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In the actively deforming region of western Anatolia, crustal deformation
is accommodated by destructive earthquakes and a variety of aseismic events.
In this study, we investigated the 2016-2017 aseismic sequence located in the
Bolvadin Fault, one of the segments of the Aksehir-Simav Fault System of west-
ern Anatolia by analysing surface deformation derived from detailed geological
mapping. Our findings suggest that surface deformation in the Bolvadin Fault
is accommodated by aseismic episodes. During the field studies in the Bolvadin
area, progressive surface deformations, such as surface faults and earth fissures
with a length of 800 meters to 3 kilometres and strike of N15°E to N70°E were
mapped on a 1/5000 scale. Furthermore, a levelling network was established to
calculate the vertical displacements and deformation rate along the surface de-
formations. Precision level measurements were undertaken in 2016 and 2017.
On the routes to the NW of the Bolvadin settlement, a vertical deformation rate
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of 30 mm/yr was detected in the period of 2016-2017, and a large deformation
rate of 40 mm/yr was detected in the same period.

Keywords: Aksehir-Simav fault system, surface deformation, digital levelling,
Bolvadin fault, Western Anatolia

1. Introduction

The Aksehir-Simav Fault System (ASFS), one of the major seismogenic
sources of western Anatolia, contains a number of discrete active normal fault
zones trending NW-SE (Kocyigit, 1984; Kogyigit, et al. 2000; Ozkaymak et al.,
2017). These fault zones have caused the formation of grabens, such as the NW-
SE-trending Afyon-Aksehir Graben (AAG) representing the southeast part of
ASFS. In recent years, surface deformations formed without earthquake failures
have been observed along the active margin faults of Quaternary grabens in the
West Anatolian Extensional Province (WAEP) (Fig. 1). These surface deforma-
tions typically develop on active faults bordering the edge of huge grabens, as
well as in lacustrine and fluviolacustrine unconsolidated graben-fills in WAEP
(Girsoy et al., 1997; Demirtas et al., 2008; Koca et al., 2011; Ozkaymak et al.,
2017). Furthermore, they have damaged many urban areas and caused consider-
able economic losses in WEAP for the last two decades. One of the prominent
examples of such deformations is observed in the Bolvadin urban area located
on the Bolvadin Fault (BF), middle part of AAG (Fig. 1Db).

Geodetic measurement methods are used to determine the amount of defor-
mation caused by aseismic surface movements (D’Anastasio et al. 2006; Murase
et al., 2013; Sabuncu and Ozener, 2014; Kall et al., 2014; Hao et al., 2014; Amigh-
pey and Arabi, 2016; Qin et al., 2017). These methods include precise level mea-
surements, Global Navigation Satellite System (GNSS), and Synthetic Aperture
Radar (SAR). Interferometric Synthetic Aperture Radar (InSAR), precise level-
ling, and permanent GNSS provide estimates of vertical velocities with high
formal precision. However, it is well known that such error estimates tend to be
too optimistic, and the assessment of accuracy is very difficult. GNSS measure-
ments can determine three-dimensional crustal deformation, but the accuracy
of vertical positioning is much lower than that of horizontal components due to
the effect of atmospheric refraction and uncertainties in the antenna phase cen-
tre of GNSS satellites and receivers. To date, most studies investigating deforma-
tions based on GNSS measurements have utilized data from the crustal move-
ment observation networks. However, precise levelling is still a major technique
for obtaining crustal vertical deformation since it provides important data sets
for earthquake science research.

In this study, linear aseismic surface deformations observed in the Bolvadin
settlement area (Afyon-Aksehir Graben, Afyon) were mapped at a scale of 1/5,000.
In the following sections, the results of precise levelling measurements on the
sensitive geodetic network in the period of 2016-2017 are presented and discussed.
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2. Geological background and surface deformations in Bolvadin

