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0z
In this study, the pre-stack depth migration method was applied to obtain a depth section that provides the
closest approach to the subsurface. PSDM, is now used as a processing method in many seismic explorations
because of the increase of the hardware and related software capabilities. In geologically and tectonically
complex study areas, depth migration is essential to obtain accurate subsurface depth images. Therefore,
after deriving the initial interval velocity depth section, both post-stack and prestack depth migration techniques
were applied to improve subsurface imaging accuracy. Non-flatness in common depth point (CDP) gathers
from PSDM indicated the need to update the interval velocity model in depth. Grid tomography and horizon-
based tomography were used to refine the interval velocity depth section. PSDM was then reapplied using the
updated velocity model. These steps were iteratively repeated until the CDP gathers were flattened. Grid
tomography was applied twice to update the interval velocity depth section. However, analysis of the depth
section from the second PSDM iteration (using grid tomography-derived velocities) showed that deeper
reflections remained poorly resolved. Consequently, five additional PSDM iterations were performed with
horizon-based tomography-updated velocities, resulting in significantly improved imaging of both shallow
layers and the basement. Finally, depth sections from post-stack depth migration, initial PSDM, and
subsequent PSDM iterations were compared to highlight the critical role of PSDM in achieving a geologically
realistic model.
Anahtar Kelimeler: Grid Tomography, Horizon-based Tomography, Prestack Depth Migration, Seismic Data
Processing

ABSTRACT

Bu calismada yeraltina dair en yakin yaklasimi saglayan derinlik kesiti elde edebilmek i¢in yigma 6ncesi
derinlik migrasyonu (PSDM) yéntemi uygulanmistir. PSDM, donanim ve ilgili yazilim kabiliyetlerinin artmasi
nedeniyle artik birgok sismik arastirmada bir veri islem yéntemi olarak kullaniimaktadir. Jeolojik ve tektonik
olarak karmasik arastirma alanlarinda, dogru yeralti derinlik kesitleri elde etmek igin derinlik migrasyonu
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esastir. Bu nedenle, ilk olarak ara hiz derinlik kesiti (iretildikten sonra, hem yigma sonrasi hem de yigma éncesi
derinlik migrasyonu ydntemleri, yeralti gériintiileme dogrulugunu artirmak icin uygulanmigtir. PSDM sonucu
elde edilen CDP gruplarinda yatay olmama durumu, ara hiz modelinin giincellenmesi ihtiyacini géstermistir.
Ara hiz derinlik kesitini gtincelleyebilmek ig¢in grid tomografi ve tabaka-tabanli tomografi yéntemleri
kullanilimigtir. Sonraki adimda, PSDM yéntemi, giincellenmis hiz modeli kullanilarak CDP gruplari tamamen
yatay hale gelene kadar yinelemeli olarak tekrarlanmistir. Ara hiz derinlik kesitini giincelleyebilmek igin grid
tomografi yéntemi iki kez uygulanmustir. ikinci PSDM yinelemesinden elde edilen derinlik kesitinin analizi, daha
derin yansimalarin ¢éziinirltigiiniin hala disiik oldugunu gdstermistir. Ancak, tabaka-tabanli tomografi ile
gtincellenen hizlar kullanilarak PSDM ydntemi 5. yinelemeye kadar devam ettirildiginde, hem sig katmanlarin
hem de temel kayanin gériintiilenmesinde 6nemli 6lgiide iyilesme saglanmistir. Son olarak, yigma sonrasi
derinlik migrasyonu sonucu elde edilen derinlik kesiti, ilksel PSDM sonucu elde edilen derinlik kesiti ve PSDM
glincellemelerinde elde edilen derinlik kesitleri arasindaki karsilastirmalar yapilarak, PSDM y6nteminin dogru
ara hiz modeli ve derinlik kesiti elde etmede 6nemi vurgulanmistir.
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INTRODUCTION

