
CHARACTER AND STRATIGRAPHY OF THE LUNAR HIGHLAND CRUST: THE EVOLVING STORY.  
C. M. Pieters1, D. Dhingra1, L. Cheek1, K. Donaldson Hanna1, D. Moriarty1. 1Geological Sciences, Brown Univer-
sity, Providence, RI  02912 (Carle_Pieters@brown.edu). 

 
 
Introduction:  The lunar highland crust has be-

come the model for evolution of a primary crust, the 
original crust of a differentiated planetary body [1]. 
Return of the first lunar samples from a region of mare 
basalt contained fragments of material hypothesized to 
be from the nearby lunar highlands, and the composi-
tion of these unusual fragments suggested a fractional 
crystallization sequence for the origin of the ancient 
lunar crust [2].  The paradigm that developed describes 
lunar crustal evolution as starting with a magma ocean 
that through fractional crystallization resulted in first a 
mafic mantle and later a buoyant plagioclase cumulate 
crust that separated from the evolving residual melt.  

The available lunar samples that have been studied 
in great detail, however, provide an incomplete picture 
of the character of the lunar crust. Fortunately, diverse 
new lunar data acquired remotely from an international 
array of spacecraft sent to the Moon over the last dec-
ade has provided a global perspective and new con-
straints that expand and modify models for the evolu-
tion of the lunar crust. We highlight a few that merit 
serious discussion (and debate) now and in the years 
ahead.  

Anorthosites. Crystalline anorthosite has unambi-
guously been identified across the lunar highlands [3. 
4]. The purity and scale of exposed anorthosite indicate 
it forms a massive and global crustal layer just below 
the megaregolith [5, 6, 7]. This confirms the funda-
mental magma ocean hypothesis for the Moon. 

Olivine. Largely in the form of troctolite, olivine-
rich lithologies have been observed in the central peaks 
of large craters and associated with several large basins 
[8, 9, 10, 11]. The deep-seated nature of this olivine is 
recognized, but its origin and relation to the crust 
and/or mantle is yet unknown. 

Mg-Spinel. The newest recognized rock type on 
the Moon is a pink-spinel anorthosite [11] identified at 
5 locations associated with large craters or basins. The 
spinel is low-Fe and low-Cr, and occurrences contain 
no detectible mafic minerals (pyroxene, olivine). This 
Mg-spinel dominated rock type is believed to originate 
in the lower crust. 

Low-Ca pyroxene. The most common mafic min-
eral observed in the highlands appears to be low-Ca 
pyroxene. The short wavelength of diagnostic absorp-
tions near 1 and 2 µm imply a relatively Mg-rich com-
position [e.g., 12]. Furthermore, the farside highlands 
are found to be more Mg-rich than the nearside [13].  

Hydrated Materials. Most feldspathic highlands 
exhibit small amounts of surficial OH [14, 15]. How-
ever, a few areas such as Compton-Belkovich [16] are 
exceptionally rich in hydrated materials, suggesting 
additional crustal processes in the highlands such as 
late-stage volcanism [17]. 

Hints from the Megaregolith. The megaregolith is 
an extensive surficial layer of broken and brecciated 
material a few km deep that is believed to be derived 
largely from basin deposits [e.g., 18] and mixed by the 
late heavy bombardment. The prevalence of low-Ca 
pyroxene in anorthositic breccias throughout the mega-
regolith appears to require a source area for this mafic 
component that is neighboring the massive anorthosite 
from the magma ocean.  

Generalized Stratigraphy. Given the plethora of 
new information rapidly emerging from recent mission 
data, a plausible crustal stratigraphy is: 2-5 km of me-
garegolith derived from the upper ~50 km of crust; 
overlying massive, relatively pure anorthosite 10’s of 
km thick; overlying a mafic-bearing lower crust domi-
nated by low-Ca (Mg-rich) pyroxene; overlying and/or 
interspersed with a zone containing olivine/troctolite 
and (less common) Mg-spinel anorthosite.  

Open issues: Why is the lunar mantle apparently 
not readily exposed at large basins? Or, what is the 
composition of the lunar mantle and how does it con-
trast with the lower crust? 

Next Steps. What is the true structure and compo-
sitional character of the lunar highland crust and man-
tle? Possible answers are being and will continue to be 
tested. As with most important scientific discussions, 
they are not simple and require information from mul-
tiple sources to be integrated - the most fundamental 
being lunar samples, remote sensing, and geophysics.  
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Example high resolution global datasets centered on 0, 0 lat/long that are relevant to compositional analyses of 

the crust. Top: NASA LRO LROC-WAC brightness image. Middle: NASA M3 on Chandrayaan-1, OP2C1 se-
quence. Red=Integrated 1 µm band strength; Green= Integrated 2 µm band strength; B= Reflectance at 1.489 µm. 
Bottom: NASA LRO DIVINER trends in Christiansen Feature [19]. Red=long wavelength, Blue=short wavelength. 
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