AAG is an approximately 130-km long, 4- to 20-km wide, NW-SE-trending,
actively growing continental rift zone, which represents the border of central
Anatolia to the north and the Isparta angle to the south (Blumenthal, 1963;
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Figure 1. (@) Tectonic outline of the eastern Mediterranean area (compiled from Kaymakei 2006
and Ozkaymak 2015). Abbreviations: ASFS, Aksehir-Simav Fault System; DSFZ, Dead Sea Fault
Zone; EAFZ, East Anatolian Fault Zone; NAFZ, North Anatolian Fault Zone; NEAFZ, Northeast
Anatolian Fault Zone. (b) The geology map of AAG and its immediate vicinity (compiled from Turan
2002, Emre et al. 2011; Tiryakioglu et al. 2015; Ozkaymak et al. 2017) Abbreviations: CFZ: Cobanlar
Fault Zone; IsFZ: Isiklar Fault Zone; BF: Bolvadin Fault; BKF: Biiyiik Karabag Fault; CuF; Cukurcak
Fault; YF: Yarikkaya Fault; KuF: Kumdanh Fault; GF: Gelendost Fault; KoF: Kocbeyli Fault; ArF:
Arizlh Fault; UF: Uluborlu Fault; TF: Tatarh Fault.
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Kogyigit, 1984; Kogyigit et al., 2000; Kocyigit and Ozacar, 2003). Graben faults
typically juxtapose the basement rocks consisting of continental clastic and vol-
canic rocks from the Neogene period and Pre-Neogene metamorphic rocks and
Plio-Quaternary modern basin-fill with unconsolidated alluvial/fluvial and col-
luvial deposits. The south eastern border of the middle part of AAG is controlled
by the Sultandag: Fault, which is a 90-km long active dip-slip normal fault re-
sponsible for the 2002 Cay earthquakes (Mw: 6.3 and 6.0). The northern border
faults of the middle part of AAG are en échelon NE-SW-trending dip-slip normal
faults, namely BF, Biiyuk Karabag Fault (BKF) and Cukurcak Fault (CF). BF

Figure 2. Surface deformations observed in an urbanized area in Bolvadin: (a—b) Ak¢an park and
nearby roads, (c) around Bolvadin Abdilvahab Gazi Tomb, (d) Bolvadin graveyard, (e-f) city centre.
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is a 15-km long, 1-2 km wide dip-slip active normal fault. The northeast part of
the fault has cut and deformed the pre-Neogene metamorphic rocks and caused
a remarkable and linear mountain front while the middle part has many paral-
lel/subparallel fault splays creating step-like morphology. The southwestern part
of BF continues to exhibit alluvial deposits of modern graben-fill, where the
urban area of Bolvadin city is located. In this part, surface deformations have
developed over the last decade on BF. The field studies indicate that along the
NE-SW-striking progressive surface deformations with a length varying between
800 meters and three kilometres, there are vertical displacements of 10 to 50 cm.
Some of the buildings in the linear deformation zone, such as houses, schools,
and medical centres have deformed critically, and most have been evacuated. In
addition, these deformations have also damaged the underground water, gas and
the sewage network in the urban areas of Bolvadin (Fig. 2).

According to previous studies on similar deformations around the word, two
types of ground failure are defined; “surface faults” and “earth fissures” (Holzer,
1980, 1984; Pewe, 1990; Holzer and Galloway, 2005; Pacheco-Martinez et al.,
2013; Hernandez-Madrigal et al., 2014). Surface faults are shear failures that
occur along pre-existing faults, and earth fissures are tensile failures that are
mostly observed parallel to the stream. Land subsidence mostly develops along
surface faults for up to 3—4 km but it is uncommon for earth fissures that are
relatively shallower and shorter. In addition, tectonic creep may also have an
effect on land subsidence mostly caused by withdrawal of underground fluids
along surface faults in tectonically active regions; however, there is no tectonic
creep along earth fissures. The field observations and mapping studies reveal
that surface deformations that occur without earthquake failures in the Bolvadin
urban area are mostly surface faults and only rarely earth fissures.

The origin and formation mechanism of surface deformations detected in
western Anatolia is under debate. Demirtas et al. (2008), Koca et al. (2011) and
Ozkaymak et al. (2017) state that the groundwater withdrawal from un-
consolidated sediments due to the effect of groundwater pumping by human ac-
tivities and natural drought is an important factor in aseismic surface failure.
Additionaly, same studies suggest that besides the withdrawal of underground
fluids and consolidation of sediments, tectonic creep and micro-seismic activities
also lead to surface deformation on the active faults in western Anatolia.

