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Abstract

Due to the tectonic regime it has been subjected to under the
influence of Western Anatolia, the area contains numerous
sedimentary basin structures. The study area, located within
the province of Izmir, is a region where a significant number of
historical and instrumental earthquakes have occurred due to
its tectonic structure. The Bornova Plain, located east of the
inner Gulf of Izmir, is highly susceptible to earthquakes due to
dense urbanization. This was clearly observed during the
Samos earthquake on October 30, 2020. In this study, a
microgravity field survey was conducted in a larger area than
previous studies to better characterize the basin effect of the
plain and obtain a high-resolution dataset representing a wide
area. The necessary measurement point distribution was
performed with a variable sampling interval of approximately
200-1000 meters, resulting in a microgravity dataset of 458
points. By taking 1 profile section from the residual Bouguer
gravity map created for the Bornova Plain, inverse solution
modeling was performed. The density values obtained from
the inverse solution modeling were compared with the
densities calculated from seismic velocities obtained through
the spatial autocorrelation (SPAC) method conducted in the
study area. A high consistency was observed between the
density values obtained from the two different methods
compared.
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Oz

Bati Anadolu etkisinde kaldigi agilma rejimi nedeniyle bircok
sedimanter havza yapisi igerir. Calisma alanini iceren izmir ili
tektonik yapisindan dolayl tarihsel ve aletsel donemde ¢ok
sayida depremin gergeklestigi bir bdlgedir. izmir i¢ kérfezinin
dogusunda yer alan Bornova Ovasi lizerinde bulunan yogun
yapilasma nedeniyle yilksek bir deprem riskine sahiptir. Bu
durum 30 Ekim 2020’de gerceklesen Samos depremi ile acik bir
sekilde gozlenmistir. Bu c¢alisma kapsaminda gegmis
¢alismalardan daha buylk bir alanda mikrogravite saha
calismasi gergeklestirilerek ovanin havza etkisini daha iyi
niteleyebilecek, ¢ozunirligl yiiksek ve genis bir alani temsil
edecek sekilde bir veri seti elde edilmistir. Bu kapsamda gerekli
Olcim nokta dagilimi yaklasik 200-1000 m’lik degisken bir
ornekleme araligl ile yapilmig olup toplam 458 noktalik bir
mikrogravite veri seti olusturulmustur. Bu galisma kapsaminda
Bornova Ovasi igin olusturulan rezidiiel Bouguer gravite haritasi
Gzerinden 1 profil kesiti alinarak, ters ¢ézim modellemesi
gerceklestirilmistir. Gergeklestirilen ters ¢6zim modelleme
sonucu yogunluk degerleri ile galisma alaninda gergeklestirilen
derin uzaysal 6ziliski yonteminden (SPAC) elde edilen sismik
hizlardan hesaplanan yogunluklar karsilastirilmigtir.
Karsilastirilan 2 farkli yontem ile elde edilen yogunluk degerleri
arasinda yuksek bir uyum gozlenmistir.

Keywords: Bornova Havzasi; Gravite; SPAC; Yogunluk; Hiz.

1. Introduction

The Bornova Plain has been studied by various
researchers in terms of natural disasters due to its basin
structure and rapid urbanization over the past 50 years
Akgiin et al. (2013a) evaluated the data obtained from
previous studies (microgravity, borehole seismic surveys,
SPAC, etc.) for the Bornova Plain and observed that the
bedrock (Vs>760 m/s) depth is

approximately 400 meters in the coastal areas. Another

engineering

study conducted specifically for the Bornova Plain is by
Ozdag et al. (2015), where calculations of dynamic
amplification factor distribution were performed using

the microtremor method. The results of this study
indicate that the dominant vibration period of the
ground in the coastal areas of the Bornova Plain ranges
up to 5 seconds, and the dynamic ground amplification
factor can reach up to 3.5 times. It was concluded that
the seismic bedrock (Vs>3000 m/s) interface is located at
an average depth of 1500 meters. Following these
studies, Pamuk et al. (2017 and 2018) conducted studies
in the plain, where a selected area of 6x10 km was
modeled in 2D using microgravity and SPAC methods on
7 profiles with a strike direction. By interpolating these
profiles, a 3D model was created, revealing the overall
basin structure of the Bornova Plain. The common point
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of all these studies is that the deep alluvial deposits in
the Bornova Plain, under the influence of dynamic forces
(earthquakes), can negatively affect urbanization due to
changes in the amplitude and frequency content of the
resulting earthquake. The deep soil boreholes conducted
in the Bornova Plain after the studies by Pamuk et al.
(2017 and 2018) highlighted the need for updating the
models obtained from these studies. In this study, a
high-resolution microgravity dataset was obtained for
the Bornova Plain, and a modeling study was conducted
by applying inverse solution modeling on a profile
section obtained from the Bouguer anomaly map
resulting from corrections applied to this dataset. The
density values obtained from the model were compared
with the density values calculated from the spatial
autocorrelation (SPAC) method based on S-wave velocity
models given in Ozdag's study (2022).