Migration is used to replace reflections to their
correct vertical and horizontal positions (Bruno,
2023; Biondi, 2006; Sheriff and Geldart, 1983).
The unmigrated stack section does not reflect
the real subsurface. The velocities used in
Normal Move-out (NMO) correction are offset-
dependent, and only horizontal layers can be
imaged accurately because of the hyperbolic
assumption. In the presence of dipping layers
and complex structures, events can be
mispositioned. Therefore, migration is necessary
to locate reflections in their correct positions. The
selection of migration type is dependent on the
geology of the area. When the subsurface is not
complex, it is better to apply time migration
(Yimaz, 2001). However, time migration uses
RMS velocity models that do not allow ray
bending at layer boundaries; this situation can
cause lateral mispositioning of the reflection
events. For this reason, in the presence of lateral
velocity variations and complex structures (salt
domes, faults, overthrust), depth migration is
required. Post-stack migration is convenient in
the presence of a horizontal layer, because this

method assumes that the stack section is similar
to a zero-offset section. However, when there are
conflicting dips, the stack section is not similar to
the =zero-offset section. In the post-stack
migration, reflection events with non-hyperbolic
moveout can be distorted (Bruno, 2023; Yilmaz,
2001). In this case, prestack migration is needed.
Prestack depth migration vyields a better
subsurface image in the presence of conflicting
dips, lateral velocity variations, and complex
structures. In this study, prestack depth migration
was applied iteratively to obtain a better image of
the subsurface. This study aims to emphasize
the importance of the true interval velocity depth
model, to obtain a depth section close to real
geology, to view stratigraphic elements in their
correct vertical and horizontal location, and to
increase the resolution of the depth section to
interpret layers. In the application of prestack
depth migration, 2D Kirchhoff migration was
used. This method can give better results
because it handles irregularities in the data when
compared to other methods (Rastogi, 2015;
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Schneider, 1978). This method is based on the
summation of scaled amplitudes along computed
diffraction curves that are based on an integral
solution to the scalar wave equation. The velocity
model for prestack depth migration is so
important to obtain high resolution subsurface
image. The interval velocity depth model is used
in PSDM. The interval velocity depth model
contains the full complexity of the area because it
uses actual ray paths from every source and
every receiver to each subsurface point and
allows ray bending at layer boundaries.

MATERIAL AND METHOD
Routine Data Processing Steps

In this study, multichannel seismic data collected
by TPAO were used and processed via Echos-
Paradigm software. The seismic data includes
120 channels. The shot interval and group
interval are 26,67 m, the sampling rate is 2 ms,
the record length is 7000 ms and the near offset
is 160 m. The routine data processing steps
applied to the data are data loading, editing,
muting, bandpass filtering, predictive
deconvolution, f-k filter, CDP sorting, and velocity
analysis, as shown by the flowchart in Figure 1.
The bandpass filter frequencies were optimally
selected as  2-5-130-135 Hz  through
comprehensive analysis of shot gather amplitude
spectra, ensuring preservation of all relevant
signal components (Figure 2a). As shown in
Figure 2a, the high-frequency noise at 160 Hz,
attributed to operational noise, was filtered out
after the application of the bandpass filter. In the
predictive deconvolution process, the operator
length and prediction lag are important
(Dondurur, 2018). For this reason, by analyzing
the autocorrelation function, the operator length
and prediction lag were selected as 100 ms and
24 ms, respectively (Figure 2b). In the f-k filter,
noises like refraction waves, direct waves, and
back-scattered waves are close to the
wavenumber axis. Therefore, these regions
should be filtered. By analyzing f-k spectrum, the
low dip and high dip rates were selected as -12
and 12 (ms/trace) respectively (Figure 2c¢). These
rates were not selected too high, because when

high parameters were selected, it caused signal
loss. However, the aliased energy remained, due
to dip rate selection.
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Figure 1. Flowchart of seismic data processing
applied in this study.

Sekil 1. Calismada uygulanan sismik veri islem akig
semasi.

