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When an earthquake occur s, we do notr ekimow t he
ermine earthquake mech(aMTi)s mat wedekbkysmehedmt maht

components of the seismic moment tensor for natur.

sol
me c
exa
and

err

gen
wer
Ggo
me ¢
t he
azi
occ
amp
Son

i nt

i de
Cha
Bog
t hi

uti on. However, dfoatobepbdeced mpuoprpaeahss nane an i |
hani cmmmdhéy wused method of MT <cal cul ations f

mi ned for sensibility for a wide rangeeaogfagfeact c
noi se, but the distinct influence that factor:
ors will all ow us to i mprove MT solutions inte
As the first stage of the research, synthetic
erated based on the assumed mechani sm, and aft

e carried out for édufoseasmhcopedenir&sseiss mibt
g-w Cooperdabksat minte,, Bomgng Tranh 2 reservoir :
hani sms were anabD@swrdder rroan $wo élad vheelos nwphsi tad 4alm,
first way to i mprove MT inve&NSbBodataheoposst
mut h coverage was checked. The analysed data c¢
urring in the LGCD earrmiane Tthhee liarsft|l uset nacgee ownfa st heo

|l itudes r eaxtordiefdf emart e rstt adii ®¥thasnces from t he sour

g Tranh. The research was based on the assumpt
o account a simplified radiation pattern.
The findings highlight the i mportance of K now

ntifying features of the model -vteHeatcican |caaueses.:
u and Song Tranh net wdT ksolputoivo e, swhibll €@ minmde r1
danka should not be used for routine MT invers

s wor ksmn@mmr mati on. The proposed met hodGNSS i mpl €

demomnetsrats wusefulness for recording tremors abc¢
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mut hal coverage. Research on the influence of
ue and the necessitymnifcorstfauritomer ch eowseei & gheatni elvde
s worth considering intermediate field term i

|l ow events observed in short di stances, Il i ke



Stzezeni e

Kiedy nastnpuje trznsienie ziemi, nie znamy p|

mechanizmu trznsienia zi emi szeroko stosowanym na

Ni eScinaj Nce skadowe tensorcah nornzeinstiue G ezji sermic zrmoeggh

niedokgadnoSci rozwi Nzania, ale sN istotnN cznSci
stosowanN metodfin oblicze® MT jakN jest i nwersja a
kNt em wr abWikziewof¢i zmkres czynnik-w. Dla prawi dgowe
azymutalne i szum w zapisach sejsmicznych, ale do
nieokreSlomygndavckedpazwol i na zwi fiMTs.zeni e dokgadno!

W pierwszymEetrzaptagywapgdazeprowadzone testy Sy
zagoUonego mechanizmu generowane bygy syntetyczne
po czym dokonywano i nwersj.i do MT. Testywzecetit agy |
monitoringu sejsmicznoSciGgagowsbkbme ©Oke Amerj Miwdke
Bogdanka, zbiorni kach Song Tranh 2 i Lai Chau. A
SZumu. NastiApni e swamiwdzaonseokwez izsaottdd awoSci owy ch
zwi fkszenia pokrycia azymutalnego wpdgywa na jakosS
wstrzNs-w o magnitudach M=3.8 oraz M=4, Kt -re wy:e

GNSS poeewahaj Nch uUycie w analizie MT. Ostatnim e

poSredniego na amplitudy rejestrowane na stacjach
zagoUeniu model u Haskell 6a dl azdme dgal Scii adij dlcjeig.o

Przedstawi one badania wskazuj N na i stotnoSi
rozwi Nzywania MT oraz wskazujN cechy modelu, Kkt-r
wstrzNsu na granicy warstw | ub obecaw Sii Sanmgt Wr @
zapewniajN stabilne rozwi Nzania MT, natomiast si
wykorzystywane do rutynowej i nwer sji MT bez szero
t ej pracy, ilmubseiitef ek na ojpbii ssk wwy Zaproponowana met

dodat kowyc hGNNSah ywshk aHzRuj e na uUytecznoSi w przypad

wstrzNs-w powyUej M=3.5. Pozwala to na poprawi po
poSredniega wska@azwmjoli tego problemu i koniecznoSi
stacji sejsmicznych pogoUonych bliUej niUO 10 km oc

Obie zaprezentowane metody mogN wspizaEiMTotdd ay myg
zjawi sk S eoj bssnei r cnzonwyacnhy ¢ h w bliskich odl eggoSci ach

wywogywanych przez g-rnictwo podziemne.
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1.l ntroducti on

When an earthquake occurs, we can register
the underlying mechanism of its occurrence. |
determining their causes, which Vvaryewi Gdelt y.ngk
within the Earth provides vital i nformation a
curring there, enhancing understanding of o
n infer stresseadb, lsgttryemndgt it hlei miotcsk, neaankde ,s te n.
omechani cal properties of rocks. Sdincectilty i
nclusions must -rbec odrrdaemn do atoan slutr fiascecr uci al

ad to seemingly <correct but i naccurate sol

® ®© O d 9 O

termining earthquake mechani sms.

To di scover theamddhiyaudikeenf ohethlke forces ac
i smic moment tensor (MMJi $ sacmonanimbemyt ided le r wnd

—
> O

e event mechanism and is a symmetric matri X
ne of the possible pairs of forces acting at

tenti al f amuplotn epitescebsmpasd t con of the tensor

-~ T O
(@)

or a physical i ntiesmr ewhi cbn i gf crluei amlech am
proedans addi tion, i sei snopnesnatnddre Wioe @nad makine theer s .
MT is routinely determined for | arge phenome
phenomena abbMv¥be smangdndd 2 liuSHie® Es Kk i et al ., 1981, E

The seismic moment tensor is a widely wused
I

especially in places where human | ife may be

mits of applicability atnhde rbedsiiasbiflart ya nmdal ytshi

may cause incorrect MT i nversion woaskuwlaism and
deter mine the-waivnei tasnpd fi ttuhdee fiinrvsetr sA on met hod
of i mproving the quality of sei smic moiment t
frequency GNSS records anuwsitmg -titelteee dfimaars e smpb e i o
research thwpotthhesiismpl ¢ meguanicgn GNISShidgah a and

intermediate field terms affect the quality of
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Like many memdmaretnsoegi s miver si on was origin

enrnal hquiakes tremors occurring om dwarttise TI

| t i s¢c ahpel ed o(ub@)e mechani s m, based on shear
refore be |imited to matcsaregvobheabéest tbD€m
ma expanding the fissshesaagompeersnt e- Howeyv
agomponents reowletilngyg p ftrmoom DChemechani sms W

ohli.omthld?he) oévelaoememiwg and ppaceasmeit egss
reasingly weakgmsecaWVEnt sveweeseon was used for
triggered tremors. The earliest studies 1in
S, S0 the same processing met hsohdesasgoer € es s e
ewerse observed, e.g. in mines. RiHafs egalwlaa p :
al .as( T1Y®9)c al mechani sms in -smheas. c®ODmepon ent
hropogenic tremors, a full tetnh®e€r sesblutban
case of faults. Another difference is tha
ur al earthquakes. This means that assumpt.