2. Study Area

The Bornova Plain is a basin located within an area
bounded by the Yamanlar Elevation to the north, the Nif
Elevation to the south, Kemalpasa to the east, and the
Gulf of Izmir to the west.

The Bornova Complex Unit constitutes the bedrock of
the Bornova Plain. Due to intense deformation resulting
from tectonic activities, a high degree of structural
change has been observed compared to earlier times
(Erdogan, 1990). The streams flowing from the northern
and southern elevations of Bornova deposit their coarse
load as alluvial fans in the foothills and spread the low-
energy fine sediment load over the plain (Kayan, 2000).
Additionally, Holocene coastal developments, similar to
those observed along the entire Western Anatolian
coast, have been observed in the coastal areas of
Bornova. Therefore, a coastal strip has formed as an
extension of the plain located behind the delta on the
Bornova coast (Kayan, 2000). In particular, data from
deep drilling conducted by the State Hydraulic Works
(DSI) in the Bornova Basin provide evidence of the
presence of likely Plio-Pleistocene sediments beneath
the Holocene fill, with a total thickness of these deposits
2014).
Additionally, the basin is bounded by the Karsiyaka Fault

reported to exceed 200 meters (Karadas,

Zone to the north and the lzmir Fault Zone to the south.

2. Materials and Methods

Gravity method is considered a useful geophysical
method in terms of cost and practicality. This method is
based on the principle that the density of rocks that

make up the Earth's crust decreases or increases at any

point, known as the natural source potential field
method. Microgravity refers to anomaly measurements
in gravity surveys that are smaller than 0.1 mGal. The
development of this method initially involved
calculations for the average density and mass of the
Earth. The foundation of the gravity method is based on
density differences between rocks with generally low
and uniform density variations, resulting in small and
smooth gravity anomalies. The small scale of these
variations  necessitates  highly  sensitive  gravity
measurements. Due to the heterogeneous structure of
the Earth, the gravity acceleration is not constant over
the entire surface of the Earth. The magnitude of gravity
acceleration is primarily influenced by five factors:
latitude, elevation, topography, Earth's oscillations, and
density variations in the subsurface. Therefore, various
corrections need to be applied to gravity measurements
to remove unwanted components. Common corrections
applied to gravity data obtained on land include drift
correction, correction, and

topographic Bouguer

correction.

Figure 1. Geological map of study area (Modified from Uzel et
al. (2012))

3. Results

In previous studies for the Bornova Basin, microgravity
field surveys were conducted within an approximate
area of 60 km? with a measurement interval of 1 km
(Pamuk et al., 2017 and 2018). In this study, in addition
to the existing measurements, an additional area of
approximately 21 km? was surveyed, resulting in a total
of 458 points with a sampling interval of 200-1000 m to
better characterize the basin's influence on the plain.
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The field surveys were conducted using a Scintrex CG-5
Autograv gravimeter with 3 repetitions
measurement duration of 60 seconds.

and a
Corrections
including drift correction, topographic correction, and
Bouguer correction were applied to the obtained dataset
using a 1st-degree polynomial equation. For topographic
data, SRTM data with a sampling interval of 30 m was
used (Figure 2).

Figure 2. Study Area SRTM Topographic Map with Microgravity
Measurement Points.

9B =
gobs + dgL + 0.3086 Ah — (0.04191p)Ah + dgT
(1)

dglL: Latitude correction

dgT: Topography correction
0.3086 Ah: Free-air correction
(0.04191p )Ah: Bouguer correction

After obtaining the complete Bouguer data (Figure 3),
regional residual separation processes were performed
using WingLink software.
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Figure 3. Study Area Complete Bouguer Map

After applying a 4th-degree polynomial trend to the
complete Bouguer data, the residual Bouguer anomaly
map was obtained (Figure 4).