Figure 2. a) Amplitude spectrum images before
and after applying the band-pass filter; b) selection
of operator length and prediction lag based on
autocorrelation function analysis; c) images before
and after applying the f-k filter.

Sekil 2. a) Bant gegisli slizgegcleme uygulanmadan
énce ve uygulandiktan sonra genlik spektrum
goérintileri; b) Otokorelasyon fonksiyonu analizine
dayali operatdr uzunlugu ve kestitim uzakligi segimi; c)
f-k filtresi uygulanmadan énce ve sonra elde elde edilen
spektrumlarin gérinimdi.
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Application of Prestack-Depth Migration
(PSDM) Method

Kirchhoff migration is an integral solution to scalar
wave equation. Audebert (1997) evaluated
migration methods for wuse as practical
implementation and defined Kirchhoff migration
as the best method. This method can be defined
by Huygen'’s principle. According to this principle,
seismic reflectors are composed of closely
spaced depth points. Huygen’s secondary source
corresponds to semicircles in the depth domain
and hyperboles in the time domain (Yilmaz,
2001). The integral solution to scalar wave
equation is used in the practical implementation
of the Kirchhoff migration based on diffraction
summation (Richa Rastogi, 2017; Yilmaz, 2001).
The summation approach can handle more
irregular contents of data compared with other
methods (Schneider, 1978). The geometry of the
diffraction hyperbola depends on the rays
traveling from the diffraction point to the receiver
points at the surface.

|S+ L - L P z) =0 @

dx? ' dzz V(x,z)? dt?

cosO

Pout (60,270 T [F2D(O) * P62 = 0,8)]  (2)

Equation 1 is the scaler wave equation, P (x, z=0,
t) is the input wavefield and V (x, z) is the velocity
of the medium. Equation 2 is the discrete form of
the integral solution to the scalar wave equation
(Yiimaz, 2001). In equation 2, traveltimes are
calculated from every receiver and source for
each subsurface points. According to this
equation r={/(x —xy)? +2z%2 is the distance
between the observation and imaging point. The
rho filter p(t) is the time derivative of the input
wavefield. In the application of the 2D migration
half derivative of the measured wavefield is used.
Cos(0) is an obliquity factor that defines the angle
dependence of the amplitudes and 1/vVr is
proportional to spherical factor. Pout (X, z=VT/2,
t=0) is output wavefield at subsurface location (o,
z). In this study, time domain RMS velocity
section was converted to interval velocity depth
section via Dix conversion. RMS velocity section
and interval velocity depth section is shown in the
Figure 3 and Figure 4, respectively.

COP 270 750 1230 1710 2190 2670 3150 3630 4110 4500 5070 5550

Figure 3 Image of the RMS velocity time section.

Sekil 3. Zaman ortami RMS hiz kesiti.

CDP 510 990 1470 1950 2430 2910 3390 3870 4350 4830 5310

Depth (m)

Figure 4. Image of the initial interval velocity
depth section.

Sekil 4. Ara hiz kesiti gériindimdi.

Then 2D Kirchhoff prestack depth migration was
applied to the data. Aperture value selection is so
important in the implementation of the Kirchhoff
migration (Schleicher et al., 1997). While high
aperture values correspond to more computer run
time, low values correspond to a poor image
(Rastogi et al., 2000). Therefore, in this study, the
PSDM method was applied with aperture values
that vary with depth. It was realized that the
resolution of the depth section increased when
the aperture value was high. However, it is
necessary to consider that when the aperture
value is too high, it can cause amplitude loss in
the shallow layers. Figure 5 shows a comparison
of the depth sections with aperture lengths of
4000 m and 10000 m for depths of up to 10500m.
According to this comparison, an appropriate
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aperture length of 500 m for depth of up to 300 m
and an aperture length of 10000 m for depths of
up to 10500 m was selected. In the Figure 6,
depth section obtained from initial PSDM using
parameters described in Table 1 is shown.

