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The spectral method for distinguishing crustal from 
core-source magnetic fields has been re-examined, 
modified, and applied to both a comprehensive 
geomagnetic field model [Sabaka, Olsen & Langel, 
2000] and an altitude normalized magnetic map of 
Mars [Purucker et al., 2000].  These observational 
spectra are fairly fitted by theoretical forms expected 
from certain elementary classes of magnetic sources.  
For Earth we find fields from a core of radius 3512 +/- 
64 km, in accord with the seismologic core radius of 
3480 km, and a crust represented by a shell of random 
dipolar sources at radius 6367 +/- 14 km, near the 
planetary mean radius of 6371.2 km.  For Mars we find 
no sign of a core-source field, only a field from a crust 
represented in same way, but at radius 3344 +/- 10 km, 
about 46 km below the planetary mean radius of 3389.5 
km, and with sources about 9.6 +/- 3.2 times stronger.      
 
The random dipolar source shell depth, or decorrelation 
depth, for Mars agrees with the 50 km mean crustal 
thickness obtained from a model of MGS topographic 
and gravity data by Zuber et. al. [2000].  The 
agreement is thought to be largely physical, rather than 
fortuitous, and may indicate confinement of correlated 
magnetic sources to the uppermost 46 km of Mars.  The 
decorrelation depth also provides strong support for the 
shallower values used by Connerney et al. [1999] to 
model individual magnetic anomalies with laterally 
correlated magnetized slabs.  
 
Background:  Consider the portion of a planetary 
magnetic field originating inside a planet, hence inside 
a reference sphere of radius  a.  Outside the planet, this 
potential field has a spherical harmonic representation 
with Schmidt-normalized Gauss coefficients of integer 
degree  n  and order  m.  The mean square magnetic 
field from harmonics of degree  n  averaged over the 
sphere is given by [Lowes, 1966].  This quantity, 
sometimes called the spatial magnetic power spectrum, 
is denoted R(n).  Upward continuation of the potential 
field to radius r > a causes attenuation that is 
exponential in degree, albeit geometric in radius.  The 
magnetic spectrum of a planet at  r > a  is 
R(n)[a/r]**(2n+4).    
 
If such a spectrum were a plain exponential at any 
radius, hence plotted as points on a straight line on a 
log-linear graph, then there would be a special leveling 
radius at which the slope of the line could be made to 
vanish.  In the terrestrial case, widely accepted spectral 
separations of core from crustal fields by Langel & 
Estes [1982] and Cain et al. [1989], which extend work 
by Lowes [1974], use iterative bi-linear regressions to 
log[R(n)] to obtain leveling radii close to the radii of 

Earth’s core and crust, respectively.  Curiously, we 
found no theoretical reasons to expect plain exponential 
magnetic spectra [Stevenson, 1983; Jackson, 1990; 
McLeod, 1996]. 
 
For example, consider randomly oriented dipoles with 
uncorrelated magnetic moments scattered on an 
infinitesimally thin spherical shell.  In this case, the 
expectation value of the magnetic spectrum is an 
exponentially attenuated cubic polynomial of  n.  A 
similar cubic modulation factor is obtained when such 
dipoles have been aligned either parallel or anti-parallel 
to the main field of a planet centered dipole.  Of course, 
each such dipole might represent the magnetic field 
from a compact magnetized geologic structure, if not a 
single rock magnetic domain. 
 
To account for crustal thickness and ellipticity, 
theoretical magnetic spectra for Earth’s crustal field 
were derived for both random dipoles and random 
polarity dipoles distributed on a spherical shell, within 
a thick spherical annulus, on an oblate spheroidal shell, 
and within an oblate spheroidal annulus.  We also 
derived spectra for vertically correlated layers of 
magnetic material and, to address laterally correlated 
sources, considered spectra from ensembles of radially 
magnetized spherical caps.  Only in the latter case does 
the envelope of a theoretical magnetic spectrum level 
off, but only above degrees so high as to begin 
resolving the smallest source caps. 
 
Though derived for Earth, the importance of 
modulation factors that cause deviations from a plain 
exponential is made clear in the magnetic spectrum of 
Mars.  The observational magnetic spectrum of Mars 
cannot be fitted with a single unmodulated exponential.  
This demonstrates the need to modify plain exponential 
crustal spectra of Langel & Estes [1982] and Cain et al. 
[1989b] along the lines of the theoretical described 
above. 
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