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Transition From Isotropic Upper Inner Core to Anisotropic Lower Inner Core: 
The Importance of Anisotropic Ray Tracing

Ken Creager, Ares Ouzounis, Sara DeRosier • University of Washington

Differential travel times of PKiKP - PKIKP indicate that in the western hemisphere the outermost inner core is isotropic, 
and slightly slower than global models such as PREM. On the other hand, observed travel-time residuals of PKPBC - PKIKP 
and PKPAB - PKIKP increase systematically from 1 to 6 s as a function of increasing ray turning depths for ray paths that are 
parallel to Earthʼs spin axis (Figure 1). Rays perpendicular to the spin axis typically have slightly negative residuals. These 
observations suggest the outermost inner core is nearly isotropic and that strong anisotropy exists deeper in the inner core. We 
invert these times for models characterized by an outer isotropic layer and a deeper anisotropic layer separated by a transi-
tion zone with thickness varying from 0 to 150 km. Models determined by linear inversions using ray paths calculated from 
isotropic models can only adequately fi t the observations if the isotropic layer is between 50 and 150 km thick (Figure 2). 
However, the strong gradients imposed by the anisotropic model force large deviations in ray paths, so a non-linear scheme 
with appropriate ray tracing is needed. Using anisotropic ray tracing we fi nd that models with an isotropic layer ranging from 
150 to 300 km thick all adequately fi t the travel-time data. However, thick isotropic layers require correspondingly stronger 
anisotropy below. Finally, models with discontinuities and linear gradients up to 150 km thick cannot be distinguished by 
travel times alone.

Figure 2.  Normalized variance (lower curves) 
and magnitude of anisotropy (upper curves) 
versus thickness of upper inner core isotropic 
layer.  A model that fi ts the data to within the 
estimated errors would have a normalized vari-
ance of 1.  Magnitude of anisotropy is defi ned as 
the maximum velocity minus the minimum ve-
locity divided by the Voigt average times 100%.  
Red symbols correspond to linear inversions us-
ing ray paths calculated for a reference isotropic 
earth model; blue symbols represent non-linear 
inversions using ray paths calculated for the 
anisotropic model.  Nonlinear inversions show 
that times of fi rst arrivals cannot distinguish 
among models with discontinuities or gradients 
up to 200 km wide separating the two layers.

Figure 1.  Differential travel times versus epicentral 
distance for PKiKP-PKIKP (distance < 145°), PKPBC-PKIKP 
(distance 145° - 155°), and PKPAB-PKIKP (distance 150° 
- 180°).  Observed data (blue) are fi t very well by the 
theoretical times (red) calculated for a model with a 250-
km thick upper inner core.  Solid symbols correspond to 
data with ray paths nearly parallel (within 35° degrees) to 
the spin axis, while open symbols are for rays not parallel 
to the spin axis.