3. Geodetic network and the results of precise levelling surveys

In recent years, surface deformations parallel or semi-parallel to BF have
occurred in the Bolvadin settlement located mostly on alluvium ground (Fig. 2).
In order to determine the amount of vertical surface deformations, a precise
levelling network was established in the region designed as cross-sectional pro-
files of surface deformations. Two levelling benchmarks, known as ‘blue’ and
‘ereen’ benchmarks, were installed on each concrete electrical pole perpendicular
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Figure 3. Blue and green benchmarks on the electrical pole.

to each other to determine the deformation of the pole (Fig. 3). The most favor-
able feature of these installations is that they can be easily removed at the end
of the measurement, and then re-installed when necessary. This prevents the
destruction of benchmark monuments.

The network consists of 79 benchmarks and 85 height differences (Fig. 4).
The surveys of the precise levelling network were conducted in the August of
2016 and 2017. In all routes, the precise levelling surveys were conducted for-
ward and backward using a digital precise level of Topcon DL-101C with cali-
brated and barcoded Invar rods. The manufacturer specified the precision of the
instrument as + 0.4 mm for a 1-km long, double levelling run with a coded Top-
con invar staff (Rueger, 2000). The blue and green benchmarks on the electrical
poles were surveyed using two different, independent digital precise levels. In
order to achieve high accuracy in precise levelling, the following facts were tak-
en into consideration during surveys.

The Backsight-Foresight-Foresight-Backsight (BFFB) method was used as
one of the precision levelling measurement methods. The invar rods were read
three times using digital levels, and this process was repeated when the differ-
ence between the readings was more than 0.4 mm. The averages of the readings
within the specified limits were taken as the final measurements. For the mea-
surement of connections, rod corrections with a metal base were used. The dis-
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Figure 4. The benchmarks and loop closures in the precise levelling network.

tances between the invar staff and the digital level were almost equal (maximum
30 m). The errors caused by the curvature of Earth’s gravity, refraction effect,
collimation, etc. were eliminated using an equal distance between the invar staff
and the digital level. During the measurements, the digital levels were placed
at least 70 cm from the ground (thus, the benchmarks on the poles were 40-50
cm above ground).

The differences between the round-trip measurements on all routes did not
exceed the error limit calculated by the 4V(S_km ) formula specified in the Ger-
man standard (DIN-18710). S_km represents the length of section in km. In
order to analyse the systematic errors in the levelling surveys, a rejection crite-
ria for the loop closure (w) was selected as < 0.01 m/Ykm similar to Roelse et al.
(1975). The associated values are estimated as the amount of loop closure, di-
vided by the square root of the length of the corresponding loop (SL). The esti-
mated values are given in red colour on the right panel of Fig. 4. They are not
exceeded the rejection criteria and give a general idea of the amount of influ-
ences by the systematic errors amongst levelling surveys given to loops.
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Figure 5. Histogram of differences of annual relative changes between the blue and green bench-
marks.

4. Levelling survey errors and adjustment

The height differences between the blue and green benchmarks were calcu-
lated separately for each year. Then, the annual deformation results of the blue
and green routes were obtained. The analysis revealed that the height differ-
ences between the blue and green routes ranged from —2 mm to +2 mm (Fig. 5),
indicating that the electrical poles were not bent during this period. Therefore,
for ease of calculation, it was decided to perform adjustments according to the
blue route measurements.

The average of the height differences obtained by round-trip precise levelling
in blue benchmarks were calculated and used in the adjustment stage. The
benchmarks shown in Fig. 4 were determined as the main precise levelling
benchmarks in the network. In order to perform a network adjustment using
Least Square Estimation (LSE), deformation analysis and to check loop misclo-
sures, height differences between benchmarks 1-2, 2-6, 6-8, 8-10, 10-12, 12—14,
1-4, 4-5, 5-7, 7-9, 9-11, 11-13, and 13—-15 were also measured. Thus, total 85
height differences between benchmarks were used as observation in the least
square adjustment. Therefore, the redundancy (degree of freedom) of the network
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1s 7 as the number of unknown are 79 and 78 for free and minimum-constrained
network adjustment, respectively.

The network was initially free-adjusted, and a conventional test was per-
formed for outlier detection. The conventional outlier detection was undertaken
using Pope’s Tau test. The result of the test revealed no outliers. The posteriori
standard deviations of first (2016) and second (2017) epoch after implementing
free network adjustment were estimated as 3.0 mm/km and 2.1 mm/km, respec-
tively.

A typical conventional deformation analysis (CDA) method compares height
differences in a levelling network between two different observation epochs. If
the expected movements are rejected by statistical tests, these differences are
interpreted as “subsidence” or “uplift’. The levelling network is adjusted as a
free network for each epoch.

