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Abstract. Global Navigation Satellite Systems (GNSS) locity of 2—-2.5 cm for the stations along the NAFZ were es-
are space based positioning techniques and widely used itimated. Studies carried out using GPS observations in the
geodetic applications. Geodetic networking accomplished bysame area after these earthquakes indicated that point dis-
engineering surveys constitutes one of these tasks. Geodetftacements vary depending on their distance to the epicentres
networks are used as the base of all kinds of geodetic imof the earthquakes. But the directions of point displacements
plementations, Co from the cadastral plans to the relevanare similar. The results obtained through the analysis of the
surveying processes during the realization of engineering apfGNA network also show that there is a common trend in the
plications. Geodetic networks consist of control points posi-directions of point displacements in the study area. In this
tioned in a defined reference frame. In fact, such positionapaper, the past studies about the tectonics of Marmara region
information could be useful for other studies as well. Oneare summarised and the results of the displacement analysis
of such fields is geodynamic studies that use the changesn the IGNA network are discussed.

of positions of control stations within a network in a cer-
tain time period to understand the characteristics of tectonic

movements. In Turkey, whi(_:h is located in tecfnonically aC- 1 Tectonical background
tive zones and struck by major earthquakes quite frequently,

the positional information obtained in engineeri.ng SurveySanatolia is located on the Alps-Himalayas orogeny, one of
could be very useful for earthquake related studies. For thishe most active seismic belts in the world. The mentioned
purpose, a GPS (Global Positioning System) network of 650seismic belt starts at the Azores and stretches as far as to In-
stations distributed over Istanbul (IStanbul GPS Triangula-donesia in the Far East. In generaL it is an active belt that
tion Network; abbreviated IGNA) covering the northern part js affected by the relative movements of the plates of Eura-
of the North Anatolian Fault Zone (NAFZ) was established in gja, Africa, and India-Australia (McKenzie, 1972). Turkey
1997 and measured in 1999. From 1998 to 2004, the IGNAgn( its surroundings constitute the most kinetic section of

network was extended to 1888 stations covering an area ofe Mediterranean part of this active seismic belt, as well as
about 6000 krf, the whole administration area of Istanbul. portraying its general characteristics. Anatolia also presents
All 1888 stations within the IGNA network were remeasured a number of Speciﬁc geo|ogica| properties_ The geo|ogy of
in 2005. In these two campaigns there existed 452 commonyrkey, located between the plates of Eurasia in the north and
points, and between these two campaigns two major earthafrica-Arabia in the south, has developed according to the
quakes took place, on 17 August and 12 November 1999 withsonstant movements of these two plates and the geotectonic
a Richter scale magnitude of 7.4 and 7.2, respectively. Seveyolution of the old and new Tethys Ocean located between
el’al StudieS Conducted fOI’ estimating the hOfiZOhtal and Verthese plates_ The Arabian p|ate CO”ideS W|th Eurasia along
tical displacements as a result of these earthquakes on NAF#e Bitlis thrust zone. As a result of the Arabian plate mov-
are discussed in this paper. In geodynamic projects carrie¢hg north and hitting Eurasia, Eastern Anatolia became stuck
out before the earthquakes in 1999, an annual average vén the direction of northwards-southwards and a new tectonic
era started over the whole Anatolian plate.

Today, the young and active tectonic movements observed

Correspondence ta¥l. T. Ozludemir in Anatolia are the product of this collision mechanism,
BY (tozlu@itu.edu.tr) whose fault zones and earthquake activities started 15 million
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Fig. 1. Tectonic map of Turkey and the surrounding areas. Hatched areas show the coherent motion of specific zones of deformation. Heavy
arrows indicate the generalised regional motions in m?r’r;(McCIusky et al., 2000).

yr ago and continue still today (Fig. 1). The northern part of ing the dates 17 August 1999 (Izmit) and 12 November 1999
the Arabian plate and the north-eastern part of the African(Dlizce), two major earthquakes occurred in the east of the
plate move relative to the Eurasian plate northwards. In theMarmara Region, which is a section of the NAFZ. Huge
Bitlis-Zagros shock zone, the Arabian and African plates col-losses of lives and property were experienced in the region
lide with the southern part of the Eurasian plate, squeezdue to these earthquakes (Barka, 1999). Figure 2 shows the
ing East Anatolia. Consequently, the Anatolian plate movesmajor earthquakes that took place along the NAFZ including
relative to the Eurasian plate westwards and relative to thehe latest Izmit and Dzce earthquakes.

