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Abstract. The 17 August 1999zmit M, = 7.4 and the The 12 November Dzce M,, = 7.2 earthquake occurred
12 November 1999 Dzce My, = 7.2 earthquakes caused a three months after thizmit earthquake. This earthquake
150 km long surface rupture in the western part of the Northproduced a fault rupture of 30km, as seen in a green
Anatolian Fault. The coseismic slips along the fault line andrectangular in Fig. 2. Two hundred buildings were heavily
the trace of the surface ruptures were studied in detail idamaged, 550 people lost their lives and over 3000 people
Barka (1999), Reilinger et al. (2000), Cakir et al. (2003a, were injured due to earthquake (KOERI, 2010).
b) and Ergintav (2009) after the earthquakes. However, the Coseismic and postseismic deformations caused by these
basin to the east of Sapanca Lake was a black hole foearthquakes were studied by different researchers using
all investigations because there was no geodetic networklifferent techniques. First, Barka (1999) reported the
and no significant deformation that could be obtained bymaximum coseismic deformations of around 4-5 m along the
using INSAR techniques. In this study, findings on the four segments broken by tHemit earthquake by means of
abovementioned basin have been reinterpreted through field reconnaissance (see Fig. 1). Studies based on geodetic
GPS network newly explored. This interpretation showstechniques, such as GPS and InSAR, resulted in maximum
coseismic slips of between 2-3m, and links the surfacecoseismic slips of 5.7 m on the westdemit segment and
rupture to the main branch of the North Anatolian Fault the West Sapanca segment, and the maximum postseismic
(NAF) in the east Sapanca basin. surface slip of 5cm prior to the November 199918e
earthquake (Reilinger et al., 2000; Cakir et al., 2003a). The
maximum coseismic slip of the Novembeiifre earthquake
1 Introduction was estimated at about 4m around the mid point of the
30 km surface rupture (Cakir et al., 2003a). The postseismic
The 17 August 1999zmit M,, = 7.4 event was the most deformations after the llzce event were studied in Cakir et
destructive earthquake produced by the 1500 km long Nortral. (2003a) and Ergintav et al. (2009).
Anatolian Fault (NAF) system. The total length of the fault Common to all above-mentioned studies was that no
rupture due to this earthquake was about 110 km. The regiomeliable result could be obtained for the coseismic effects
hit by the earthquake is the industrial heartland of Turkeybetween the eastern Sapanca segment and the more northeast
as well as the most densely populated region. Accordingrending Karadere segment (see Fig. 2). Figure 3 displays the
to official records, the earthquake caused 18000 deathsnterferograms obtained from the INSAR study by Cakir et
45000injuries and displaced more than 250000 peopleal. (2003b). The subsequent Fig. 3a shows the interferogram
Approximately 214 000 residential units and 30 500 businesof the I1zmit earthquake deduced from ERS1 data pairs
units were lightly to heavily damaged (USGS, 2000). acquired on 12 August and 16 September 1999 and Fig. 3b
shows the interferogram deduced from ERS 2 data pairs
acquired on 13 August and 17 September 1999. As for
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Black Sea

Fig. 1. The map shows the extent of the 1999 rupture (dotted green lines) and the 1943, 1967 and 1963 ruptures (blue lines) and the segment
that increased stress (red lines) (Barka, 1999).
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Fig. 2. Surface rupture of the 12 Novembetifxe earthquake, about 30 km, in the green rectangular (KOERI, 2000).

Fig. 3. Interferograms of theizmit earthquake from ESA satellites ERS1 (12 August-16 September 1999) and ERS2
(13 August—17 September 1999). There is no significant interferogram obtained in the east of Sapanca Lake (from Cakir et al., 2003b).

fringe corresponds a range change of 2.8cm. As seen from There was also no geodetic network in this area especially
Fig. 3a and b, there are significant phase interferograms oflesigned for tectonic monitoring purposes. However, there
deformation obtained along the ruptured fault line exceptwas a GPS network designed for national mapping purposes,
for the area determined by the white rectangle. Since theand fortunately that network was observed twice in 1998
displacement associated with the right lateral strike slipand 2001, just before and just after bagmit and Dizce
occurs in the East-West direction, the fringes in the figuresearthquakes. Due to the purpose of the network, the
are nearly symmetric and parallel to the fault line. The areahorizontal positioning accuracy of control stations of the
surrounded with white rectangle corresponds to the Sakaryaetwork aret3 cm (Aliosmanglu, 2002; Celik et al., 2003).
basin that is the area of interest of this study. For the areaTherefore, thanks to this network, the total effects of both
steep slip gradient, rough topography and water content irl999 earthquakes in the area between the eastern Sapanca
the soils are counted as possible reasons of obtaining nand Karadere can be reinterpreted, and the gaps in the former
interferogram (Cakir et al., 2003b). studies might be completed based on the results obtained in
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Fig. 4. Sakarya geodetic control network. Triangles display the network control stations. Stars show the location of the earthquakes. Solid
white lines represent the fault lines (satellite image from Google Earth).

