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Lunar highlands preserve saturation-levels of 

cratering, and this means that their surface materials 
typically involve “megaregolith.” This in turn means 
that samples available on lunar highland surfaces are 
strongly controlled not just by “productive” histories of 
magma oceans, crustal formation processes, or even 
impact melt production rates, but also by simultaneous 
“destructive” processes of brecciation, pulverization, 
and ejecta-blanket formation. Numbers of surviving 
early impact melt samples, for example, are not pro- 
portional to numbers of impacts, as can be demon- 
strated directly from impact glass age statistics. Four 
decades after the first lunar landings, our community 
still faces exciting challenges and controversies in un- 
derstanding the consequences of these facts. 

Highland evolution has been confused by the 
idea of a lunar (or solar-system-wide?) impact-related 
“cata- clysm.” The confusion is not because the 
concept is necessarily wrong, but because it has 
meant different things to different people at different 
times. Some (bi- ased?) highlights follow, based on 
the philosophy that we are all in this together. (Salient 
terms for highland cratering are in quotes and italics.) 
• 1965-6 “Early Intense Bombardment”. Mare 

lavas average 3.5 Gy old, and therefore cratering 
rate in pre-lunar-mare time had to average order 
102 × post-mare cratering rate, based on highland 
crater statistics. (1) 

• 1972 “Terminal Lunar Cataclysm”. Lack of >4.0 
Gy Apollo samples implies a “cataclysm” 
around 3.9 Gy ago. The cataclysm was due to (a) 
Imbrium basin; or (b) many basins forming at 
that time, or (c) a global metamorphic event on 
the Moon. (2) 

• Ca. 1972-4 Wasserburg gives talks with a 
Gothic cathedral placed on the graphs of 
sample-number vs. time around 3.9 Gy, to 
emphasize uniqueness of event around that time. 

• 1973-5 Term “megaregolith” is coined for deep 
brecciation of lunar crust due to impact 
saturation effects. Scarcity of >4.0 Gy samples 
thus might be caused by intense pre-4.0 Gy 
cratering. (3) 

•  1989-90 “Late Cataclysm”. Lack of >4.0 Gy im- 
pact melts said to prove near-zero impact rate 
prior to 3.9. Large spike (~half the samples) 
~3.85-4.0Gy ago said to prove impact cataclysm 
at that time. (4) 

 
 

• 1998 Dominance of 3.9 Gy ages in Apollo 
samples reflects primarily the Imbrium impact, 
whose effects dominate frontside samples. (5) 

• 2000 “Lunar Cataclysm”. Lack of >4.0 Gy impact 
melts in KREEP-poor lunar meteorites interpreted 
as affirming a cataclysm at 3.9 Gy ago. (6) 

• 2001 Virtually all observed lunar multi-ring 
basins formed in 150 My period around 3.8 to 4.0 
Gy ago. (7) 

• 2003 Lunar and asteroidal meteorite data show 
no spike at 3.9 Gy, but a broader peak in impact 
events, thus disagree with “cataclysm.” (8) 

• 2006 “Nice Model 1.0” predicts a sudden wave 
of impacts at uncertain date. If date is 3.9 Gy ago, 
then it “confirms” the cataclysm model. (9) 

• 2011-12 Increasing reports of 4.2, 4.3 Gy 
impact melt clasts in highland breccias. (10, and 
various LPSC presentations) 

• 2011 “Nice model 2.0” extended wave of pre-4.0 
Gy cratering, matches asteroidal meteorite data. 
(11) 

• 2012 “Nice model 3.0” Basin-scale post-3.9 Gy 
impacts in Earth-Moon caused by impacts from 
inner asteroid “E-belt.” (12) 
Some interpretations (2, 4, 6, 7, 9) are frankly 

ca- tastrophist, in terms of invoking a unique event or 
pro- cess at 3.9 Gy ago to explain the observations. 
Other interpretations (1, 3, 5, 8, 10, 11, 12) tend more 
toward uniformitarianism, in terms of invoking ongoing 
impact processes and non-unique events from before 
4.1 to~3.8 Gy ago. 

In summary, highland evolution models that have 
been lumped under the rubric of “cataclysm,” are sur- 
prisingly inconsistent, ranging from pre-4.0 Gy intense 
cratering, to a tight spike in impacts at 3.9 Gy, to a 
more extended wave of cratering from ~4.3 to 3.7 Gy. 
The “Gothic cathedral” version of the concept, with 
virtually all lunar basin formation concentrated in a 
unique solar-system-wide, 150 My-long episode of 
cratering (2, 4, 7, 9) is inconsistent with published evi- 
dence from asteroids, lunar meteorites, and highland 
breccia (6, 8, 10, 11, 12), and is thus probably wrong. 
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