Table 1. The selection of the aperture lengths for
depths of up to 300 m and 105000 m.

Tablo 1. 300 m ve 10500 m derinlige kadar yari agiklik
genisligi degeri segimi.

Depth(m) Aperture Length(m)
300 500
10500 10000

Figure 5. Application of Pre-Stack Depth
Migration (PSDM) with aperture lengths of a)
4000 m and b) 10000 m for depths of up to 10500
m.

Sekil 5. 10500 m'ye kadar derinlikler igcin a) 4000 m ve

b) 10000 m yarn aciklik genigligi degerleri ile yigma
éncesi derinlik migrasyonu uygulamasi.

Figure 6. Initial depth section obtained from first
iteration of PSDM.

Sekil 6. PSDM'nin ilk uygulamasindan sonra elde
edilen baslangi¢ derinlik kesiti.

Grid Tomography and Horizon-Based
Tomography

If the initial interval velocity depth section is not
accurate, there can be residual moveouts in the
CDP gathers (Tian-wen Lo et.al, 1994) (Figure 7).
The velocity model updating in PSDM method is
based on reflection travel time tomography that
use Residual Moveout Analysis (RMO) (Stork,
1992; Wang and Pratt, 1997; Woodward, 2008).
Velocity model updating is based on RMO that
requires careful picking in the gathers (Woodward
et al,, 2008). This method is based on the
principle of obtaining the minimum difference
between the observed travel times and the
modeled travel times via the inverse solution of
the process (Bruno, 2023; Yimaz, 2001;
Sherwood et al., 1986; Kosloff et al., 1996). In this
study, grid tomography and horizon-based
tomography were used to update the interval
velocity depth model.

L Srrbeb T L PR
————rp L s
PREerEoesy

Haliles

Depth (km)

Figure 7. Initial CDP gathers obtained from first
iteration of PSDM.

Sekil 7. ilk PSDM yinelemesinden elde edilen CDP
gruplari.

Both methods employ simultaneous equation
systems to compute updated model parameters.
The methods differ in their spatial distribution of
input data and the pattern of parameter updates.
Grid tomography that requires an interval velocity
depth section and interpreted horizons updates
velocities at equally spaced grid points. As in
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horizon-based tomography, depth reflectors are
used as a ray tracing grid source in grid
tomography. On the other hand, horizon-based
tomography requires a velocity-depth model to
update both the velocity and depth of the reflector
for each horizon. Horizon-based tomography
offers several advantages over grid tomography,
particularly in generating more geologically
realistic velocity-depth models. This approach
achieves superior results by updating velocity
parameters independently for each interpreted
horizon. Additionally, the drawback of the grid
tomography is that even low relative residual
RMS velocity selection rates can create artificial
folding in the depth section. However, in the
presence of complex structures, it can be difficult
to define formation bottoms for use as ray-tracing
sources. Therefore, in this study, grid tomography
was applied before horizon-based tomography.
The error in time at the CMP location can
correspond to errors in the velocity for grid
tomography and errors in both depth and velocity
for horizon-based tomography. In the equation
(3); t'(n) is the modeled traveltime, (z - z«1) is the
depth of the layer, Sk is the slowness (1/Vk and 6
is the angle made with the vertical axis (Yilmaz,
2001). In the equation (4), tiniiar is the initial
traveltimes, t'(n) is the modeled traveltimes and
t(n)observed is the observed traveltimes. In the
equation (5) e(n) is the difference between
observed traveltimes and modeled traveltimes.

t'(n)=(zk-zx-1) Sk sec 8 ?3)
t’(n)modeled:t‘(n)mmalﬂdt—; Ap @)
e(n)=t(n)observed-t(N)modeled (5)
e(n)=At-At (6)
At="p 7
At=LAp 8

In the equation (8) At’ is the column vector, L is
the sparse matrix( d;—;) and Ap is the column
vector.