be i nappropriateé hropememsder i nversion for

No-shearing components of the seismic mome:i
ul t from recorded noi se, muimedpluawy eresf,| eanh
ccurate medium mode(lKr aovra ng0ad 2erts Kailg.e,t &e L a yn,v
enl & VaNXNoPCudkmp 20dMt)s wer e used (aMasva yflourk ,a

Qfhe occurrence of the CLVD component was t

c
c
i

e

hamilaumi®n when analysing the evternemootnh et he
hani sm assumes tDiCe cpamrptoineing ast iionn tohfe nsoonur C ¢
smic moment tensor, and aisn omer toiftcou lldaert feiaterdi anc
ther an event( Cess cnaateutOtichteaosre 2 &wlddu)ctemdh g g édr e d

counr e xdisgsd mmianduimeic @ a mosm | ya.rs hkeear i ng

The r ewaoveafeddr mesnd on the characteristics of

medi um and the respondyee aorfs,t hrany sgagwrmeent mo de/l

for

t

sei smic moment tensor i nver si ond e lntoas ts oouf rt ce

me function. Adopting a specifi ct oanadv osiidnpelrerr



that may result from inversion when general as
this carries the ri sakadoofpteaerd imodcerifroertse i sncaltduetgitl

earthquake mechani sm.

The wrong Green's function resulting from
i mportant factor-sheadetemmbne(nd?sltedntl ,n.02a0s0tels n s200r
have been observed when the explosive compone
i naccurate M6y eml m&delbf Hoevtetver, 2G@2)exact mc
i nfluence the inversion have not been determ
frequencies are |l ow, an approximate velocity
ant hropogenirmrcestorleumoirosn, otfhet he velocity model
wavelshmgt hgreater ability to distinguish det ai

Y
problem may be the conshduost yyc hanhignven g ye haeyreea tt
v

wave propagation is infhbduesnocedsbytakeawvdtaeand e
i naccurate velocity model wi || result i n a | &
waveforms. Unfortunately, with a detailed mod:¢
of | arge changes in modelling the seismic wav

The geometry of the seismic network al so he
l uti on. Optimizing network geometReyn feotr aslo.l
0.22A mini mum of 5 s taactoivoenrsa gwei thha sg oboede na zii nnduitc
tianign rel i abl e no@dakclipuming®l osvodl Judk i Batent he2ae
ometry and the velocity modedlcawdr agaef.f elcn

nditions, It is not always possible to set 1

< O ® T N O

aluate exiemeymg hreet worsk DIdCi $cso nfpoorn etnit es nwemrr e
ut the network geometry did not i Bclwhdiec hstiast
rucial for smal.l | ocal net works, and the test
f (7Stdi erl e. eDetahi | edO&ygnthetic tests for smal

YO O O T O O «@ O — u

r e necessary.

Azi mut hali ncdoivceartaegde as cr uwi ll deperd maivrelr
station' oorcit mépatrieontt tree availability of good



path in the medium. A small amount of data 1is

addi tionali miphatwavezi mut hal coverage would incre
moment tensOmretilsbviee ¢ ® 9 . wshei i cshmiosl uopgpyioyr tf 1 el ds 1 s
Measur eony&ho b al Navigati on Satellite Systems

earthquakes and support earflagmavwariniudge (LEDti emast,
et al ., 2021; A¥cipikadedclhK 2ét2286. pp&6Lh)e to r
records of tremors wealBerkmdmnt iMe=4s amur cde sda fathe
processing. The wuse of an independent dat a s

i nversion could be a valuable met hod.

It has been proven that the i mplementation
qgual ity of sol eDXG ocnosmp Qibreanltiusceikn ge t n ocanl . 2021;
Teyssoneyre dHtowalver,286@2pmic records from are
be noisy or the geological structure may not
the S wave, which canGbheg owsCoopal( KDk gthek cLte§a
Rudzi Bski Ad@ioRiBdgnally,shédar enemggegnent $ hies noarr
wav(ieFl et cher &. MBGaface2@@BEs were @§MosUzed |
Kehrer), 1Bwt2)du e v esottatthi ee hsahnocrets , they may not |
net woGkbowi cz & KRgrkot,hil€99rddas on, it I s neces:

increase the reliability of MT solutions with:

Many seismol ogi cal met hods ass ufmedlAdhiat &obs
Ri char d.s, Th2i0sO 2gssumption all ows for simplific
However, wheen dt haes sfuampt i on i s i ncorrect, an er
f adrield assumption is fulfilled when the dista
freqguency dreepéernedbecnaf.t efrhedefined in terms of pe
anthropogenic tremors are characterizad-aby sm
fieélsd smal | . Ho wenweers,t iigtatii sngwd rhteh ef f ect of th

i mpact does not decrease witmetlisltdhnce as qui

|l nver sion methods are used to determine MT
met hods are based on the inversiohRubf wapeéf ou

inverwidaly applied for nartauntraole megar tt mgognmk ess ,i s

5



conveawawne froefmsectstdatwadlre@dmed uo c e sasnidné hiesr den
met Bogrdel nptlaneshbasaldettdi osnts | amr g d twe B dnootodunt t

tenAogi Mpilrever si o fmdrimdaod onset. As a simple n
amount tohfati nglultows f or té eofanian ¢isv isAldodiil ttHheerc di lanlrf
firswavd amplitude i nversion IS c ommo ndry use
mi croear(tVmyughak .et al ., 2017)

Theommonl|l ywnweused of induced seismic events
examined for sensibility for a wide range of f
covage and noi se, but the distinct influence
possible errors wild/l all ow uMetthodsasnpatolveer MTh a1
onset i mplementation should be developed. Esp
be valAdadblteoonéaaklkeynw applied -faisesludnp teaxoonsil, e ldd kkee a
ful filled

As the first stage of the research, synt |
amplitudes were tglemeasastethhedamedhami sm, and a
mechani sm was sol ved. The tests wstabtashedd

ant hropogenic sei smiGgiogy wm&mioperi bg:stlkeégmni c a
Tranh 2 reservoir and Lai Chau reservoi¥fr. Diff
DC under noi seTol evelms nap et er4®¥%s rel ated to d
i n synthetic research, a set of demh htsr evacsr sa n&
| ocated in the four considered areas. The | mp

determi ned.

