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Abstract Seismic Network Moment tensorinversion Processing & Results Conclusions
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In the present study we demonstrate a routine analysis of The Hellenic National Broadband Seismic Network (code 42 42 Siztion [ 5at] [Eon] H[ei]ht Site Instrument The method of inversion of first P-wave amplitudes was used to calculate At the beginning, the correction for the instrument response was applied, In the present study we demonstrate a methodology for producing
. " . . code €g eg]  [m name type . . . . . . . . . .
focal mechanisms and seismic moment tensor solutions for a HL), operated by the National Observatory of Athens, the moment tensor solution based on the work of Fitch et al. (1980). Only according to either Lennartz, Guralp or STS-2 seismometer. Then, the radial seismic moment tensor solutions. This was successtully applied to 43
group of moderate/small magnitude seismic events Institute of Geodynamics during the period of our study ARG | 326N | 251268 | 170 | AstangelosRhodes | Loay20 radial component of the P-wave first arrival were taken into account. The component was extracted from all analyzed seismograms. Weak, 0.5 - 15Hz from over 70 seismic events selected from the area of the Gulf of Corinth
recorded during a five year period 2000-2004 in the Gulf of consisted of 22 stations equipped with broadband (20-30s) 40° 40° S e o I Athina a0 recorded displacement of the >-wave phase is: bandpass Butterworth filter was applied to the selected seismograms, in and recorded by the Hellenic National Broadband Seismic Network.
Corinth region, central Greece. The waveform data used three-component seismometers, mostly of Lennartz Le-3D AN | 39657 | 20851E | 540 o | e - 1 , r . order to clarify the onset of the first P-wave phase. The location of events was The moment tensor inversion was performed using an adapted for the
were recorded by the Hellenic National Broadband Seismic (20s) type. A few stations operate with Guralp CMG-40T e Bl A B Rarpathos R U™ (z,t) = ATt padr (VMS (t N a) 7) l calculated with HYPO. present study software package that is routinely used in Polish copper
Network (HL) of the Institute of Geodynamics, National (30s) seismometers. The sample rate is 50Hz and the 2o 2o AR Ol ool I pozant Mo 50 where r is the average density, r is a source-receiver distance, a is a >-wave We carefully picked the first P-wave amplitude. In most cases, as it was ore mines. Additionaly a spectral ray tracer was used (Debski, Ando,
Observatory of Athens. Geotech Instruments DR-24 digitizers are used. Figure 2 Mo | o | amome | s | e e anras) average velocity and M is a seismic moment tensor, | is an angle of incidence expected, we were able to mark accurately rather for a short-distant stations, 2004). Good constraint is shown for these 43 events since minimum 8
Seismic moment tensor inversion of the first P-wave shows the distribution of the HL Network stations. For a Noa | So2esi ) SO O Nﬁ‘gjﬁiﬁ;‘fe C&ﬁ%ﬁf’?’o and gis a takeoff angle. The calculation of angle of incidence, takeoff angle, ranging from 200 up to 250km (mostly from ATH, EVR, RLS, ITM, VLI, VLS, first P-wave are marked correctly and the signal-to-noise ratio is
phase amplitudes in the time domain was performed for all detailed and updated description see the following website: PRE | 3906N | 202798 | 100 | Avia oacackoniLeaves | Leaby 20 distance along the ray-path and average travel time were performed using NEO and LKR). The coverage of the focal sphere was sufficient. sufficiently high for the moment tensor inversion.
