Adding geodetic strain rate data to a
seismogenic context: Theory and application



Summary

International context for monitoring present day velocities and strain
rate: IGS, EUREF, GPSVEL, Global Strain Rate Map Project of the
International Lithospheric Project

Focus on the Alpine Mediterranean seismic area: permanent GPS
stations, processing, combination with EUREF/IGS, alignement to ITRF

From scattered velocities of permanent GPS stations, to a velocity field
and strain rate

Implications:

strain rate accumulation vs strain rate release in seismic areas:
seismic efficency (not discussed here: see Caporali et al., GJI 2003)

How strain rate on the surface constrains stress at depth: a simple
slider block model (new!)

Conclusions




Kreemer, C., W.E. Holt, and A.J. Haines, A integrated global model of present-day plate motions and plate boundary deformation, Geophys.
J. Int., in press, 2003.
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Interpolazione delle velocita mediante collocazione

Velocita de-correlano a una distanza d, =350
km, come da variogramma

Funzione di correlazione isotropa: )
.
(O (o)
C (d)=—- i, j =e(ast),n(orth); L
@)=y = s@s)n(rh)
C(d) — Cnn Cen
Cen Cee —
Vn -1 Vn 1 - .
= C(dyig.noses) € (d) s,s'=station indeces
; S S ’ Vv, '
€ grid- node € s
S T
& = C(dgrid- nodes) C 1(ds,s') E 15'5' C(dgrid- nodes) C 1(ds,s')
€€ grid- node S s S s

« E € una matrice diagonale i cui elementi sono le varianza di Allan delle velocita delle
singole stazioni.




e Lo strain rate o
viene calcolato per = -
collocazione in o
punti baricentrici -~
ad aree con >4
stazioni GPS
permanenti

« Autovalori e
azimut delle
direzioni principali
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Confronto strain rate geodetico/strain rate
sismico

Vengono identificate 5
Province con terremoti
omogenei e di
momento sismico noto,
negli ultimi 30 anni

Per ogni provincia
viene calcolato Il
momento sismico
rilasciato nell’area
coperta dagli epicentri,
con profondita media
ipocentrale ~15 km




Esempio di calcolo dello strain rate cosismico per eventi M>5
(secondo Kostrov, e Savage&Simpson)

Province b) Center Apennines o _
Nota: la distribuzione

Referen spaziale e temporale
ce date lon lat Mag My, Depth degli eventi &

1979.8 12.95 42.70 5.5 0.2 10

M20 1984.3 12.57 4327 56 0.3 14 M fortemente non
M30 1997.8 12.89 43.02 5.7 04 10 — 0O,tot uniforme: le stime
M31 1997.8 12.85 43.03 6.0 1.1 10 s — -
M34 1997.8 12.84 4303 52 0.1 10 2 MHATt dello strain rate
M36 1997.8 12.84 43.02 54 0.1 10 cosismico dipendono
M40 1997.8 12.90 43.00 54 0.1 10
M43 1998.8 12.70 43.16 51 0.1 10 set
19 31 63 25 10 ( 114 ) _ o
Coseismic Viene dissipato
t Deast Dnorth Myt Mean  strain rate sismicamente ~ il
: doppio (114/57) dello
2nd uncertain . .
Province lon (deg) lat (deg) @ & @& invariant ty strain rate geodetlco
a) Calabria 16.12 39.48 31-4 27 32 11
b) Center

Apennines 11.87 57 -6

. . Corrispondente strain
5 8 rate geodetico
6

North Adriati 40 : S
d) Eastern Alps 13.00 45.86 923 -14 2
e) South Adriatic 18.29 43.43 236 -34 3




Bilancio ed efficienza sismica di ciascuna provincia

. 120 =200 +
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= T °< °
@ coseismic strain rate B geodetic strain rate ‘
Raffronto strain rate Raffronto strain rate
cosismico- strain rate cosismico- strain rate
geodetico in termini geodetico in termini
assoluti percentuali
Mediando a Nrovince nviamo che 70-100% dello 21N _rate

geodetico e rilasciato sismicamente negli ultimi 30 anni. Tuttavia la
dispersione per provincia e notevolmente elevata



Verso un nuovo tematismo cartografico: la

deformazione di superficie

‘ SINEX T,

Campo di velocita @ T,

Migliore

Zonhazione
sismica

<

Campo di strain @ T,

Campo di stress @ T,
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Conclusions

Combining NEQ’s (NQOQO’s) EPN + local permanent stations enables that
densification which is needed for deformation studies

Intraplate surface motion on a large scale is clear, less clear are the details
on smaller scales, but will improve with time!

In the Eastern Alps region, large deformation seems to be taking place along
the Giudicarie more than the Insubric line

New Friuli stations near the Insubric line seem moving West: need opposite
motion for Austrian stations north of the line, to describe the Tauern
eastwards extrusion towards the Pannonian basin

Good agreement between recent (>1976) CMT’s and eigenvectors of the
strain rate tensor

Stick slip behavior of reverse faults in Friuli: recurrence times may be
constrained, but we need information on initial deviatoric stress in the rocks
(i.e. since the last earthquake)

Not known: triggering from nearby earthquakes (not on the same fault)?
Identification of predecessor of a recent earthquake on same fault??