As the first way to I mprove MThiwgwdH®si on,
GNSS data to increase the azimuth coverage w

seismiowi ehemagni tudes M=3.8 and M=4 occurring

solutions was checked when I mplementing this ¢
l evel
The | ast stage was to determine the influe

recorded at stations at di fferent di stances f



Song Tranh. The research was based on the assu
took into account a simplified radiation patt

Theaemsented seseme crhe IfME i v amyeboCemrafhguakes
possi bidpglirecsa@i®sEn MT inversion and iomt er med
regi steredhampgloiltt odve sng chaptersrwbsblbl tdsiimodsar
det ai l



2.Met hodol ogy
2.83smi ¢ moment tensor in modern seismology
The seismic moment tensor iage atrhteh qdueaskcer ispotuil
t feorm of nine el ement matri x. Thac ocuplter qoufa kfeor
actimnlgeairt hquake sourcactilfg tihre d pgpradhieccdaeil ree c
arms shreted the momentDuef tfoortchee al papwe ao f cons
moment hm perpendicul sas( Akbdbr &e Rc c.hpThdes agp@O@AIRCe c
mechani sm represents the Tbheahiemgi mgc mawiesnman
earthquake soumeehaafhnsootacuusrer eodt hseirmul t aneousl y
suab volume chang®sgardteaskobpehengource mec
i al ow f r equfernocny trhaen gseei samiec r@aai mtt eslowamade t he di
surface fol |l(cAkd ®hRBi @mlairadtsi, 0 2002)

Q0 oo 5
oo oo ) ok 020 8  p

whebewmM i s the seismag amomemtoft emisda sf e hee Ge @ @

f uncthieorcr elen function describesdéhearpocksametdo!

source on a distance between the source and r |

Mat hemat i manlelny tresmi-gebMmepniM matscirx bing n
possdibrleec tfiooousu pplheds ar msamat i ngu a(k&i bsoowirccze & Ki
199M7) i s a square, symmetrical matwahiegs, t wet hoosc
actdinrgexnjd ® ftorece ar m di r &tchtei amo mMiaittec h xc @l €enen't
along the diagonal describe the i1isotropic par
compl ementary force ctohgeplsses bi Thtygy ODeEatemesogi
i sotropic component tr (M)=mMali+avro2naM 3i3z aatnido rd eovfi

M! all ows for famaxheracdeaccompodsitthheomdoubl e coup

The most popul asre idsentiocmpnoogn eimeba it tlednfiseo rcoupl e
componenshée&€lLVPafer uniaxi al ,acnedim@rod $ DIipoOIT @ro mpe
for volufmd@oshaggE e rSuntcahn nd,e cloIBp)s i t iiotns e sulus e &l s
f oprhy siinctadr p(realkaegr o&% Young, 1997, Cesca et al



Rudzi nski et al . ,Th2eOrle6 aid &Vaaimyd uiktwii @ 1éhteh oids ot
and major and minor de.uWal lel aac eudo(lhed Bdbedseccroi nbpeods i
indicabtesopi scasdmpbeemi x ecdr ancokd ea st ean sgdnreer al di
modeVavryluk, 2001)

Excéptrhienf or mati on abomd metnhte tceomspoorrseihreser s i
det eartmiqgoro sesfi bl e afnadu Istt rpalsasnteask e s on and compr ess
be di sti ngouni sthreed pooafseePdwd Wwe od mpwiietpuedrependi cul ar
separating thesanar ead | ®@rde ndbatad r mipraehce stthieB A € i
fault pMiarme,utbuwmtddi t,(i lbo@aéx aantt oo mat c(atinbootwibcez d&e
Kijko, 1994)

Theocal mechanism can be repoeséntsethecikr gsb
caldbeedac hNoldalll peasée®n and eonhpgesashidbrmetcaexiivser s
canpbej eat hdhmi s.Sluemhe represdmneraagy othetaed 1 miwsat i o

orient antaiioonn faomdes directions.

For comparison ob6br mauniyckneméahaslmsanttiboermp o n «
sourcedphmbadi shdpe a&aeet usapll i@ixhies iosfotsruotph ¢ a X
the horizontal ©oOhe psr é hBCChh®¥®hawri sms are pl at
poiFfitglprreesasotu-t ype pl otHpdo® o setvidip.c h(aln9 &9I)s  wi
di f f2C emdmponent

Explosion

Tensile Crack

§ % of DC
® X ®100%

® / @ 90%
D(-) © 80%
O 70%
@ 60%
O 50%
O 40%
O 30%
@ 20%
Implosion ® 10%
@ 0%

Anticrack

Fi gLlSeut g@deamwina@dt with mechani smsrwiash iBE@bgygomp
Vi ol etapdote isteari whemechbs mipmme tensile crack
component .



2. Met hods of <calculating seismic moment tens

Focal mechani sms are researkFohredalbly Mo memu ¢
met hblkde quadlaittay seft Al gh gtimadiisceanrtati o i S neces
good coverage (&2 Itédrel fatbedll .opadBB@)Y | ter i s cor
for high frequeticyearnitsreereds mamavié onthreu memto viet
al so rotation of the waveforms i rctowdealadoaé a
(Gi bowicz &AKijthe, pb9@%4) zati on of the registe
pl anes andomipe essem®inomuadr ants determination |
pol ar iFuattihcethemopeopper <calculation of <Sireginds f
Earth modeéeled,er egerfiooelcioanldlig i Gnseendsveamneti on
chall dmgsegmpgthindame t o aaf drulef id ped mandopuktee

sour ce t iimmec rfebpescstsiiobmilsicciayl atbhheo ment . t ensor

Besgtdhee chall enges oqdwitdhee rMTn gcea |l ocfu | nmaad meomts t
met hods we rTeh edseev edettiphediibs di vi ded i nto ti me dome
domai n metfthroddhe Apat. jtdhde domgpilmcement can be g

form as:

| n htei me domain the G is nx6 matrix of the
stati o sexl enveerstt ar of the i ndependenavamtmermnto ft
t he measured diogplfaceagmemtcsy dagnar ine pr ofb | e@aguu atoin
foasmepar at e Uf i squédrrec yd pemt acaopnnieanitns addi ti onal |
function transform for motnheegtiat easornet eement 8c
are described hkay yt mhearrtesal Asnd hiemadiorve equati ol

usual | yqtuhaeg el pgtobl em approach is applied.

