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KREEP, the main repository of lunar incompatible elements, 

is known more as a chemical component thoroughly dissemi-
nated in polymict impactites than as a common variety of pristine 
igneous rock. Yet the Lunar Prospector mission showed that in a 
global sense KREEP (as exemplified by Th [1]) is not widely 
disseminated. About 52% of the Moon’s regolith Th is confined 
within the Procellarum KREEP Terrain (PKT), an oval centered 
at ~ 20°N, 30°W, and comprising ~15% of the global surface. 
Despite a partial veneering by moderate-Th mare basalt, the 
PKT’s average surface Th (5 µg/g) is 6× the average (0.83 µg/g) 
for the other 85% of the lunar surface [2]. 

The greatest unresolved issue concerning KREEP is its verti-
cal distribution within the PKT. Many of the highest-Th areas are 
within a few hundred km of Imbrium, locales where the megare-
golith is rich in Imbrium ejecta. But the PKT’s center is hundreds 
of km south of Imbrium’s. Wilhelms [3] argued for a mostly Im-
brium provenance for the Fra Mauro Formation, exemplary 
south-PKT sampled by Apollo 14. Cratering physics [4] indicates 
the local upper megaregolith should consist of ~32% primary 
Imbrium ejecta plus 2/3 older debris churned by the primary 
ejecta. The churned component could be smaller if the primary-
ejecta size distribution was unconventionally small. But for vari-
ous reasons (e.g., analogy with Ap-16), the proportion of pri-
mary-Imbrium matter is probably neither <<25% nor >>50%. 
Yet this large Imbrium component is enigmatically hard to iden-
tify. The most distinctive large subset among the non-regolithic 
Ap-14 breccias is a group of clast-poor impact melts [5] with 
only moderate (by PKT standards) levels of KREEP. A N-to-S 
trajectory for the Imbrium impact is almost 90° from the direc-
tion inferred by [3]. An ultrahigh KREEP content for Imbrium 
ejecta is also not favored by the evident lack [6] of a Th anomaly 
linkable to the Imbrium antipode. Direct constraints on the verti-
cal distribution of KREEP within the PKT come from young cra-
ters as “natural drills.” PKT craters up to 55 km in d (e.g., Aristil-
lus) typically show as Th highs. However, the deepest sampling, 
at Copernicus (d ~ 95 km, “drill sample” depth of order 5 km), is 
an obvious Th low [1]. Contrary to conventional assumptions, 
modeling of the density evolution of the last residual melt of the 
magma ocean suggests that urKREEP should have promptly and 
fairly efficiently concentrated near the surface, especially in an 
Ap-14-like region of relatively mafic-noritic crust. 

The timing of the isolation of KREEP from the expiring 
magma ocean is another key issue that has not yet been resolved.  
Although coupled Sm-Nd [7] studies indicate it took >200 Ma 
after solar system formation for this process to occur, both the 
Hf-W (>60 Ma [8]) and the Lu-Hf (50-100 Ma [9]) chronometers 
imply a shorter timescale for primary silicate differentiation of 
the Moon and closure of the urKREEP reservoir. 
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