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Trés contextos tectonicos principais:
* distensivos - falhas normais
e compressivos - falhas inversas

e transcorrentes - falhas transcorrentes
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Limite convergente entre
crosta continental e crosta
oceanica
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Estrias horizontais em falha
transcorrente, Zona de Cisa-
lhamento de San Andreas

Corona (1993)
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GEOCIENCIAS

 Falhas ativas durante a formacéao da bacia: tectdnica geradora

 Falhas pos-sedimentares: tectdnica deformadora (ou modificadora)
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GEOLOGICAL SETTING
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Reativacao de falhas: zonas de falhas preexistentes
reaproveitadas em eventos tectonicos mais jovens.
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Arquitetura de uma zona-de-falha

nucleo

- moinha

- cataclasito
- milonito

g Zona de dano
- pequenas falhas
- juntas
- Veios
- dobras |

protolito
- tipo de rocha
- estruturas regionais

Modificado de Caine et al. 1996
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Relacdes entre as
direcdes dos esforcos
principais maximos
locais e remotos em
relacdo a direcao de
uma zona de falha
preexistente.

Bem-Avrahan & Zoback (1992)
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Determinando os esforcos atuais
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WSM - aplicacoes

Modelagem de bacias sedimentares
*Tectonica

*Analise de reservatorios
Estabilidade de obras de Engenharia
*Avaliacao de risco sismico

GSA0477 - Tectdnica de Bacias Sedimentares



World Stress Map GEOCIENCIAS

180° 210° 240° 270° 300° 330° 0° 30° 60° 90° 120° 150° 180°
| | | : | | . . | - |
60° % 60°
40° 40°
20° (1 200
0° | = N 7:\“‘ ’ ' . g & f 5 s‘ " 5 > Etes i i 0°
-20° -20°
Method 3,
-40O — g focal mechanism L ' 4 , 2 _400
¢ breakouts £o<
drill. induced frac &‘}‘ :
borehole slotter k /
overcoring ®
hydro. fractures t =
= geol. indicators o
-60° — Regime = ‘ --60
NF 7SS @TF U Fa .
Quality . e e 2
A Ah s ¢
B
o (2004) World Stress Map
nﬂp;//www.wnnd-:rre&s-map.org |88 % : i o ) ‘ : ° A o : : by
180° 210° 240° 270° 300° 330° 0° 30° 60° 90° 120° 150° 180°

GSA0477 - Tectdnica de Bacias Sedimentares



GEOCIENCIAS

Methad:
&+ toca machaniem

% bredhauts .
dill.inducsd ¥ac. |-
/*/ barzhalz datier 50
¥

ged. indicaors
Regime:

NF £S5 @TF BU
Quality:
A

B
c

GSA0477 - Tectdnica de Bacias Sedimentares



GEOCIENCIAS

Method:

7+ {ocal mecharizm .
/ breabouts |
" dril. induced ¥ac. |
/y birehale slotier Y

o avercaring

18" {3 hydo. tacurss

/ﬁ’-/ geol.indicaors
Regime:

NF 55 @TF U

Quality: ¥

A & ¢

e d
c
PRy

R g )

i .
10 T T T . T T 10
35 40° 45° 50" 55 60°
World Stress Map Rel. 2004 Frojaction: M cator
Hadeibag Academy of Sosnces and Humaniia
Gaophysical Ishiuts, Uniersity of Kalsrurs

GSA0477 - Tectdnica de Bacias Sedimentares




GEOCIENCIAS

'-,,.,-.\,\>
ol
™Y KERG i e O

5 ecmlyr ——
Heflin et al., 2004.2

0 40° 80° 120° 160° 200° 240° 280° 320°

GSAQ477 - TectOnica de Bacias Sedimentares



Latitude (cm)
iy
1

2002 2003 2004
Repeatability 4.7 mm

1898 2000 2001
Time (years)

1985 1998 1987 1908
Rate -6.86 +- 0.02 mm/yr

-11
20 -
-33

-44
-55

Longitude (em)

-B8

2002 2003 2004
Repeatability 9.3 mm

1985 1998 1967 1808 1989 2000 2001

Rate 67.04 +- 0.05 mmyr Time (years)

Height (em)
om
!

