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Inflow of 	

hot asthenosphere	


Release of fluids	

& formation of melt	
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GeoPRISMS Tectonic Settings 

GeoPRISMS investigates the coupled geodynamics, earth surface 
processes, and climate interactions that build and modify 
continental margins over a wide range of timescales (from s to 
My), and cross the shoreline, with applications to margin evolution 
& dynamics, construction of stratigraphic architecture, 
accumulation of economic resources, and associated geologic 
hazards and environmental management. 



GeoPRISMS Structure & Implementation 
Two broadly integrated initiatives 

Research at Primary Sites & Thematic Studies 
Five Primary Sites, three are North American margins 

Leveraging and building new opportunities: 
New facilities, e.g., EarthScope, Amphibious Array 
Strong international & agency collaborations 
Expanded societal relevance, linkages to industry 
Broadened education & outreach programs 

Subduction 
Cycles & 

Deformation 

Rift 
Initiation & 
Evolution 



Where GeoPRISMS Works 



Modeling…. 
 
Is a tool in hypothesis development and testing 
 
Requires verification, validation, benchmarking 
 
Aids in synthesis & development of understanding of  

 complex physical & chemical processes 
 
Needs to (try to) keep up with advances in 

  the computational sciences 
 
 
 



Van Keken, EPSL, 2003 



Van Keken, EPSL, 2003 

Three mini case studies of subduction zone modeling: 

 Deformation before and during major thrust EQs 

 Thermal state and dehydration in subduction crust 

 Migration of fluids and melt below the arc 



Van Keken, EPSL, 2003 

I Deformation before and during major thrust EQs 
 



Seismic cycle on subduction thrusts 

2004 M9.2 Sumatra  2010 M8.8 Maule  2011 M9.0 Tohoku  

Sim
ons et al. [2011] 

interseismic                      coseismic 
Slide provided by Ylona  
Van Dinther (ETH) 



Van Dinther et al., JGR, in press 



Van Dinther et al., JGR, in press 



Outer-rise normal faults 

Splay faults 

van Dinther et al. (in prep.) 
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Van Keken, EPSL, 2003 

 
 

II Thermal state and dehydration in subduction crust 

  



Isoviscous wedge 





Syracuse et al., PEPI, 2010 
Subduction zone benchmark in Van Keken et al., PEPI, 2008 



T at top of slab T at oceanic Moho 

Models assume constant coupling depth of 80 km  

Syracuse et al., PEPI, 2010 



increasing p,T 

Blueschist 

Eclogite 

H2O 

Photo by Brad Hacker 

Photo by Sarah Penniston-Dorland Pavlov sisters, AK (USGS) 



Compilation by Simon Wallis (Nagoya) 

Models of warm SZ match 
petrological conditions in  
exhumed terranes 

Cooper et al., G3, 2012 

model prediction 

geochem
ical m

easurum
ent 

 of T of slab below
 arc 

Models match geochemistry 



Van Keken, Kita, Nakajima, Solid Earth, 2012 

models predict 
cause for intermediate 
depth seismicity 



Van Keken, Kita, Nakajima, Solid Earth, 2012 



Van Keken, Kita, Nakajima, Solid Earth, 2012 



A schematic figure of a PS wave	

海洋性地殻 
Ø 地球内部への水の輸送の一部を担う． 
Ø スラブ内の地震活動と密接に関わっている． 

海洋性地殻の構造を明らかにすることは，沈み込み帯
の地震・火成活動や水循環を理解する上で重要．	

Very low P-wave velocity in upper crust below Tohoku 
(Shiina, Nakajima and Matsuzawa)	




Vp [km/s]	

P-wave velocity < 7.2 km/s 
suggest presence of  
free fluids Shiina, N

akajim
a and M

atsuzaw
a 



Van Keken, EPSL, 2003 

Migration of fluids and melt below the arc 









fluid flow with ‘more’ realistic physics 
leads to focusing of melt & more 
realistic magmatic conditions 



Prediction for Cascadia: 
melt is sourced from serpentinized mantle 



Modeling…. 
 
Is a tool in hypothesis development and testing 
Requires verification, validation, benchmarking 
Aids in synthesis & development of understanding of  

 complex physical & chemical processes 
Needs to (try to) keep up with advances in 

  the computational sciences 
Is an essential part of GeoPRISMS science 
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