According to equation (6) using least squares, the
solution is achieved.

Ap=(LTL)LTAt 9)

According to equation (9), At is the residual
moveouts measured from gathers, L is the sparse
matrix that represents first derivative of the
parameters. Using equation (9) Ap is calculated
and then parameter is updated (p+ Ap). First, in
the velocity wupdating process, horizons
interpreted for use as a ray tracing source
(Cerveny and Soares, 1992). The image of the
picking of the interpreted horizons is shown in
Figure 8.

P 200 610 1090 1570 2050 2 3010 3490 3970 4450 4930 5410

Depth (m)

Figure 8. The image of the interpreted horizons.

Sekil 8. Yorumlanan tabakalarin gériiniimii.

In grid tomography, to create a travel time error
source relative residual RMS velocity picking was
applied to the velocity panel of the spectrum.
Figure 9 a-b shows the velocity panel and the
CDP groups, respectively. The vertical axis of the
velocity panel represents the depth of events, and
the horizontal axis represents the relative residual
RMS velocity. Residual moveouts in CDPs

change according to velocity selection. When the
true velocities are selected, CDPs become flat.
After the picking of semblances in the velocity
panel, the RMS residual section was created
(Figure 10).

The RMS residual section, interpreted horizons,

and the initial interval velocity depth section were

used as inputs for grid tomography. In grid
tomography, smaller grid spacing yields higher
accuracy and resolution in the results. Therefore,
a grid step (horizontal shooting grid) of 13 m and
a ray step (depth step) of 10 m were adopted.
After the second iteration of the grid tomography,
an updated interval velocity depth section was
created (Figure 11).



71 Ceren vd./ Yerbilimleri, 2025, 46 (2), 65-76

Depth (m) a b

Figure 9. The image of the Residual RMS
velocity selection. a) Residual moveout
semblance spectra computed from CDP gathers,
b) CDP gathers derived from PSDM. Selected
residual RMS velocities, reference velocities
previously assigned to interpreted horizons and
interval velocities of events at depths are shown
with yellow line, black line and green line
respectively.

Sekil 9. Kalinti RMS hiz se¢imi gérinimii. a) CDP
gruplarindan hesaplanan kalinti kayma spektrumu, b)
PSDM sonucu elde edilen CDP gruplari. Segilen kalinti
RMS hizlari, daha énce yorumlanmis tabakalara atanan
referans hizlan ve derinliklerdeki ara hizlari sirasiyla
sari ¢izgi, siyah ¢izgi ve yesil ¢izgi ile gésterilmistir.

COP12 510 990 1470 1950 2430 2010 3390 3870 4350 4830 5310 'Y

2000 _ = .
3000 - - o

10000

Depth (m) aen

Figure 10. Relative Residual RMS velocity
section obtained from the RMO analysis.

Sekil 10. RMO analizinden elde edilen bagil kalinti
RMS hiz kesiti.

COP 510 900 1470 1950 2430 2910 3390 3870 4350 4830 5310

Depth (m)

Figure 11: Updated interval velocity depth
section after second iteration of grid tomography.

Sekil 11: Grid tomografi ile 2. Giincelleme sonucu elde
edilen ara hiz kesiti.

Figure 12. Residual moveout analysis for a)
horizon and b) horizon2.

Sekil 12. Tabaka tabanl/ tomografide tabaka 1 ve 2
icin kalinti kayma analizi.

Horizon-based tomography was then applied to
derive a geologically realistic interval velocity
depth section and reduce residual moveouts in
CDPs. The inputs for horizon-based tomography
are the interval velocity depth section obtained
from the second iteration of grid tomography,
interpreted horizons, and RMO pickings for each
horizon. The vertical axis of Figure 12 represents
the depth error of the horizon that corresponds to
the relative residual RMS velocity. After relative
residual RMS velocities were selected, an
updated interval velocity depth section was
created. Finally, Figure 13 shows the interval
velocity depth section obtained from the fifth
iteration of horizon-based tomography.
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990 1470 1950 2430 2910 3390 3870 4350 4830 5310
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Figure 13. Updated interval velocity section
obtained from fifth iteration of horizon-based
tomography.

