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Introduction: The Apollo 17 landing site is char-

acterized by several recent geological features: (1) the 
Lee Lincoln lobate scarp (LLS), (2) a light mantle de-
posit (LMD), and (3) a cluster of secondary craters, 
known as the Central Cluster (CC). The latter two fea-
tures have previously been related to the formation of 
Tycho crater [1-7]. However, recent work dating the 
LLS derives an age also similar to Tycho crater [8], 
which raised the possibility that the formation of the 
LMD was instead triggered by coseismic shaking from 
a LLS event [1,8,9]. Here, we review the origins and 
ages of the different features, and discuss these in the 
context of new data and analyses. 

Background: Both the CC and LMD are argued to 
have an origin related to Tycho crater, because (1) both 
units exhibit distinct, fine-structured, birdsfoot patterns 
characteristic of Tycho ejecta, which point toward the 
South Massif and Tycho crater, (2) the downrange 
extent of the LMD is similar to that of individual Ty-
cho secondaries, (3) the craters in the CC and at the 
summit of the South Massif are similar in size and 
morphology, and (4) both sets of craters are part of a 
larger cluster (10’s of km long) aligned in a trajectory 
from Tycho crater, that includes additional secondaries 
on North Massif and Littrow crater [5,7]. Additional 
analyses of the elongation directions of crater clusters, 
azimuth trends in the V-shaped grooves, and CSFD 
measurements support a Tycho origin for the secondar-
ies on South Massif and in the CC [6]. 

Based on the exposure ages of three samples from 
the CC and one from the LMD, [6] concluded that both 
the LMD and CC formed at about 100 Ma. Additional 
exposure ages were determined by [10] for the CC and 
Sculptured Hills areas, but not for the LMD. In sum, 
results from [10] indicated an age of ~109±4 Ma for 
the CC and LMD, which they interpreted as the age of 
Tycho crater. However, an unexpectedly broad range 
of exposure ages were measured compared with simi-
lar exposure age studies at North Ray, South Ray, and 
Cone craters, which they postulated might result from 
(1) more complicated shielding histories than the as-
sumed single-stage exposure model, (2) failure of the 
dating analyses, or (3) an absence of a “single domi-
nant event” at the Apollo 17 site [10]. Drozd et al. [10] 
rejected the latter option as being unnecessarily com-
plicated, but the result of [8] motivates a reevaluation. 

Data and Methods: Using Lunar Reconnaissance 
Orbiter Narrow Angle Camera (LRO NAC) images 
and products in ArcGIS, crater size-frequency distribu-
tion (CSFD) measurements were made using Crater-
Tools [11], and plotted and fit with CraterStats [12,13], 
using techniques described in [14,15]. The derived 
absolute model ages (AMAs) use the production and 
chronology functions of [15]. 

Absolute Model Ages of the Lee Lincoln Scarp: 
The morphological freshness, along with the absence 
of many >~100 m diameter superposed craters speaks 
to the youth of the LLS [16-19]. Recently, [14] also 
demonstrated that CSFD measurements, both buffered 
and traditional, can be used to derive scarp age esti-
mates. Using this approach, we determined that the last 
significant activity on the LLS occurred ~75 Ma ago 
(Fig. 1, yellow; [8]). Preliminary buffered CSFD re-
sults give an age <75 Ma. However, the validity of this 
approach is challenged by the fact that the LLS crosses 

 
Figure 1. Locations of count areas on the light mantle 
deposit (green, [23]; blue, [24]) and Lee-Lincoln 
scarp (yellow, [8]). The errors on the AMAs (see text) 
mean they are not significantly different from one an-
other or from NAC-derived ages determined for Tycho. 
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significant topography (North Massif), making it a 
non-ideal for technique due to the erasure of small 
craters via down slope movement [e.g., 14,20,21], and 
the small number of craters on the flat valley floor that 
crosscut the scarp provide very poor statistics. 

