Thermo-chemical Internal Dynamics & Volatile Distribution

Most relevant “Grand Challenges”:

#5. Where are water & hydrocarbons beneath the surface?

#6. How do magmas ascend and erupte

#7. What is the lithosphere-asthenosphere boundarye

#9. How do temperature & composition control mantle convection?

#10. How are Earth’s internal boundaries affected by dynamics?



Thermo-chemical Internal Dynamics & Volatile Distribution

Scientific Themes
e Structure of the Lithosphere and Asthenosphere
* Lithosphere-Asthenosphere Interactions
e Distinguishing Melt, Volatiles, Composition, & Temperature

Future Directions
e Improving seismic images
--new analysis of existing data [utilizing more of the
waveform; integrating different measurement types; HPC]
--collection and analysis of new data

 Improving interpretations of seismic images
--collection of experimental data
--Utilizing data sets from other disciplines

e Improving coverage in the oceans



Structure of the Lithosphere and Asthenosphere
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Structure of the Lithosphere and Asthenosphere

e Relationship between azimuthal anisotropy (direction & magnitude) and
seismic disconfinuities

Pacific North America
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Lithosphere-Asthenosphere Interactions

High V¢ & V, beneath western U.S.:
slab fragmentse delaminating lithospheree
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Distinguishing Melt, Volatiles, Composition, Temperature

Subduction zones: High attenuation in the mantle wedge due to melt
 high temperature, water not enough
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Distinguishing Melt, Volatiles, Composition, Temperature

mid-ocean ridges
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Improving Coverage in the Oceans

Results from USArray have challenged previously-held assumptions
about continents. What currently-held assumptions about oceans

would be challenged?

Provides an opportunity to target fundamental concepfs:
-- relationship between mantle flow and seismic anisotropy
-- relationship between plate motion and mantle flow

-- details of melt generation and ascension

-- small-scale convection beneath plate

-- image plate-boundary shear zones



Two Final Examples

1. Rayleigh wave phase velocity (60 s): Using amplitude in addition to phase provides new information
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45" ks =
40" 40° o
35" 35° 2
: L Lin & Rifzwoller 2011

30 30
-125° -120° -115° -110° -105" -100° —125° -120° -115° -110° -105° =120 -115° -110° -105" —100

— — ——
370 375 380 385 390 400 410 370 375 380 385 390 400 410 -60 -40 -20 O 20 40 60
Phase velocity (km/s) Phase velocity (knv/s) Phase velocity difference (m/s)

2. V. and azimuthal anistropy beneath Europe and Northern Atlantic from adjoint tomography
Resolution of small-scale features & agreement between anisotropy and geodetic strain-rate field

2% peak to peak anisotropy Zhu & Tr omp 2013
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