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Introduction: Analyses of data from the Diviner 

Lunar Radiometer have been used to identify an area of 

elevated rock abundance and nighttime soil tempera-

ture in and around Tsiolkovskiy Crater (Fig. 1) [1]. 

Previous studies have shown a clear relationship be-

tween Diviner-derived rock abundances and crater age 

(most rocks are weathered into regolith within ~1 Ga) 

that would indicate a relatively young age for Tsiol-

kovskiy [2,3]. However, the generally accepted age of 

Tsiolkovskiy’s mare-fill (a lower limit on the crater 

age) is estimated to be 3.5 ± 0.1 Ga [4]. To solve the 

discrepancy between crater age and apparent “fresh” 

appearance we present four hypotheses for the origin of 

this anomaly: (1) inclusion of significant impact melt 

from Aristarchus antipodal ejecta, (2) remnant iron 

metal from an iron metal-rich impactor, (3) unusually 

high abundances of locally-derived, highly competent 

impact melt, (4) inaccuracies in the published age esti-

mates, and/or a recent surface modification event.  In 

this presentation we evaluate these hypotheses includ-

ing data from the Lunar Reconnaissance Orbiter 

(LRO), Clementine, and Lunar Prospector (LP). 

Datasets and Observations: This study primarily 

uses LRO datasets from Diviner, Mini-RF, and LROC 

Wide Angle Camera (WAC). Diviner is a nine channel 

pushbroom mapping radiometer with ~200 m spatial 

resolution from the nominal 50 km mapping orbit [5].  

The primary Diviner datasets used in this study are 

modelled rock abundance (RA) [2] and buried rock 

depth (H) [6]. Mini-RF is a hybrid dual-polarized Syn-

thetic Aperture Radar (SAR) with two wavelengths (S-

Band, 12.6 cm, and X-Band, 4.2 cm) and two resolu-

tions (150 m and 30 m) [7].  The primary Mini-RF data 

product used in this study is S-Band 30 m Circular 

Polarization Ratio (CPR) [8]. The LROC WAC is a 7- 
 

Table 1. Diviner average rock abundance (RA) and buried 

rock depth (H) for each of the areas shown in Figure 2D.  RA 

has a strongly bimodal distribution between rock-free and 

rocky areas and reflects the areal coverage of rocky areas 

rather than the characteristics rockiness of the rocky areas. 

Feature Area (km2) RA (%) H (cm) 

Central Peaks 740.0 3.48 3.11 

Mare-fill 9292.8 0.93 4.76 

Crater Floor (north) 1053.9 1.27 4.13 

Crater Floor (south) 749.5 1.18 4.42 

Rocky Ejecta 17329.9 0.95 4.79 

Fluffy Ejecta 12987.5 0.41 5.57 

 
Figure 1. Located on the lunar farside, Tsiolkovskiy Crater 

is a ~180 km diameter crater with terraced walls, prominent 

central peaks, and largely mare-filled crater floor. For its 

reported age, Tsiolkovskiy has unusually high rock abun-

dances (perspective view above overlain on WAC mosaic 

and DTM) and fresh appearance in the south, southeast, east, 

and northeast ejecta, and on the crater floor. 

color push-frame camera with 100 to 400 m spatial 

resolution [9].  Monochromatic WAC imagery with a 

resolution of 100 m was used to count craters on the 

floor of Tsiolkovskiy to begin to revaluate the age of 

the crater [10]. Clementine UV/VIS and LP Gamma 

Ray Spectrometer (GRS) data were also used to evalu-

ate the iron impactor hypothesis. 

Discussion: The datasets described above give us 

significant leverage on the proposed hypotheses. 

Aristarchus Antipodal Ejecta. The antipode of Ar-

istarchus Crater is located just off the southeast rim of 

Tsiolkovskiy (Fig. 2A – orange circle) and is near the 

region of highest RAs (Fig. 2B).  However, the en-

hanced RA area appears quite spread-out (~200 km) 

for the relatively small Aristarchus-forming impact and 

does not contain the Diviner spectral signature for high 

silica materials found in the ejecta local to Aristarchus. 

For comparison, the enhanced RA area at the antipode 

of Tycho Crater, a much larger impact, is limited to 

about the diameter of Tycho (~80-100 km) [11]. 

Iron Metal-rich Impactor. The model used to calcu-

late RA from Diviner temperature data assumes a rock-

like thermal conductivity [2].  However, it is possible 

that a similar thermal signature could be produced if 

the material has a thermal conductivity higher than that 

of typical silicates, such as is found in iron-metal.  If 

true, one would expect to find higher iron with meas-

urements that distinguish elemental iron (e.g. LP GRS) 
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from iron oxide (e.g. Clementine UV/VIS).  However, 

as shown in figure 2F, we found that LP GRS typically 

measured lower iron than Clementine UV/VIS and the 

pattern was not consistent across all high RA areas. 

Massive Impact Melt. The Mini-RF data (Fig. 2C) 

suggest the presence of a massive impact melt deposit 

southeast of Tsiolkovskiy Crater. This deposit has a 

higher CPR and more clearly defined lobate edges 

when compared to craters of similar size and age [8]. 

LROC images also show morphologies consistent with 

melt flows. The distribution of high RA and low H 

materials are well correlated with the impact melt 

sheet. Although impact melt is clearly the source of the 

anomalously rocky surfaces, the rocks would not be 

expected to persist on the surface for a crater of this 

reported age, if it is indeed 3.5 Ga old [3].  

Inaccurate Crater Age or Surface Modification. 

Tsiolkovskiy Crater has a “fresher” than expected ap-

pearance in the Mini-RF and Diviner datasets given its 

reported age of 3.5 Ga.  It is possible that crater is 

younger than this age or has experienced a more recent 

surface modification event.  To evaluate the reported 

age, we have started a new effort to date the mare-fill 

on the crater floor [10]. These efforts indicate that 

Tsiolkovskiy is about 3.2 Ga, which is 300 Ma younger 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

than previously reported. However, even this age is not 

consistent with the Diviner-derived RA and H, which 

suggest that Tsiolkovskiy is much younger than 3 Ga 

(but older than Copernicus) [3,6]. It is also possible 

that a more recent, large-scale surface modification has 

“reset” the regolith physical properties, although this 

has not been observed elsewhere on the Moon. 

Conclusions: We find that Tsiolkovskiy Crater has 

large amounts of impact melt and is at least 300 Ga 

younger than previously reported. However, these find-

ings are not sufficient to preserve the relatively high 

RA and shallow H of the crater floor and. Future work 

in this study will investigate how surfaces erode over 

time (especially massive, coherent impact melt) and 

potential resurfacing events (including the potential 

effects of Aristarchus ejecta and/or seismic focusing). 
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Figure 2. Tsiolkovskiy Crater in (A) LROC WAC Global Mosaic, Aristarchus antipode indicated by the orange circle (B) Divin-

er-derived rock abundance, scaled 0 to 5 % rocks blue to red, (C) Mini-RF CPR, yellows are higher CPR, (D) regions used for 

Table 1, (E) Diviner-derived buried rock depths, scaled 0 to 12 cm red to blue, (F) GRS – UV/VIS, blue is low Fe metal to FeO. 
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