The Gauss-Markov model is given below.

l1 + U1 =A1x1 Cllll = O'gf)l_l
_ 1)
l2 + Uy :A2x2 Cl212 = G§P2 1
and
— T T
xm=(ATPA)+ ATP,

)
x=(ALR,A,)+ ATR,1,

where sub-indices 1 and 2 refer to the first and second epochs, respectively, A is
the design matrix, x is the vector of estimated height, P is the weight matrix, [
is the observation vector, and v is the residual vector. In the application of CDA,
a global congruency test is conducted to determine whether there are any sig-
nificant movements in the network points between the two epochs. If the heights
of the corresponding points differ between two the epochs in line with expecta-
tions, they form a null hypothesis.

In this study, all points were expected to have a zero movement; therefore,
the null hypothesis was as follows:

HO: E(x)) = E(x,) 3
and was tested against its alternative;
HO: E(x,) # E(x,) 4

where E stands for the expected result.

The measurements from each epoch are adjusted separately by a free adjust-
ment method where the height of all points of the network are considered to be
unknown. Then, the effect of the null hypothesis on least square estimation, in
the absence of a correlation between the epochs, produces the following result
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under the assumption of normally distributed observation errors (Pelzer, 1971;
Pelzer, 1985; Niemeier, 1985; Koch, 1985; Cooper, 1987):

R=d"Q;,d ®)
d=1x,—x; (6)
Qui = Qryr; + Qusy (7)
o = vl P, +vl Py, ®
h+h
T = hi;g ~Fy 14 9
In the equations given above, @, and @, are cofactor matrices, f=f; + f,

refers to the sum of the degrees of freedom at either epoch, d is the difference
vector of the estimated coordinates, @, is the cofactor matrix of d and @, + is
its pseudo inverse, A is the rank of the matrix @dd, and a is the chosen error
probability. Here, sZ denotes the estimated variance component in the absence
of the null hypothesis. If 7> F, ; ,, then the null hypothesis is rejected.

The global congruence test indicated that there were deformations in the
network. Then, the localisation steps were performed by the S-transformation
method introduced by Baarda (1973), and the benchmarks with a significant
movement were identified. According to the results of localisation, the vertical
changes on all benchmarks except 1, 2, 101, 102, 103, 104, 201, 202, 203, 401,
and 402 were found to be significant at the 95% confidence level. In the following
stage, the measurements from the years of 2016 and 2017 were adjusted uncon-
ditionally by the least squares method based on benchmark 1 in order to deter-
mine the absolute deformations in the network.

Route lengths were used to generate the stochastic model of adjustment, and
the measurement weights were determined according to the 1/Skm formula,
where Skm represents the length of section in km.

The amount of change at a benchmark (Ah) was calculated using the ad-
justed height, (hyy;7) for 2017 and (hyg¢) for 2016, based on the following for-
mula:

Ah = h2017 - h2016 (10)

The error of the calculated change was calculated using the errors in the
height of benchmarks m(h2017), m(h2016) by applying the error propagation
rule based on the following formula:

_ 2 2
mAh - mh2017 + mh‘2016 (11)
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Table 1. Absolute deformation on the benchmarks.

Estimated Estimated

. Standard . Standard
Points . vertical deviation Points . vertical deviation
displacement displacement
(mm) (mm) (mm) (mm)
2 1.9 1.9 407 —-35.1 2.7
3 -28.5 2.0 408 -40.0 2.7
4 —40.3 2.6 409 —-38.1 2.8
5 -36.3 2.8 410 -34.5 2.8
6 -9.4 2.9 411 —-27.6 2.8
7 —41.5 3.3 412 -29.9 2.8
8 -26.0 3.7 413 -37.2 2.8
9 —42.1 3.7 414 —-38.4 2.8
10 —29.1 4.1 501 -10.0 3.0
11 —47.1 4.1 502 -11.9 3.1
12 -53.6 4.7 503 -22.8 3.2
13 —49.2 4.7 504 -23.9 3.2
14 —61.2 4.8 505 -26.0 3.3
15 —58.2 4.9 506 -33.9 3.3
101 -1.0 0.9 507 -33.6 3.4
102 -0.5 1.2 508 -33.6 3.4
103 2.5 1.4 509 -34.4 3.4
104 3.9 1.6 510 -33.4 3.4
105 -11.2 1.8 511 —-34.1 3.4
106 -19.6 1.9 512 —-36.5 3.4
107 -21.8 1.9 513 -34.5 3.4
201 2.5 2.0 514 —-39.7 3.4
202 -3.4 2.1 515 —41.7 3.3
203 -5.1 2.1 601 —21.2 3.7
204 -12.5 2.2 602 -17.9 3.8
205 -11.2 2.1 603 -34.0 3.8
206 -17.9 2.1 604 —-28.1 3.8
207 -26.5 2.1 605 -36.9 3.8
301 =27.7 2.1 701 —-26.5 4.1
302 -29.1 2.3 702 -49.5 4.1
303 —-26.0 2.4 703 —-40.3 4.1
304 -23.6 2.5 801 -50.1 4.7
305 -33.9 2.6 802 —43.8 4.7
401 2.2 2.1 803 —62.5 4.7
402 2.8 2.3 804 —55.8 4.7
403 -8.3 2.4 901 -57.9 4.9
404 -10.4 2.5 902 —58.8 4.9
405 -27.5 2.6 903 -63.2 4.9
406 -33.0 2.6 904 —56.2 4.9