African plate in west-southwestern direction. The stress Numerous scientific studies have been carried out dealing
caused by this mechanism gave rise to the formation of faulwith the tectonical characteristics of the NAFZ before and
zones in North Anatolia and East Anatolia, which increasedafter these two earthquakes occurred in the east of Marmara
the magnitude of westward movement of the Anatolian plateregion in 1999. Some of these studies included various ge-
(Sengr, 1979). ological and geophysical measurements for the shelf, slope,
and deep plane of the sea, collected samples, filmed under-
water videos of the active faultline, and used high technol-

: ogy instruments and devices. The main objectives of the
the Gulf of Saros in the west. The current state of the NAFZstudies focus on the structural evolution, the seismicity, and

is a result of major earthquakes that have occurred over th?ne depositional processes and bathymetry of the Marmara
past centuries, starting from the eastern part of the NAFZ to-,

wards/to the western part. The earthquakes with large ma Sea. The objective of geodetic studies, on the other hand, is

: . Ag: ine the | - T X £ die
nitudes caused surface faulting and broke an 800 km sectlgﬁo determine the location, direction, and magnitude of dis

e Tatt. A & rooul of logical investigations. horizon placements caused during and after an earthquake, or be-
'?al aﬁda\lljer.ticzla:j | :sll;cgm%i(:sosacrain SZtv?/Ze(r)l 13’5; 405 cause of small crustal movements causing earthquakes and
p ying ™ crustal stress. Local control networks or national geodetic

and 40cm~-100 cm formed on the cracks that were deteae‘ﬁetworks were used to achieve this objective. As an example
A nearly 90 cm right lateral movement occurred between the

two blocks of the fault (Ketin, 1969). Between 1900 and to such studies, McClusky et al. (2000) summarize the char-

. cteristic properties of plate movements in the area of eastern
1998’ 34 de\{astatlng earthquakes recordgd along the NAF editerranean on the basis of GPS observations conducted
with a magnitude of more than 5.5 of Richter scale (9 of

those earthquakes had a magnitude larger than 6.5 of Richté?om 1988 to 1997 with following the statements:

scale). Additionally, over a period of three months, includ-

The NAFZ is a seismically active right lateral fault zone
with a length of about 1200 km from Karliova in the east to

Nat. Hazards Earth Syst. Sci., 11, 170343 2011 www.nat-hazards-earth-syst-sci.net/11/1705/2011/



M. Ozyasar and M. TOzliildemir: The contribution of engineering surveys by means of GPS 1707

[ | I 3 e ' [
\ | \ Abant [lzmit Dii [ \ |
- : 1957 (77)] 1999 (7.4) , 212¢e % )|
1 | | 7/1999(71.2) \ .
LA 1963 \ A 1 \ . |
|
| o ms‘nffgman_ A i ST |
T 0| 22U 2|
[1‘373 NS ] e s —/ﬁ"*"/EFlIH(IdH |
T 27561 Ql3L2(71) 21, 11.1939 (5,9) _ ‘
(68) A ’ j | ~26.12.1939(8,0)) } 40
1919 1944 1943 Mudurnu [ £ 13, 3.1992(681| |
69 3 logy B3 s weg | | 1909(675) ~o 966(68) | ||
W 2) | | |197116,151=0"&. O .
[T ‘ ' | Anatolian Plate "0 1976(73) '
, 1975.6,7) | ‘

| | ‘ 0 | —
- 19300725) | |

1

Fig. 2. The dates and magnitudes (in brackets) of major earthquakes along the NAFZ (modified from Altiner, 1996).

— As a result of the rapid north-northwest movement of a historical devastating earthquake every one hundred years.
the Arabian plate relative to the Eurasian plate, the EastThis high rate of seismicity has a critical importance for the
ern Anatolia region is squeezed and the Anatolian plateearthquake hazard in the Marmara region, because approxi-
turns anticlockwise, towards the west, at a speed of 20-mately 25 % of Turkey’s population and most of its industrial
25mmyrt, centres are included in this region (Kogiti 2006).