For str onegc oagwerdt sat ftelgeud d a lwadiied toasmmcveis e & 1y s
appl(iCedsca et al ., 2006 ; Dzi ewdinskimedthodl .i,s
conveni ewteaKoretdhe ant hr opghedirecqgeecearct eswherfé¢
strucdrwrcek hoafssegi stered wawmef dccees anoTrhei sc ofnepa teuxr
function with more probablAeaaddii gti oknead dfuudidmdg ain

waveform itrree & @draomefiespr oces,si whpiake mglad i ng s u

10



met hods in everyda®@t hsmagposhiabll € nme(hHyorddse buescek
& Shearenmr, s2A00A)dekwares& KRhrmrfeachdwa&@wes shoul d
e recorded by 1| ocal sei smin unnedewogrrkosu nidn nsi hna
vefOGsbowicz &. KMpkbpdd94)ng amplitudéderati
ecessity of noi(skea rldeevbeel c kd e&.eSTa enraetriporne 00 2) at
e
0

> O T

tensor det er mi natthieo nihne@ede 8 0 ds cioimp e tiiast n roeamo v e d
HoweVv &ree,f er ence meeeccheattthnes mlapeg t past hquakPakihust e
& Br andsd:Atntoitnmeetrh 68w g motrs | ¢l WHg thavi ¢l h MsTshieb iploi ty
provide stati dKwi oartreekc tdihoera Bfaaycet2drhsh) appr oach f
i nversiahso appl,ioehde view skiornoesvl eages about i nput

and gives hfoghobDCocmpo@aé&nt gt .dhei m@gdeBd of MT
calculation is to use afmpli epehdep r-edv egsmuod !l
di spl aceMmewit apek setTlmeaave KEMD16HNversi on advantag
demanding computations

As previous sfRseéarcékisheett hald. ,us2@l6)or MT
i nfl uensecest i on, especially fTohreeemhendt s ewieth edo
i nver sisom dcdevppendbl e dat @oavredtied f grieorti men hhwldesd
di fferent MT hstod dujtaminesnt Fforom 19 March 2019 ir
resolved for three sets ofmidnaet ar eaciotrhd itnhgrse ewi di
amplitude inversion, | ocal sunifiaegi dmala dvat &
ampi tude spectra f saadatimer. sEcalcunt incent heondd gehrecet her
s

tages of .rupture history

For the inversion of the seismic momeat ter
useaspfeci fic method will| dbpeadt gam db faevaad d tadea g t
addi ti onalThien fuosremaotfi oena.ch met hod i s associ ated

2.Bi.rst amplitude onset inversion

The dmplsiptnwsicev er si dm smals$ mMaslkdlean dr a sommended
for anthrog&genytuévedtnelt.hhod20ils7)based heen t he

wavene -neigla rati d nihlsel cwaivcd® admpl i tude i nversi ol

11



by resaséviaof | i mp(akwieaqgtueakt idotmisa I.i ,ntplE €Bf¥iG@i lendgm
igssualoihgi dered i n MThheandul atftommedwimeéerm i s g
i mpul sive point Tbhersgesiemabboeqsatndeds its pd\we
resol vtehdeswi b h .TLh2e nooprtm mum MT sol ution gives th
error dedbseldutas di fference between synthetic
(Kwi atek et al ., 2016)

Yoy 2 (3)

Fodescribed researchKwiyatra kd ewWwa splawckbaed 6 1 6)
cal cul ations ar epalraasneed eodn ctome i detelgad gD unbde i
di spl apcuelnseentor t he di spt BPeveamednd o spealclted | s g eoterl
A gsn of the amplitude is applied t,o sdoettehremiprnoes i
sign means ground mparcdhergafirosemmbeemesmntur cewar
soumMfbe. omega parameter for simplification is ¢
and pulis®se daofat mati on.

Two ypeisnpouft fil es wer e tihsgebddiMTdop a adledpgeenlda higo 1
on the avail.abBeet hi ndontmaitneodh i nf or mampemeabpu
sei smivepbagleynsdithge o0 fasckwsaaeh o0 me g as Tphaer ralnte tteyrp e
of fid=zi mesdedds tatli shiamciedenard atnghkeof f angl e va
inNFi ghlhmMascond type seft ati bea ,aewtr ahiewaetssary par a
cal cultahbeatdd INnby uMemeé®n .t ensor i nversion was per’
the graphical representation was on tahesulotwer
t he dfewli laatnodr idcoubl e coupl e s o/lpwetsi orfsi rvedsaydetrgsd esrd tn
el ements of moon®ln k att eRIMSvr t ow and covariance T
CLVD amd mp®nelnars ,s esicsami tnbmeménmagni tude and nc
stredd rexlitd ommaabdetoreti cawvhabmpl ptodieded.
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The asnsoudreeld i scr aecdkretnts ghu&elkoerpf awlhten i s descri
t hteenantckael cul atthfeduf t oml ane toWhenddaeheddfsdrisp ve
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2.Moise bootstrap synthetic tests

The additiioensalo fc atpyabbriild tMT soft ware were us
resul ts. Exceptlactaikcniahe oRMSegrecodoi on tests wer
stations crucial for exdicgt woeflh asamm el inteutdweo rvka | gueec
pol ar jaznadt itomkeof f value can be added to asses
condi tiahng hwirtisk of 1 nsmabitl yt ywmpsiwa tcehchiensgweadé s e

to imitate noise influence on synthetic ampl i

The ampdiisttuudreb aadéed t oanad It haempd mptluidteussde v al

with the equation

h

0 O (]o't'é't'8

(4)

wh eriies ut he meas urNgd ,almp liist widtesh rmeemacho M@ ‘vaanldu es t a n.
1 dm @afwr nor mal dndtadkebbébar dKwh adtekr et al ., 2016

The primary aim of conducting synthetic te:c
solutionWoubbbeph@®C)nmechani sms by comparing as
the resulting me c hani menc haacpriossmssd dv dif eirreqt | e
contamination. Il nitially, synt het i Ely bardpgd i t ude
software facilitated the generation of initial
magni twwdeledt h, faulandplraamlke ,st¥bD keel aaipty mod
( Kwi at ek .etVaarli.ous20tleénsi | e angl es were examine
assumed DC component decreased by 10%. Vel oci
EPI SODES (Ort-Biokar a et Slub s gsqyoretOget i ¢ ampl i tu
utilized to compute moment tensors for four n
data from all stationsemagcepot aahwahwe begavaéai
i n a networ k f orJ asctkadxliseft e MTn sroel juetcitoinosh,nt eath w

iteration, one station was omitted to evaluat
dat aset. Synthetic Gaussian noi s%, wamnsd addd% do fa
generated amplitudes. Each noise bootstrap te:

