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Occur at temperatures and
pressures above the point
where ordinary fractures
ought to occur.

After Scholz (1998)
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Deep and Intermediate Depth Earthquakes
Depth > 50 — 60 km
25% of global earthquake catalogs
Mechanism is not well constrained

Proposed Mechanisms
Dehydration embrittlement
Thermal Shear runaway instability
Phase transformations



m Runaway Instability

Deep and Intermediate Depth Earthquakes

Shear Zone

Aédotachylite

John et al., 2009
Nature Geoscience

“ductile deformation in shear zones leads to heating, thermal
softening and weakening of rock”



U)] Dehydration Embrittlement
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Hacker et al., 2003

“brittle failure assisted by high fluid pore pressures that
counteract high normal stresses due to large pressures”



U)] Dehydration Embrittlement

“intermediate-depth double seismic zones consistent
with dewatering of hydrous phases predicted from
subduction zone thermal structures” (Houston, 2007)
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counteract high normal stresses due to large pressures”



m Terremotos de Profundidad Intermedia

Deep and Intermediate Depth Earthquakes
Depth > 50 — 60 km
25% of global earthquake catalogs
Mechanism is not well constrained

Proposed Mechanisms
Dehydration embrittlement
Thermal Shear runaway instability
Phase transformations

Earthquake Nests
Hindu-Kush, Vrancea, Bucaramanga
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m Nido de Bucaramanga — un laboratorio natural (.
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m Nido de Bucaramanga — un laboratorio natural (’

World’s greatest concentration of
intermediate-depth earthquakes

[solated from nearby activity
Compact source volume
Colombian network (RSNC)
15 B-nest earthquakes per day

1 M, 4.5 or greater per month.
>60.000 B-Nest EQ (1993-2011)

Broadband and short period

280° 290°



m Nido de Bucaramanga — un laboratorio natural .
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m Preguntas Abiertas

Mecanismo de terremotos de profundidad intermedia

Pueden la observacion sismoldgica ayudar a determinar mecanismo?
En qué se parecen y en qué no con los terremotos someros?

Tectonica

Relacion con placas tectonicas. Zona de Benioff? Placa Caribe?
Presencia de fluidos?
Existe algun control estructural (explicar concentracion).

Fisica de Terremotos
Escalamiento de la fuente? Caida del esfuerzo (Ds) alto? Bajo?
Repeticion de eventos? Que tiene que ver con el mecanismo?

Comportamiento Temporal

Réplicas, momento sismico dominado por terremotos pequeios, grandes?
Triggering? Son predecibles?



Tectonics



Tectonics

CCEANIC PLATEAU CRUST .
OF THE CARIBBEAN PLATE ¢ 111 cacisaean Van der Hi |St (1994)

DEFORMED BELT

PANAMA ISLAND ARC

OCEANIC CRUST

REDEFINED
BUCARAMANGA
stas

Legend
ip Hydrostatic Pressure

Zafiri et al. (2007)

ﬂD‘ Noslip

Cortes and Angelier(2005)
Caribbean, Nazca or interaction between them?
Strongly variable focal mechanisms observed in close proximity.




U)] Tectonics — EQ Locations
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UD Tectonics - EQ L
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m Tectonics - Tomography

..//
= 100 km

20 — Seccia et al., In
preparation (2010)

A subducting Caribbean Plate is suggested by tomographic
results
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Tectonics - Tomography
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Tectonics - Tomography

Synthetic Input, Depth = 60 Synthetic Result, Depth =60 Velocity Model, Depth= 285
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Tectonics
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Earthquake Source Physics



m Earthquake Source Physics - Repeating Events G

Earthquake Relocations:

Map shows catalog locations
of M>3.0 earthquakes.

Size of Nest radius from Catalog: ~40 km.
Frohlich suggests a volume of 11 km?



m Bucaramanga Nest Relocations (.
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Repeating Events 1
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UD Repeating Events 1
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m Reversed Polarity Events?

