30 Hz at a level of 0.76, and the total dynamic range of
the record was 60–75 dB at two amplitude levels. The
recording duration varied from 5 to 14 days and
depended on the speed of the magnetic tape, deter-
mined by the problem being solved. In the DSS studies,
the recording time was calculated according to the total
time to process one profile: from setting the OBS and
shooting to the raising of the OBS to the surface. The
accuracy of the quartz clock was 0.02 s per 10 days.
Recording was determined by the stability of the refer-
ence quartz oscillator used in the OBS clock with a
value of 2 × 10–8 s/day.

The seismograph was placed in a robust housing
with a submerged weight of 40 to 100 kg for various
modifications and was moored on the bottom with a
nylon halyard 12 mm in diameter. Following the robust
casing, 60 m of a nylon halyard was paid out overboard,
to the other end of which a chain with a ballast weight of
70–100 kg was attached. The main buoy extended from
the ballast weight, the free end of which was attached to
the released surface buoy. All operations for mooring
and raising the buoys were done with a winch, A-frame,
and a crane. Between the seismograph lying on the bot-
tom and the ballast weight holding the buoy, there was
a halyard coupling, which isolated the seismograph
from the influence of the surface buoy.

The OBS recording playback system was based of
an eight-channel modified N-067 magnetograph. The
playback speed exceeded the recording speed by 80–
200 times, which transposed the seismic frequency
range (3–30 Hz) into the acoustic frequency range
(240–6000 Hz). Seismic signals recorded on the bot-
tom became audible. With headphones connected to
the playback system, records of AG signals and natural
earthquakes were found ear.

An IBM PC with a multiplex 12-bit ADC was used
to digitize the analog OBS records. The digitized
record was visualized on the monitor and referenced to
absolute UTC time. TFSA diagrams made it possible
to estimate the evolution of the seismic signal spec-
trum over time in order to select the optimal filtering
for more thorough processing. The amplitude and
energy spectrum of the selected fragment of the record
was calculated taking into account the frequency
response of the seismometric channel of the OBS.

In the case of seismic events, fragments of earth-
quake records were saved. In the case of DSS studies,
CSP traces were stacked.

Two PI-5 airguns with a volume of 30 L each were
used for shooting [22, 25]. At shallow sea depths from 10
to 20 m, one AG worked at a depth of 7 m. The shooting
interval was 60 s (1 min) or, at an average ship speed of
3 knots, about 90 m. At depths greater than 20 m, the
second AG was put overboard and both guns were towed
at a depth of 18 m. The shooting interval was 120 s
(2 min) or an average of 180 m. To reduce the seismic
signal excitation, shooting was also carried out in the
opposite direction with an interval offset of 90 m. Thus,
in the end, the traces on the profile had a 90 m interval.

Figure 2 shows the spectrum of the AG pulse, cal-
culated from the data obtained by the control hydro-
phone.
OCEANOLOGY  Vol. 63  No. 5  2023
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Fig. 3. DSS profiles. Black circles, position of OBSs; circles, locations of lost OBS or OBS that yield no records due to technical
reasons.
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To fire the AGs and synchronize the BS clocks, the
following were used: an onboard accurate time system,
consisting of a reference clock, a radio receiver of pre-
cision time signals, control clocks, hydrophone-
markers of the times of AG emission, an AG control
panel, an ADC board, and an IBM PC. It was used in
two modes: (1) checking the BS clocks with the exact
time prior to mooring and after raising, (2) in the AG
fire control mode.
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Methodology for Offshore DSS Studies

DSS studies of the crust of the Persian Gulf were
carried out along three main profiles, shown in Fig. 3.
The length of the profiles was 100 km for the lines per-
pendicular to the coast and 250 km for the line parallel
to the coast.

The OBS offset was uneven and varied from 5 to
40 km. Reducing the offset depended on a priori geo-
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logical information to obtain more reliable material in
areas with a complex structure. Information was not
obtained from all buoys, due to their by local fisher-
men (four OBS) or equipment failure (three OBS).

During the work on the GSS in Persian Gulf water
area, the IO RAS coastal team installed found land-
based seismic stations: three at the construction sight
of the BNPP and one in Bushehr to record AG signals
on land in order to obtain data on the velocity struc-
ture of the crust directly under the Bushehr Peninsula.
Unfortunately, no AG signals were found in the
coastal station records due to the strong technogenic
seismic background.