To determine i f thetdxamnohédet MTi & e@risdisiu aabmlde r

characteristics lwessiBdM& a ik echau ecautl oa t aecdc ocuonnip,onent s
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and DC pertéet ageprdance of | SDaainhd ©Cype® aoomg
with the assumed one and stabilityom®Tiaxeod uti c

directions for full. deviatoric and DC sol uti

The adi Itihkdy iofiver si on sol utt buss ewaocsf dredteatmi onl
calcuTlhetmhion angle I s defined as gdtesesanfal d e
or noda(lKapglaann, € 81 %9 1A)bctoormpsaM)T wi t h t he r dherence

stable solution waar oatsastuinoend afnogrl er essnua Itlse rwitthha n

2. Bnter medi ate field

The displacement u in (PAkice Ri ahar dsi,me0t02)
66fp ——Y_ St o tQt — =Y b o ij|
——=Y 0 0 ijf —-Y 0 0 ij| —-Y 0 0 ijf (5)

wherog daMcal ar sei smic momehhineaR a(rNe) ,r aidnitaetri no
and ffarel(de)SWwaylUamibar e vel ocBwaesrespPacaiidsdelspur
recei verangiisttame er,ockThideosd et gquatsf omied a@ls csipil e ¢
caused bycadbhel @dosuditredcee . a Usswmdtliyon i n MT i nver s
al | st at if cfirise ladl hei fsio opuasnetst he i nfl uence of inter

di spl acement .

This research is based on a Haskel!/l model
uni form for the( Gihbodwvei cfza ud.t KTshudkr o sascedhigg k e h| o f
mo d e | i s the ramp function describing the | 1ine

t=T called the rise time. T hio(st )d ed estslguihbsien gt h
radi ated f(rSamithhe& Wg)sle Snii shin ogui2 &0 3

As the velocity is the derivative with re:c

bet weedmnid O whegie is the di splacement pulse dur
0 0D Qo (6)

0 D Z2Y0 (7)
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Fi g43e®urce time function for Haskel/l fault mod

Such assumipoi oni mpll ofwi ctahteqoa(tF)aspbasmhmer € 6t
Pwaveter medi ate field:

6 ——=Y 0 Y (8)
and from the comparisédmewdvehe equation pa
o] —-Y 0 (9)
the condition to far and intermediate fiel
bal antewe negl ect tilse arsadiodtlioom patterns
i Yoz (10)

Thesi mpl e cwags | mshdaetn i ntaed medr atfe el d equal

ampl iitrufdlesence depends dwa tphkeea kidPuaraagtes ioony .of t he

The previously negl ectiendc | ruadckcidé tecidoodmiyd gytath ¢ e r |
assumptgeins mchgartams oat der afpatded awh iy othhreo ss d threc ev.
The radi atfioomaRpardet earsri( Aloil | & wRi cchar ds, 2002)

Y ot QE0éd % OiJAITO ATfOmMI (11)
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Yo QE0Ed %o (12)

Wher e, Rajrveect ors i n .t hReret sdiafece quwatsi ons wi
component breenmvahiinlieng parftoarafnttelraneaq adtei dn el d i
compoBeoause we arerendridacsscoedt edl yhentransve.

negl efchteeds.i mpl e rel ation can be derived:

YooTY (13)

2.6har acstodr iretsiesar ch ar ea

This reseéatranh ff omaeses of ant hropogenic seis
under gwmiosgegn dhced iamtdRel @andher two ana &r#Btitheaomial
pl a@res monitored by the lequalwpelr fsaed e Insoariest neircs
Detailed inSenmatbsonlopkatatt scmegn, tbaemdf hEeP h & ODE S
pl at(foOringickar a et al ., 2020)

The LUMI NEOS network is a surface seismic
activityRuwdnahiomopgmer mine | ocated in southwes
Ggog-w CoppeGCDDiI Wi t hech (amwmriRssdexat sna méee d- ¢ hamb
pillar system at depths ranging from 680 m t
rel ativeiyhsutmpl ar g e cdhiasrcaccntteirniuzietdi ebsy over | ayi
dip slightly t@wamdBee ntehaet hn otrhteh eeaxsccavati on | ev
vel ocity anhydrite | ayer. Seismic activity 1in
and is closely |l inked t o Kiolzej orwesthkew ,eaaizde 1e3xXat ceantt e «
usualtlhyei chntiheex cafvat boan deepv-dR2 00DBn sei smi c net
coned&imn 6 up to 17 sensor(Bi gtbhelghecadam ndi Shahbe be
st atiikoensss t hExnc ebp t&sth @pretrtste ds molmen rarst z 3D Lite
Geosi-®BBE (165 0s,HlzGe 0S| GBI el eremet es 8§ @atwl igs lmeich d
motion mAnnuafFriwg more than 1000 events with n
in this aL&&Dheemdesti s@i smical ] yiacktudgdengegiop
tragi c( ee(vgeinztusr ek et al . , 2 DTlhbe  sRturdazn gnesskti  eevt e natl

LGCD wxf hM mechani sms of these tremors are | a
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with predomhreanting mhrara¢tezusekcstomder,vedo]
Wi ej acz, 2011; Rud&enski cedatd. fr@emléhis net"
Epi sodes EIPDSSf, o2®@d1¢I)S

A network of seismic stations, named BOI S (
established to monitor underground tremors at
Mi ning District. The mwetWworaldsbeaogtpo(mGdess? ISIG2Z VsEL a
53/ PBsitioned between 2 km(RingeakTeh ek Boagmamtk af mu
extracts <coal deposits | ocated at depths rang
mining system is employed, which involves crea
narrow pillars of csoawi d(ea)p pfrBohxiiknpapt peolite250s0n2e) o @ g
seismic event recor dedctho2b ¢281@ wn ¢ thwar kn&8ag.avd u rurde
On average, the mine experiences more than 10
the area features a sgdiimpmpliengs tsrtucattuar @ nwietrbr unpd ret
faulFitgh)rSeei smic data acquired by the BOIS netw
Pl atform (EPI SODES, 2019) .

