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Introduction
Thermal anomalies known as cold spots have been 
observed around fresh craters by the Diviner Lunar 
Radiometer Experiment, an instrument on-board 
NASA’s Lunar Reconnaissance Orbiter (LRO) [1] 
(Figure 1). They are likely the result of mixed/re-
worked in-situ regolith due to the impact, causing 
cold spot surfaces to be immature at formation time. 
As the regolith is processed over time, signs of 
immaturity over cold spots disappear based on depth 
of sensitivity of the measurement [1, 2, 3]. 
We investigated the cold spots (Table 1) using the far 
ultraviolet (FUV) spectrograph on-board LRO 
known as the Lyman Alpha Mapping Project 
(LAMP) [4]. The spectral slope in FUV is diagnostic 
to regolith maturity with a bluer slope indicating a 
more mature surface. Cold spot features fade over 
time, thus the smaller cold spots with lower H-
parameter values (a measure of the rate of regolith 
density increase with depth) correspond to older 
surfaces. The ages of the cold spots have been 
investigated and determined by [2], allowing FUV 
analysis of the link between maturity change as 
function of the fading of the cold spots over time. 
The results can therefore provide constraints on 
space weathering rates on the Moon and other airless 
bodies [5]. 

Methodology
For the analysis, a comparison was performed between 
the spectral slopes of the cold spot regions, the 
surrounding areas, and the center young crater 
associated with the cold spot. Shape files based on 
Diviner temperature maps were used to map cold spot 
surfaces, allowing us to extract the average FUV 
spectra over the cold spot terrain more accurately, as 
shown in Figure 1. 

Results and Conclusion
In this study, distinct spectral differences between cold 
spot surfaces and surrounding terrains were found 
depending on the age of the associated crater, see 
Figure 2. FUV spectra show that cold spot regions are 
more mature than the center fresh crater but less 
mature than the surrounding regolith and this trend is 
more clearly seen in the younger cold spots. For older 
more faded cold spots space weathering effects have 
processed the regolith to the extent that they do not 
significantly differ from their surroundings in the 
FUV. Due to the age differences of these cold spots, 
we can constrain the space weathering rates, for 
example, ~0.4-1Myr of exposure to space weathering 
will result in the regolith being as mature as the 
surrounding terrain in the FUV.  

Figure 2: FUV reflectance spectra normalized at 154 nm for cold spots T6 (youngest), T9 and T1 (oldest). Redder spectral slope over 170-190 
nm wavelength range indicates less mature regolith. 

Figure 1: Left: Diviner nighttime temperature map showing cold 
spot T6 in blue. Right: T6 cold spot extent derived from Diviner 
temperature map. Red area: crater and continuous ejecta region, 
blue area: intense cold spot region, and green area: largest extent of 
the cold spot. Surrounding terrain: areas in white color. 

Key points
•  Cold spots observed around fresh impact craters on the 

Moon appear immature in the far ultraviolet (FUV). 
•  By comparing ages of cold spots with maturity of 

surrounding regolith, space weathering rates can be 
deduced. 

•  ~0.4-1Myr of space weathering results in regolith as 
mature as the surrounding terrain in FUV. 

Table 1: Table showing properties of cold spots 
investigated. H parameter values were derived from 
fitting modeled nighttime temperatures to Diviner 
nighttime temperatures, and ages were derived from 
crater counting by [2]. 

Cold spot 
index 

Longitude, 
Latitude (°) 

Diameter 
(km) 

H 
parameter 

Age (Ma) 

T1 144.45, -17.72 2.286 0.01586 0.99 
T2 151.64, -3.98 1.759 0.05322 0.22 
T6 120.23, -29.89 1.039 0.04400 0.38 
T9 -125.99, 5.82 1.074 0.03975 0.42 
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More mature regolith à More space weathering à Bluer FUV spectral slope between 1650-1850Å