. . . o o o s : . . . o e e . .
selected events by a software package which is routinely http://bbnet.gein.noa.gr 36 36 O Bl sl B Gratini Rodopi e Spectral Ray Tracer (see next section). We assumed a classical Source Time For some initially selected earthquakes with smaller magnitude we were — _—
’ ’ au au
used in Polish copper mines and was adapted to perform SOV I AN et e s e Function for Haskell’s source model. The following, classical & linear matrix not able to select the minimum number of first P-wave pulses (eight) to Event | Strike Dip Rake | Strike Dip Rake | Fault
. . . : ' - : . . . . . ID [deg] [deg] [deg] | [deg] [deg] [deg] | Type
with waveform data recorded in a regional network. An VIS | 3I7N | 059 | 375 | VelsamaaKefalonia | LeaD/20 equation was considered: perform the moment tensor inversion. Problems were caused mainly due to
) ) . . . . ' ' . . . L. . . . 01 141 65 -72 285 30  -108 N [1,9x10% 35 01 934x 10"
application of this type to regional analysis required also an 34° 34° GM — UP the poor signal-to-noise ratio and the similarity between the noise and signal 03 | 133 48 85 30 42 95 | N [397x104 37 02 157 10°
. . . . o o o o o — L . 04 253 86 -22 345 68 -158 S 7,48 x 10 39 -02 4,23x 10
extension which was achieved by using the Spectral Ray : 23°20' 20 22 24 26 28 30° frequency characteristics. Hence only 43 events were finally processed for 05 3L 76 70 2672 0| N B66 100 4 05 608 107
Tracer for calculation of the take-off and incidence ray path ; ‘ Flgure ) Table P where G is a N*6 matrix (N is a number of recorded vertical amplitudes of moment tensor solution. A Iy R A i IR 60 o SR OR o
. . . . . . . . 3 } « 1014 } < 1013
angles for a standard 1D velocity model of the Gulf of 38°40 38°40 The surface distribution of seismic stations The detailed information on the Hellenic the, for example, first P-wave velocity pulse). Matrix G describes Green’s The inversion problem was solved using L1 and (to compare) L2 norm 2 | a3 s 42| ™ 4 8| S |589.10% 36 03 403107
. . . . . . . . . . 13 102 65 -86 276 25 94 N |438x10% 38 0 1,36x 10"
Corinthregion. (vellow dots) used in this study. The white National Broadband Seismic Network functions for the corresponding moment tensor elements, U is a vector of and a special software used in Polish copper ore mines (for details see: 7o e @m0 [34x107 44 0 Lats 10N
As an example, a number of 43 middle-sized earthquakes rectangle box surrounds the region of recorded displacements and M is a vector containing 6 independent http://www.igf.edu.pl/~gregus/foci) The moment tensor inversion was 19 | 44 78 88 343 12 92 | N [203x104 35 0 7,26x 107
. . . . . - o o L 20 126 69 -78 336 24 -102 N |4,17x10% 37 01 209x 101
. . . . . . ) ) < 1014 < 1014
with local magnitude ranging from 3.0 to 4.4 are interest, which is shown in Figure 1. components of the SMT in the following form: calculated with a typical constrain imposed on the shape of moment tensor 2| 7m0 % A0 N 76100 39 0 107 100
investigated. The maximum focal depth of the analyzed M = [Myy, Mg, My, Mao. Mays, Mss] matrix in order to obtain the double-couple solution. However we were able | 260 74 65| M0 2 5| N 42100 38 02 264 107
: = | M1, M2, Ma3, Moz, Moz, M33 . ' ' /26> 102 7,15
events was 121km, but about 30% were very shallow, i.e. top . Station PLGY, 294km ’ ’ ’ ’ ’ to calculate a trace-null or full solution as well. B B A8 BN 980T 4 02 672 107
’ ‘ ‘ - - , X , , X
