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Why Blue Waters?

• Earth’s mantle is a complex system whose dynamics 
requires quantification of many observations (both 
surface and internal) simultaneously. Traditional mantle 
models are often simplified and thus incapable to 
explain various geological processes. 

• Thus, we advocate data-oriented numerical modeling: 
– Sophisticated numerical codes.
– Efficient computational platform.
– Blue Waters represents the best choice for expanding 

current modeling capability.



With Blue Waters

• We extend the scalability of the community 
mantle convection code CitcomS. 
1. Increasing total MPI cores by 10 fold, to ~10,000



Leading to increased model resolution 
& larger model domain.

(Manea et al., Geology, 2012) (Hu et al., EPP, 2018)



With Blue Waters

• We extend the scalability of the community 
mantle convection code CitcomS. 
1. Increasing total MPI cores by 10 fold, to ~10,000
2. Resolving fine mantle features like slabs and 

plumes within whole mantle-scale models.  



Well-reproduced South American slab

(Hu et al., EPSL, 2016)

Predicted S. American slab geometry that 
matches multiple observational constraints:
• Steep & flat slab segments
• Geometry of seismicity distribution
• Slab tears causing abnormal volcanism



With Blue Waters

• We extend the scalability of the community 
mantle convection code CitcomS. 
1. Increasing total MPI cores by 10 fold, to ~10,000
2. Resolving fine mantle features like slabs and 

plumes within whole mantle-scale models.  
3. Developed realistic regional convection models 

for South America and North America.



Better representation of South American subduction

8(Hu et al., EPSL, 2016)
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Constrained 
mantle flow

(Hu et al., EPSL, 2017)
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Allowing for the 
quantification of 
mantle deformation.

New insight 
on evolution 
of continent
Continental lithosphere 
has a layered density 
and is less stable than 
previously thought.
(Hu et al., Nature 
Geoscience, 2018)



Better resolution of mantle upwelling 
below the western United States

(Zhou et al., EPSL, 2018)



1000 km
CRFB: Columbia River flood basalt

YS: Yellowstone hotspot track

NB: Newberry hotspot track

Debated origin:
• Vertically rising

mantle plume

• Shallow subduction
processes
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Puzzling Yellowstone Volcanic Province
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(Zhou et al., Nature 
Geoscience, 2018)

Heat below YS 
predominantly 
came from the 
Pacific mantle.

The mantle 
plume plays a 
minor role in 
generating 
volcanism. 

Plume

YS
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Eastward intrusion of hot Pacific mantle forms YS

CRB

(Zhou et al., Nature Geoscience, 2018)



Model validation by seismic anisotropy
- Rock fabric formed by mantle deformation

Observed (dark) and 
modeled (green) 
seismic anisotropy 
due to the 
subduction history 
discussed above.

(Zhou et al., EPSL, 2018)



Help to resolve the enigmatic 
topographic evolution of western U.S.

15(Zhou & Liu, EPSL, 2019)



With Blue Waters

• We extend the scalability of the community 
mantle convection code CitcomS. 
1. Increasing total MPI cores by 10 fold, to ~10,000
2. Resolving fine mantle features like slabs and 

plumes within whole mantle-scale models.  
3. Developed realistic regional convection models 

for North America and South America.
4. Developing a new-generation of high-resolution 

global-scale subduction and convection models.



High-resolution global-scale models
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