The major 1999 Izmit earthquake occurred at 03:02 EEST
on 17 August, with a magnitude of 7.4 on the Richter scale,
whose epicentre was around the district dil€sk located
_ The Aegean plate extends in the direction of north- _12 km southeast of the centre of Izmit, an in.dustri.al town

south. in the southeast of the Marmara Region. During this earth-
quake, a rupture exceeding 120 km formed, stretching from
the southwest of Dzce to the northwest of Yalova, located

2 Tectonical impact of the two large 1999 earthquakes on the Marmara Sea. The largest damage occurred in the

on the study area cities of Kocaeli and Sakarya during this earthquake. The
observation is that the earthquake developed as a right lateral

The Marmara region is the area delimited by approximatelystrike slip fault. This observation complies with the general

east longitudes of 26to 31° and north latitudes of 40to characteristics of the NAFZ (Cerit et al., 1999).

41°.30. It is shaped by a number of structural highlands, This earthquake that lasted approximately 45s caused a

basins and blocks, and fault-controlled basins to sea wayshuge loss of lives and property in the Marmara region that

Seismicity of the Marmara region is relatively very high, as had (and has of this writing) a population over 20 million.

indicated by both the historical and recent (instrumental pe-As pre\/iou3|y emphasised, the earthquake in Izmit created a

riod) devastative earthquakes. The Marmara region has exearly 120 km rupture causing up to 5.7 m displacements in

perienced 18 historical earthquakes with intensities of MM gpposite directions of the fault line. The Gulf of Izmit is on

(Modified Mercalli Scale) between IX and X in the period the north branch of the NAFZ. The Gulf of Izmit has one fault

of AD 29 and AD 1894, and 13 recent devastating earth-line extending to the Gulf of Saros, setting an example for the

quakes with magnitudes of 6.1 to 7.4 on the Richter scalejevelopment of parallel secondary fault lines. In particular,
in the period of 1912 to 1999 occurred in the Marmara re-the fault lines that establish the Gulf of 1zmit are important
gion. These statistical values correspond to the occurrencglements with regard to the definition of the sequence of the

of an approximately every 100 yr historical and every 7 yr re- structures observed in the Marmara Sea (Alpar and Yaltirak,
cent destructive earthquakes in the Marmara region. Thesgggg).

statistical data point out that the Marmara region experiences

— The African plate slides under the Anatolian plate with
a westward movement at a speed of 5-10 mnyr

www.nat-hazards-earth-syst-sci.net/11/1705/2011/ Nat. Hazards Earth Syst. Sci., 11,71308611
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In their study conducted using GPS data collected on theDlizce identified that the lateral strike slip was 3.76 m, and
stations distributed over Marmara region before and aftethe maximum lateral strike slip along the surface crack was
the earthquake in 1zmit on the 17 August 1999, Reilingerindicated as 5m as a result of a geological assessment.
et al. (2000) calculated the horizontal and vertical displace- Another resource that can be mentioned regarding the ef-
ments relative to the Eurasian plate with a confidence levefects of an earthquake is the temporal point displacements
of 0.95 using common points within the network, to under- within the stations of the Turkish National Fundamental
stand the tectonical impact of earthquakes on the area of th&PS Network (TUTGA). This network, consisting of about
earthquake epicentre and surrounding domain. The averagg00 points, was established prior to the earthquakes in Izmit
right lateral strike slip along the fault plane of the earthquakeand Oizce in 1999, and has 53 common points with networks
in Izmit, together with the inversion analysis of the lateral established within the context of geodynamic projects under-
strike slip measurements in an elastic half-space, was 2.86 nway throughout Turkey. The majority of these points are lo-
The fault plane was accepted as input in the model createdated in the west and northwest of the country. The first ve-
and a dislocation model was established in an elastic halffocity vectors from the TUTGA network were determined
space. The total strike slip movements that occurred duringusing these points, and the strategy of velocity estimation
the earthquakes in Izmit andi2ce at the first and second de- used also applied to determine the velocity of other points
gree lateral control points within the region were calculated.included in the IGNA network discussed in this paper.