Sekil 13. Tabaka tabanli tomografi ile 5. giincelleme
sonucu elde edilen ara hiz kesiti.

DISCUSSION

As a first step in this study, depth sections
obtained from poststack and prestack depth
migration were compared. Then, using PSDM,
the initial depth section and updated depth
sections were compared to each other. The
iterative application of PSDM was discontinued
when either excessive artificial folding of layers
occurred or no further improvements were
observed. This study highlights the importance of
prestack depth migration (PSDM) for determining
an accurate velocity model that yields optimal
results in complex geological areas. A
geologically realistic velocity model produces
superior imaging results.

Figure 14 presents all CDP gathers from both
initial and subsequent iterations, demonstrating
non-flat events in the initial gathers and flattened
events after velocity model updates. The CDPs
became flat after further iterations. Figure 15
shows a comparison of depth sections from post-
stack depth migration and PSDM. According to
Figure 15, the horizons can be better
distinguished, and faults can be tracked better
with the application of PSDM up to 1 km depth.

Figure 14. Image of CDP gathers obtained from
a) initial PSDM b) the second iteration of PSDM
using interval velocities derived from grid
tomography and c) fifth iteration of PSDM using
interval velocities derived from horizon-based
tomography.

Sekil 14. a) Baslangi¢ ara hiz kesiti ile uygulanan
PSDM, b) grid tomografi ile giincellenen ara hizlar
kullanilarak uygulanan 2. yineleme PSDM ve c) tabaka-
tabanli tomografi ile glincellenmis ara hizlar kullanilarak
uygulanan 5. yineleme PSDM sonucu elde edilen CDP
gruplari gérinimd.

Figure 15. Image of a) depth section obtained
from post stack depth migration and b) initial
depth section obtained from PSDM.

Sekil 15. a) Yigma sonrasi derinlik migrasyonu
sonucu elde edilen derinlik kesiti ve b) PSDM sonucu
elde edilen ilksel derinlik kesitinin gbriinimdi.

The grid-tomography method was subsequently
performed to update the interval velocity depth
section. Performing more than two iterations of
PSDM with updated interval velocities obtained
through grid tomography led to excessive artificial
folding in the shallow layers. Because of this, we
decided to stop at the second iteration (Figure
16). In Figure 17, the initial depth section and
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depth section from the second iteration of PSDM
using grid tomography in interval velocity
refinement are compared. Corresponding
improvements in reflection amplitudes (indicated
by red arrows) are evident at the basement
interface in the updated depth section (Figure
17b). Furthermore, enhanced layer resolution is
observed between 1.50-2.50 km depth (Figure
17d). To optimize basement delineation and
shallow-layer imaging, we implemented horizon-
based tomography for subsequent velocity model
updates. The first input interval velocity model for
horizon-based tomography is the second iteration
of the interval velocity depth section updated by
grid tomography. PSDM was performed six times
using updated interval velocities derived from
horizon-based tomography, and in the fifth
iteration was stopped because there were no
changes in layers in the depth section from the
sixth iteration (Figure 18).

Figure 16. Comparison of images of depth
sections obtained from a) second and b) third
iteration of the PSDM using interval velocities
derived from grid tomography.

Sekil 16. Grid tomografi ile giincellenmis ara hizlar

kullanilarak a) 2. yineleme PSDM sonucu ve b) 3.

yineleme PSDM sonucu elde edilen derinlik kesitlerinin
kargilagtiriimasi.

In Figure 19, the depth sections from the second
iteration of PSDM and the fifth iteration of PSDM
using grid tomography and horizon-based
tomography, respectively, in interval velocity
refinement, are compared. In this figure, itis seen
that folding in a basement is imaged and
distinguished in the depth section from the fifth
iteration of PSDM. Additionally, when we analyze
the comparison of colored views of depth

sections, layers are better recognized at depths
between 3.75-5 km in Figure 20b.

