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Introduction: Thermal infrared mapping by the Di-

viner instrument on the Lunar Reconnaissance Orbiter 
(LRO) [1] has identified nighttime temperature anoma-
lies associated with fresh lunar craters. Termed ‘cold 
spots,’ these are ray-like regions extending 10-100 
crater radii which are several K cooler at night than the 
surrounding regolith [2]. This can be explained by a 
‘fluffing-up’ of the upper centimeters of regolith by still 
poorly understood impact processes.  

Cold spots fade on timescales of ~100 ka to ~1 Ma, 
with larger cold spots fading on longer timescales [3,4]. 
The diameter dependence of cold spot retention age sug-
gests that the initial thermophysical properties of cold 
spots are also diameter dependent. Additionally, cold 
spots have been observed around small (D<70 m) cra-
ters observed by the LRO Narrow Angle Camera (NAC) 
[3]. These provide constraints on the initial thermophys-
ical properties of cold spots (though only at small diam-
eters).  

Previous work parameterized the thermophysical 
properties of the equatorial cold spot population by their 
H-parameter: an e-folding depth describing the increase 
in regolith density with depth [4,5]. The observed distri-
bution of diameter and H-parameter of cold spots results 
from their initial formation properties and fading rate. 

In this work we use crater statistics to develop an 
empirical relationship for the formation properties and 
fading timeline of cold spots. We also compare our re-
lationship with the H-parameter of NAC new craters 
and the largest cold spots which have been individually 
dated [3].  

NAC new cold spots: The H-parameter of cold 
spots around NAC new craters is modeled using Diviner 
channel 7 brightness temperature and a 1D thermophys-
ical model [5]. Craters larger than ~40 m diameter show 
noticeable cold spots; craters smaller than this do not. 
The H-parameter of observed cold spots matches well 
with a proportional diameter dependence (Figure 1). In-
terestingly, this proportionality predicts a minimum 
cold spot size. A ~30 m diameter crater (around which 
we do not see cold spots) is expected to have an H-pa-
rameter of ~6 cm, which is also the H-parameter of typ-
ical lunar regolith. This suggests a formation mecha-
nism which modifies regolith to some depth, and that 
modification of the already low-density upper regolith 
layer has no noticeable effect.  

Cold spot SFD: The observed cold spot crater size-
frequency distribution (SFD) slope is shallower than 

production. This can be explained as a balance between 
cold spot production and loss rates [6]. At steady-state 
and assuming a power-law production function, this has 
solution N(D)=τ(D,H)cD-b where c and b are production 
constants and τ is the retention age of a cold spot with 
crater diameter D and intensity H [6]. This framework 
is applied to a previously developed catalogue of equa-
torial cold spots [4]. 

The observed cold spot SFD agrees well with a re-
tention age which is proportional to crater diameter 
(above a critical diameter of ~30 m) (Figure 2), corre-
sponding to a power-law slope of -b+1. By comparing 
the SFD curves with what would be expected from pro-
duction, we develop a relationship for cold spot fading: 
∆H(D,t)=k(D-Dcrit)/t where k is determined from empir-
ical fitting in Figure 2. This shows a proportionality be-
tween H-parameter and crater diameter, which reflects 
the trend found for NAC new craters. 

Figure 3 shows the H-parameter and diameter of all 
surveyed cold spots. The formation H-parameter pre-
dicted by the NAC new crater cold spots provides an 
upper bound to the population’s observed H-parameter; 
most cold spots are below this bound and the most ‘in-
tense’ cold spots at each diameter mimic the shape of 
the formation function and isochrons well.  

Conclusions: 1) The formation H-parameter of cold 
spots scales with crater diameter, reminiscent of other 
impact crater features; 2) The observed cold spot SFD 
can be explained by production and fading at steady-
state; 3) fitting the SFD predicts a cold spot retention 
age proportional to crater diameter; 4) We develop a 
model which predicts cold spot crater age based on di-
ameter and H-parameter. 

An accurate interpretation of these results can be 
used to determine and quantify the impact process re-
sponsible for cold spot formation as well as the pro-
cesses responsible for their degradation.  
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Figure 1. H-parameter and H-parameter above back-
ground (∆H) of cold spots observed around NAC 
new craters. 

Figure 2. (a-e) Crater size frequency distributions for cold spots above various ∆H thresholds and (f) predicted 
cold spot H-parameter fading for 1.4 km craters compared with large craters dated by Williams et al. (2018) [3]. 
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Figure 3. Crater diameter and ∆H for all surveyed 
cold spots compared with the predicted formation ∆H 
(Figure 1) and our empirical fading relationship. 
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