The horizontal control point nearest to the surface crack was Second period observations of the stations within the
approximately 10 km away, while a maximum displacementTUTGA network were completed in 2003. The baseline
between 1.5 and 2m was observed at these points. It was olengths between the stations in this network vary from 25 to
served that the displacement between the first and second dge km, and most of these points are located in the areas with
gree horizontal control points, eastward north of the surfacedifferent tectonical characteristics to focus the current tecton-
crack, and westward south of the surface crack, moved 3—4 nical features of the Anatolian plate. Because a large number
from each other. The 1999 Izmit earthquake exhibits a maxi-of stations covering almost all important tectonic faults in
mum of surface displacements 5m at the nearest point to th&urkey have been observed during the GPS campaigns, this
surface crack, and decreased as the distance from the surfag@abled Ayhan et al. (2002) to develop a realistic tectonic
crack increased. Displacements were eastward north of thehodel to describe the movement of Anatolia relative to the
surface crack, and westward south of the surface crack. Demain plates in its surroundings and to explain the tectonical
formation continued in the structure and along the fault line characteristics of the areas of the plate boundaries. Figure 3a
for nearly three months after the earthquake, the aftershockind b illustrate the sizes of horizontal and vertical velocity
period. Itis thought that horizontal control points move max- vectors estimated by Ayhan et al. (2001b) using the GPS ob-
imally up to 10 cm from each other due to displacements afteservations within the TUTGA network.

the earthquake. The maximum displacements caused by the |n addition to the GPS measurements carried out within
1999 earthquake in Izmit appeared iBl@ik, and west and  the TUTGA network after the region’s two major 1999 earth-
east Sapanca. A 5.7 m displacement was determined west gfuakes, vertical movements of stations were also calculated
the earthquake epicentre, and a 4.7 m displacement was d@ased on levelling observations. Accordingly, vertical dis-
termined east of the epicentre of the earthquake (Reilinger gslacements varying betweer52.7 and +28.8 cm were deter-
al., 2000). In their study, Kuflu et al. (2011) determined mined within the earthquake zone betwesiizBe and Izmit.
horizontal displacements of up to 2.15m in the eastern parin the Glciik region located to the south of the NAFZ, a ris-
of Sapanca. ing of 20 cm was detected. Meanwhile, in the northern part of

In another study, Ayhan et al. (2002) analysed GPS datahe Izmir Gulf a subsidence of 20 cm was observed (6ing
collected in the western section of NAFZ covering the Mar- and Demir, 2002).

mara region. The measurements had been conducted in 23

campaigns in cooperation with the Federal Agency for Car-

tography and Geodesy in Frankfurt am Main (former Insti- 3  Istanbul GPS Triangulation Network (IGNA)

tute for Applied Geodesy) until just before the earthquake

in 1zmit on the 17 August 1999. The processing was doneProjects to establish a modern cadastral system and a proper

using the Bernese 4.0 software from the Astronomical Insti-geodetic network in Istanbul date back to 1911. The first

tute of the University of Bern, and the velocity field was cal- modern studies started in the historical peninsula and then

culated by integrating sessions using the GLOBK softwaredeveloped to date in accordance with the city’s development

from MIT. In conclusion of the study, the annual displace- (Glines et al., 1985). The most recent study to establish a

ments in the Sapanca andifxe regions along the NAFZ geodetic network in Istanbul was in 1999. The IGNA, a

were determined as 17—20 mnTyron average. densely geodetic network that incorporates the metropolitan
The 1999 earthquake iniiace, on 12 November also ef- area of the city of Istanbul, was set up in 1999, including

fected the east of the Marmara region. In another study conabout 650 stations to form a geodetic infrastructure for en-

ducted by Ayhan et al. (2001a), after this 1999 earthquake irgineering studies. The IGNA network was established by

Nat. Hazards Earth Syst. Sci., 11, 170313 2011 www.nat-hazards-earth-syst-sci.net/11/1705/2011/
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Fig. 3a. Horizontal velocity vectors of the stations within the TUTGA network estimated using GPS observations (Ayhan et al., 2001b).
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Fig. 3b. Vertical velocity vectors of the stations within the TUTGA network estimated using GPS observations (Ayhan et al., 2001b).