Note: Statistically significant displacements are given in bold (95 % confidence level).
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5. Results and discussions

Table 1 shows the estimated amounts of absolute deformation and standard
deviation. Most of the benchmark movements in 2016 and 2017 were statisti-
cally significant at the 95% confidence level.

Eight profiles across the surface deformation lines were plotted to provide a
better understanding of the deformation behaviour of the region (Tab. 2). Not
only absolute deformation based on benchmark 1 but also relative deformation
along each profile were clearly visible (Fig. 6 (bottom)). The amount of vertical
displacement along the surface deformations gradually increased from profile 1

to profile 8. The total vertical displacement was measured as 63 mm between
the profiles from 2016 and 2017.

Table 2. Profile details.

Profile Benchmarks (from the first benchmark to the last benchmark)
Profilel  1-101-102-103-104-105-106-107-3
Profile2  2-201-202-203-204—205-206-207—3-301-302—303—-304—305—4
Profile 3 2-401-402-403-404-405-406-407-408-409-410-411-412-413-414-5
Profiled  6-501-502-503-504—505-506-507—508-509-510-511-512-513-514-515-7
Profile5  8-601-602-603-604-605-9
Profile 6 10-701-702-703-11
Profile 7 12-801-802-803—-804—-13
Profile§  14-901-902-903-904-15
102 Profile 1 Profile 2 Profile 3 Profile 4 Profile 5 Profile § Profile 7 Profile 8
100 :qxl 3 ] - ! !
=_. 98
oe
7 o \ﬂ‘ k
94 : 1 t 1 P :
20 — ]
b 0 : )
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Figure 6. Benchmarks’ height (top) and deformation (bottom) along Profiles 1 to 8.
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To further evaluate the deformation behaviour of the region, Profiles 2 to 4
crossing both surface deformation lines were plotted. As shown in Fig. 7, there
was significant land subsidence along Profile 2. The amount of vertical displace-
ment gradually increased from the beginning to the end of Profile 2. A maximum
vertical displacement observed during the period of 2016-2017 was about
—40 mm (Fig. 7a). The geological cross-section of Profile 2 indicated that four
surface fault splays cut and deformed the Holocene age continental clastics con-
sisting of muddy-sandy gravels (Fig. 7b). These parallel/sub-parallel surface
deformations formed the step-like geometry down-dipping towards the southeast.
Surface deformations on the southwestern continu-ation of the master BF were
represented by two rear primary splays (rsl and rs2, Fig. 7). The vertical dis-
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Figure 7. Precision levelling measurements and geologic cross-section showing the surface faults
and vertical displacement along Profile 2.
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placement along these two surface faults was measured as 12 mm. Furthermore,
the surface deformation on the front primary splay (fs, Fig. 7) was also seen in
the geological cross section. The vertical displacement on this front splay was
approximately 12 mm. Although a middle splay (ms, Fig. 7) responsible for about
16 mm vertical displacement was expected, there was no evidence of deformation
on the surface between rs and fs.

The deformation amount for Profile 3 gradually increased from benchmark
402 to benchmark 408. Similar to Profile 2, the maximum land subsidence ob-
served during the period of 2016-2017 was about —40 mm. According to the
geological cross section, both rear two splays and the front splay were seen in
Profile 3, with a displacement of 30 and 10 mm, respectively (Fig. 8a). On the
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Figure 8. Precision levelling measurements and geologic cross-section showing the surface faults
and vertical displacement along Profile 3.
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other hand, there was no clear evidence of a middle section (ms) in the geologic
cross-section or the field.