. . . . . . . . . . ) 3 % 1014 ) < 101
5km. The goal of the analysis was to demonstrate the gain of 38°00' - 38°00 - o 0 vl _5 o We used a robust L1 norm and an iterative procedure to solve equation (2). The final set of double-couple solutions is shown in Figure 5. O R A G recll TN [ GGl R oo
o1 . . . x | ' | x 10 | ’ ! _ i 03x 1014 3, ) 52x 1013
a more detail insight into the pattern and mechanism of i . | | i The full moment tensor, as well as the trace-null (trace(M)=0) and double- 5 1M o 4 3 50 13 | R |e7ox108 32 03 244r 108
. . . . . o-—ﬂmwwwwwmmwwmwww 150 0 e 00y MWMWMMWWW\WWMW . . 21°20' 29°00' 29°40' 51 45 66 -64 175 35  -116 | N |887x10% 33 -04 7,27x 1012
small-moderate magnitude events in the highly seismic couple (det(M)=0 and trace(M)=0) solutions were calculated using Lagrange 5 | 21 72 -5 145 29 115 N [2,00x10% 35 -01 7,09% 107
. . = - 5 ‘ ‘ s . ‘ oo F - 54 104 51 -76 262 41 -104 N |1,44x10® 41 03 802x 10"
active area of the Gulf of Corinth. | ; - . e " ” T e " multipliers method. 57 | 22 &2 46 30 45 134 | S |478x 10" 38 -03 2,88x 107
) 300 ,x10° Station EVRv, 90km o S tation RDOV, 476km 58 123 48 90 301 42 90 R |201x10% 35 0 1,03x 10%
: ' ' X ‘ ’ . - - x 1014 % 1013
j 0 o 2 © @ s % 55 a0 | N |53me100 35 03 175 108
Lat  Lon . Depth Local 0 MWW/MMWWM«%WNMMWW 63 175 89  -35 = 266 55  -145 S |688x102 32 -03 658x 1012
(deg) (deg) (km) > . . 64 67 82 -68 318 23 -112 N 2,59% 10 43 04 2,36x 10
5 5 _— . 150 0 e Y 300 225 200 250 300 — 65 145 83 -80 269 13 -100 N |228x10% 36 01 1,99x 10!
Fl ure 1 Time [5] 66 163 88  -43 | 255 47  -137 | S |3,53x10° 44 06 1,69x 10"
37 2000-08-07 12:28:55 | 38.40 | 21.85 5 3.5 g 20 %) 24 26 78 30 67 105 87 43 12 47 137 S |502x10° 45 03 6,95% 10"
39 2000-08-22 | 08:54:58 | 38.33 | 22.01 5 35 o , . o Station KEKv, 241km | 68 62 6 73 | 203 27 -107 | N |1,47x10® 41 03 1,21x 10"
43| 20001115 | 05:37:52 | 38.66 | 2234 | 32 3.6 The distribution of analysed seismic events (stars). ; | | 42 — \— — 42 o Station LIAv, 364km The spectral ray tracer (SRT) (Debski, Ando, 2004) is a two-point ray-tracing 73 | 261 77 4 | 3 47 136 | S |502x10% 45 04 160x 10Y
19 2001-02-09 | 20:36:44 | 3826 | 22.09 | 5 3.5 . . TR = | ' ’ ’ 74 | 54 48 76 213 44 <104 | N 1,43x101° 41 0 1,24x 10"
45 20010329 | 00:24:09 | 38.16 | 21.99 | 5 3.5 The size of stars depends on local magnitude (see ° '"""““’“"""W"“W‘WWMWW““”WWW””V'“‘”"”‘“W““W““W““ e, 2 Gt TN " WWWW‘W“WMWWWWWW algorithm based on the parameterization of ray paths by a series of BB e 3 s N a0 T 4l 01 8110
04 2001-05-16 16:50:15 | 38.29 | 21.50 24 4.1 5 ‘ ‘ X X : e . . . . ] ] ’ : 4 Aa ' : 13
3(; 588}8231 832822 222? 3%32 g gg Table 1). The yellow, red and blue colours denote 2 el 00 L 4b _ AP & NOORES S s 45 T Chebyshev polynomials. This pseudo-spectral approximation of sought ray s | 13 s s 3 43 a2 | N |480.105 12 02 360 101
08 | 20010531 | 23:21:59 | 3806 | 2196 | 32 | 34 variety of focal depth for depth<5km, W Station VIS, 96km 40 A _ 75 T 5 el _4 toton PRKs, 421k0m paths allows to reach a very high accuracy of travel time calculations in 3D
03 2001-06-01 | 03:20:09 | 38.15 | 22.09 8 3.9 - 2 | | Q. R P e A 210 . — : : : :
- 0010601 | ooaoae | 3817 | 2203 | = i S5km<depth<20km and depth>20km, respectively. O o Gy RN o #I,A e ik geological medium. In this study, we used only a 1D velocity model for the Table 3
17 2001-12-24 | 20:54:23 | 3836 | 21.76 | 5 4.4 M“M"*WWWWW*M*“W~"""" " ‘ T g b N 7 1o S TRE 0 L : : . . .
