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CONTEMPORARY CRUSTAL MOVEMENTS FROM GPS AND
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Abstract. The article discussed a method for joint processhGPS and classical
triangulation measurements to estimate the crustalements in Central Western
Bulgaria region. It was examined the possibilifycombining GPS with angular
measurements of the first class triangulation nekwo Bulgaria during the period
1923 - 1930 year. As a result of the processingP$ and angular measurements are
derived horizontal velocities of 15 points. Theaadbed results indicate the possibility
of using the angular measurement of first clagggulation points, together with the
GPS, to obtain estimates of the horizontal crus@alements.
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I ntroduction

GPS technology is widely used in geosciences.icSERS measurements are used
to determine the crustal movements. Dynamic naeigaand GPS definitions are used in
geophysics, satellite altimetry, the determinatmmnorbits, physical oceanography, the
study of the atmosphere and precise navigation.S GReasurements allow the study of
modern tectonics because they provide quantitassessments of crustal movements in
the studied areas. The GPS data provide a goodrtpgity to study the current
geodynamic processes, but the question remains faoviback in time can be results
interpolated. Combining old triangulation measueets from the twenties of the last
century with the GPS measurements made duringatedecade can answer this question
(Dimitrov, 2011).

In this article a method is discussed for obtaimgstimates of the contemporary
movement of the crust by processing classical GR&sorements and in the region of
central west Bulgaria. This area is of particll@erest because of the high population
density and high concentration of industrial resear The results can be used to locate a
modern active faults and fault structures.
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Processing method

Method of treatment consists in determining thedhdimensional velocity vector
at each node of a predefined grid of two-dimendiom&tangular region containing
measurement data. Having identified the three dsiemal velocities of nodes of the grid,
the values of the velocity of any point within ttegion can be adequately approximated by
interpolation (Drew and Snay, 1989). Deformatiofishe corners of the rectangular grid
are determined by bilinear function using inforraatfrom measurements of the geodetic
points.

Let P(n,t), L(n,t) and h(n,t) is respectively getidelatitude, longitude and
ellipsoidal height at the moment - t. It is assdntleat for a predetermined moment to,
there are velocities of the points for which:

P(n)=P(n{)+uULnd Knd(t §) 1)
L(n,t) = L(n,§)+v(L(n 9, A(n 9)(t §) @)
h(n)=hn )+ wLnd RnI(t §) 3)

Also it is assumed that in a two-dimensional regtdar region it is known three
dimensional velocities of the points of verticegtd area, then the velocities at each point
in the grid can be calculated by bilinear function.

u(L(n 9, P(n9)=[U |, P) BDr ¢ L,, P AD (L B) BE

+u(Ly,,, B,,) ACH/[( A+ B( C+ DI 4)
with:
A=L(n1)- L B=L,,-Lnt) (5
C=P(nt)-P D=P,-P(nt) (6)
Similar equations can be written for speeds - v(laf®d w(L,P).
Data

GPS measurements of eight points in the region eoftral western Bulgaria
conducted by specialists from the Central LaboyatdrGeodesy (CLG) in several periods
between 1997 and 2006 is used in estimation. ®aihthe network are stabilized with
metal bolts in typical rocks after geological fieltldy Additional GPS measurements were
carried out of seven points of the first class Bulgn triangulation network. Also it is
included angular measurements triangulation networiducted during 1926 1930. (Tabl.
1).

Joint processing of GPS and angular measuremenits first class Bulgarian
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triangulation network has been done with the sawBynapg (DYNamic Adjustment
Program using a Grid).

GPS

S
OJOOI\)g
g1 O O NT
ODOON

ID

BREZ
BUH
o

LOZE
SLIV
VERI
VLAD
PLAL
0081 X
0082 X
0083 X
0011 X
X
X

X X X X X X X|Noopr
X X X X X X X|ooonN

0012

0016

0017 X

0026 X X X

Table 1. GPS campaign Fig. 1. Network sketch

DYNAPG (Snay, 1996) is a software for estimatiorihaf velocities field of points
associated with the movement of the Earth's cri@te program processes the different
types of measurements: horizontal directions, désta, azimuths, zenith distance, and
vectors derived from measurements with the glolmditipning system (GPS), and also
with very long baseline interferometry (VLBI).

DYNAPG (Snay, 1996) is a software for estimatiorihaf velocities field of points
associated with the movement of the Earth's crd@te program processes the different
types of measurements: horizontal directions, désta, azimuths, zenith distance, and
vectors derived from measurements with the glolmditipning system (GPS), and also
with very long baseline interferometry (VLBI).