Processing and Interpretation of DSS data
During preprocessing of then field data, the CSP

records were created as SEGY files [28]. Processing
included the following:

— Digitization of analog records from bottom and
coastal seismic stations.

— Formation of a database of field observations
and the creation of an archive on various external
media.

— Creation of CSP stacks based on data of the
AG shooting time as SEGY format files.

— Calculation and entry in the trace headers of the
offsets and distance along the profile.

— Absolute GMT referencing of each seismic trace.
— Introduction of static time corrections.
— All available information was also recorded in

the headers in accordance with the SEGY standard.
Quality control of records was done by viewing the

stacks on the monitor. As well, defective traces were
rejected and the correctness of the stacking was checked
against the arrival time of the reflected wave from the
bottom. As an example of a CSP record, Fig. 4 shows
two CSP stacks for the third profile.

When interpreting the DSS data and constructing
deep velocity sections, the following procedures were
performed:

— Frequency and τ–p filtering of subcritical
reflected waves.

— Picking of target waves and construction of sys-
tems of the opposite and overtaking travel time curves
with subsequent time referencing at cross points.

— Solution of the one-dimensional inverse prob-
lem (1D inversion).

— Solution of the two-dimensional inverse prob-
lem (2D inversion).

— Construction of a two-dimensional deep veloc-
ity section, taking into account the data of the two
inversion methods and a priori geological data.

— Optimization of a two-dimensional depth veloc-
ity model by solving the direct kinematic problem for
complex media.
Processing of DSS seismic data, interpretation,
and construction of deep 2-D velocity models will be
illustrated with profile 3, the most informative for
studying the structure of the crust.

The one-dimensional inverse problem was solved
under the assumption of plane-parallel boundaries
V.Yu. Burmin’s method and software [4, 5]. Inversion
was carried out for the travel time curves of refracted
waves. The horizontal homogeneity of the model
results in different inversion results for the left and
right branches of the hodographs. Examples of results
are given in Fig. 5 in the form of stacked velocity col-
umns for the right and left branches.

The travel time curves of refracted waves were pro-
cessed and interpreted using V.B. Piip’s method of
homogeneous functions [17, 19, 20, 45, 46].

The used HODOGRAPH software package auto-
matically interprets the refracted wave travel times for
complex media in conditions where horizontal and
vertical velocity can vary significantly. The method
does not require a priori information, and the opera-
tion of identifying waves on the first arrival travel time
curves is done automatically.

The calculated depth sections (Fig. 6) represent
the velocity field specified at the nodes of a rectangu-
lar grid. This field contains information about inter-
faces and faults. The inversion interfaces (velocity
decreases abruptly from top to bottom) look like
thickened lines and are aligned with the field of
velocity isolines (Fig. 6). Velocity values on sections
within layers and blocks always increase from top to
bottom.

The two-dimensional (2D) depth velocity model
was constructed as follows:

The velocity in the sedimentary sequence and
interfaces were taken from the CDP model for the
third profile. Sites were placed on the depth model in
accordance with the location of the critical point for
each boundary along the left and right branches
according to the 1D inversion data. The velocity under
the site was determined by the corresponding speed
column. Refracting boundaries and velocities were
constructed based on 2D inversion and referenced to
the 1D inversion site.

The constructed sections were refined by solving
the two-dimensional (2D) direct problem by the
selection method by formalizing inhomogeneous
velocity models and associated numerical solution of
the direct kinematic Zelt problem [50, 51]. In this
case, the graphics shell SeisWide was used (author
Deping Chain [54]), where the experimental and the-
oretical travel time curves were compared.

Figure 7 depicts estimation of the accuracy in com-
paring the experimental and theoretical travel time
curves. Figure 7b shows that, in general, the discrep-
ancy between the observed and theoretical hodo-
graphs for profile model 3 does not exceed ±0.1 s.
OCEANOLOGY  Vol. 63  No. 5  2023
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Fig. 4. Examples of CSP stacks of hydrophone for profile 3: (a) in 6 km/s reduction; (b) in 8 km/s reduction.
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The deep velocity section obtained using the Zelt
program for profile 3 is shown in Fig. 8.

Similarly, deep velocity sections were constructed
for profiles 1 and 2 (Figs. 9a, 9b, respectively). Due to
the large distance between OBS 9 and OBS 10 on pro-
file 2, there was not enough information to reliably
interpret this part of the section at depths of up to 1–
1.5 km, but the deeper layers of the section were inter-
preted quite reliably.

