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Introduction:  Lunar “cold spots” are areas 

around small fresh craters that are colder than their 
surroundings in nighttime regolith temperature [e.g., 
1, 2] (Fig. 1). The size of cold spots in Diviner data 
typically extend several crater radii beyond the visible 
crater ejecta. However, recent findings based on 
LROC photometry suggest subtle surface modifica-
tion extends still further beyond the thermal cold spot 
[3]. At a basic level, Diviner data illustrates that the 
thermophysical properties of the surface in the cold 
spot region have somehow been altered by the impact 
process, generally decreasing the subsurface thermal 
inertia/density.  

Intriguingly, in the half hour just after sunset, 
there is some evidence that the cold spot area may in 
fact be warmer than the surroundings. This peculiar 
short-period response of cold spots to the cessation of 
solar heating would suggest that (impact-related) cold 
spot formation involves two aspects: while the ther-
mal inertia/density of subsurface material appears to 
be decreased (giving the characteristic cold nighttime 
regolith signature), the thermal inertia/density of the 
upper-most surface may actually be increased. Addi-
tionally, the diagnostic cold anomaly of cold spots 
does not appear in Diviner observations during eclip-
ses when the sun has been blocked for only a short 
period of time [4]. 

  
Observation Campaign:  We broaden and gener-

alize the investigation of the immediate reaction of 
cold spots to the cessation of solar heating into a 
comprehensive “twilight” imaging campaign, in 
which we specifically target and acquire observations 
of surface features in the post-sunset, or twilight, pe-
riod (i.e., ~18:00-19:00 local time). Analysis of this 
time period focuses specifically on variability in the 
thermophysical structure of the upper ~1 cm of lunar 
surface, whereas standard analyses of nighttime tem-

peratures (well after sunset) typically speak to the 
properties of the upper 10s of cm. It is not yet known 
whether other features or materials besides cold spots 
exhibit high-frequency temperature change in re-
sponse to sunset/eclipse. We have therefore included 
a range of features of geologic interest that may show 
different post-sunset temperature signatures, including 
cold spots, irregular mare patches (IMPs), impact 
rays, swirls, pyroclastics, impact melts, landing sites. 
Locations of various features are denoted by letters on 
the map in Figure 2. 

Importantly, it is this very uppermost portion of 
the surface that largely influences what is detected by 
a host of other remote-sensing techniques. Constrain-
ing the thermal intertia of the very uppermost surface 
would also benefit thermal models of the near- and 
sub-surface.  

Unlike eclipses, which are rare and very narrowly 
limited geographically, a large fraction of the moon 
(roughly half) will be observable at least once within 
the 18:00-19:00 local twilight period every ~6 
months. Over 2016-2018, there were six opportunities 
for twilight observation. Each lasts about 4 weeks, to 
cover the whole temporal period over the whole lati-
tudinal range (+/- 60⁰). The spatial distribution of 
local times at which the LRO spacecraft will pass 
directly overhead is shown in Figure 2 for an example 
twilight opportunity. Any given location can be ob-
served multiple times at moderate emission angles 
(<40°) during a twilight period, typically every ~7 
lunar minutes on 3-5 sequential orbits, depending on 
latitude (and spacecraft activity). By acquiring co-
located observations of target locations over succes-
sive orbits over multiple twilight opportunities, we are 
building up a high-resolution time series of post-
sunset thermal evolution of the uppermost surface. 
Prior to this campaign, Diviner measurements within 
this time period for many locations were few, scarce, 
or absent.  

Results:  To-date we have competed six periods of 
twilight observation (Table 1). The number of visible 
targets varies because most targets are on the lunar 
nearside, and each twilight period covers a different 
part of the Moon. In three years, ~916 twilight obser-
vations have been collected, an increase of 370% over 
what existed for the same targets prior to campaign. 

We will discuss the success of the campaign re-
garding target coverage to date, as well as how con-
tinued observation during the specific opportunities of 

Figure 1. 
Tempera-
ture  
anomaly 
(and visi-
ble image 
inset) at a 
large cold 
spot. 
From [1]. 
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the coming years will benefit temporal coverage and 
enabled science. 

Table 1. Summary of six twilight imaging campaigns & 
metrics. Observations 18:00-19:00, e<40. 

Obs. period Date range 
Targets in 
database 

Targets 
visible 

Observa-
tions 

Prior 2009-2015 - - 248 
0 Apr 2016 46 43 60 
1 Oct 2016 80 75 252 
2 Apr 2017 101 57 150 
3 Oct 2017 101 75 183 
4 Apr 2018 122 79 130 
5 Oct 2018 122 83 141 

As mentioned, initial observations of the twilight 
time period at some cold spots suggest that twilight 
temperatures mimic the behavior of eclipse tempera-
tures (Fig. 3), in that the cold spot does not become 
colder until ~half hour after sunset. This suggests that 
the thermal inertia of the upper ~1 cm is higher than 
surroundings, while the thermal inertia of the upper 
10s of cm may be lower. Initial thermal modeling [5] 
bears this out in that high-resolution twilight meas-
urements are best fit with a thermal model containing 
a higher surface density than the surroundings with a 
greater rate of decrease in density with depth than 
surroundings. Another possibility is that cold-spots 
have a discrete, very thin, high-density layer above a 
lower-density subsurface. Even if the subsurface be-
low such a layer is simply the pre-existing (unbur-
ied/unaltered) subsurface, a buried/altered area would 
have lower density than a non-buried/altered area at 
the same depth (since density generally increases with 
depth), which would tend to cause a colder surface 
temperature anomaly through the night. However, 
most cold spots do not display this warmer post-sunset 

behavior: they are cooler than or similar to surround-
ings just at sunset, as they are the rest of the night.  

Here we compare temperature curves and models 
of four additional cold spots to the one modeled by 
[5], and present the first high temporal-resolution, 
post-sunset temperature evolution of additional geo-
logic surface features mentioned above. As demon-
strated by the cold spots, it may be unexpected how 
the relative thermal behavior of different surfaces 
extrapolates from nighttime behavior back to the peri-
od of higher-frequency forcing post-sunset. 
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 Figure 3. Measured temperatures of cold spot (red) and 

surroundings (blue), with cold spot warmer just after 
sunset. 
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Figure 2.  Map of local times at which the nadir LRO 
groundtrack crosses the local lunar surface, during the 
Oct 2017 twilight opportunity. Total colored range: 
17:45-19:00 local time. Color contours: yellow=18:00, 
green=18:15, cyan=18:30, blue=18:45. Faint, dashed, 
grey lines: 3 example LRO nadir groundtracks crossing 
the equator at 18:00, 18:15, and 18:30 local time. Let-
ters indicate type of targeted feature listed in inset box. 
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