Modeling stages were performed using the Grablox
V1.6b software provided in the study by Pirttijavi (2008).
The software is capable of calculating the synthetic
gravity anomaly of a three-dimensional block model
(direct solution) as well as calculating the 3D density
model of a known area from gravity anomaly data
(inverse solution). As shown in Figure 5, the software
divides a 3D volume into blocks and performs
calculations,

increased

allowing for resolution by

determining the block sizes.
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Figure 4. Study Area Residual Bouguer Anomaly Map
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Figure 5. 3D Block Study

software can be
summarized as follows: In the first stage of the inverse
solution, gravity anomaly values for a known field are
defined in the program. Then, the expected density
values within a certain range are defined to create a
limited initial model. Subsequently, the solution is
obtained using Singular Value Decomposition (adaptive
damping) (Van Loan 1976, Stewart 1993, Baker 2005)
and Occam's Principles (minimizing model roughness

The working principle of the
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and inconsistency) (Constable et al. 1987, Chen et al.
2017).

After deciding to use the Grablox software for modeling,
it was decided to evaluate the success of the inverse
solution by calculating the gravity anomaly of a simple
cube model with specific dimensions and density (direct
solution) using the program. For this purpose, a
rectangular prism with dimensions of approximately
10x10 km in the x-y plane and extending from 1 km
depth to 5 km depth with a density of 3 g/cm3 (Figure 6)
was subjected to the direct solution process using the
Potensoft software (Arisoy and Dikmen 2011), and the
gravity anomaly map of the corresponding structure was
calculated (Figure 7) within a 50x50 km area.

455 460

Figure 7. Gravity anomaly map generated using the Potensoft
program for the structure in the form of a rectangular prism.

After performing the straight inversion modeling as
shown in Figures 6 and 7, various inverse solution
processes were applied using the GRABLOX 1.6b
program to investigate its solution capacity (Figure 8).
This allowed the reliability of the software to be
assessed for modeling real field data. Despite some
scatter due to the sharpness of the modeled structure
on both sides of the structure, it was observed that the
software successfully determined the density and
geometric shape of the modeled prism with high
accuracy.

2/ Depth

Figure 8. Cross-section of the 3D model created through
inverse solution processes in GRABLOX 1.6b program.

During the data modeling stage, the residual Bouguer
gravity map provided in Figure 4 was inputted into the
software to obtain a high-resolution model. Calculations
were performed with a cell size of 200x200 m. Previous
studies (Pamuk et al., 2018; Ozdag, 2022) in the study
area were taken into account, and density values ranging
from 1.6 to 3 g/cm? were defined as input parameters.
The resulting data were visualized by gridding the
calculated values using Surfer software, and a 2D
subsurface density model for the A-A' profile was
obtained, as shown in Figure 9.

Depth (m)

0 2 4

6
Distance (km)

Figure 9. 2D subsurface density model for the A-A' profile.

The density values obtained from the empirical
relationship (Equation 2) (Kegeli 2009) using the S-wave
velocities derived from the spatial correlation method
data (Figure 1 and 2) in Ozdag's study (2022) were
utilized for density comparison. The density values
obtained through this approach are presented in Figure
11, 12, 13, and 14.

p = 0,44 x Vs(0,25) (2)
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Figure 10. Depth Variation of S-Wave Velocity for SPAC 1 and
SPAC 2 Points from Ozdag's study (2022)

The correlation coefficient is a statistical measure that
quantifies the degree of relationship between two
variables. This measure indicates a linear relationship
between the variables and determines how much they
vary together. The correlation coefficient takes a value
between -1 and 1. A value of -1 indicates a perfect
negative correlation, while 1 indicates a perfect positive
correlation. A value of 0 indicates no relationship
between the two variables. The correlation coefficient is
an important tool for data analysis and understanding,
and as a result, it is widely used by researchers and
decision-makers (Asuero et al.,, 2006; Taylor, 1990;
Ratner, 2009; Mukaka, 2012).
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Figure 11. The calculated density values for SPAC 1 point.

y =-1E-06x* + 0,0023x + 1,639
R?=0,8987

Density (g/cm?)

0 200 400 600 800 1000 1200 1400

Depth (m)

Figure 12. The density values along the A-A' profile for the
SPAC 1 point.