%ogdanka mine velocity model 0 Rudna mine velocity model

2F 2
3F 3
— 4} — 4F
£ £
= =,
o oy
[ <]
[a} fa)
6 6
7r 7
8 8
9 9
10 . . . 10 A . . . .
1 2 3 4 5 0 1 2 3 4 5
Velocity [m/s] Velocity [m/s]

Fi gbVYeel ocity models for Bogdanka and Rudna mine
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The VERI'S (Vi Etnam Reservoir I nduced Seism

seismic activity induced by the creation of a
central Vietnam, the Song Tr arhl 2asred samilvdqi rwidar
smal | earthquakes recorded since the XVII cer
M=4.7. Reservoir impoundment began i n Novembe]

to increase st{Waslz hiyowd kniclTeheet2 (sdelli.s,nwa® labcita vi d yi
respomnmse bhaeaginningfphdsegof thesndmhaienhn agemereb
i hhfeol | owiTrhge steirnvead a p ai@isA Ol midn cubi t hwaetteerr sl,e vaenl
changes from 1BIDe ms elips mioc 1iwWét wio sl ] s cmodment iers g n g
peak act iwactoynppoedreadordasE3tDd Gee S| 63V BBGuarnadl p CMG

6T/ 30bSrT2adband tri@axiSaeli ssneics naocnieitveirt y i n this
vari ations correlated with the wet dhdzdrekset
al ., NdG2ab)l e eart hquakes in the area include t
of M4.2, October 22, 2012, with a magnitude o
of M4.7. These exémnoe aanrde boefnteeant hl otchaet erde ser v o
along exi st(Fngbe6bfiea lotcal i mexchani sms obtained f
i ndicate normal faults wit h dae spprietdes roiif pasnt e tkaefn
regimefer to FigutLezarakdetFi grllurret(h®e0 i et ai l s

activity of the area Gamalbauf oammdlazlium efkz2@E®M)a | st
All data, inclseadiongi mosmenar eteascsoessi bEROD,N t he
2017) .

Established in 2014, the Lai Chau seismic n
associated with a newly buildt reservoir in Vi
devel opment continued in subsepuéent 19eaes$ s man
equi ppBidr al 0 G&orSi d x io @ ldsbeainsdmommpaeed bet ween
and 112 km apart. The platemébpedorablyyaseestadi
roads, resultingtimfl itnffeit glitrseeWivolie@egeha&webackgr o
activity is primar-Naypm LCuokedntdoMbbhegNaem Nawl t
al so detected near the dam in the eight mont h:
June 2015 and concllnutdeerde sitni nJgulyy, 220 ldéecr ease i r

i mmedi ately following i mpoundment . However, t
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eventt501 &Mn Aug(usitz ulr3e,k 2e0tTLIBels.e, ex®EIN3)s ori gi nat
from 4 kmntdo alSmadimnd ayt eoch d itshc oafmnt iwn u init ecié istey o f

t reeseDatbiar coll ected by the Lai Chau network
tensor sol ut i-woanvse wuasmpnlgi tfuidresti nRer si on. The de
I ndi catneod maHeasnd pstfraiuke i ng. Al |l datareiacdagss

through the EPI SODES platform (EPI SODES, 2018

Song Tranh velocity model 0 Lai Chau velocity model
T T T T T T T
2F . 2 4
ar 1 4+ -
6 - 6 _
— 8 7 — 8r -
€ €
-40%‘- 10 5 % 10} -
a A
121 . 120 2
141 7 14r -
16 8 16F -
181 . 18- 2
20 L L ! 1 1 I
3 4 5 6 203 4 5 6
Velocity [m/s] Velocity [m/s]

Fi gdVeel ocity models for Song Tranh 2 and Lai Chau
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3.Resul ts
3.83ynthetic tests of noise bootstrap

Tle synt hientviecs ttiegsattse t he i nf,d et a doonh onmosneemotr k
tensor (MT) i neersio®eggémediDreypudersdmrtasn.gi ng fr om
km were applied to both mining networKks, wi t
net works at depths ofotat kmocaedée&dtSishk m tde pd dvv 6
encompasses shallow events recorded in the mi
reseawvoasnabl i nge tcwerepna Atshseonnt td ahle tJeasctkskinnig | e st ¢
rejection tesTlse wka ek reirffeorgnerdgl e st ati on r e me
on solutions(Fif @@r an»nslty craesmnecsv a | of t h@J olgRBW st
Copper District, the closest to the event, re:
1 km. This highlights the i mportance of TRBC

t meet wor k' s | i mi(Riegdupffeocal <coverage
full solution deviatoric DC solution

solution

LGCD
100 % DC, normal fault |
depth: 800 m T

Bogdanka
100 % DC, normal fault
depth: 800 m

Song Tranh
100 % DC, normal fault
depth: 2 km

Lai Chau
100 % DC, normal fault
depth: 5 km

Fi gaeckkni fe single stati Bade&fjumaichk i ool ot migd svofrdkr Ik
show the nodal pl anesSRBILf sda@mltutoinons with excluded
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FigbRetation angle between full and deyi &G€M@i)c so

Bogdanka mine

3.1LégnGdcoag-w Coofe&rC)DDi strict

The assumed s diGLmiecstso uwracse sfidruated near t |
cendfret he net wot kset rohnegr ee voemnet sofoccurred. A f au
of 170A/ 46A/ N90&dg wiatsuwhe8 edf, wdadappimi ed.Ther al |
focal covesiagrei fcihaamgtel ydeptple.ndT mg o hpwd ldoed ist y
mod el wi t h siihegh s g ashodliuet bstyo aadsfis @acnognl nye ¢ ttéhdee wWoci t y
modEIl glLt).®es plietpe h evemboseasbamaa ®% aDC on angl e
thdaAThe -snfbenaring mechani smMmk mvamed &p ki leoovemi §
vel esetr t hienfsluuefnaccee nad e poabhOrisamstb o mn d a rofy8 Ol0ay e r

25



m dept momakeést ensuonrs tibrowaereseieotrsestta-dvent distan
whirchsuilignt abi | iDiCneohanos ms.

