
Case Study 2:
2014 Iquique Sequence



Overview
• Mw 8.2 earthquake 

on 1 April 2014 at 
11:08:43 UTC

• Pictures of damage
• Seismicity maps
• Foreshock 

seismicity -> Main 
shock -> Aftershock

1 April 2014 11:08:43 UTC, Mw 8.2 earthquake
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Foreshock Displacements
• Exercise: using the foreshocks Mw 6.0 

and larger, predict the evolution of 
displacements at GPS stations along the 
Chile coast. Compare the total predicted 
horizontal displacements from all these 
foreshocks with the observed GPS 
displacements immediately prior to the 1 
April Mw 8.2 main shock.



Foreshock Displacements
• Search the Global Centroid Moment 

Tensor catalog for the earthquake 
parameters you need

• www.globalcmt.org









Starting Date: 16 March 2014



Number of days from start: 
16



Magnitude 6.0 and 
greater



Latitude: -21.0º to -19.5º
Longitude: -71.5º to -70.0º





Foreshock Displacements
• Reminder from Chiang Rai, Thailand, case 

study: we usually know the magnitude of 
the earthquake, and have to estimate the 
dimensions and slip of the earthquake for 
use with O92UTIL

• Typically, both slip and fault area increase 
systematically with magnitude



Foreshock Displacements

Wells and Coppersmith (1994)



Foreshock Displacements

Wells and Coppersmith (1994)



Foreshock Displacements
• O92UTIL implements several empirical 

relations, allowing the user to put 
magnitude in the input fault file instead of 
fault slip and dimensions



Foreshock Displacements
• Input fault file (fault.dat)

-70.92 -19.94 12 284 26 54 6.7

Lon StrikeLat Dep Dip Rake Mag

Same as previous input format



Foreshock Displacements
• Input fault file (fault.dat)

-70.92 -19.94 12 284 26 54 6.7

Lon StrikeLat Dep Dip Rake Mag



Foreshock Displacements

o92util -mag fault.dat -sta station.dat....

(instead of o92util -flt fault.dat...)



Foreshock Displacements
• GPS stations on 

west coast of Chile
• What are the 

predicted horizontal 
displacements at 
these 5 stations?
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Foreshock Displacements
• GPS stations on 

west coast of Chile
• What are the 

predicted horizontal 
displacements at 
these 5 stations?

Station East (mm) North (mm)
AEDA -4.0 2.9
ATJN -10.0 -7.2
CRSC -2.4 2.3
IQQE -7.9 1.1
PSGA -14.5 -3.5

Observed displacements



Foreshock Displacements
• GPS stations on 

west coast of Chile
Station East (mm) North (mm)
AEDA -4.0 2.9
ATJN -10.0 -7.2
CRSC -2.4 2.3
IQQE -7.9 1.1
PSGA -14.5 -3.5



Foreshock Displacements
• faults.dat:
-70.92 -19.94 12 284 26 54 6.7
-71.05 -20.01 18 352 17 94 6.4
-71.14 -19.73 19 346 20 90 6.2
-71.05 -19.70 22 350 21 100 6.2



Foreshock Displacements
• GPSloc.dat:
AEDA -70.178 -20.546 -4 2.9
ATJN -70.137 -19.301 -10 -7.2
CRSC -70.080 -20.918 -2.4 2.3
IQQE -70.132 -20.274 -7.9 1.1
PSGA -70.123 -19.597 -14.5 -3.5



Foreshock Triggering
• Exercise: model the stress change 

evolution on the subduction zone plate 
boundary resulting from the largest 
foreshocks. Were these events triggered? 
How do these earthquakes change the 
state of stress at the Mw 8.2 hypocenter?



Foreshock Triggering
• We have earthquake parameters from the 

previous exercise
• To resolve stresses, we need the location 

of the plate boundary at depth and the 
kinematics (orientation and slip direction) 
of the plate interface



Foreshock Triggering
• Use GRID to generate the locations for 

computing ∆CS on the plate boundary
• Recall:
– GRID can create a horizontal or a dipping 

plane; which is more appropriate for a 
subduction zone plate boundary?

–What is a good reference point for the grid?



Foreshock Triggering
• One option is to use a plate interface 

model to determine a reference point on 
the plane of interest

• For example, USGS Slab 1.0
• earthquake.usgs.gov/data/slab/



Try the interactive map



Option below map to search for 
plate boundary parameters at 
coordinates of interest.



The reference point might be 
the earthquake hypocenter, 
centroid, etc.



Foreshock Triggering
• Using the Mw 8.2 centroid as the 

reference coordinate (-70.5ºE, -19.8ºN), 
Slab 1.0 gives a depth for the plate 
boundary at this point of 36 km

• Also yields strike and dip; are these values 
consistent with the foreshock kinematics?



Foreshock Triggering
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Main Shock Triggering
• Exercise: model the stress change on the 

plate interface resulting from the 1 April 
main shock. How does this compare to the 
location of the 3 April Mw 7.7 aftershock?

• You can find the FFM on the USGS 
website.



Main Shock Triggering



Main Shock Triggering

o92util -ffm iquique_2014.ffm...



Main Shock Triggering
• Noisy colors!
• Two reasons:
– Slip in every 

subfault
– Using one plane 

instead of plate 
boundary with 
changing dip





Main Shock Triggering
• Exercise: What does the stress change 

from the 1 April main shock look like in 
cross-section?



Main Shock Triggering