this study. It is clear that the magnitude of displacementsto the western side of the network, andly = 7.2 Diizce
occurred due to the earthquake is much larger than thearthquake occurred close to the eastern side. The centre
accuracy of the network’s control stations. of the izmit earthquake is 27 km from the eastern end of
the network, and the centre of theliZre earthquake is

28 km from the western end of the network; the earthquake
centres are 40 and 60 km away from the geometric centre of
|the network, respectively. In brief, the Sakarya network is

stations was established in 1998 for densifying the nationa|ocated in between_the earthqugltje cen_tres. For th's r_easi:)n,
geodetic network in order to produce a large scale map of* NeW GPS campaign was carried out in 2001 to obtain the

the Sakarya region that is indicated as the white rectangl®°St earthquake coordinates of the site control stations.
in Fig. 3. This network was observed using GPS in Initially the 2001 GPS observations were processed and

static mode with an average of one hour sessions, anﬁdjlusted in ﬂ;e same way as |1'9385 A fourhpalrameterz
processed using LEICA SKI-Pro software. During the post- elmert transformation was applied between the 1998 an

process step, independent baselines between the netwofi201 networks to determine stable control stations of the
stations weré solved. The default SKI-Pro processingnetwork after the earthquake. This resulted in two control

strategies have been used for baseline solution. One of théta(;ions in the northgrn sec;;tion of the r;]etwork, Gf400§8
main processing criteria is 0.075 m for checking coordinate®” G240067, see Fig. 4. The most northern control station

differences for a station that was obtained from two different,('\’zm'.’O68 was chosen as “datum point’, and the observations

baseline solutions based on network geometry. FinaIIy,In the periods O_f _bOth 1998 an_d 2001. were reac_ijus_ted n
coordinates of control stations were computed by least squar?SpeCt of the minimally constrained adjustment principle.
adjustment with respect to the free network adjustment
principle (Aliosmanglu, 2002; Celik et al., 2002). 3 Analysis of the networks and results achieved

The above-mentioned network covers a 50 km by 30 km
area in the West-East and North-South directions betweemagnitudes of surface deformations at each control stations
the eastern shore of Sapanca Lake and Hendek town, arghown in Table 1 are attained when the coordinates obtained
surrounds the segments of the North Anatolian Fault in thisfrom both observation periods are compared with each other.
basin. The 1999, = 7.4 Izmit earthquake occurred closed The deformations obtained are illustrated by using arrows

2 Sakarya geodetic control network

Sakarya geodetic control network comprising 22 contro
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Fig. 5. Surface deformations of Sakarya geodetic control network.

with the positioning error circles at their end-cm) in Table 1. Surface deformations of the Sakarya network. Number of

Fig. 5d' A;]S sfeeln Iln Fig. E;l t::e deforrlnatlortl) IS |n((:jreda3|_ng control stations are used in both standard and sequential form for
towards the fault lines, which were also observe u”ngconstitutingaclearerview on figures.

surface search in the field after tHemit event. The
maximum displacement in the East component is 2.15m,

and it is at station G240026 that is also named as station 1 Control Station No Displacements in meters
in Fig. 5. As is clearly seen in Fig. 5, the deformation Easting Northing
on the northern side of the fault is in an easterly direction, G240068 — 7 0.00 0.00
whilst the deformation on the southern side is in a westerly G240067 — 6 0.07 0.01
direction. Both of these characteristics are consistent with G240065 — 5 0.10 0.00
the coseismic deformation behaviour of a right lateral strike G250049 — 14 0.12 -0.01
slip fault as is of the NAF. Overall, absolute displacements on N.7243 — 20 0.00 0.07
the North components indicate that the block represented by G240069 — 8 0.24 -0.01
the network, relative to the stable station G240068, appears ~ ©240071 — 9 0.57 —0.07
to have slipped towards the south, an average of 7.5cm. G240075 — 10 0.74 —0.11
G240032 — 2 0.84 -0.11
Figure 6 displays the displacement field model based on G240079 — 11 0.92 -0.10
the deformation at the network stations. The contour lines are N.7220 — 19 0.62 -0.07
compressed in the western central section of the network and G250054 — 15 0.45 -0.01
enlarging towards the eastern and western sides of the study G240043 — 13 112 -0.16
area. This means the deformation rates on the western and ~ G240026 — 1 -2.15 0.09
eastern sides are larger than the deformation in the central ~ 6250043 — 4 -1.39 0.05
area. Also, one of the obvious features is the steepness of the g;ggggg :’) 12 ‘1-32 ‘8-2‘11
deformation gradient in the central section. Go50058 — 17 120 022
Based on the deformation rates, the total surface G250059 — 18 ~1.19 —0.21
displacement around the fault line is about 3.10m in the G240039 — 3 -1.96 0.01
east bank of Sapanca Lake, decreasing to about 1.8 m in the G250067 — 21 0.60 -0.16
centre, and increasing to about 2m in the south-east part of G250069 — 22 0.52 -0.05

