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Tectonics in Latin America
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Earthquakes in Latin America since

January 2010 with magnitudes > 5

" The interaction of these
moving plates causes an
extremely high seismic
activity in this area,
generating episodic
station movements and
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2010 earthquakes in Latin America
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Post-seismic crustal deformations after the
2010 earthquakes in Latin America

4
280 285 290 295 300 305° 310°
-30 7 ‘ FORCL Y (] -30
tos UN ’ y vl |
- cFac © UYTA
‘ ; /ﬁ‘;c
Al g0 Do
/ - lewn £ UYRO
x SO MzA
.35 = . S = UYMO a5
- ¥y ‘
N;‘:' %Z ~——© SRLP ~5 AZUL
+O BCAR
s2om ."Q\ o yueL
/ i MAO1 =X VBCA |
-40 < E | -40°
'ﬁ ye '
El Maule, Chile, Me)qcc» :
€ |
February 27,2010 l\‘ ¥/ RwsN +—— 10cem
‘IJ«? Earthquakes with M > 5.0
15 L = { oy between 27-02-2010 and 06-03-2010 e
- - I 1 =
280 285° 290 295° 300° 305 310

DGFI

264
1

Seismic deformations in reference frames

267 276

Guatemala,

@) ICAM

18

Co-seismic displacements in Chile/Argentina
(Feb. 2010) and Guatemala (Nov. 2012)

//?‘}'_‘\

&Y 1SIRGAS

LA
\‘sr&%
e

/Www.sirgas.org

The precise determination and modelling
of the co-seismic and post-seismic
displacements is necessary to guarantee:

1) The reliability of the
positions estimated for
the week when a
seismic event occurs;

2) The appropriate

transformation between
the pre-seismic and the
post-seismic (deformed)

reference frame;

3) The long-term stability
of the geodetic
reference frames.



Input data: velocities based on cumulative solutions

of GNSS weekly normal equations
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Pre-seismic and post-seismic (deformed)

reference frames

Reference networks without deformation:

IUGG 2015, 01-07-2015

transformation

2010 earthquakes in Latin America
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Input data: velocities based on cumulative solutions

of GNSS weekly normal equations

§§§ = Weekly normal equations (according to IERS/IGS/SIRGAS standards);
el = Time span: 2010.2 (2012.2) - 2015.2; 471 stations;
g‘gg * Frame: IGb08 epoch 2013.0; Accuracy: N-E=%1.0 mm/a, h=%+1.2 mm/a
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Modelling of deformations based on the geodetic

Least Squares Collocation Approach (LSC)

IUGG 2015, 01-07-2015
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2D-vector prediction:
— T 1
ypred — Qnew Qobs Vobs

Vored = Predicted velocities (vy, Vi)
in a1°x 1° grid

V.ps = Observed velocities (v, Vi)
in geodetic stations

C, .= correlation matrix
between predicted
and observed vectors

C,,.= correlation matrix
between observed
vectors (Cyns Ceer Ce)

C matrices are built from

empirical isotropic, stationary
covariance functions.



Deformation model based on a geodetic

Least Squares Collocation Approach (LSC)

To satisfy the isotropy condition, the plate motions [v = Q(®,A,®) X X] are
reduced from the observations:

(do/dt), = o, - cos @, - sin(r, - A
(dA/dt), = o, - (SIn @, - cos(, - A)
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| dA-Cos ¢ - tan ¢, - cos @)
o Rotation vectors Q (from observations)
Plate d [°] A[°] o [°/Ma]

NOAM(VMS15) -5.2+2.3 270.2+0.9 0.187+0.014
(APKIM2008) -5.8+0.5 272.5+0.2 0.189+0.001

CARB (VMS15) 26.4+0.6 270.4+1.3 0.336%+0.018
(APKIM2008) 28.0+1.3 250,9+2.7 0.208 +0.018

Plate’s

rotation SOAM (VMS15)-20.7 £1.1 226.9+3.3 0.117 £0.002
pole Q (APKIM2008) -19.4+1.0 237.8+1.5 0.127 £0.002
(P, A)

After the collocation procedure, the plate
, motions are added to the interpolated

7 Earth’s " :

(%% SIRGAS nole velocities again (remove-restore)
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2010 earthquakes in Latin America
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Deformation relative to the Caribbean Plate
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Deformation relative to the South American Plate
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ic crustal deformations after the

2010 earthquakes in Latin America
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Deformation relative to the South American Plate
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Transformation between pre- and post-seismic frames
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Higher spatial resolution

based on GNSS campaigns

1l Deformation model in Colombia (observed and from least squares
Sl collocation) using SIRGAS continuous observations and repeated
Rl campaigns of the Colombian reference frame in 1995 and 2011.
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Conclusions

* The earthquakes in Latin America since 2010 produced co-seismic
displacements of up to 4 m in the SIRGAS reference frame.

* The surface velocity field in Central and South America has changed
dramatically after these seismic events.

IUGG 2015, 01-07-2015

2010 earthquakes in Latin America

e Consequently the involved countries cannot use the official national
reference frame (referring to the pre-seismic epoch) for scientific
studies and practical applications.
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 The predicted 1° x 1° velocity grid allows the interpolation of station
positions and velocities in the considered time span (2011-2015) and
transformations to previous epochs.

 The computation of the velocity field has to be repeated until the
velocities have come to a “normal” behaviour. This may take some
more years.
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Conclusions
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