Repeat 1 Repeat 2




m Reversed Polarity Events?

280° 290° 5 sec

Inverted Repeat 2




m Reversed Polarity Events
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Bucaramanga Nest: Large number of repeating events
Large number of repeating and reversed polarity earthquakes



m Reversed Polarity Events
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U)] Earthquake Basics
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Area under displacement pulse is related to seismic moment M,, a measure of event size



U)] Basic Source Parameters (.

Time Series Spectrum

Corner frequency f,

l/t(f) % : Seismic
FFT < \{ <------- Moment M
h —> \?ﬁ u(ﬂ))\ 0
e
SR Dynamic measure log(m) ? \

T :
\ Static measure

Radiated Seismic energy

Integrated velocity squared is related to radiated energy E., another measure of event size
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Earthquake Scaling (.
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Prieto et al. 2004

All the terms scale with
earthquake size (Aki, 1967)

Earthquake Self-similarity

Still debated, but some data
suggest that shallow
earthquakes are self-similar.




Earthquake Scaling
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What about intermediate-depth earthquakes?

Does this tell us something about rupture mechanism?



U)] Source Physics and Source Scaling
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Source Physics and Source Scaling
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Source Physics and Source Scaling

Amplitude Spectrum (m/sivHz)
=

Brune Stress Drop o, (MPa)

P.wave S-wave
Amplitude Spectrum Amplitude Spectrum

Frequency i, {‘:z] ¥ 1 Frequency f_ t‘:z! ?
100; T s
o o ¢ PN | L.
10: | | ® L] ®
I ® 1 I [ ]
| ® $ ' ' ' o ® o
Z o $.° o L XY o ® o
_ :.a_ i g $ . o S .;
: - N T )
T i et T ey
Segsse’ °3 o Seles o
o ® —
| ® 1 ]
0.1 ) ,- | hd
E ! 5 °
. Brune Stress Drop | ﬁ Brune Stress Drop
0.01! 1012 NPT R 1014 e .,_.;l.bm L. 1012 NI 1014 NPT .._.;I.,O‘B
Seismic Moment M, (N m) Seismic Moment M, (N m)

Self-similarity predicts constant stress drop



log E/M,

Source Physics and Source Scaling

IDE AND BEROZA: DOES APPARENT STRESS VARY WITH EARTHQUAKE SIZE?

® Bucaramanga Nest
* Prieto et al. (2004)
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Bucaramanga Nest earthquake do not follow self-similarity
Another feature different from shallow earthquakes
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Temporal Behavior (.
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Frohlich et al. (1995), using global and

temporal deployment suggest a large b-

value, meaning seismic moment release
dominated by small earthquakes.

b-value =1.6-2.0
Frohlich and Nakamura (2009)




Temporal Behavior — b-value
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Local network suggests b-value similar to shallow earthquakes
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Temporal Behavior - Aftershocks
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For shallow earthquakes, clear aftershock sequences develop
Deep earthquakes have few aftershocks (or none)
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Temporal Behavior - Aftershocks
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Resultados preliminares sugieren:
Nido de Bucaramanga relacionado con subduccion de placa Caribe
Nido de Bucaramanga muestra lineamientos en eventos relocalizados
Gran numero de repeticiones y cambios de polarizacion.
Escalamiento de la fuento no auto-similar




| ‘[ I Conclusiones @ )

Resultados preliminares sugieren:
Nido de Bucaramanga relacionado con subduccion de placa Caribe
Nido de Bucaramanga muestra lineamientos en eventos relocalizados
Gran numero de repeticiones y cambios de polarizacion.
Escalamiento de la fuento no auto-similar

Cual es el mecanismo para eventos con polaridad invertida?
Extruding block model
Tenemos que mejorar localizacion

asignar falla = eventos repetidos
inversion polaridad




Gracias!
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