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Introduction: The lunar impact has flux is used to 

determine the impact rate in the inner solar system, 

from ~4.3 billion years ago onward. Formation and 

reset ages of lunar impact samples, geochemical data, 

crater chronologies, and dynamical models have been 

used together to construct the profile of the early im-

pact flux (~4.3 Ga to 3.6 Ga; 1-5]. However, while 

some constraints are known, the profile of the impact 

flux remains debated and large gaps in the timeline 

exist. Establishing the recent lunar impact rate in par-

ticular would provide an understanding of the nature 

and origin of impactors contributing to the Moon’s 

younger craters and impact samples. It would also 

provide information that would help put the Bennu, 

Ryugu, and Mars 2020 samples into a solar-system-

wide context and provide a set of data points with 

which to compare the young terrestrial impact record. 

Observations, Sample Data, and Constraints: 

The Apollo samples, specifically those collected at 

lunar volcanic and impact sites, are used to tie down 

the crater chronology curve that is used to estimate 

ages of surfaces throughout the solar system. The ab-

solute model ages of craters on the Moon [6-9], along 

with impact samples presumed to have originated in 

specific young craters (e.g., Copernicus, ~800 Ma 

[10,11], Tycho, ~100 Ma [12,13], North Ray, ~46 Ma 

[14], Cone Crater, ~25 Ma [15], and South Ray, ~2 

Ma [16] provide some guidance for estimating the 

recent impact flux. However, other observations call 

into question standard chronologies at the smallest 

diameters. These include: lunar rock abundances [17]; 

characteristics and populations of lunar “cold spot” 

craters [18,19]; lunar impact glasses [20; Figure 1]; 

terrestrial impact glasses [21] and craters; impactites 

in lunar breccias and lunar, martian, and asteroidal 

meteorites [22,23; Figure 1]; and in situ dating of 

martian craters [24,25]. Even younger impact craters, 

formed in the past decade, have been observed on the 

Moon [26,27] and Mars [28].  

A variety of crater chronologies have been pro-

posed [2,4,5, 29-32] and used to determine the abso-

lute model ages of the Moon’s young impact craters. 

Though the ages have been re-assessed, small amounts 

of variations of the impact rate cannot be resolved [7]. 

Of particular interest is to investigate whether or not 

the impact flux in past 3 Ga is constant or not 

[7,30,33,34], which is a crucial piece of information 

for predicting the number of sources a future seismic 

experiment would record at the Moon. 

Correlated/Coincident Events: Multiple exam-

ples of connections between or among impact events 

on planetary bodies have been reported in the litera-

ture. A few are listed here: 

• A global lunar impact event ~800 Ma has been 

proposed [35] based on 40Ar/39Ar ages of lunar im-

pact glasses. Additional evidence for 800-Ma im-

pacts has been seen in the H- and L-chondrites 

[36,37] and Chelyabinsk [38]. Formation of the 

Flora family of asteroids [39,40] or an impact in 

the Aedona family [4,42] may be responsible. 

• The onset and termination of Snowball Earths, 

when ice covered nearly the entire surface (e.g., 

660-710 Ma, 645-655 Ma), are not well-

understood. Global melting may have been influ-

enced by water vapor lofted into the terrestrial at-

mosphere during coincident periods of enhanced 

impact flux [43]. 

• Ages of fossil chondrite meteorites [e.g., 44] found 

in lower Ordovician (480 Ma) sediments and ages 

of several terrestrial impact craters [45] provide ev-

idence for an enhanced impact flux that may be 

dynamically linked to the break-up of the L-

chrondrite asteroid parent body [44,46-48]. The 

debris from these impacts may have initiated the 

mid-Ordovician ice age [49]. 

• Analysis of the spectrum of large craters with ages 

<650 Ma on both the Moon and Earth reveal evi-

dence for a non-uniform cratering rate on both 

bodies, with a step-wise factor of 2-3 increase at 

~290 Ma [50]. The observed lack of large terrestri-

al craters and other geological features older than 

650 Ma (even on stable cratonic terrains) suggests 

rapid voluminous erosion possibly associated with 

Snowball Earth events [50,51]. 
 

However, interpretations that tie these events together 

within each proposed timeframe are limited by small 

data sets, lack of well-characterized terrestrial geolog-

ic evidence, low-resolution orbital data, and/or large 

uncertainties in derived or estimated sample or crater 

ages. More data in general are needed. 

Resolving the Recent Impact Flux: Addressing 

the uncertainty in our understanding of the terrestrial 

2329.pdf51st Lunar and Planetary Science Conference (2020)

mailto:nzellner@albion.edu


and/or solar system impact flux in the past 1.5 Ga 

requires a multi-prong approach. It should combine 

laboratory studies of multiple kinds of planetary sam-

ples, including meteorites that reveal clues about re-

cent impacts on their parent bodies. Those data can 

forward-feed to dynamical simulations of events in the 

Earth-Moon system. 

Further refinement of in situ dating techniques 

[52,53] and missions to return those data [54] are also 

important. Future lunar sample return missions and/or 

landed missions should have instruments capable of 

obtaining high-temporal resolution and accurate in 

situ ages. The site selection will be of critical im-

portance and should include consideration of where 

the best samples with a diversity of ages that are well-

linked to the regional geology occur. The sites should 

also best inform the least-well-characterized periods of 

lunar chronology. 

Analyses of craters on multiple planetary bodies 

including Earth is imperative. High-resolution imag-

ing of the Moon and other terrestrial bodies that have 

not been as well observed (e.g. Mercury) would clarify 

many issues. Specifically, repeat imaging with long 

baselines allows for the detection of craters forming 

today, which helps validate chronology models at one 

time point. Further work is also needed to quantify the 

small end of the impactor distribution represented by 

near-Earth objects (NEOs). 

Finally, dynamical models should be implemented 

to reflect sample and orbital observational evidence. 

For example, a study of Apollo 16 ancient regolith 

breccias reported that, while chondritic impactors may 

have been common between 3.77 and 3.35 Ga, the 

Moon experienced impacts by a diverse group of im-

pactors between 1.7 and 0.65 and <0.5 Ga [55]. As-

sessing the nature of those impactors would be a good 

test case.  
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Figure 1. Recent impact episodes, as represented by a vari-

ety of solar system samples (40Ar/39Ar ages). Modified from 

[20].  
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