I n LGGEDoi se bootstrap analysias®RMa nalise belv
0.15 for both fault geometries. Wi th a 20% n

regardl ess of Hbobwevegmpe atf 4 alI0% noi se | evel , 1
nor mal fault geometry and 0.5 for reverse fau
up to 0.6, although there were isol at e tchases
each i ncrement in the noise | evel

I n tests colnMICcNER@ES Wor k t hehe MT components
resol ved acr os sRermsouslth sd efpmtirh arnaln greesv.e svwseer ef arud tt
di v Fisgel pPFei gL Rowever, for very shallow events
significant scatteri ngqupmlna medhianiomms fex hitbhiel
physi calevseonl utoirod stwa mionfsteidenpt h i ncreased, the
resolved with better cowmpi 60 e becxkcrewitt hf otrh et haes s
where mphysnoal sol uti dm®n diesken hecwd vrealg i n sc
soluteowaisng t o tbwo ddlvu sdteedrnss nnbaaekd a nrtd gcaradclke s s
the type of addhemdd kme dlepnihsh.aowasersbseedowbame
mor e shal | @aw tndov e rigthsg Amofi isccaot®lWe.r esul t s i n many
solutions for almost all depths.

The dypheptevent s h eGCdda teeaddwiaotm 7 00 By nttoh eSt0il0c
tesbps O pammip e mp osn esnot|l auntldioovn SRMS  err i d latst i Imat i
st abbieltiteye n f ul | , dceovuipal teostrsiocl uatnidondoub | e
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% of DC
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FigubBegnt heti c t estLssCddihaemo mdtl pft art sf o worr snioxi sdee pltehvse. |
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10% noise

0.8 km

Figu®Begnt hetic

20% noise

Explosion

test&COI

30% noise 40% noise

Tensile Crack

=

Tensile Cr‘/

raenvoenrds ep I foatu Ifto.r

28



3.1Bagdanka Coal mi ne

The assumedf géfaomét Bggdanka reflected the
(60A/ 46 A/ N9OA). Tests were=3o0hduct edompar itsvon
net workw2af®d Mepresenting the mext mumper Ao mde
mi ni mal di fferences were observed=2.n9.t hleh a eew
was placed within thecend¢ir enhé yTnheet woavdea | a rceoay, e
i mproved with dzpkm, wheeepttheri bhleuandet ot t
boundar g.iShladi | i tyst arbdssulsthso wWeadr shall ow event ¢
wheirghe boafnideorw vel gsolt yt il atyeb laefecervwelsO -% of n
shearing (Fogpd).¢Femetedpeevreint st abi | ity occurs.

I n the Bogdanka noise bootstrap analysis, I
RMS errors below 0.2 for a 10% noise contamina
bel ow 0.3, while for 30% noicfe,40%, sRMSedr beai
remained below 0.5, with a few instances reach
|l evel s of noise contaminati on. Events positio

RMS values for pure shear mechani sms.

The influence of the velocity (FmogdletFfe gvase ev i
l1hAgainmsi gni ficant di fferences begweereent inme dnal
Solutions at a depth of 500 m displayacdt wo c
noi se( dkeevgelidFei gL P EO0OG. 8 km sebhatigms WYDEDCt he
LVDH)i,herekeended to t he hpelootpdaasiVie@ $Suphasetta notfi a |
d ssipation in calculated component s -pwhayss iochasle r
sol utFioeyst heti cardesukleadephbh ol uaraemrsanged i n al
hori zomtialh Iniemersl y half .&f muhphysioonallkyesaluiin
with the assumed ones as oObserved ati th EkEomea
solutions aligpebdswer vbdt h dteis®bd iIskamns were obt
depth of 5 km, while at 8 km,Mesdlawntiisamss cloempat
about 50% wupldeo uddoadaotaee nt kmeaeame d8 | kms sensit
contamiTmat ivebskeapEe siun t s 1 s scoourrngepcet epd otto ftahca
The das-hedi nesthabvgldaihleati &@thneecha Momm.eut si de t he
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zoecreated by the uppePrwaard rladweactaiudhet p@adt Br ne
positive or negati eHduddeomeredi mmd .an 1t918BeQ )r egi on

10% noise 20% noise 30% noise 40% noise

Exl Explosion
B M AR B

AR
Yy
Tensie Cack o

Vi
0.5 km ads /3

/ Y

i
Tensis Crci /

Ieplasion Impiasicn

000000 O0CDO0CO

Figu®Sgnt hetic tests ditamenmndnap| dtasil ftorf oBod damka,0i s
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10% noise 20% noise 30% noise 40% noise

) ‘\\\% of DC

. ®100%
90%
80%
70%
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® o%

@e@00O0COOO0OCE®

Figlb®Bgnt hetic tests diamond plots for Bogdanka,
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3.1S8ng Tranh 2 reservoir

A nor mal and reverse fault geometry with s
for the test event, s{nitarek §e tTohaek . eevxe2nBt 1 Ywiags
near t he r ecseenroviroeitrh,e innettwoe k, and wx8sh/gmeeld a

coverage chawigtl ajse pltddueoclgleynous vel oci tTlyhemodel
s abi evendtastftigront hanEagk&d) heari ng abCeompgomwen th
ofmor e t haarne Vréefl8 a Ihou't pBotatbanelasmwy | 20dasd aby
shall owerFadreampelkr etmaetnitesn amedrei. n qlcyr eas e

I n the Song Tranh noise bootstrap anal ysi s
below 0.15 for both nor mal and reversed faul't
to 20 %, the RMS values remainddtbesloone ald ureasr

up to 0.4 for reverse fault geometry. At a noi
nor mal and reverse fault geometries. Gener al
i ncreasing noise |l evel and event dept h.

The agreement between the moment tensor de
was most pronounced for eveaentwiiBpkimst mé WVERIMS

t efRisg & fFei ga¥e However, as the noise | evel i N
components became more apparent. For event d
mi ni mal , whil e for shall ower events, t he ra

Addi titomealdiyssi pation of solutionBPCioompanBsedt §
for shal.MTow esWwhaléwaevet, t heambrgnmesti bwiét hsol u’
obser vedhivedf osrhedNped abl y, vii debkEéevmasnme in the s

decomposition results between normal and reve
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3.1L4i Chau reservoir

The test event for Lai Chau also wutilizec
strike/dip/rake of 170/A&/PB4&A/Wa90 Aas sAunmalg nia nudd ¢
positioned near the reservoir at the ewestnwor k'
wi t h a determined {fsdocacapl meedhlanissna. wetrrei keex c |
compari son wi tThh eo tfhoecra |s cceosvaeoroabgse. yc hwaintgheh B i ght
veloci tSpl mbdehs ar ei mmbceaes es toab |8d mgdghtay| aamohs t al |
rotati ameamgil @esv @O Ah aaBioshCs cwi ntphoenssitndiles & ans e
whetrlree | ayeexibotusadary