In order to provide a clearer picture of the nature of spatial variation of land
subsidence in the region, all benchmarks were mapped based on the estimated
deformation given in Tab. 1. These maps were overlaid on satellite images. Fi-
nally, the surface deformation lines observed in the field were drawn on the map
as presented in Fig. 9. As can be seen from the Fig. 9, amount of deformations
from northeast to southwest direction are gradually increased. With respect to
deformation analysis, amount of deformations from northeast to southwest di-
rection are significant deformation is about —10 mm in the north-east of the study
region while this amount reached about —63 mm in the south-west of the study
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Figure 9. Precision levelling measurements and geologic cross-section showing the surface faults
and vertical displacement along Profile 4.
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Figure 10. The deformation map (mm). The thick red lines show visible surface deformations and
red circles indicate the estimated deformation of benchmarks.

region. In addition, It is also clear from both previous figures, which are related
to profiles, and Fig. 10 that deformation amount is also increasing from the
northwest to the southeast especially for Profiles 1 to 6, whose directions are
generally along from the northwest to the southeast.

6. Conclusions

In this research, the ground surface deformations in Bolvadin, Turkey were
investigated. In the study area, a nonlinear behaviour of surface deformation
was detected from the benchmarks. The levelling surveys showed that the land
subsidence in the region was not homogeneous, exhibiting variations. This vari-
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ability may be due to a number of causal mechanisms, including excessive
groundwater extraction, sediment compaction, and tectonic activities. Our data
set did not allow us to identify which of these causal mechanisms were the most
important or to determine their spatial relationship across the basin.

A fundamental limitation of levelling methods is that the measurements are
limited to specific points with no spatial continuity. More data and further in-
vestigation are required to offer an understanding of the complete relationship
between land subsidence and its causes; e.g. natural consolidation of alluvial soil
and tectonic movements in the region. To overcome this limitation, the InSAR
technique can be utilized in future studies. InSAR provides a complete spatial
coverage, but it is a relative technique and should be combined with GNSS data
to transform it into an absolute method (Abidin et al., 2008). In order to achieve
an even better understanding and modelling of land subsidence in the region,
the variations derived from levelling surveys should be integrated with land
subsidence information obtained from GNSS and InSAR, as well as information
from geohydrological and geotechnical measurements.
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SAZETAK

Aktivna deformacija Zemljine povrsSine utvrdena
preciznim nivelmanskim premjerom u Afyon-Aksehir grabenu
u Zapadnoj Anadoliji u Turskoj

Ibrahim Tiryakioglu, Cemal Ozer Yigit, Caglar Ozkaymak,
Tamer Baybura, Mustafa Yilmaz, Mehmet Ali Ugur, Mustafa Yalcin,
Fatih Poyraz, Hasan Sozbilir i Vahap Engin Gulal

Aktivna deformacija Zemljine kore se u regiji Zapadne Anadolije kompenzira ra-
zornim potresima 1 drugim seizmickim dogadajima. U ovom smo radu na temelju de-
taljnog geoloskog kartiranja analizirali deformaciju povrsine kako bismo proucili niz
aseizmickih dogadaja u razdoblju 2016.—2017. na lokaciji rasjeda Bolvadin, jednoga od
segmenata rasjednoga sustava Aksehir-Simav u Zapadnoj Anadoliji. Nasi rezultati uka-
zuju na to da se povrsinska deformacije kompenzira tijekom aseizmickih epizoda. Tijekom
terenskih istrazivanja u podruc¢ju Bolvadin, progresivne su povrsinske deformacije, pop-
ut povrsinskih rasjeda ili pukotina duljina od 800 m do 3 km, pruzanja N15°E doN70°E,
kartirane u mjerilu 1:5 000. Nadalje, uspostavljena je nivelmanska mreza kako bi se
izmjerila brzina pomaka i deformacija. Precizna nivelmanska mjerenja izvedena su 2016.
12017. godine. Na pravcima usmjerenima SZ od naselja Bolvadin, ustanovljena je brzina
vertikalne deformacije od 30 mm/god., a u istom je razdoblju izmjerena i velika brzina
deformacije od 40 mm/god.
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