the Istanbul Metropolitan Municipality in such a way that up a national surveying network covering all area of Turkey,

there are points distributed homogeneously for obtaining acwas realized using common station coordinates within both
curate and reliable coordinate information in the ITRF (In- networks. Before the second GPS campaign conducted in
ternational Terrestrial Reference Frame) datum and ED50IGNA in 2005, the number of network stations was increased
Datum (European Datum, 1950). The baseline lengths beto 1888 (Ayan et al., 2006a, b).

tween the stations in the IGNA network are between 15 and |, the processing phase of IGNA in 1999, firstly, the pri-

20km. The relationship of the IGNA with the Turkish Na- 141y network of 58 points was assessed, and then the mean
tional Fundamental Control Network, which was establlshedSquare errors for the longitude and latitude values were de-

in the past using terrestrial techniques with the purpose to sk rmined as-1 cm (max 1.3 cm), and the mean square errors

www.nat-hazards-earth-syst-sci.net/11/1705/2011/ Nat. Hazards Earth Syst. Sci., 11,71308611
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Fig. 4. IGNA Primary GPS Network 2005 (Ayan et al., 2006b).

of average ellipsoidal heights were determinedtds2cm  were computed in ITRF96 datum with the reference epoch of
(max. 2.8 cm) after the adjustment computations. The den2005.0.

sification network points were calculated based on the pri- In both campaigns, GPS data processing was performed
mary network points. Total number of fundamental GPSusing Bernese 5.0 and Leica Geo Office GPS processing soft-
network points plus the number of densification GPS net-ware.

work points was 650 (Ayan et al., 1999). Station coordi-

nates were computed in ITRF94 datum (reference ellipsoid

GRS80-Geodetic Reference System, 1980) with the refer4 Displacements in the IGNA Network

ence epoch of 1998.0.
Horizontal and vertical displacements of the points in the

As pointed out, the number of network points in the Primary Network and the Densification Network were de-
2005 measurement campaign in the IGNA is 1888; 107 pri-termined using the common point coordinates of IGNA-
mary and 1781 densification points. Included in the estab-1999 and the IGNA-2005 campaigns. The baseline com-
lished primary network are the ISTA and TUBI points of ponents between stations and their covariance matrices ob-
the International Global Navigation Satellite Systems Ser-tained from GPS processing were used for the determina-
vice (IGS), as well as BADT, DRAGOS and NEANDROS tion of point displacements. The orbital differences be-
points, the permanent stations established by TUBITAK (Thetween two campaigns were neglected. For deformation anal-
Scientific and Technological Research Council of Turkey)ysis, ANKR, an IGS station located on Anatolian plate at
as part of the Marmara Continuous GPS Network (MAG- 39.89 N, 32.76 E, was also included in the network. For
NET) project. Figure 4 illustrates the primary GPS network the connection of ANKR to the network, the data collected
of IGNA formed with 107 points. After the network adjust- at some primary network points with the longest observation
ment, the latitude accuracies vary betwegh2-0.7 cm, the  times were used. This was accomplished for both campaigns.
longitude accuracies vary betwegi.1-0.5cm, and the el- Then the network was minimally constrained by fixing the
lipsoidal height accuracies vary betweei.4-1.5cm. In  ITRF96, epoch 1998.0, coordinates of ANKR only in or-
the densification network, the latitude accuracies vary beder to avoid any datum effects within the internal geome-
tween+0.2-3.0 cm, the longitude accuracies vary betweentry of the network. For deformation analysis, a conventional
4+0.2-1.6 cm, and the ellipsoid height accuracies vary besimilarity-transformation based deformation analysis proce-
tween£0.5-5.0 cm (Ayan et al., 2006b). Station coordinatesdure was applied as described by Acar et al. (2006).

Nat. Hazards Earth Syst. Sci., 11, 170343 2011 www.nat-hazards-earth-syst-sci.net/11/1705/2011/
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Fig. 5. Horizontal displacements of stations, estimated relative to

the ANKR station (created using the GMT software) using GPSFig. 6. Vertical displacements of stations, estimated relative to the

observations conducted within the IGNA network in 1999 and 2005. ANKR station (created using the GMT software) using GPS obser-
vations conducted within the IGNA network in 1999 and 2005.