N

A ottt

GSA0477 - Tectdnica de Bacias Sedimentares

T T
2002 2003 2004
Repeatability 16.0 mm

T T T T T
1995 1998 1997 1998 1999 2000 2001
Rate 0.25 +- 0.11 mmfyr Time (years)

GEOCIENCIAS




GEOCIENCIAS

'-,,.,-.\,\>
ol
™Y KERG i e O

5 ecmlyr ——
Heflin et al., 2004.2

0 40° 80° 120° 160° 200° 240° 280° 320°

GSAQ477 - TectOnica de Bacias Sedimentares



GEOCIENCIAS

Time series for UNSA.

Latitude (cm)
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Time series for HOBA.
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Interseismic strain accumulation measured by GPS in the seismic gap
between Constitucién and Concepcién in Chile
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ARTICLE INFO ABSTRACT
Article history: The Concepcién-Constitucién area [35-37°S] in South Central Chile is very likely a mature seismic gap,
Received 30 March 2007

since no large subduction earthquake has occurred there since 1835. Three campaigns of global posi-
tioning system (GPS) measurements were carried out in this area in 1996, 1999 and 2002. We observed
a network of about 40 sites, including two east-west transects ranging from the coastal area to the

Accepted 10 February 2008

Keywords: Argentina border and one north-south profile along the coast. Our measurements are consistent with
(T;:cstonics the Nazca/South America relative angular velocity (55.9°N, 95.2°W, 0.610°/Ma) discussed by Vigny et al.
Seismic gap (2008, this issue) which predicts a convergence of 68 mm/yga_r oriented 79°N at the Chilean trench near
Subduction 36°S. With respect to stable South America, horizontal velocities decrease from 45 mmy/year on the coast
Coupling to 10 mm/year in the Cordillera. Vertical velocities exhibit a coherent pattern with negative values of

about 10 mm/year on the coast and slightly positive or near zero in the Central Valley or the Cordillera.
Horizontal velocities have formal uncertainties in the range of 1-3 mm/year and vertical velocities around
3-6mm/year. Surface deformation in this area of South Central Chile is consistent with a fully coupled
elasticloading on the subduction interface at depth. The best fit to our datais obtained with adip of 16 + 3¢,
a locking depth of 5545 km and a dislocation corresponding to 67 mm/year oriented 78°N. However in
the northern area of our network the fit is improved locally by using a lower dip around 13°. Finally a
convergence motion of about 68 mm /year represents more than 10 m of displacement accumulated since
the last big interplate subduction event in this area over 170 years ago (1835 earthquake described by Dar-
win). Therefore, in a worst case scenario, the area already has a potential for an earthquake of magnitude
as large as 8-8.5, should it happen in the near future.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction 9.5 (Plafker and Savage, 1970; Cifuentes, 1989) and south of the rup-

ture zones corresponding to the 1928 Talca earthquake (Beck et al.,

The coastal ranges of Chile are among the most seismically active
zones in the world. On average, one major earthquake of magnitude
8 has occurred every 10 years in historical times, and most of the
individual segments of the coastal ranges have been the site of at
least one magnitude 8 during the last 130 years (Lomnitz, 1971;
Kelleher, 1972; Nishenko, 1985). One exception is the South Central
Chile region, between 35°S and 37°S, which experienced its last
large subduction earthquake on 20 February 1835 (Darwin, 1851)
with an estimated magnitude close to 8.5 (Lomnitz, 1971; Beck et
al,, 1998) (Fig. 1). This area lies immediately to the north of the rup-
ture zone associated with the great 1960 earthquake, of magnitude

* Corresponding author.
E-mail address: ruegg@ipgp.jussieu.fr (J.C. Ruegg).