Dynapg was developed by modifying software Dynape(d and Snay, 1989),
which in turn is a modification of the software Adj (Milbert and Kass, 1987). While
Ajust assumed that the coordinates of the pointsaie fixed in time, it Dynapg can
calculate both the coordinates of the points, and parameters characterizing the
movements in the earth's crust.

Dynapg uses format NGS — bbook. There are thime files :

Afile — choice of different options and the adjustihdata.

Bfile — contains horizontal directions, anglestali€es, azimuths and information
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about the approximate coordinates of the measuidsp
Gfile — contains information about the GPS measergmand related information.

Result inter pretations

In processing are included measurements of fivenpeent network stations from
IGS with the coordinates and velocities in the dawate system ITRF2000. As a result
were obtained velocities of the points (Tabl. 2fter transformation is obtained velocities
of points in a coordinate system ETRF2000 (Tabl. 3)

ST VN m VE m ST VNE m VEE m

MM/l MM MM/IT MM MM/l MM MM/T MM
81 104 04 245 04 81 26 04 0.9 0.4
82 102 04 246 04 82 27 04 1.0 0.4
83 10.0 0.4 251 04 83 -2.9 04 14 0.4
17 10.5 0.4 247 04 17 -3.3 04 1.8 0.4
12 115 0.4 231 04 12 -1.6 04 -0.7 0.4
11 10.5 0.4 247 04 11 -2.5 04 1.1 0.4
26 11.3 05 221 05 26 -1.6 05 -1.8 0.5
16 115 04 231 04 16 23 04 0.1 0.4
VERI 105 04 233 04 VERI -2.3 0.4 -0.5 0.4
PLA1 10.7 04 234 0.4 PLA1L -2.2 0.4 -0.4 0.4
BUHO 9.9 05 246 0.5 BUHO -2.9 0.5 0.9 0.5
LOZE 104 0.4 239 04 LOZE -25 0.4 0.2 04
VLAD 9.9 05 249 05 VLAD -2.9 0.5 1.3 0.5
BREZ 10.6 0.4 246 04 BREZ -2.4 0.4 1.1 0.4
SLIV  10.2 05 250 0.5 SLIV -2.8 0.5 1.5 0.5

Table 2. Velocities of points from the  Table 3. Velocities of points from the GPS
GPS and triangulation measurements imnd triangulation measurements in coord.
coord. system ITRF2000 system ETRF2000

Conclusion

It is performed a joint processing of GPS measurgmat 15 points in the period
1997-2006 and angular measurements of seven ttatiayu points in the period 1926
1930. Obtained horizontal velocities of the pointshe region agree well with the field of
horizontal velocities in Bulgaria and Eastern Med#nean (Georgiev, 2010). The general
movement of the points in the region of Central WesBulgaria is in the south, which is
consistent with extensional movement of southertg&®ia and northern Greece — South-
Balkan extensional area (Burchfiel et al. 2000).

The results of the joint processing of conventicawadl GPS measurements show
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the possibility to define crustal movements in aregéth relatively weak deformation, also

indicate activity in the area and help to clarlig tectonic setting.
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Fig.2. Velocities of points obtained from the analysisGéfS and triangulation measurements to

stable Eurasia.
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CbBpeMeHHH IBHKEHUs HA 3eMHaTa Kopa ot GPS u Tpuanryiaumn 1annu

H. Jumurposn

Pe3tome. B cratusra ¢ pasrienaH €IdH HA4YMH 3a ChBMecTHa oOpaborka Ha GPSu
KJIACHYECKH TPUAHTYJIAYHA M3MEPBAHH 3a OIpEelisHe Ha ChbBPEMECHHUTE ABIDKCHHS Ha
3eMHaTa Kopa B paiioHa Ha llentpanna 3anaana bearapus. M3ciensana e Bb3MOXKHOCTA 3a
koMmOuHupane Ha GPSc brioBH M3MepBaHMs HAa TOYKH OT MbPBOKJIACHATA TPHAHTYJIadHA
Mpexka Ha beirapus wspbpirenu npe3 nepuma 1923 — 1930rogmua. Kato pesyarar ot
chBMecTHaTa 00paboTka Ha GPSwu BIrI0BHTE U3MEPBAHUS Ca IONYYCHH XOPHU3OHTATHUTE
ckopoctute Ha 15 Touku. IlomydeHuTe pa3ynTaTtu MOKa3BaT BB3MOXKHOCTTA 3a U3MOJI3BAaHE
Ha BIIIOBM HM3MEPBaHHs Ha IbPBOKJIACHUW TPHUAHTYJIaYHM TOYKH, chBMecTHO ¢ GPS,3a
MOJTyYaBaHe Ha OIIEHKH Ha CHhBPEMEHHHUTE XOPH30HTAHY IBIKEHHUS Ha 3eMHaTa Kopa.
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