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Introduction:  The size and mass of a dense metal-

lic core is a basic constraint on lunar bulk composition 

and, therefore, on lunar origin models.  The core size 

also has basic implications for our understanding of the 

origin of lunar crustal magnetization (see, e.g., ref. 1).  

Currently, the size and even the existence of a lunar 

metallic core are not well established observationally 

[2] although geochemical data favor a metallic core [3] 

and interpretations of lunar laser ranging data suggest a 

molten core radius of < 345 km [4].  

One approach toward constraining the lunar metal-

lic core size involves measurement and interpretation 

of the lunar induced magnetic dipole moment during 

passages of the Moon through the geomagnetic tail 

lobes [5,6].  In this paper, we report efforts to test and 

improve earlier applications of this technique using 

Lunar Prospector magnetometer data [6]. 

Previous Work:  Previous inferences of electrical 

conductivity vs. depth in the Moon using simultaneous 

Apollo 12 surface and Explorer 35 orbital magnetome-

ter data yielded an upper bound of ~ 435 km on the 

metallic core radius [7,8].  However, small gain and 

offset errors between the two magnetometers signifi-

cantly limited the accuracy of this method at very low 

frequencies [9]. 

An alternate method uses only measurements from 

a single low-altitude orbiting magnetometer, thereby 

avoiding the intercalibration problem [10,11,5,6].  In 

this quasi-static method, the conductivity profile of the 

mantle is not consrained but the radius of a core with 

conductivity much greater than that of the lower man-

tle (i.e., > 0.1 mho/m) can be estimated. In principle, 

the core may be either metallic (! > 10
3
 mhos/m) or 

molten silicate (! ~ 1-10 mho/m) to satisfy the high 

conductivity requirement.  However, it is theoretically 

difficult to maintain a large reservoir of silicate melt in 

the lunar interior in the presence of subsolidus convec-

tion early in lunar history. 

 The method takes advantage of passages of the 

Moon through the nearly spatially uniform magnetic 

field and low-density plasma environment of the geo-

magnetic tail lobes.  To a first approximation, the 

Moon is suddenly exposed to a uniform field of con-

stant amplitude in a low-density plasma environment.  

After the decay of induced currents in the mantle and 

neglecting effects of magnetic susceptibility in the 

crust and upper mantle, any remaining induced dipole 

moment has an amplitude that ideally depends only on 

the radius of a highly electrically conducting core. The 

induced dipole moment is negative, i.e., it is oriented 

opposite to the applied field.  

In a previous study [6], 21 orbits of LP magne-

tometer data were selected from a single tail lobe pass 

in April 1998  during which the tail lobe field was rela-

tively steady and oriented toward the Sun with an am-

plitude that varied between approximately 12 and 16 

nT (1 nT = 10
-5

 G). The final estimated induced mo-

ment amplitude was -2.4 ± 1.6 " 10
22

 G-cm
3
/G of ap-

plied field.  The corresponding maximum core radius 

(neglecting metallic iron in the mantle and crust) was 

340  ± 90 km.  For comparison, Russell et al. [5] ana-

lyzed 21 orbits of data from 7 months of Apollo 15 and 

16 subsatellite magnetometer data.  Induced moments 

for each orbit were estimated using a Fourier analysis 

technique.  Averaging together all individual orbit es-

timates yielded a final estimate of -4.23 ± 0.64 " 10
22

 

G-cm
3
/G of applied field.  Neglecting magnetic sus-

ceptibility effects, the corresponding core radius was 

439 ± 22 km.  

While the error bars of the Apollo subsatellite core 

radius estimate [5] and the LP core radius estimate [6] 

do overlap, the mean of the latter estimate is ~ 100 km 

less than the former estimate.  It is therefore important 

to complete the LP analysis and re-examine the Apollo 

subsatellite data using a consistent analytic technique 

to more accurately estimate the actual core radius.   

Improved LP Induced Moment Estimates:   The 

analysis of [6] considered only one lunation of LP 

data.  We have recently determined all available inter-

vals of LP data during which induced moment meas-

urements are possible.  Altogether, 9 geometrically 

suitable magnetotail passes occurred during the 19-

month mssion containing a total of 412 orbits of data.  

However, data toward the end of the mission become 

increasingly complicated by magnetospheric distur-

bances as solar maximum conditions were approached.  

Here, we report a preliminary analysis of data from 

relatively quiet LP tail lobe passes occurring in April 

and May of 1998.  The April pass is the same as that 

considered by [6] while the May pass has not previ-

ously been analyzed.  After editing to accept only 

those orbits and major orbit segments characterized by 

the smallest possible rms deviations, only three such 

orbit segments remained for each of the two tail lobe 
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passes.  For the April 1998 pass, two of the three x-

component orbit segments have rms deviations less 

than 0.3 nT while for the May 1998 pass, all three have 

rms deviations under 0.32.  Thus, while the number of 

orbits is reduced, the quality of the data is improved.   

Averaging together the three available orbit seg-

ments for each tail lobe pass and smoothing the data 

using a 51-point running mean algorithm, one obtains 

the mean x-component field perturbations shown in 

Figure 1 (solid line).  For comparison, the long dashed 

lines show theoretical field perturbations expected for 

an induced moment of -3.2 " 10
22

 G-cm
3
/G (equivalent 

core radius: 400 km) after all mantle currents have 

decayed and neglecting finite susceptibility effects.  

Although significant short-wavelength field fluctua-

tions remain in the data, both mean field time series 

show relatively high values between 0.5 and 1 hours 

local orbit time and reduced values between 1 and 1.3 

hours, which is consistent with expectations for a nega-

tive induced moment. 

   
                             Figure 1 

Plotted in Figure 2 is the variance between the 

smoothed x-component measurements of Figure 1 for 

April and May of 1998 and theoretical curves for a 

range of negative induced moments (and correspond-

ing highly conducting core radii) for each tail lobe 

pass.  While the variances are generally larger for the 

May data than for the April data, both analyses yield a 

distinct minimum variance for core radii between 350 

and 400 km.  Specifically, the April 1998 data yield a 

minimum variance of 0.0141 nT
2
 for a core radius of 

370 km while the May 1998 data yield a minimum 

variance of 0.0250 nT
2
 for a 390 km core.  The LP data 

therefore demonstrate a repeatable negative induced 

moment of the Moon in the geomagnetic tail lobes, a 

result that is consistent with earlier analyses of Apollo 

subsatellite data [5]. 

Concluding Remarks:  Analysis of selected data 

from two tail lobe passes occurring in April and May 

1998 yields evidence for a highly electrically conduct-

ing core  (! > 0.1 mhos/m) with a radius of roughly 

370-390 km.  However, this upper limit on the metallic 

core radius neglects any positive induced moment re-

sulting from the presence of metallic iron in the crust 

and upper mantle.  If we take Fem ~ 0.1 wt% for the 

entire crust and upper mantle (probably an upper 

limit),  the combined ferromagnetic and paramagnetic 

positive moment [12] is ~ 0.4 " 10
22

 G-cm
3
/G.  This 

requires increasing the core radius bound by ~ 50 km 

to 420-440 km. 

 
                              Figure 2 
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