The movements of stations estimated with a confidence 28° 20° 30° 31°
level of 0.95. Magnitudes of surface deformations at control T Y 3
stations were attained when the coordinates obtained from
both observation periods in 1999 and 2005 are compared - TUB station
with each other. During the evaluation process, 46 points, 5 P - j/
of which were from the fundamental network, from a total of =~ P = T~ :
498 points measured within the both GPS campaigns, were*" [ NAFZ 4
excluded during the data processing as outliers because o e S S g
their uncertainty. As a result, displacements of 452 common i,\ . A 1\ \ \Ewcemre of 1999 Dizce earthquake
points were estimated relative to the ANKR station. Right, }d/«»\/ - ‘k%momgg imitesrthaake
upward projection horizontal coordinate differences and dif- o T oo T
ferences in ellipsoidal heights were used as input values in 4, <l 40
the Generic Mapping Tools (GMT) programme. 28° 29° 30° 31°

The largest horizontal displacement among 47 Primary
Network points was 74.3 cm, and the smallest was 19.5 cmFig. 7. The horizontal displacement vectors relative to the ANKR
The largest vertical displacement was 11.3 cm, and the smalistation, the epicentres of Izmit andiice earthquakes, and loca-
est was 0.03cm. When the horizontal displacements, obtions of TUBI and the NAFZ.
tained using 405 densification points, were taken into con-

sideration, the largest horizontal displacement was 89.6 CMyt stations of the EUREF network, including the IGS sta-

and the smallest was 18.4cm. The highest vertical displace;,\ tUg| In another study, Dgan et al. (2003) determined
metnt am(())n(g)gsden3|f:§_at|on pglnts&/\fgs_ﬁﬁfmt, a?hd tn:e lQW' ¢ the coseismic displacements of some MAGNET points and
est was ©.UoCm. Figures » and © [ilustrate the norizon al'I'UBI.The amount and direction of TUBI’s displacement are
and ver.tlcal displacements obtained for all network IOOIntS’aIso consistent with the results obtained in this study. For
respectively Qzyasar, 2009). a better understanding, the horizontal displacement vectors,

W_hen al network. ppints are considered., the points aChe epicentres of Izmit andilzce earthquakes, and locations
moving eastwards within the study area. An increase was ob(—)f TUBI and the NAFZ are shown in Fig. 7

served in the horizontal displacements of the network points

in the east, being closer to the epicentre of the earthquakes in

East Marmara. An increase was observed in the vertical dis5 Conclusions

placements on the north coastal regions and regional changes

at some points displayed differences with their high values,The NAFZ was the subject of numerous scientific studies be-

which could have arose due to the local geological processefore and after the earthquakes in East Marmara. These stud-

around these points. ies were evaluated under the aspect of two separate categories
The results obtained from the points in the region wherestudies carried out by different disciplines and the studies

TUBI is located, an IGS station situated to the east of theconducted by geodesists focusing on the determination of

IGNA network, are in agreement with the results of the crustal movements and velocity vectors.