Absolute Model Ages of the Light Mantle De-
posit(s): CSFDs on the LMD and CC were measured 
by [22] and shown to be consistent with CSFDs at Ty-
cho crater. New count areas of the LMD from recent 
NAC data (Fig. 1, green; combined age of ~86 Ma) 
match NAC measurements on Tycho ejecta (85+15/-18 
Ma) [23] – these ages are somewhat younger than ejec-
ta measured on a WAC mosaic (124±12 Ma; [23]). We 
also determined a new AMA of 84±5 Ma (Fig. 1, blue) 
on the LMD that excludes Tycho ray material and is 
more distant from the scarp [24]. Based on Monte Car-
lo simulations, the errors for count areas of about 1 
km2 in size and 100 Ma in age are ~±10 Ma [25]. 

Discussion: In addition to morphological evidence,  
[7] used the results of other studies to infer that the 
LMD and Tycho ejecta were coeval (e.g., similar crater 
densities, equilibrium diameters (Cs), largest unshad-
owed crater diameter (DL), and regolith thicknesses on 
the LMD and Tycho ejecta deposits). The similarity of 
the CSFDs [6,7,22,23] and exposure ages of samples 
[6,10] from both the CC and LMD also point to a 
common origin. However, our work on dating the LLS, 
particularly in the context of the errors on the AMAs 
determined in the Taurus Littrow valley, suggests the 
LLS is also statistically coeval with the LMD and Ty-
cho crater. The spread in the exposure as well as CSFD 
ages might be better explained by the occurrence of 
multiple events ~75-110 Ma, rather than one discrete 
event. Given that the Tycho secondaries and LLS are 
unrelated, the question remains – which event trig-
gered the formation of the LMD? 

As described, many earlier studies found morpho-
logical and other support for a Tycho event origin, and 
[1] also observed fresh scarp morphologies on the 
LMD, suggesting that the scarp post-dated the LMD. 
The small back-scarp graben, both on the LMD and 
Taurus Littrow floor are likely younger than the LMD 
itself [26]. However, it is unclear whether multiple 
scarp slip events could account for both pre- and post-
LMD morphologies.  

In addition, photometric analysis of the LMD 
[9,27,28] may indicate the presence of more than one 
landslide deposit. The different photometric character-
istics of the LMD must then be explained either by 
different compositions/thicknesses in different loca-
tions, or by multiple slides due to repeated slip events 
on the LLS or by both Tycho secondary impacts and 
LLS slip. 

Despite giving an AMA of ~75 Ma, the LLS might 
still currently be active, with some level of activity 
causing continued slip and the creation of small <50 
Ma old back-scarp graben [26,29], possibly also trig-
gering boulder accumulations [29] and falls, such as 
Boulder 1, Station 2 (exposure age of ~45 Ma, [30]). 
Activity on the LLS, which erased craters <30 m in 
diameter, could have also reset the AMA of the LMD 
such that the surface reflects the age of the coseismic 
event, rather than the formation age of the LMD. Shak-
ing associated with the scarp might be expected to 
have reset or complicated the exposure history of col-
lected samples, which might also help explain the 
broader than expected range in exposure ages, includ-
ing the boulders with young exposure ages. 

New geological maps for Taurus Littrow valley 
[e.g., 24], plus more CSFD measurements, may pro-
vide new information to help better constrain the tim-
ing of the recent events near the Apollo 17 landing site. 

Implications: While the exposure ages of samples 
primarily from the CC underpin the formation age of 
Tycho crater for the lunar cratering chronology, using 
the CC to obtain an N(1) for Tycho is complicated by 
the fact that the area is a cluster of secondary craters, 
which means that the area is not ideal for CSFD meas-
urements. Thus, the N(1) value for the Tycho crater 
lunar cratering chronology calibration point is primari-
ly measured on the LMD, due to the presumed com-
mon origin with Tycho crater. If the LMD is not in fact 
related to Tycho crater, what does this mean for the 
Tycho crater calibration point? Currently, our study 
indicates that the AMAs of the LMD and Tycho crater 
ejecta deposits are still statistically similar. Thus, the 
calibration of the lunar cratering chronology for the 
N(1) of Tycho is not likely to be significantly in error. 
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