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New Measurements of Radial Mode Eigenfrequencies

Gabi Laske • IGPP, Scripps Inst. of Oceanography

Radial mode eigenfrequencies are commonly thought to be measured with great ease and precision. The reason for this is 
that these modes have no geographic pattern so one should be able to measure frequencies from a spectrum observed at any 
station in the world. Yet, radial modes often seem inconsistent with spherical Earth models that fi t all other mode frequencies.

It turns out that radial modes are sometimes strongly coupled. The strongest coupling is predicted to be with neighboring 
l = 2 modes, sometimes more than 50 mHz away. The coupling is caused by the Earthʼs hydrostatic ellipticity and aspheri-
cal structure of harmonic degree 2. Mode coupling due to ellipticity alone can cause a frequency shift for the radial modes 
by more than 4 mHz (e.g. 11S0 and higher). Given that mode frequencies can be measured to within 0.1 microHz, this shift 
is signifi cant, and some singlets of l = 2 modes have indeed been misidentifi ed as the radial mode in the past. Including the 
spectra of the June 23, 2001, Southern Peru and the November 14, 2001, China Earthquakes we have reanalyzed radial mode 
eigenfrequencies and obtained a mode dataset that is internally more consistent than previous ones. Only small perturbations 
to PREM are needed to fi t the new data, together with the current best estimates of “Reference Normal Mode Data” (available 
on the Reference Earth Model web site: //mahi.ucsd.edu/Gabi/rem.html). The smallest perturbation to isotropic PREM that 
is consistent with our radial mode data requires no 220 km discontinuity but there exists a trade-off between higher shear ve-
locities and densities in the lid and lower values in the asthenosphere below. Slightly higher velocities are also required above 
the CMB and the inner core boundary. 

The great December 26, 2004, Andaman-Sumatra earthquake still awaits detailed mode analysis. However, new frequen-
cy estimates for the gravest radial mode, “breathing modeʼ̓  0S0 have been reported with error bars smaller than the coupling 
effects from neighboring modes. This stressed the importance of having a state-of-the-art global seismic network running as 
well as, investigating possible systematic effects in the measurements very carefully.
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a) Spectra obtained for coupled-mode synthetic seismograms when only selfcoupling is considered.  Effects that removed singlet degeneracy come 
from Earth’s rotation and hydrostatic ellipticity, mantle model S16B30 and hypothetical l = 2 structure in the upper 200 km of the inner core.  Core struc-
ture split the mode anomalously (grey bar marks effects from rotation/ellipticity alone).  b) When mode coupling between 27S2 and 11S0 is considered.  
Coupling signifi cantly shifts the frequency of 11S0.  Also note that the amplitudes are affected, as observed by Park (1990).  c) Old and new radial mode 
data and residuals with respect to isotropic PREM and our new model.