Figure 17. Comparison of images of basement in
the depth sections obtained from a) initial PSDM
and b) second iteration of PSDM using interval
velocities derived from grid tomography.
Comparison of images of shallow layers in the
depth sections obtained from c) initial PSDM and
d)second iteration of PSDM using interval
velocities derived from grid tomography.

Sekil 17. a) llksel PSDM sonucu ve b) grid tomografi
ile gtincellenmis ara hiz modeli kullanilarak 2. yineleme
PSDM sonucu elde edilen derinlik kesitlerinde temel
kaya gérinimiiniin karsilastinimasi. c) Illksel PSDM
sonucu ve d) grid tomografi ile giincellenmis ara hiz
modeli kullanilarak 2. yineleme PSDM sonucu elde
edilen  derinlik  kesitlerinde  sig  tabakalarin
goriintimiinin karsilagtiriimasi.

Figure 18. Image of the depth sections obtained
from a) fifth and b) sixth iteration of PSDM using
interval velocities derived from horizon-based
tomography.

Sekil 18. Tabaka-tabanli tomografi ile giincellenmis
ara hizlar ile uygulanan a) 5. yineleme PSDM ve b) 6.

yineleme PSDM sonucu elde edilen derinlik kesitlerinin
karsilastirimasi.
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Figure 19. Comparison of depth sections from
the a) second iteration of PSDM and b) fifth
iteration of PSDM, utilizing interval velocities
derived from grid tomography and horizon-based
tomography, respectively.

Sekil 19. a) Grid tomografi ile glincellenmis ara hizlar
ile uygulanan 2. yineleme PSDM sonucu ve b) tabaka-
tabanli tomografi ile glincellenmis ara hizlar ile
uygulanan 5. yineleme PSDM sonucu elde edilen
derinlik kesitlerinin kargilastiriimasi.

Figure 20. Comparison of colored depth
sections from the a) second iteration of PSDM
and b) fifth iteration of PSDM, utilizing
interval velocities derived from grid tomography
and horizon-based tomography, respectively.

Sekil 20. a) Grid tomografi ile glincellenmis ara hizlar
ile uygulanan 2. yineleme PSDM sonucu ve b) tabaka-
tabanli tomografi ile giincellenmis ara hizlar ile
uygulanan 5. yineleme PSDM sonucu elde edilen
derinlik kesitlerinin renkli g6riiniimlerinin
karsilastirimasi.

Figure 21b demonstrates proper layer positioning
with complete elimination of grid-tomography-
induced folding artifacts, particularly in the upper
1 km section. In Figure 22, the initial depth section
and updated depth sections using grid
tomography and horizon-based tomography in
interval velocity refinement are compared to each

other. According to Figure 22b-c, positioning
changes are observed, especially at depths of
0.60-1.00 km. There is folding in layers in Figure
22b, and the dip of the layers increased after the
fifth iteration of PSDM shown in Figure 22c.
Furthermore, Figure 22 demonstrates that the 1.5
km horizon in the initial PSDM section appears
deeper than its position in the updated depth
sections, as indicated by the red arrows.

Figure 21. Comparison of shallow layers in the
depth sections from the a) second iteration of
PSDM and b) fifth iteration of PSDM, utilizing
interval velocities derived from grid tomography
and horizon-based tomography, respectively.

Sekil 21. a) Grid tomografi ile giincellenmis ara hizlar
ile uygulanan 2. yineleme PSDM sonucu ve b) tabaka-
tabanli tomografi ile gincellenmis ara hizlar ile
uygulanan 5. yineleme PSDM sonucu elde edilen
derinlik kesitlerinde sig tabakalarin kargilagtiriimasi.

