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Geophysical observations and modeling require an understanding 
of material behavior and properties  
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Generating high pressures, temperatures, 
and atmospheric variations: 
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The Advanced Photon Source 
 Wave velocity determinations using inelastic x-ray scattering 

Chicago area, IL  



Measuring vibrational properties (e.g., wave velocities) 
with inelastic x-ray spectroscopy 

|in Ε0 

X-rays 

zero energy exchange 
(Mössbauer)  

|out Ε 

|out Ε 

|out Ε 

|out Ε 

Inelastic scattering 
(acoustic phonons)  

Elastic scattering 
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Combining velocity determinations with  
seismic observations and geodynamics:  

Rolling hills resting on Earth’s core-mantle boundary 
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Sun,	
  Helmberger,	
  Jackson,	
  Clayton,	
  Bower.	
  	
  
(2012,	
  in	
  press)	
  

PREM	
  

PREM	
  

VP	
  :	
  iron-­‐rich	
  (Mg,Fe)O	
  

VS	
  :	
  iron-­‐rich	
  (Mg,Fe)O	
  

Wicks,	
  Jackson,	
  Sturhahn.	
  
	
  Geophys.	
  Res.	
  LeV.	
  (2010)	
  

CMB	
  under	
  NW	
  
America	
  (SKS,	
  SKKS)	
  



 This study, NRIXS, (Mg0.87
57Fe0.13)2Si2O6

 Jackson et al, 2009, NRIXS, (Mg0.87
57Fe0.13)2Si2O6

 

Kung et al, 2004, UI, MgSiO3

 

Flesch et al, 1998, UI, MgSiO3

 Chai et al, 1997, ISLS, 
(Mg1.63Fe0.17Ca0.04Mn0.01)(Al0.12Cr0.01)(Si1.89Al0.11)O6
 
 

Duffy and Vaughan, 1988, BS, (Mg0.94Fe0.06)SiO3 

Frisillo and Barsch, 1972, UI, (Mg0.8Fe0.2)SiO3

Webb and Jackson, 1993, UI, (Mg0.8Fe0.2)SiO3

Jackson et al, 1999, BS, MgSiO3
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(Tauzin et al., 2010) 

Velocity measurements of (Mg,Fe)2Si2O6 enstatite:  
Low shear velocity zone due to structural transition 

Ensta9te	
  (pyroxene):	
  Component	
  of	
  
Earth’s	
  upper	
  mantle	
  and	
  depleted	
  
lithosphere	
  of	
  subduc9ng	
  slabs	
  
	
  
Phase	
  transi9on	
  indicates	
  shear	
  velocity	
  
soYening	
  at	
  high-­‐pressures	
  Zhang,	
  Jackson,	
  et	
  al.	
  

	
  J.	
  Geophys.	
  Res.	
  (2012,	
  under	
  review)	
  



Kim, Clayton, Jackson.  J. Geophys. Res. (2010) 

Flat slab subduction of the Cocos plate under Mexico 

Comparing observations with mineral physics 



Deeper regions of the Cocos plate under Mexico 

Kim, Clayton, Jackson, Earth Planet. Sci. Lett. (2012) 



² Recent	
  progress	
  in	
  pressure	
  cells,	
  advanced	
  radia9on	
  sources,	
  
and	
  inelas9c	
  x-­‐ray	
  scaVering	
  methods	
  enable	
  wave	
  velocity	
  
measurements	
  of	
  minerals	
  subjected	
  to	
  their	
  plausible	
  
environment(s)	
  inside	
  Earth.	
  

² By	
  combining	
  an	
  interdisciplinary	
  framework	
  with	
  a	
  mul9-­‐scale	
  
understanding	
  of	
  the	
  chemical	
  and	
  physical	
  processes	
  that	
  occur	
  
inside	
  the	
  Earth,	
  and	
  improvements	
  in	
  data	
  resolu9on	
  and	
  
modeling	
  capabili9es,	
  it	
  is	
  possible	
  to	
  beVer	
  understand	
  the	
  
evolu9on	
  of	
  the	
  earth	
  system.	
  

Summary	
  and	
  conclusions	
  


