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Modeling of volcanic and tectonic phenomena



Simple Models of Dikes and Faults!

 Fonari and Shanks, May, 2006!
Krafla, Iceland!

1.The 1975-1984 dike sequence at Krafla, Iceland!

1.! Dikes modify faults at RIDGES!

2. Controls on the offset of normal faults!



!"#$%&'"()*+'+,-+".+/0++,"

1&2-$,&+3"$,("')43536'+$(),7""

-+,/+'3"#$8".+"9&0"#$7#$"

)3":&'-+("&;/"&:"$"#$7#$"

-9$#.+'<"

=9)3"/$2>")3"-&,-+',+("0)/9"$""

9&0"/9+"3/'+33+3"$/"$"36'+$(),7"

$'+"'+2)+1+(".8"()>+"),/';3)&,3<"

=9+"6$?+',"&:"()>+3"#$8"'+@+-/""

/9+"-9$,7),7"3/'+33"A+2(<""



Stress
Fault 

!v

= r
"!v g z(z)

!
h

=(z)

! h

r
  "  = rock density

h

!v

!

!  h

Minimum Stress Difference for Fault Slip

!v(z) ~ [1/4]
(1+µ  )    # µ2 1/2

(1+µ  )    + µ1/22[           ] !v(z)

Stress

Magma Filled 
Crack

!v

Pf

= r"
!

v g z(z)

!
h

"
f

= Pf =(z) g z

!h

"
fr

" >
h

!v

!

!  =h

Minimum Stress Difference for Opening Dike







Dike Opening Makes Faults!







Fissure widening and eruptions
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Simple models of Normal Faulting!

Big Question: How far can a normal fault slip before !

another fault takes over.!

Motivation: A few normal faults slip a huge amount.!



Gravitational Stress on a Flexing Layer Scale!





Andersonian Breaking State!
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Finite Offset of Elastic Layer 
(after Forsyth, Geology, 1992) 
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Fault Breaks Layer!

Fault Begins to Slip!



Finite Offset of Elastic Layer 
(after Forsyth, Geology, 1992) 
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Finite Offset of Elastic Layer 
(after Forsyth, Geology, 1992) 
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Stresses due to Plate Bending 
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Elastic Bending Stress!

for 100 meter fault offset!

-200! 200!

10 km!

Depth!

Plastic Yield!

Limit!

Elastic Bending Stress!

for 1 kilometer fault offset!

- 600! 600!

Stress Difference (MPa)!

10 km!



Finite Offset of Elastic-Plastic 

Layer 
(after Buck, Geology, 1993) 
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Inviscid Layer!

Brittle Layer!



From Eunseo Choi!








