Figure 22. Comparison of shallow-layers in the
depth sections from a) the initial PSDM, b) the
second iteration of PSDM, and c) the fifth iteration
of PSDM, utilizing interval velocities derived from
grid tomography and horizon-based tomography,
respectively.

Sekil 22. a) llksel PSDM sonucu, b) grid tomografi ile
glincellenmis ara hizlar ile uygulanan 2. yineleme
PSDM sonucu ve c) tabaka-tabanli tomografi ile
glincellenmis ara hizlar ile uygulanan 5. yineleme
PSDM sonucu elde edilen derinlik kesitlerinde sig
tabakalarin karsilastirimasi.
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The top of the basement is observed at depths of
2.00 km in Figure 23a, 1.90 km in Figure 23b, and
1.80 km in Figure 23c. As a result, to obtain a
true, realistic depth image of the subsurface,
PSDM is highly important. Because PSDM is
dependent on the velocity model, it is important to
obtain a true velocity-depth model. For this
reason, updating the interval velocity section
contributes to a better image of the subsurface. In
conclusion, horizon-based tomography proved
most effective for updating the interval velocity
model. Using these updated velocities in the
PSDM process resulted in a more accurate and
geologically realistic depth section.

Figure 23. Comparison of basement in the
depth sections from a) the initial PSDM, b) the
second iteration of PSDM, and c) the fifth
iteration of PSDM, utilizing interval velocities
derived from grid tomography and horizon-
based tomography, respectively.

Sekil 23. a) llksel PSDM sonucu, b) grid tomografi ile
glincellenmis ara hizlar ile uygulanan 2. yineleme
PSDM sonucu ve c) tabaka-tabanli tomografi ile
glincellenmis ara hizlar ile uygulanan 5. yineleme
PSDM sonucu elde edilen derinlik kesitlerinde temel
kayanin karsilagtirimasi

CONCLUSION

The iterative application of the prestack depth
migration (PSDM) combined with velocity model
refinement via grid and horizon-based
tomography demonstrates the critical role of
accurate velocity modeling in resolving complex
subsurface structures. In this study, the
superiority of PSDM over post-stack depth
migration is evident, particularly in areas with
lateral velocity variations and steeply dipping
reflectors. Post-stack depth migration, reliant on
simplified velocity assumptions, fails to account

for ray-path bending and non-hyperbolic
moveout, leading to mispositioned events and
reduced resolution (Yilmaz, 2001). By contrast,
PSDM using interval velocities derived from
iterative tomography, enables precise imaging of
geological features such as folds, faults, and
basement structures. The initial velocity model,
generated via Dix conversion of RMS velocities,
provided a starting point but inherently lacked the
resolution to capture lateral velocity gradients.
Subsequent application of grid tomography
enhanced shallow imaging through global
velocity adjustments but proved insufficient for
resolving deeper targets, particularly the
basement. This aligns with known challenges of
grid-based methods, which often oversmooth
velocity gradients and lack geological constraints
(Jones, 2010). Excessive PSDM application (>2
iterations) with grid tomography-updated interval
velocities induced artificial folding artifacts in
shallow layers, demonstrating the risks of over-
automated velocity updates. In contrast, the fifth
PSDM iteration employing horizon-based
tomography for velocity refinement became
crucial for resolving deeper structures. The fifth
PSDM iteration significantly improved imaging
quality throughout the section, enhancing both
shallow-layer resolution and basement definition
while addressing reflectivity ambiguities and
amplitude fidelity (Figures 19-21). The CDP
gathers after iterative velocity updates (Figure
14), validates the convergence of the velocity
model toward geological plausibility. Residual
moveout in initial CMP gathers indicated velocity
model inaccuracies, while progressive flattening
of gathers confirmed the reduction of travel-time
errors through successive iterations. Notably, the
final depth section revealed repositioned horizons
(e.g., basement shifted below 1.70 km; Figure
23), emphasizing the dynamic interplay between
velocity refinement and structural repositioning.
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