
 
 
Introduction: The lunar cratering chronology is 

used to derive absolute model ages (AMAs) of geo-
morphologic and structural units for which no direct 
samples are available [e.g., 1]. To calibrate the chro-
nology, Stºffler and Ryder (2001) [2] and Stºffler et al. 
(2006) [3] sought to determine which sample ages are 
best related to certain lunar basins, craters, and mare 
units. Since this effort, advances have been made in 
both sample dating techniques and crater size-
frequency distribution (CSFD) measurements, motiva-
ing renewed attention to both the sample collection and 
remote sensing data, in addition to mission concepts 
and proposals for the collection and/or in situ analysis 
of key lunar lithologies (e.g., South Pole-Aitken basin 
[4,5], young basalts [6], and Crisium/Nectaris impact 
melts [7]). Each sample that can be paired with corre-
sponding CSFD measurements can be used to improve 
the lunar cratering chronology, as well as its applica-
tion to dating other Solar System bodies. 

Crisium Basin: Fragments of Crisium impact melt 
may have been collected by the Luna 20 sample return 
mission, which yielded a feldspathic, KREEP-poor 
sample with a radiometric age of 3.895Ñ0.017 Ga [8]. 
Earlier radiometric analyses suggested an age of ~3.84 
Ga for Crisium [9-11]. However, based on composi-
tional considerations, Swindle et al. [8] argue that the 
Luna 20 sample they analyzed is more likely to repre-
sent Crisium than the others. Recently updated Apollo 
17 sample ages, interpreted by [12] to represent 
Crisium, range from 3.88 to 3.93 Ga [12]. 

Based on stratigraphic relationships, Wilhelms [9] 
proposed that Serenitatis is younger than Crisium, 
which would set the minimum age for Crisium to great-
er than the proposed age of Serenitatis: 3.87Ñ0.012 Ga 
[13] or 3.825Ñ0.048 Ga [12]. However, more recent 
work based on stratigraphic relationships and higher 
observed crater densities at Serenitatis [14-16] indi-
cates that Serenitatis is older than Crisium, consistent 
with Baldwinôs crater count and rim height observa-
tions [17,18]. This could imply that the Serenitatis age 
is a maximum for the age of Crisium; however, Spudis 
et al. [14] argue that the sample ages associated with 
Serenitatis could represent a different impact basin. 
Indeed, Orgel et al. [16] report an AMA for Serenitatis 
of 4.22+0.027-0.033 Ga, which is much older than the 
proposed Serenitatis samples. As such, comparisons 
with Serenitatis sample ages do not aid in constraining 
the age of Crisium. 

CSFDs measured at Crisium give a range of ages. 
Neukum [19] reported crater densities that yield an 
AMA of 3.99 Ga using his 1983 chronology function, 
while Orgel at al. [16] report an age of 4.07+0.016-
0.018 Ga from the crater rim and ejecta, using a mod-
ern buffered non-sparseness correction for CSFD 
measurements and the 2001 chronology function of [1]. 
Both ages are somewhat older than the sample ages 
associated with Crisium. 

Recent geological mapping identified possible rem-
nants of the Crisium basin impact melt sheet, based on 

 

 
 

 
Figure 1. Count areas and corresponding fitted 
CSFDs for the most prominent proposed melt expo-
sure of Spudis and Sliz [20] (green, 3.94 Ga) and 
adjacent mare basalt (orange, 3.47 Ga) in western 
Crisium basin (SELENE TC mosaic). 
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their morphology and composition [20]. Some of the 
proposed melt exposures exhibit cracked and fissured 
morphologies, consistent with those at both fresh cra-
ters (e.g., Tycho and King craters [21]) and older im-
pact melts (e.g., Orientale [9,22]), and show embay-
ment by subsequent mare basalt flows [20,23]. Their 
compositions, determined from Clementine data, indi-
cate that they have less FeO (~8.3 wt. %) than the sur-
rounding basalts (>15 wt. %) and highlands pyroxene 
compositions, attesting to their affinity to lunar high-
lands material [23]. 