0031-9201/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.pepi.2008.02.015

1998) and the 1906 and 1985 Valparaiso earthquakes (Barrientos,
1995). Part of the region was affected by the 1939 Chillan earth-
quake (magnitude 7.9). Recent studies have demonstrated that this
event was not a typical subduction earthquake, but was a slab-pull
event due to the release of tensional stresses within the downgo-
ing slab (Campos and Kausel, 1990; Beck et al., 1998). Further north,
the Talcaearthquake of 1 December 1928, was interpreted as a shal-
low dipping thrust event (Lomnitz, 1971; Beck et al., 1998). Despite
the uncertainties that remain on the importance of the 1928 and
1939 earthquakes and their impact on the seismic cycle, the region
from 35°S to 37°S is a likely spot for a major subduction earth-
quake in the coming decades. In any case, it is the longest standing
gap in Chile, the better known northern Chile gap was affected
by large earthquakes in 1868 and 1877 (Lomnitz, 1971; Kelleher,
1972).
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le Supérieure (ENS), CNRS, Paris, France
iversidad de Chile, Santiago, Chile
Bulgaria

ABSTRACT

The Concepcidon-Constitucion area [35-37°S] in South Central Chile is very likely a mature seismic gap,
since no large subduction earthquake has occurred there since 1835. Three campaigns of global posi-
tioning system (GPS) measurements were carried out in this area in 1996, 1999 and 2002. We observed
— a network of about 40 sites, including two east-west transects ranging from the coastal area to the
Argentina border and one north-south profile along the coast. Our measurements are consistent with
the Nazca/South America relative angular velocity (55.9°N, 95.2°W, 0.610°/Ma) discussed by Vigny et al.
(2008, this issue) which predicts a convergence of 68 mm/year oriented 79°N at the Chilean trench near
36°S. With respect to stable South America, horizontal velocities decrease from 45 mmj/year on the coast
to 10 mmy/year in the Cordillera. Vertical velocities exhibit a coherent pattern with negative values of
about 10 mmy/year on the coast and slightly positive or near zero in the Central Valley or the Cordillera.
Horizontal velocities have formal uncertainties in the range of 1-3 mm/year and vertical velocities around
3-6 mm/year. Surface deformation in this area of South Central Chile is consistent with a fully coupled
elastic loading on the subduction interface at depth. The best fit to our datais obtained with adip of 16 4 3¢,
a locking depth of 554+ 5 km and a dislocation corresponding to 67 mm/year oriented 78°N. However in
the northern area of our network the fit is improved locally by using a lower dip around 13¢. Finally a
convergence motion of about 68 mm /year represents more than 10 m of displacement accumulated since
the last big interplate subduction event in this area over 170 years ago (1835 earthquake described by Dar-
win). Therefore, in a worst case scenario, the area already has a potential for an earthquake of magnitude

as large as 8-8.5, should it happen in the near future.
© 2009 Elsevier B.V. All rights reserved.

9.5 (Plafker and Savage, 1970; Cifuentes, 1989) and south of the rup-
ture zones corresponding to the 1928 Talca earthquake (Beck et al.,
re among the most seismically active 1998) and the 1906 and 1985 Valparalso earthquakes (Bamentos
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Elementos de uma falha
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Componentes do rejeito de uma falha normal

R - Rejeito total ol - mergulho do rejeito
d - Rejelto direcionol (5 & ir\C“nGC(_]o do rejei?o

m - Rejeito de mergulho
h - Rejeito horizontal

v- Rejeito vertical
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Elementos basicos de uma estrutura planar
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Uso da bussola Clar para tomada de atitudes de estruturas planares
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N

linha

¢ - rumo do mergulho
Y - angulo de caimento

Elementos geomeétricos na definicdo de atitude de uma linha
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Estrias em superficie de falha
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Notac&do de dados pareados (falha e estria):
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068/45//068/45 -
estria coincide com 0 rumo
do mergulho;

348/65//305/32 -
estria com obliquidade.
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Projecao polar de estruturas planares (p. ex. juntas)



Projecéao ciclografica de uma estrutura planar



Projecao ciclografica de uma estrutura planar e uma estrutura
linear contida no plano (ex. dado pareado de falha e estria)



Projecao de uma falha normal com estria obliqua
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geratriz

Dobra conica
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Projecao polar do flanco de uma dobra cilindrica
(circulo maximo)



Projecao polar do flanco de uma dobra conica
(circulo minimo)
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Separacao de estruturas
de diferentes geracoes

GSA0477 - Tectdnica de Bacias Sedimentares



GEOCIENCIAS

Método grafico de Angelier & Mechler (1977)
ou metodo de Angelier
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