study of Ehrensberger (2000), who analysed the movement

www.nat-hazards-earth-syst-sci.net/11/1705/2011/ Nat. Hazards Earth Syst. Sci., 11,71308611
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The IGNA-1999 was designed as a combination of pri- The results are also consistent with the past studies con-
mary network and densification network points, totalling ducted in the same region.
650 points. After the IGNA project, whose technical re- The fact that the majority of Turkey is within a seis-
port was published in 1999, the earthquake in Izmit occurredmic zone makes collaborative working of numerous disci-
on 17 August and the earthquake iiZ@e occurred on 12 plines inevitable when carrying out studies after earthquakes,
November. The displacements experienced as a result aind when carrying out studies to predetermine earthquakes.
these 1999 earthquakes required the IGNA to be re-measurethe aim of geodetic studies carried out in regions prone to
and re-evaluated. As a result of the re-measurement of thearthquakes is to determine crustal stresses and small crustal
IGNA between 2005 and 2006, the number of points tripled.movements that cause earthquakes or to determine the loca-
When compared, the horizontal displacements before andion, direction, and magnitude of the displacements that arise
after the earthquakes showed a difference that ranges beluring and after an earthquake. Present geodetic networks
tween +18.4cm and +89.6 cm, while the vertical displace-enable geodetic studies to fulfil the aforementioned objec-
ments showed a difference ranging between +27.9 cm antive. In fact, these geodetic networks are commonly used in
—31.3cm. The magnitude of the differences experiencedengineering measurements carried out as part of daily engi-
may have occurred because the IGNA project was designedeering activities. When projects including engineering mea-
as a basis for daily engineering activities and the GPS measurements such as the IGNA example are carried out, they
surement periods were kept relatively short according to deshould be designed in a way that considers their contribution
formation studies based on this design. towards tectonics, which will then contribute immensely to
When all of the points in the Istanbul GPS Triangulation the studies carried out in this field.
Network are taken into consideration, an eastward horizon- IGNA measurements were conducted in a campaign-style
tal displacement trend was detected in the study area. An inmode, i.e. short measurement surveys separated by long time
crease in horizontal displacements was observed nearer to thperiods. Campaign based GPS surveys give no indication of
epicentres of the earthquakes in East Marmara. Further, athe rate of ground movement between the campaigns. An-
increase was observed in vertical displacements on the northther issue is the stability of station monuments. The ob-
coastal regions and some points portrayed an unexpected inained results could be contaminated by several factors such
crease due to regional geological processes around these st&s soil movement, centring errors of a tripod, etc. In addi-
tions. tion planning and executing GPS campaigns could be quite
When horizontal and vertical displacements were assesseekpensive Moreover logistics problems may occur. A solu-
together with the ground, it was observed that ground prop-+ion to overcome such disadvantages is to adopt a continuous
erties alone did not affect displacements, and an increase wasPS deformation monitoring approach. The setting-up of a
observed in the difference of horizontal displacements in thecontinuous GPS infrastructure provides uninterrupted mea-
east region, nearer to the epicentre of the earthquakes expsurements of the displacements in any kind of deformation
rienced in East Marmara, in comparison to the west regiomrmonitoring.
of Istanbul where the ground is more loose. The difference Continuously operating reference stations could also be a
in vertical displacements portrayed different behaviours acpowerful means for deformation monitoring. Today there are
cording to the soil, excluding the block movement. It is pos- nationwide networks of such stations. Such a network has
sible to say that vertical displacements generally occur duralso been established in Turkey: the Continuously Operat-
ing earthquakes. In addition, the majority of moderate anding Reference Stations Network of Turkey (CORS-TR) be-
intense earthquakes increase the liquefaction of ground, trigeame active in 2008. This network consists of 147 stations
ger mass movements such as rock falls, and cause differemovering Turkey and the northern part of Cyprus. In fact,
earth movements within the same region. the basic objective of the CORS-TR project is to provide re-
Lateral strike slip earthquakes that register below 6 on thdiable positioning for daily engineering activities. Because
Richter Scale do not create movement over the sensitivity obf the visibility and logistic conditions, many of the stations
geodetic measurements. Turkey, located in the region wher@é urban areas were established on the roofs of the build-
the tectonic plates of Arabia and Africa collide with the ings. Although such disadvantages exist, the point locations
tectonic plate of Eurasia, has experienced numerous earttwere chosen in proper places considering the contribution of
quakes that register above 6 on the Richter Scale. HowCORS-TR data to the earthquake related studies. The project
ever, it is possible to state that horizontal and vertical crustais considered to make a valuable contribution to the realiza-
movements have occurred throughout the years at a magion of highly accurate real-time monitoring system of plate
nitude well over the sensitivity of geodetic measurementstectonics in Turkey, thus enabling continuous measurements
regardless of earthquakes occurring. The results obtainedf deformation magnitudes and directions (Yildirnm et al.,
for the horizontal and vertical displacements using the mea2003). It is clear that CORS-TR data will be widely used in
surements carried out during both periods on the points othe future by earthquake researchers.
the IGNA reflect the general characteristics of the NAFZ.
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