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Introduction: Why is the floor of the lunar South Pole-Aitken 
basin (SPA)—perhaps the largest lunar basin, which ought to 
have excavated ~200 km and melted ~300 km into the lunar 
mantle—felsic norite [1-2] rather than mantle olivine pyrox-
enite? Perhaps igneous differentiation of SPA impact melt by 
crystal settling concentrated felsic components in a surficial 
residuum (the SPA floor) and buried mantle olivine at depth 
[3]. We model impact melt differentiation in SPA.

SPA stratigraphy: Spectroscopic (Fig. 1a) and geophysical 
(Fig. 1c) constraints  imply a ~12.5 km thick layer of norite 
overlying orthopyroxene- and olivine-rich lithologies (Fig. 1b). 
The ~12.5 km thick norite floor [4] is not secondary [5].

Impact melt differentiation in SPA: An oblique SPA-forming 
impact produces impact melt containing ~20% crustal mate-
rial by volume (Fig. 2). Igneous differentiation of this melt (an 
orthopyroxene- and olivine-rich mixture of orthopyroxene, ol-
ivine, and plagioclase) produces dunite, pyroxenite, and norite 
layers. Mass balance gives the proportions of these layers in 
a ~50 km thick melt sheet (Fig. 3a). SPA stratigraphy is re-
markably consistent with the cumulate stratigraphy of a differ-
entiated impact melt sheet (Fig. 3).

Implications: 1. The SPA floor may be an incompatible trace 
element-enriched noritic residuum formed by impact melt dif-
ferentiation rather than the lower crust. 2. The nonzero crustal 
thickness in the SPA interior may represent the thickness of 
a noritic residuum formed by impact melt differentiation, not 
that of primary crust. 3. Norite samples give the age of SPA.

Figure 1: SPA stratigraphy: (a) twelve complex craters with 
previously characterized central peaks [6-8]; (b) subsur-
face stratigraphy from central peak mineralogy; the dashed 
red line at 12.5 km depth corresponds to the norite-pyrox-
enite transition inferred from (c) the average (GRAIL-de-
rived) crustal thickness [4] in the SPA interior.
Figure 2: The proportion of a 40 km thick crustal layer 
melted in (a) vertical and (b) oblique SPA-scale impacts.
Figure 3: Modeled cumulate stratigraphy of the SPA im-
pact melt sheet (a) is consistent with SPA stratigraphy (b).
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