the network. Earlier studies (Barka, 1999; Reilinger et al.,
2000; Cakir et al., 2003a; Ergintav etal., 2009) showed that® Number of control stations are used in both standard and sequential form for
the surface rupture of theilzce earthquake was limited to constituting clearer view on figures.
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Fig. 6. Displacement field model. Absolute values of deformations are applied for modelling. Contours obtained by extrapolation are
removed. Units of deformations are in metres.
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Fig. 7. Surface rupture in the Sakarya region. The red line shows the surface rupture defined by this study (satellite image from
Google Earth).
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30km, see green rectangle on Fig. 2. Also, the post-seismi®eferences
slip of thelzmit event between East Sapanca and Karadere . o _
was determined below the millimetre level by Ergintav et Aliosmandlu, S.: Investigation of Geodetlc Infrastructurg
al. (2009). Thus, the displacement rates given above can be Damages After Earthquake, Master thesis, Istanbul Technical
regarded as the co-seismic slip rates ofltmit earthquake. BaLerr:alvis-ltyllr:ztigbxlﬁ;Ssrlt(el)gggfnzit(ga-[tur:g:f:@.e Science. 285
Last, the surface displacements obtained show that the 185;8—i859, 1999, ' T
surface rupture of th&zmit event runs to the main branch cayir, 7., Barka, A., Chabalier, J. B., Armijo, R., and Meyer,
of the NAF displayed in Fig. 7. This result is contrary to the B Kinematics of the November 12, 1999 (Mw=7.2)ifze
accepted belief; although the surface rupture in this region Earthquake Deduced from SAR Interferometry, Turk. J. Earth
could not entirely be determined in the previous studies, the Sci., 12, 105-118, 2003a.
common view was that the rupture extended to the Karadere€akir, Z., Chabalier, J. B., Armijo, R., Meyer, B., Barka,
Diizce segment. A., and Peltzer, G.: Coseismic and Early Postseismic Slip
Associated with the 199&mit earthquake (Turkey), from SAR
Interferometry and Tectonic Field Observations, Geophys. J. Int.,
4 Conclusions 155, 93-110, 2003b.
Celik, R. N., AIiosman@!p, S, andOzlidemir, M. T.: TUTGA,
The existence of the Sakarya GPS network has provided Depremler ve Byuk Olgekli Calimalar, TUJIB TUJK 2002
us with a valuable chance to obtain new results on the Bilimsel Toplantisi Tektonik ve Jeodezikdar, Iznik, 10-11-12
destruction caused by the earthquake sequence, eventhou%hE_k'Irn 2002. 5 . _
it was not designed for monitoring tectonic activities in the ¢€lik. R. N., Aliosmanglu, S., andOzludemir, T.: Jeodezik
region. As a first result, a comparison of between the 1998 Allyapidan Yararlanilarak Yer Kalgu Yuzeyindeki Deprem
and 2001 GPS observations yielded a maximum coseismic T:T\Aarli\rérgggB_elw_ll_en&nesh Deprem Sempozyumu, Kocaeli, 12—
slip for thelzmit earthquake of between 2m and 3min the g, ar (in Turkish)
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shore of Sapanca Lake. ' ' _ _ postseismic deformation following the 1999, M=7.4 and M=7.2,
Secondly, the surface displacements obtained in this study |zmit-Diizce, Turkey earthquake sequence, J. Geophys. Res.,
shows that the Sapanca segment ruptured by |tnat 114, B07403, doi:10.1029/2008JB006021, 20009.

earthquake extends to the main branch of the NAF. This iSKOERI: Kandilli Observatory and Earthquake Research Institute,
also a new result since the former studies assumed that it was Turkey, available athttp://www.koeri.boun.edu.tr/depremmuh/
connected to the KaraderediBce segment. eqgspecials/duzce/duzceq.htiast access: 2008), 2010.
Consequently, the results achieved in this study isRellinger. R. E., Ergintav, S.,Bgmann, R., McClusky, S., Lenk,
completing an important gap ten years later related to the O., Barka, A, Gurkan, O., Heam, L., Feigl, K. L., Cakmak,

L R., Aktug, B., Ozener, H., and Toksoz, M. N.: Coseismic and
effects of the 1999zmit earthquake to the east of the Postseismic Fault Slip for the 17 August 1999, M=7nit,
Sapanca Lake.

Turkey Earthquake, Science, 289, 1519-1523, 2000.
USGS: United States Geological Survey circular 1193, United State
Edited by: M. E. Contadakis Government Printing Office, 2000.
Reviewed by: P. H. Denys and another anonymous referee

Nat. Hazards Earth Syst. Sci., 11, 2@72 2011 www.nat-hazards-earth-syst-sci.net/11/267/2011/


http://www.koeri.boun.edu.tr/depremmuh/eqspecials/duzce/duzceq.htm
http://www.koeri.boun.edu.tr/depremmuh/eqspecials/duzce/duzceq.htm