Comparison of velocity sections for all three pro-
files shows that the most complex structure is at the
intersections of profiles 1 and 2 with profile 3. On
profile, a zone with a complex structure was found,
located at a distance interval of 90–180 km along
profile 3. Profile 2 crosses this zone at the 96th km,
and profile 1, at the 110th km of profile 3. Here, there
is a correlation of dome-shaped structures at the
points of setting OBS 6–8, profile 1; 3–5, profile 2;
and 6–8, profile 3.
OCEANOLOGY  Vol. 63  No. 5  2023
The structure revealed on profiles 1–3 is possibly a
brachyanticline with an isometric dome shape, which
corresponds to platform-type folding in salt-dome
tectonic zones. The typical dimensions of this struc-
ture are 10 × 20 km and are similar in size to the
Bushehr anticline.

DISCUSSION

Due to the coastal location of the profiles, where
the quality of the recording is strongly influenced by
the surf and technogenic noise, the majority of first
arrivals on the seismograms were traced at distances
no greater than 35 km from the OBS. This prevents
constructing velocity models deeper than 6–7 km
(Figs. 8, 9) based on the set of refracted and reflected
waves.

Refracted waves with apparent velocities of 5.8–
6.4 km/s were recorded in first arrivals up to maxi-
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Fig. 5. Combined velocity columns for profile 3: (a) to left of OBS, (b) to right of OBS.
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mum distances of 45–50 km. This corresponds to pen-
etration of seismic rays of refracted waves to maximum
depths of 6–8 km. At great depths, there is a sharp
increase in the absorption of longitudinal seismic
waves, distinctly seen on the combined seismogram
shown in Fig. 4b. At the same time, the contrasting
boundary corresponding to the foot of the basement
according to the DSS data is well marked by a velocity
jump of 5.1/5.9 km/s at a depth of 6 km.

However, in the seismic records, reflected waves
from deeper boundaries were clearly present.
In the records of some OBSs, low-intensity
reflected waves are recorded at times of 6–12 s. The
reflected wave appears in the “double” time interval of
4.8 s, which corresponds to a boundary depth of 9.9 km
at Vav = 4.1 km/s. On profiles 1, 2, 3, subcritical reflec-
tions were recorded at time intervals corresponding to
boundary depths from 9 to 11 km. This boundary can
be interpreted as the base of the upper crust.

Figure 4b shows the combined seismogram con-
structed from the OBS-9 records on profile 3 in the
OCEANOLOGY  Vol. 63  No. 5  2023
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Fig. 7. Comparison of experimental and calculated hodographs for profile 3: top (a), vertical strokes | are experimental picking
points (size of stroke corresponds to picking accuracy of 0.1 s); solid lines are calculated travel time curves; bottom (b) shows dif-
ference between calculated and observed travel times of seismic waves depending on distance along profile.
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Fig. 9. Deep velocity sections of profiles 1 and 2. Numerals at interfaces, velocity in km/s. Triangles on exposed surface, positions
of OBSs. Arrows, intersection with profile 3. (a) Profile 1, white space on section, no data (see text for explanation); (b) profile 2.

6

5

4

3

2

1

0

10 200 30 40 50 60 70 80 90 100 110 km

109876432

km

7

6

5

4

3

2

1

0

10 200 30 110 km

Pr3

9 8 7 6 4 3 BS absent

(а)

(b)

0

km

Pr3

5

5

V, km/s
2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
velocity reduction V = 8 km/s. On the seismogram at
distances of 85–105 km, a supercritical reflection of a
longitudinal seismic wave from the Moho surface is
distinguished.

Kinematic modeling yielded the estimated position
of the surface of the Moho of 37–41 km with inclination
towards the beginning of profile 3. Modeling was per-
formed by the fitting method; it was assumed that the
velocity in the crust from its top to the Moho boundary
varies linearly from 6.2 km/s at its top to 6.8 km/s at its
bottom. During modeling, it was possible to identify an
intermediate refractive boundary at a depth of 20 km.
Figure 10 shows the depth velocity model of profile 3
with simplified boundaries below the basement.
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Fig. 10. Estimated of position of basement and Moho boundary.