22 2002-01-24 | 03:58:20 | 38.07 | 22.82 | 5 3.6 5L . . T — R Sanilte e ( o ) | | Corinth Gulf area (Figure 4). This table shows the result of moment tensor inversion under
53 2002-01-24 | 03:58:20 | 38.07 | 2282 | 5 3.6 me M = il 48 R T e~ SO 150 20 300 : : : .. _ . .
53 20020124 | 053620 | 3807 | 282 | 5 36 Time s - _ SHeRLS M = - Time 5] The key point of the SRT is the representation of the sough ray path by a finite - o o1 o0 constraints for a double-couple solution. The fault type -
0O -00: ) . ) <10° Station ATHv, 179km E P AT ‘ " 1 LN 3 - ion v, . . . . . (e . . . . .
gi ;88;8;3‘11 1228‘211 gggg 3332 158 ?3)2 X1 . | e o \s‘ : ‘..I(T\ AT AV SN 5x10 >tation SMGy, 454km sum of Chebyshev polynomials. The optimization task, namely: finding the (N)ormal, (S)trike slip or (R)everse is shown in 8th column.
25 2002-0224 | 00:229:54 | 3837 | 2172 | 5 3.8 OHMWWMWWAWWMWMWWMWWWM LR ) S S l] shortest travel time path accordine to Fermata’s princivle. i . -
2 20030224 | 002954 | 3837 2172 | 5 38 A e || o lp (ff;ZO gf 0 }el ! S }1) ciple, ; th;r1 taikbof Flgure 5 The moment magnitude (9th column) was calculated
58 | 2002-04-09 | 06:37:45 | 3811 | 21.96 | 121 3.5 i 200 250 500 | B L i, B 3 | ‘ searching for the scaling coefficients for which travel time reaches the globa e : ‘ ’ i i
26 | 20020713 18:39:39 | 3811 2212077 36 D ata .3 Staton IT, 107k 36 : | 36 T w7 o arens . 5 , , oL 5 The surface distribution of focal mechanisms for according to standard Hanks&Kanamori relationship. The
05 2002-08-14 | 22:50:15 | 38.49 | 22.03 | 18 3.5 ,x10 \ S . ) ) oo APEY 356k minimum, which can be solved using any suitable optimization algorithm. od 1 1 L. difference between moment magnitude and local magnitude
06 20001021 | 304a | 3801 | 2297 | o3 20 / A e ~ | 356k H q o th constrained, double-couple seismic moment tensors. — - 10th col h . o Tioh
23 20021026 | 18:18:29 | 3811 | 2277 | 12 3.6 : OWWWWWMWVWMWW“ . U Rl INT owever, due 10 e . P g 1S shown 1n 10th column. 1he maximum error 1s the highest
61 | 20001230 | 193613 | 3853 | 2160 | 18 | 3s We analyzed focal mechanisms of 43 earthquakes that ) | | R ———— T Con line;rit ¢ the The equal-area, lower-hemisphere projection was used. Heof standard deviation f eix ind 5
ol Iwscorio il ool I ol ol B - occurred during the time period 2000 to 2004 in the Gulf of . T e "o3g 34 2L - - J e " yA(c)i ; op oo 70 7o 80 The detailed description of focal mechanisms is shown value of standard deviation from all six independent moment
A . o« e 3 ation VLIy, km Time [s] 0 0 . 1
12| 20030313 | 17:23:29 | 3821 | 2159 | 24 3.5 Corinth, central Greece. Initially, we selected events from 0 Station VLI, 191k 20 22 24 26 28 problem, the aptive 1 Table3. tensor components (taken from diagonal elements of
01 2003-04-03 16:30:06 | 38.38 | 21.96 16 3.4 10° Station ARGv, 602km Gj 1 t d A 1 . . .