From this perspective, density values were calculated
based on the S-wave velocities obtained from SPAC
measurements at two points up to an average depth of
300 meters. The density values were calculated using
two empirical equations derived from the correlations
between S-wave velocities and depth, as described in
Figures 11 and 13. Additionally, cross-sections were
taken from the 2D density model obtained through the
inverse modeling techniques shown in Figure 9, and
density values were similarly calculated as a function of
depth, as depicted in Figures 12 and 14.

The main objective here is to make a comparative
interpretation using microgravity density models that
provide 2D and deeper information (depending on the
length of the profile) in relation to the 1D and limited
density models derived from SPAC measurements, and
to examine the reliability of the results between the two
methods as a function of depth, considering the

correlation coefficients.

In the first step, the relationship between the calculated
density values from SPAC 1 and SPAC 2 data for the
depth range of 200-300 meters is presented in Figures
11 and 13. In the second step, the relationship between
the density values obtained from microgravity
measurements up to an average depth of 1400 meters at
the points corresponding to the A-A' profile is calculated,

as shown in Figures 12 and 14.

The calculations were performed using a second-degree
polynomial function, which was found to be the most
suitable trend function for the field data. The correlation
coefficients were determined as 0.7267, 0.8987, 0.9574,
and 0.8792, respectively.

y =-4E-05x2 +0,0145x +1,1158
R*=0,9574

Density (g/cm?)

0 50 100 150 200 250
Depth (m)

Figure 13. The calculated density values for SPAC 2 point.
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Figure 14. The density values along the A-A' profile for the
SPAC 2 point.

4. Discussions and Conclusions

In the study area located around the izmir Bay, where in-
situ geophysical methods were applied, the previous
studies conducted using P and S wave velocities and
density parameters (Akgiin et al., 2013a; Akgin et al.,
2013b; Ozdag et al., 2015; Pamuk et al., 2017; Pamuk et
al., 2018; Ozdag et al., 2020; Ozdag and Géneng, 2020)
provide information about the subsurface layers. The
expected thickness of the soil layers in the Bornova Plain
is estimated to be around 300-350 m. In this study, the
Modified Spatial (MSPAC)
applied by Ozdag in 2022 was used to obtain the S-wave

Autocorrelation Method

velocities. Density values were calculated using the
obtained S-wave velocities and depth information, and
trend functions were calculated for each point by
comparing them with the density model obtained from
the inverse solution of the Bouguer gravity anomaly
data. For the reliability test of the inverse solution
algorithm, the anomaly created by a prism structure was
calculated using flat solution methods and compared
with the results obtained from the inverse solution
algorithm. The comparison showed that the density and
geometric parameters were successfully determined by
the inverse solution algorithm. In the next step, regional
residual separation was performed on the field data, and
the residual Bouguer gravity anomaly was subjected to
inverse solution. The density values calculated in the
range of 1.65-2.85 g/cm3 were found to be consistent
with the previous studies conducted in the study area.
Based on the inverse solution results, density
distribution along the A-A' profile was calculated, and
SPAC

measurements given in Ozdag (2022) study were

the density values obtained from the

statistically analyzed. The calculated correlation
coefficients indicate a compatibility of approximately
72% to 95% between the SPAC and microgravity density
models in the study area. This approach demonstrates

the usefulness of both methods in depth-controlled

analysis and provides insights into the estimation of
deeper parameters. In light of these results, it is
recommended to further investigate the mutual data
through detailed

studies in terms of data reliability. Also, The Bouguer

validation statistical comparison
correction process is more effective when obtaining
Bouguer gravity anomalies, using the value of the crust
density at the most suitable atmosphere-crust interface
representing the region. Using the elevation values of
the study area, reducing the topographic effects on Free
Air Gravity anomaly data for various crustal density
values can be achieved. Obtaining simple Bouguer
Gravity anomalies for each applied density value and
calculating their fractal dimensions will allow the
calculation of higher resolution anomaly maps and,
consequently, models (Erbek et al., 2020). When the
results of the A-A' profile are examined, the observed
concave base topography geometry is capable of
focusing seismic waves on the surface. However, the
SPAC study results do not present a homogeneous
structure with depth for the S-wave velocities.
Considering all these data and the damage caused by the
2020 Samos Earthquake (Cetin et al., 2022; Nuhoglu et
al., 2021), it is necessary to model the Bornova Plain in
3D at high

simulations based on this modeling.

resolutions and perform basin effect
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