NW

40

30

20

10

0
20 400 60 80 100 120 140 160

Foundation

180 200 220 240 km
SE

km

5.0
5.0

5.1 5.1

6.1
6.1

6.3

6.3

6.7

6.7

6.8

8.05

6.8

8.05

5.9 5.9

Upper crust

Middle crust

Lower crust

Moho
As a result of DSS studies using OBSs and large-
volume airguns, a velocity section of the crust was
obtained in the Persian Gulf water area to a depth of
40–43 km. Previously, such information was not avail-
able in the open press.

The velocity section is represented by the following
layers (from top to bottom):

Layer 1 with Vp = 2.0–5.1 km/s (average velocity
4.1 km/s) and thickness of 5 km (the top of the layer is
located at a depth of 0 km; the bottom was determined
at a depth of 5 km). Apparently, this layer consists of
sedimentary rocks.

Layer 2 with Vp = 5.9–6.1 km/s and a thickness of
4 to 5 km. The top of the layer is located at a depth of
5 km. It was interpreted by us as the roof of the crystal-
line basement. The bottom of the layer rises gradually
from northwest to southeast from a depth of 10.5 km to
about 8 km. The rocks making up this layer can appar-
ently be attributed to conditional granites.
OCEANOLOGY  Vol. 63  No. 5  2023
Layer 3 with Vp = 6.3 km/s and a thickness of about
11 km. The top of the layer is located at a depth of
10.5 km in the northwest of the study area and gradu-
ally rises to a depth of 8 km in the southeast. The base
of the layer also rises from a depth of about 21.5 km in
the northwest to a depth of 19.5 km in the southeast.
This layer can be interpreted as the middle crust.

Layer 4 with Vp = 6.7–6.8 km/s and a thickness of
about 20 km. The top of the layer is located at a depth
of 21 km in the northwest of the study area and gradu-
ally rises to a depth of 19.5 km in the southeast. The
base of the layer also rises from a depth of about 42 km
in the northwest to 39 km in the southeast. This layer
can be interpreted as the lower crust, and its base can
be taken as the Moho boundary.

The possibility of uplifted interfaces in the crust of
the Persian Gulf during the transition from the Dezful
to the Fars province is noted in [3]. This effect has
been substantiated here by geological methods. It is
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Fig. 11. Velocity models of crust of Persian Gulf: (a) change in seismic wave velocity as function of depth; (b) in form of 1D seis-
mic sections. Numerals in square brackets are a link to source of model; DSS, model constructed according to data of section in
Fig. 10.
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noted in [24] that the crust becomes more mafic in
this case.

CONCLUSIONS
The closest to the obtained section is the velocity

model of the medium obtained from modeling based on
gravimetric and other data [39], in which the rock den-
sities are recalculated to compressional wave velocities
using the Nafe–Drake relation [41]. Figure 11 shows
the parameters of the models under consideration.

The main discrepancy between the models is
observed in the sedimentary cover, where the P-seis-
mic wave velocities are 4.1 km/s according to the DSS
data and 5 km/s according to the modeling data. In
addition, the thickness of sediments in the Nafe–
Drake model is 10 km, while according to the DSS
data, it is 5 km. Interval velocities in other layers of the
crust are nearly the same in both models. The depths
of the Moho boundaries and the tops of the lower
crust are also very close in them.

It should also be noted that the DSS method,
where seismic wave travel velocities are measured, is a
more accurate tool for constructing velocity sections
of the crust compared to calculation methods that
model velocity parameters in the layers of the crust
based on geophysical data.

All the considered models and the obtained section
of the crust by the DSS method indicate that in the
OCEANOLOGY  Vol. 63  No. 5  2023
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crust under Persian Gulf water area, the layer of con-
ditionally granitic rocks has a reduced thickness
(about 4–5 km).

Thus, the crust of the Persian Gulf, following the
generalizations presented in [9, 10, 40], can be
attributed to Archean subcontinental crust. Such a sit-
uation (complete absence or thinning of the upper
layer of the crust) is typical of water areas closest to the
Persian Gulf: the Black [7, 13–15, 18], Caspian [20],
Mediterranean [38], and Red [33] seas.

The DSS data show that there are no faults in the
crust within a radius of 100 km from the construction
site of the Bushehr nuclear power plant.

As a result of the studies, a structure was discov-
ered in the crust of the study area, possibly, is a
brachyanticline, which has an isometric dome shape
corresponding to platform-type folding in salt-dome
tectonic zones. The typical dimensions of this struc-
ture are 10 × 20 km and are similar in size to the
Bushehr anticline.
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