Our Study: We examined the proposed impact 
melt exposures, as well as adjacent mare basalts, using 
CSFD measurements to expand our understanding of 
the age of the Crisium basin and its position in the ba-
sin chronology. We used Kaguya Terrain Camera (TC) 
[24] and Lunar Reconnaissance Orbiter Wide Angle 
(WAC) and Narrow Angle Camera (NAC) [25] data 
for our measurements and fit the CSFDs with the pro-
duction and chronology functions of [1] using Poisson 
timing analysis [26] (Fig. 1). 

Results and Discussion: When examined at 
SELENE TC and LROC NAC resolutions, some of the 
possible melt remnants appear to be secondary crater 
fields based on the presence of crater chains and her-
ringbone patterns. These secondaries presumably de-
posited more felsic materials on Mare Crisium yielding 
a lower overall FeO content. Some other exposures 
have positive relief, but do not exhibit impact melt 
morphologies. One area in southern Crisium may be 
part of an embayed crater rim, but other areas could be 
megablocks of Crisium basement materials, similar to 
the rotated country-rock megablocks observed between 
the inner and outer rings of the terrestrial Ries crater 
[27]. These megablock exposures could nevertheless 
exhibit a reset crater population consistent with the 
timing of the Crisium impact. However, their rugged 
topography makes it difficult to impossible to define 
robust count areas. Using both traditional and buffered 
crater count (BCC) techniques, we were only able to 
derive poorly constrained ages, which are similar to the 
4.07 Ga age determined by Orgel et al. [16]. Unfortu-
nately, our error bars are much larger than in [16] due 
to the smaller numbers of craters in our datasets. 

The largest and most prominent of the proposed 
melt deposits identified by Spudis and Sliz [20] yields 
an AMA of 3.94Ñ0.05 Ga (Fig. 1). This age is older 
than the oldest measured mare unit associated with 
Crisium (3.70 Ga) as dated by Hiesinger et al. [28] on 
the WAC mosaic. We also determined an AMA of 3.47 
Ga for the mare unit adjacent to the proposed melt de-
posit, which falls into the range of ages determined for 
other mare basalts in Crisium [28]. An age of ~3.94 Ga 
is on the old side of the updated radiometric ages de-

rived from samples thought to originate from Crisium. 
However, these sample ages and our result are younger 
than those derived by other workers via crater statistics 
[16,19]. Given the exposureôs morphological affinity to 
floor-fractured craters and overprinting by ejecta from 
the crater Proclus [29], combined with its younger age 
compared with the AMAs determined on the ejecta 
blanket, it is possible that this exposure represents the 
first volcanism in Crisium basin, rather than an impact 
melt unit. Alternately, there may be a mechanism, such 
as target property or self-secondary cratering effects, 
that causes the ejecta-based ages to be older than melt-
based ages [30,31] 

Conclusions and Implications: Given the uncer-
tainty in our measurements on the megablock-like ex-
posures, and the possibility that the westernmost expo-
sure might represent post-basin volcanism, we can con-
strain the age of the Crisium basin to Ó3.94 Ga [this 
work] and Ò4.07 Ga [16] using CSFD measurements.

Our work illustrates an essential element of sample 
site selection for lunar chronology missions. Not only 
should the landing site have the greatest possibility of 
providing the desired sample, but it also should en-
compass an area that meets CSFD measurement re-
quirements to provide a meaningful calibration point 
for the lunar cratering chronology. When evaluating 
potential landing sites, CSFD measurements can pro-
vide valuable information about site viability. Given 
the uncertainties that remain for determining the age of 
the Crisium basin via the current sample collection and 
CSFD measurements, both returned or in situ sample 
analysis from a well-defined landing site would be val-
uable for better constraining Crisiumôs age and refining 
its position in the lunar basin sequence. 
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