Similar to the observations for the Song T
Chau reveal a dependency of MT inversion stab
values remained consistent betrwaegiwvemmaloi srd |
0.15 for 10% noi se, below 0.3 for 20% noi se,
contamination). However, i ncreasing depth gen
for source mech@OGicoempiom dfh approonxi mately 50%

mechani sms at the same depth and noise | evel

Notabl vy, a gradual i mprovement in the rec
i ncreasing depth, with a signifFicgqin®h aRinguarnec e m:
19AtL shall ower depths, the analysis yielded |
solutions emerged &o4l0% rdeeiptten dif sPOMOs imen esfs s
pronoupczédkm dept h. |l nterestingly, for a noi se
for shall ow events. However, this characteri s
i ncragaexaedamiozitwgp. cDuspersi omoaofe shlautaicomes i 5§ |
Song Tranh, whi chveclaonc ibtey craoudseeld obry etahretthhgeu a k e

sei smic networ k.
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3.Ri.gmte GNSS data in MT

Ensuring solution quality in moment tenso
coverage. However, the number of stations a\
significantly | imited if the eventmeocsctuartsi oats

unavaiGrallnad. vi dodiadome@esif $mi ¢ s oruagcccendecanonde by
seismol ogicRémonsetseamainkeg umsemphladme nt aroy adatga i
stywag per manenwi tdhe flomr SeRI ilmedsha det &l opbaRORAY I C
Satel it é GHB$dSgteamisofsaesdt maegnii tnfjae@a oo net al . , 2021;
202&2nd early wéathieg saVyste@d919.,; HidgdME G HIRs et

GNS &) Isbome as usrhigorgtr g odwmmood camsed by ear tshugcuhak e s ,

reseaaschnovent sagedt wmal event o fawiptrio x mmgiwet ywde
centriggnBéenedetti et al ., 2014; .Boe kapp!l iadat,i @M :
GNStSeart hwgubahemaghboutded wasSawmdearrsmeahtdigd . ( 2

possi birleicoy diofig t sich@fs| stamphg ant hrecpo gleelde cbyev
LUMI NEnGS woa sk c on fKudnfeadc ibky eltn atlh.i s¢ 2w@2ske)ag ihf i ¢
earthgeacloe d dl@dGCBr war e i nvuessig i @atedthbi nati on of
traditional s eiGNBiISc sqRaagiidoest h-@NB®Ba&HtRa wer e pr ep
foll o wiengnet hodol|l Kodgaes «riebeal in(2021)

For the first event, which occurred on Ja
analysis utilized specttatail o mshpdoiadt @&HNSSHSRSt @ami Dh
Thi 3.M/ earthquake struck at a depth of 800 me
coll apse extending 600 meters. Foll owing init
guality, 12 seismic statiomg ovelre sdiosmmnl d@irc d
i nversion. This primary MT solution reveal ed e
subsequent roof coll apse observed in the min
Komor ni ki ( KOMR) , ndr Zabozwé¢ R RBTRMDR, omhasree s m
stations wer e oxanwanr@NS®hl syH Btoi on s . To under st
mi ssing data, the MT inversion under wva-rious

| ocated sdlaudeod ovrasr exl alteetda iwietdn a@NaSISy sdiast af.or
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combinati ons, such as 11 SM stations with 1 GN

e x h
i n

nod

I bit RMS values rangi n@gNbé&St weada G .epd aaxred s.
cal cul ati ons, the MT sollutts.onBhelemabh et wem 13-

al pl ane solutions derived sol elGNSSrdmataei

remains below 23A. However, the Jackkni fe stat

t he

cl o

>
D
(o]

O (7] N T
¢ 5
- (@)

(7]

ear
mi n
t hi
foc
spe
st a
eve

wi t

inclusion of the dRBCI &It atoloe, ofe mphhias i t at

sest to the epicentre.

The appl i «GNtSiSomd adfa HRhances solution stabi
SM stations combined with Ftinge2®PERZHBer ®t atMT
omposition closely aligns with solutions d
l i gi ble rotation angl es, indicative of S0
l usi on was not essenachérifori ¢siankedivgeuirde i g
panel c. 3). Howe v@MSS tdhaet assufbrsamtwuhe omMmRN2 ¢

ismic data results inceowplue i meshaskiewwmsl, t o ws

| apseFisgkhapdmesl (c. 2). -D68ecompoaént stiynof he
evident, as depicted in the source type pl
e-6NHR stations but iIis rather aegenésalefteat
the LUMINEOS surfacet hpetiwar kc,h agpst ed e marrhst rsae

components to both noise and focal <coverag:

The second earthguake was recordedwd4omm Jul y
thquake occurred at an unusual depth of 2
ing | evel. Unfortunately, the nearby and v
s event. The |l ocation onétwbekevestul 6edt hae e
al coverage for the earthquake. Despite tl
ctral amplitudes from 13 seismic -6GN&8Hi ons
tion. Bot h siodalti RMS waleda @fn 0 .d2&,t whi ch
nt, potentially due to unfavourable focal

h nodal plane orientati emd ye xamidb ictointbg nseidmi( |

moment tensor calculations, as evi Femg@@e& by t |
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Notabl vy, t he me ¢ h a (GINSS® dleartiav eax hfirbam s HR nc
compared to the solution obtained solely from
the LES1 station on the focal spmateoni frempt
GNSS station enhances amlhul Is,t ade i &tesoruitpdh,e aMild s
solutions for this earthquake are presented i

Theocal magni t weecevealesuli #hmwens r |, the over ¢
ma g nidtuurdieng MTi akmwagrheinmmenon, espewdak, ys hal Ica
event here | i kel yveclaoucsi etdg Mayy nauccnipdleeexover est i mat i
rel atéde 1 ot erneetdri atdel Weadce., magni tudes comput

sets of stations and velocity models may di ve
event by EMSC wasnmbhd. Docwheseasmic catal ogu
Platform (201744 .Te wasoripostrtadi @®asn Mf GNSS dat
a more realistic ovdAddaliliti maghiyudaseéeseomahio
magniargedécul ated Haeed assumetf and,i ait recorrp onrea

fiel dttoertrhe MO catcuwl dtpoaveomdtmsner esmmdagmat udeg

Figh®Pbetailed MT solutions for the 2028N&we dtatwai.t h

To det ehleii miet attihepp!l iodaGN®H HRt a synthetic
amplitudes were calcul ated. Maxi mum di spl acem
di scussed area were <calculated for synt hetic

magnitudes. Syenbdedaieddaoda magei gudes ranging
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