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Introduction:  Until recently, the Moon had been 

thought to have a relatively low volatile content due to 
a combination of its low gravity and hot impact origin  
[1,2].  Accordingly, past studies to investigate the 
Moon's formation and its chemical and thermal evolu-
tion have focused on a bulk Moon with minimal vola-
tile content and absent of water [3]. However, recent 
geochemical analyses of very-low-Ti glasses and lunar 
melt inclusions present compelling evidence that water 
concentrations of at least 260 ppm and up to 6000 ppm 
were present in the deep lunar interior prior to 3 Gya 
[4,5].  Deep reservoirs of water near the core-mantle 
boundary may have had a profound effect on lunar 
dynamo generation, enabling a prolonged, and more 
intense magnetic field.  Though the size and properties 
of the lunar core are still a matter of investigation, re-
cent analysis of lunar samples reinforce the Moon had 
a dynamo-generated magnetic field from at least 4.2-
3.56 billion years ago (Ga), consistent with the pres-
ence of an iron-rich core [13,14,17]. Given bounds on 
the lunar core size [15], it may be implausible for 
thermochemical convection from secular cooling to 
generate such a long lasting dynamo [14] without me-
diation by a thermal blanket [16] or, possibly, a water-
rich layer near the core-mantle boundary. 

In this study, we address the influence of water on 
the early core dynamo evolution on the Moon by in-
corporating an attenuating strain rate (i.e. decreased 
viscosity) [3,6] for potential wet regions in the deep 
lunar interior. This could potentially sustain a longer-
lived thermochemical convective dynamo. 

Model:  The standard convection equations are 
solved by a modified version of CITCOM2D, a spheri-
cal axisymmetric, finite-element convection model [7, 
8]. We employ initial density and temperature profiles 
representative of  post-magma ocean solidification and 
overturn [9].  The water content is represented as a 
region of reduced viscosity [3], and radioactive heat 
generation [12] is included via a thin 20-km KREEP-
rich layer that remains under the base of the crust dur-
ing magma ocean overturn.  Using conservation of 
energy, we evolve the CMB temperature with time. 
We employ a temperature- and depth-dependent rheol-
ogy and a reference viscosity of 1020 Pa-s with a max-
imum viscosity variation of 109 Pa-s. 

Results & Discussion:   Incorporating water within 
the deep lunar interior leads to a reduction in viscosity 
in the lower lunar mantle.  As a result this low 

 
 

 
 
Figure 1. Temperature profile. Lunar radius (km) vs. model 
time (Myr). A)  200-km water layer (~40 ppm, 100× viscosi-
ty reduction) .  B)  500-km water layer (~40 ppm, 
100×viscosity reduction).  C)  100-km water layer (~40 ppm, 
100×viscosity reduction) 
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Figure 2. CMB heat flux(mW/m2) vs. model time (Myr). A 
core heat flux above or between the region encompassed by 
light-blue lines indicate a possible core dynamo  A)  200-km 
water layer.  B)  500-km water layer.  C)  100-km water 
layer (blue line) and reference case with no water (black 
line).  The red line represents the minimum core heat flux 
necessary for sustaining a lunar core dynamo [18]. 
 
viscosity layer readily sustains a convective layer sepa-
rately from the remainder of the lunar mantle (Figure 
1).  We analyze scenarios containing 40±20 wt ppm 
(factor of 100 viscosity reduction), within layers of 100 
km, 200 km, and 500 km above the core-mantle 

boundary (CMB), consistent with potential magma 
ocean depths [19].  The result is a layer of reduced 
viscosity above the core that advects heat away from 
the CMB into a slowly convecting or conducting over-
laying mantle (Figure 2).   All of our scenarios, yield 
the possibility of a core heat flux sufficiently large to 
be capable of sustaining a core dynamo.  Further, our 
results extend the possible timeframe of a lunar core 
dynamo through 3.2 Ga, consistent with recent anal-
yses of lunar samples [13,14,17].  

Conclusion: These calculations demonstrate that if 
water in the early Moon was transported to or retained 
in the deep interior, even in small amounts, it would 
have played a significant role in transporting heat out 
of the deep interior and reducing the lower mantle 
temperature. Given the potent effect of water on man-
tle viscosity throughout the first 1 Gyr, the presence of 
water may have major consequences regarding the 
final compositional layering and would play a role in 
sustaining a core dynamo [13].  Our results indicate 
that if only a partial lunar magma ocean existed on the 
Moon, water retained by the deep interior would have 
aided the development and sustaining of a lunar core 
through 1 Gyr.  This result demonstrates the plausibil-
ity of a lunar core dynamo age beyond the latest sam-
ple analysis suggestive of a sustained magnetic field, 
likely to have been generated by a core dynamo at 3.2 
Gya. 

 
 

References:  [1] Lucey P. R. et al. (2006) Rev. 
Mineral. Geochem., 60,  83-219. [2] Pahlevan K. & 
Stevenson D. (2011) EPSL, 301, 433-443. [3] Shearer 
C. K. et al. (2006) Rev. Mineral. Geochem., 60, 365–
518. [4] Saal A. E. et al. (2008) Nature, 454, 192–195. 
[5] Hauri E. H. et al. (2011) Science, 333, 213–215. 
[6] Hirth G. & Kohlstedt D. L. (1995) JGR, 100, 
15441-15449. [7] Roberts J. H. & Zhong S. (2004) 
JGR, 109, E03009. [8] Moresi L. & Solomatov V. S. 
(1995) Phys. Fluids, 7, 2154-2162. [9] Elkins-Tanton 
L. T. et al. (2011) EPSL, 304, 326-336. [10] Elkins-
Tanton L. T. & Grove T. L. (2011) EPSL, 307, 173-
179. [11] Neumann G. A. et al. (1996) JGR, 101, 
16841-16863. [12] Hood L. L. &  Zuber M. T. (2000) 
Origin of the Earth & Moon, 397-409.  [13] Garrick-
Bethell I. et al. (2009) Science, 323, 356-359. [14] 
Shea E. K. et al. (2012), Science, 335, 453–456. [15] 
Runcorn S. K. (1996) Geochim. Cosmochim. Acta, 60, 
1205–1208. [16] Stegman D. et al. (2003) Nature 421, 
143–144. [17] Suavet C. et al. (2012) LPSC XLIII, 
Abstract# 1925.  [18] Dwyer, C. A. et al. (2011) 
Nature, 479, 212-214 . 
  
 

C 

B 

A 

C
M

B
 H

ea
t F

lu
x 

(m
W

m
-2

) 

Model Time (Myr) 

2060.pdf44th Lunar and Planetary Science Conference (2013)