64 | 2003-0424 | 234236 | 3864 | 2266 22 | 39 the region defined by the coordinates of a box with corners OWWWMMWWWWWW 5 | | lmuiate nnealing covariance matrix for L2 solution)
65 2003-04-28 21:30:29 | 38.28 | 22.49 19 3.5 . , , , , | | OWMNWWWMWMWWWW (ASA) al Orithm was 16 | | | | |
66 2003-06-01 | 01:35:55 | 38.00 | 21.83 | 16 3.8 in (21°00’E, 38°00'N) and (23°00’E, 38°30"). The rectangular 50 W 300 & 20 20 e Magnimdes .
67 2003-06-12 23:41:37 | 38.12 | 21.68 5 4.2 . . . . 5 ‘ ‘ - | =1.11M,-0.36
21 | 20030725 | 032728 | 3823 | 2254 21 | 39 region is marked as a box on Figure 2, shown together with ot Station VAM 373k o Tmes v used. For each earth M merony e
10 2003-07-29 | 22:4254 | 3813 | 2234 | 21 3.8 L : : : | | . on NPS 0 — - = 4.2 A k 1 d t
18 | 2003-07-30 | 09:55:10 | 38.09 | 2237 | 11 3.8 the seismic stations of the Hellenic National Broadband 0 ol Station NPSv, 468k ; quake 1<:1ilp’ch and eil T « 0 cKNnowle ements
68 2003-07-30 | 09:55:10 | 38.09 | 2237 | 11 3.8 .. . . . OWWMMWMWMWMWWMMMWWW centra istance, the = 4 1 . .
73 2003-11-18 | 18:31:08 | 3840 | 2200 | 7 L1 Seismic Network (HL). The detailed view of the study areais sl - - e s L L | - ] ’ T < s Flgure 6 This paper was supported by the NATO Collaborative Grant no. EST-
77 2004-02-17 | 08:52:46 | 38.60 | 21.62 | 12 4.0 - - - Time ] \ | i | ‘ algorithm ca 33 $3.8
7a | 20000008 | orosay | 3892 | mse | 15 i1 presented on Figure 1. The local magnitude ranging from 3.0 %50 o w0 0 e " hgo calcu a}’:e the 8 o o £ The dependence between CLG-979849.
08- 06: : o r r rom . 23.6 :
76| 20060826 | 080654 | 3B6L| 219 | 13| 40 to 4.4. The maximum focal depth of the analyzed events was ShO test ray path f (;1 Figure 4 : local magnitude M, and 11
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Table 1 contains the fundamental information on selected The example of displacement seismograms for event #67 (My =4.2) that occured in .ece ver, the angle o model for central estimated from seismic Fitch, T.J.; McCowan, D.W. & Shields, M.W. (1980) Estimation of seismic moment tensor from
Table 1 . . L 1IlCid€1’1C€, takeoff angle . 3F . teleseismic body wave data with application to intraplate and mantle earthquakes, J. Geophys.
earthquakes. The example of recorded seismograms is 2003-06-12 (red star), recorded by the Hellenic National Broadband Seismic Network. and averace P-wave Greece used in moment according to the Res. 85 3817-382
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The list of earthquakes analysed in this study. shown in Figure 3. Seismograms are not scaled to the same maximum amplitude of displacement. velocity 5 SR this study. . standard Hanks&Kanamori Debski, W. & Ando, M. (2004) Spectral Ray Tracer: A class of accurate two-point ray tracers, Acta
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