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Earthquake release is intrinsically episodic

Elastic rebound theory [Reid, 1910] linked the rate of tectonic
loading to the intermittent earthquake release
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A budget between strain accumulation and seismic release ?
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Geodesy shows stable strain accumulation across deformation zones

Amatrice GPS station:

2016-2017 coseismic offsets
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Objectives

e Estimate rates of seismic release (from historical seismicity)
and strain accumulation (from geodesy)

 What is their balance ?

* Time scale at which they are comparable ?

Implications

* Independent assessment of seismicity rate

* Independent geodetic contribution to seismic hazard
* Aseismic deformation (creep, postseismic)




Seismic strain release in the Apennines

Historical seismicity www.emidius.mi.ingv.it/CPTI

e CPTI15 the most recent realization of the Italian historical catalogue

* Moment magnitudes M,, for pre-instrumental events estimated
from intensity distribution and regressions coefficient calibrated
with instrumentally-recorded eqs
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* Considered complete for M > 6 in the last ~500 yrs
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e Seismic moment of each historical event given by:
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Seismic strain release in the Apennines

Historical seismicity (1550-2015)

* Average ~500 yrs seismic moment release = 6.0 x 1017 Nm/yr

~ 3 1 Mw 5.8 event/year
: N\ .
- 0*@“ we! * Periods of clustered events
$ 6
2 1 Historical scismic |- * 2016-2017 seismic moment release

a) (Mw 5.9, 6.0, 6.5) =0.08 x 1020 Nm

N I Y.
. 1 ° . .
Mo(t) = - Z M Asymptotic approach to stationary value
t
n=1

100

Moment rate (Nm/yr x10'%)

0 T ' v - T T '
1550 1600 1650 1700 1750 1800 1850 1900 1950 2000

Years



Strain accumulation in the Apennines

42"

I

Devoti et al., 2017

Private and public (scientific and cadastral)
continuous GPS/GNSS networks

RING INGV largest scientific network in Europe
(> 200 stations)

> 500 stations currently active in the Italian territory
Coverage not homogeneous
Accuracy 1 mm horizontal, 3-4 mm vertical

Stable velocities achieved after 3-4 years



Theoretical framework for comparing

strain accumulation and seismic release - 1

Kostrov(1974)
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sum of the moment tensors of
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budget of seismic moment
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Theoretical framework for comparing
strain accumulation and seismic release - 2

Gutenberg-Richter relationship
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GPS strain accumulation

Strain rate field from interpolation and spatial derivation
of the velocity field
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Total rate of moment accumulation by spatial integration
of the strain rate field

Mg = 2uAHémax

Hs; =10£2.5km  seismogenic thickness

Mg = 76.9+15.6 x 10" Nm/yr
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GPS strain accumulation - |
oes the rate of seismic moment accumulation reflect

mainly the deformation to accomodate the relative motion
between Ad and Ty ?

Transient deformation (postseismic, hydrology) ?

1yVag =3 mm/yr
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ME° = 72.0 4 18.0 x 10 Nm/yr  calculated
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Moment (Nm x102°)

Moment rate (Nm/yr x‘IO'G)
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rain accumulation vs release - 1

Assume that GPS strain accumulation operated
in the last 500 yrs

geodetic strain accumulation 76.9 + 15.6 x 10'® Nm/yr
seismic strain release 60.1+17.0 x 10'® Nm/yr

Geodetic strain accumulation = seismic release
(within errors) on a 500 yrs timescale

Clustering (or seismic quiescence) must occur on
timescales << 500 years



Strain accumulation vs release - 2
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Time/Space distribution of strain accumulation/release (1500-2010)
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Time/Space distribution of strain accumulation/release (1500-2010)
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Time/Space distribution of strain accumulation/release (1500-2010)
2016-2017 sequence noistance (km)

Space distribution of unreleased seismic moment

Moment deficit (minimum estimates) at two
different length scales (25, 50 km)

Moment s by Intermediate snapshots of seismic release
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Log,Mo(Nmykm  Moment deficit (Nmx10'?)
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Two areas of significant unreleased strain:
1) Umbria-Marche (drained by the 2016-2017 sequence)

2) S.Lazio-Molise (seismic/geodetic < 0.25)

a) GPS strain rate




Probability of observing unreleased strain ?

Probability P(Mr < x)
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Overall in the Apennines seismic/geodetic = 1 (if observed long enough)

But locally ? What is the probability of observing a given amount of
unreleased strain ?

Ward(1998): probability of seismic/geodetic ratio as a gamma
distribution controlled by the T.t/T.om ratio
T, = catalogue length o ,
L o Ae _ coseismic strain drop
Teom = characteristic time Teom = — = regional strain rate

Low T.+/T.om = high probability to observe x << 1
High T..t/Tom = high probability to observe x ~1

S. Lazio-Molise
Teom = 0.75x 10> / 30 x 107° yr' = 250 years
T.at = 500 years

Tcat/Tcom = 2
Probability of seismic/geodetic < 0.25 = 10%



Conclusions

* Most of the tectonic deformation in the Apennines is accomodated
seismically

* 500 yrs seem enough to estimate long-term seismicity rate
* Independent estimate of M., (M,, 7)
 Clustered events (or quiet intervals) on time scales << 500 yrs

* Regions of high unreleased strain can be the ta_r%(et for prevenctive,
specific actions aimed at reduction of seismic ris






