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Introduction

Stress transfer may generate, anticipate or delay earthquakes
on faults.

» Earthquakes that would have 'never' occurred by means of
tectonic forces alone, are generally called 'induced’

 'Anticipated’ earthquakes are generally called 'triggered’

e Stress shadows

Outline
1) Pattern of seismicity induced by propagating dikes
2) Pattern of seismicity in the shadow of large diking events

3) Earthquakes triggered by dike-induced stresses



1) The pattern of seismicity in

= ELN 3
s 468}
* : "32'%;“ g 467
o .'J’ L i oo o (<] )
" e é‘? 2 = 466l Surface elevation at Krafla T
| -; oo . ot 1975, 1980 1985, o . . i
'F"E ) ° S 009200531% ’ ;‘ * .‘ .
s ® ?¢° 26 e % . g,?’!o- L
mou.t‘i 55. ol °°° 2,088 % -
o % 4%s° hof R S e
o Pt it T i e~ 0.3kmh
' © E r “. o g
sz ‘h:o aﬁfg" :1 o o * HEE:N o o
o 19+ .0 o [-]
18-
no % : o i "% o
o Tne " .
a °°. 144
e Bac SRS :
o & ° L
a' 10+ ]
° of o L
-] L] a-
5 7
: ; :
: ; "’ﬂ o Distance from : [
Leirhnjokurg the center of 1 L
| | - e T T T E R L T T T T T T T I T 5 F E 5 L T T 5
’ . l' i T
_‘K". v tL|=|_|=|_ July 10. July 111978 » .
R | | Migration of epicentres away from Krafla's caldera
' an as)

From Einarsson and Brandsdottir, 1978




Along-rift distance (km) from AVC

Keir et al.
2009
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Physical modelling

Dike coupled to the magma chamber
(total mass is constant, Rivalta and Segall, GRL, 2008)

dM=pdV +Vdp=(p 9L

VR gp—pv (g

ap ap

o+Bm)dp

B,=10"-10"Pa "’

(or much higher
if magma contains bubbles)

B, (spherical chamber):%N 10°"=10"°Pa"
u

B.(cigar —shaped chamber )= 1

"
B.(penny shaped crack )= ,.1
p'—o
B.(ellipsoid)  depends on the aspect ratio

(Amoruso and Crescentini, 2009)

~10""Pa™’




Physical modelling

5m

Observed and modelled ground deformation
Sept. 2005 dike intrusion in Afar
From Grandin et al., 2009

AV Chambers: -0.42 km”"3
-0.12 km”3

AV Dike:  +1.5 km”3

AV Dike / AV_Chamber =

rv=238
Model B)
AV Chambers: -0.42 km”"3
-0.12 km”"3
- 0.37 km”3

AV Dike: +2.0 km”3

rvV=22



Physical modelling

139°28" 139°28" 13930

13932

139934

34°08'

34706

A vves

1962 FlserT M

34°02'

FIXED

A niiima

KICI'ZIJ

Miyakejima

139" 38"

34'00

138%30 139'*‘00' 138°30° 14000

I-|‘+

I P

Volumetric Changes

" ez

= -
ke 1 ;
)
- r
abrEeg
" - I....rllll

. :
rrrrarn g AR R R R R R R R AT R A EE R
e

afonis

R PO DU SR

=
+*
L]

L]

iDike 3|

: Feura T
]

1 -+-+=1l-+-+-1:--.+-|+- R r LECE LT PP

E E pantttt
L | ----.!----------....?............ };"‘-".J“ i .
: H e
5 : - 't -

i S

L]
"
e P mm— e d e

1 1 1

FE

1 x 10

LL o]

+F

15:00
26 June 2000

27 June

1600 2100 0000 03:00 0600 09:00

Seismicity and volumetric changes during the initial phase
of the 2000 dike propagation at Miyakejima
From Irwan et al., 2006

12:00



MODELLING

History of volumes at Miyakejim:
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MODELLING

Total G(:‘.'E content (wt %)
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Tips and maximum kKinematics
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The pattern of seismicity induce
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2) Dike-induced stress shado
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2) Coulomb stress modelling

1975-1984 Krafla Rifting Episode 66" 30"
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2) Modelle

Rate and state earthquake nucleation theory, Dieterich, 1994
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2) Modelled seismicity rate changes

Rate and state earthquake nucleation theory, Dieterich, 1994
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The 13 Jan 1976 M 6.2 Kopasker earthquake: triggered or not triggered?

67°00'

Operatively, 'triggered' earthquakes have been taken
as those occurring on faults which have experienced

a positive Coulomb Stress Change. 66°30

Problematic because:

Large areas may be linked to a positive :
or negative Coulomb stress change ocr00 Ff=2 s
for small differences in'the stress model B

N
The statement that a specific earthquake was triggered
should be given in @ probabilistic way
(along with the relative uncertainty).

- J

Eleonora Rivalta POMPEI @ University of Hamburg
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