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Introduction: Understanding the lunar im-

pact flux has been identified as one of NASA’s 

top priorities, and a variety of lunar samples are 

being studied to address this issue.  These sam-

ples include lunar impact glasses [e.g., 1, 2, 3], 

lunar melt rocks [e.g., 4, 5, 6], lunar meteorites 

[e.g., 7], and lunar zircons [e.g., 8].  In particu-

lar, these samples are being used to address 

whether or not the Moon experienced a late 

heavy bombardment or terminal lunar cataclysm 

between 3.8 and 3.9 billion years ago (Ga) [e.g., 

9].  However, they can also give us insight into 

the nature and timing of impact events through-

out the age of the Solar System [e.g., 1, 3, 15].  

Care must be taken, though, to completely ex-

amine the samples and to appropriately interpret 

the data so that the impact flux is neither overin-

flated nor underreported. Here we describe the 

nature of the reported increase in lunar impact 

flux over the last ~500 Ma [3, 11]. 

Lunar Glass Studies: In this investigation, 

we have looked at the lunar impact glass data, 

including unpublished data, from the Apollo 14, 

16, and 17 landing sites [1, 2, 10] and published 

data from the Apollo 12 landing site [3].  Glass 

spherules and fragments analyzed by [1, 2, 10] 

were geochemically analyzed by electron mi-

croprobe and laser step-heated at the University 

of Arizona noble gas lab to obtain 
39

Ar/
40

Ar ages 

on each sample. Uncertainties in the geochemi-

cal measurements were usually <3% of the 

amount present, and the precision of the 
39

Ar/
40

Ar ages was limited by the [K], size, and 

age of the sample.  Glass spherules analyzed by 

[3] were geochemically analyzed by energy dis-

persive spectroscopy (EDS) and similarly dated 

at the Berkeley Geochronology Center.  In their 

EDS analyses, only spot measurements on the 

surfaces of the spherules were obtained, with 

non-ideal geometries causing an estimated 10% 

error in the composition. The more precise K/Ca 

ratio was inferred from the measured 
39

Ar/
37

Ar 

ratio. 

 Using the ages of the 81 impact glasses 

from the Apollo 12 landing site, [3] reported 

that a large number of impacts have occurred in 

the last 500 Ma and that this is consistent with 

an increase in the meteoroid bombardment of 

the inner Solar System.  This result was also 

consistent with the finding of [11], who looked 

at lunar glasses (volcanic and impact) from the 

Apollo 14 site. However, published ages of 25 

glass samples from the Apollo 14, 16 and 17 

landing sites [1, 2, 10], as well as unpublished 

data from the same authors, do not show this 

recent rise in impact flux (Figure 1), though 

young ages are represented [12].  It should be 

noted that [3] reported that their findings, while 

consistent with an increase in the recent impact 

flux, do not require that explanation. 

Data Analyses: In order to account for mul-

tiple glasses formed in the same event, impact 

glasses from the Apollo 14, 16, and 17 landing 

sites with the same ages (within uncertainties) 

and the same compositions were removed from 

the data set so that the impact flux was not over-

inflated [e.g., 1]. Additonally, [2] reported that 

four glasses represented one impact event, based 

on their similar compositions and ages.  This 

integrated technique thus uses both geochemical 

and geochronologic data together to determine 

the provenance of the impact events and the 

number of impact events at that location, as well 

as the age of the impact event. Neither [3] nor 

[11] removed duplicate glasses from the data 

sets, so it is unclear if the increase in flux re-

ported is real or artificial.  

Therefore, to better understand if the abun-

dance of spherules with “young” ages, i.e., less 

than 500 Ma, seen by [3] and [11] is real, we 

plotted the youngest (≤1000 Ma) Apollo 12 data 

[3] in three-dimensional compositional-age 

space (Figure 2). (This was not possible for the 

data reported in [11] because no geochemical 

information about the lunar glasses was ob-

tained or reported.)  Ratios of MgO/Al2O3 and 

CaO/TiO2 were used to approximately represent 

trace element abundances, which have been 

used to differentiate among lunar surface lithol-

ogies [e.g. 13, 14].  Figure 2 allows us to see 
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whether or not glasses with the same age (within 

uncertainties) have the same or different compo-

sitions.   

Discussion: Figure 2 clearly shows an ab-

undance of glasses with similar compositions 

and ages between 0 and 200 Ma and most of the 

glasses with the same composition have ages 

<100 Ma.  This broad cluster accounts for 

roughly 63% of the ages reported by [3].  An 

interpretation of these data, in the context of the 

glass ages, the glass compositions, and the com-

position of the local Apollo 12 landing site, will 

be presented.   

Conculsion: Lunar impact glasses have the 

potential to address the enduring question of 

what the lunar impact flux has looked like over 

time, if the data are interpreted appropriately.  

The integrated technique of using both geoche-

mistry and age together allows for multiple im-

pact samples formed at the same time in the 

same terrain to be removed from the data set.  

The challenge comes, however, in trying to dis-

tinguish among the impact events and taking 

into account other samples (e.g., melt rock, 

meteorites) that were formed during the same 

impact event, so that the impact flux is not arti-

ficially inflated. In summary, interpreting sam-

ple compositions, along with their ages, will 

help us continue to understand the impact 

processing of the lunar surface and the bom-

bardment history in the Earth-Moon system. 
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Figure 1. Ideogram of lunar impact glass ages from 

the Apollo 14, 16, and 17 landing sites, including 

published [1, 2, 10] and unpublished data.  Ages of 

glasses formed in the same event (i.e., same composi-

tion and same age within uncertainties) have been 

removed from the data set so that the event is 

represented by just one average age. 

 

 

 

 
 

Figure 2.  Plot of 81 Apollo 12 impact glasses [3] in 

three-dimensional composition-age space.  Trace 

element abundances are represented by MgO/Al2O3 

and CaO/TiO2.  Age runs on the vertical axis from 0 

to 1000 Ma.
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