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Introduction:  With the Dawn mission, the dwarf 

planet (1) Ceres has now been globally mapped [1]. 
Since the beginning of orbital operations in March 
2015, shortly before northern summer solstice, the 
Dawn Framing Camera (FC) was used to collect high-
resolution imagery of the surface. These were used to 
study the geology and geomorphology of Ceres [2,3] 
and determine its topography through stereo tech-
niques [4,5]. 

Water absportion features were detected in Ceres’ 
exosphere with the Herschel telescope [6], and Dawn 
has looked for evidence of exosphere-surface interac-
tions. The GRaND instrument ascertained the presence 
of large concentrations of ice in the immediate near-
surface [7], a potential reservoir. From the ground-
based estimates of the obliquity [8] and the possibility 
of permanent shadow, [9] and [10] studied the effi-
ciency of trapping volatiles in polar cold traps. 

Using a shape model developed from images ac-
quired in the High-Altitude Mapping Orbit (HAMO), 
illumination conditions were computed numerically 
[10] to identify areas of permanent shadow. Repeated 
imaging of the polar regions through the Low-Altitude 
Mapping Orbit (LAMO) allowed a survey at higher 
resolution to be conducted independently [11]. Bright 
deposits were discovered on the floors of a limited 
number of polar craters. Their presence in only a sub-
set of the persistently shadowed craters has not been 
fully addressed. Here, we expand on the results of the-
se studies, by taking into account the history of Ceres’ 
obliquity. More details are given in [12]. 

Obliquity History: Telescopic observations pro-
vided estimates of the pole position consistent with a 
small obliquity, but Dawn radio tracking and camera 
data led to significant updates to these numbers [8], 
maintaining a small current obliquity value however 
(ϵ~4.02°). Dawn gravity results also constrained the 
Ceres moments of inertia with good precision (C/MR2 
~ 0.392 where R = 469.7 km, [12]). Previous work on 
the evolution of Ceres’ spin axis [13] could thus be 
updated [12,14]. While the stable nature and the period 
of the obliquity variations  (P ~ 24.5 kyr) were not 
changed, the integrated time series of obliquity is of 
interest to understand the stability of volatiles in cold 
traps on the surface of Ceres. 

Figure 1 shows this evolution over the past 200 
kyr, as integrated by [12] following methodology de-

veloped by [15] and [16]. The obliquity varies between 
2.0° and 19.7°, with the most recent maximum 
ϵ=18.56° reached at ~ -14 kyr. The obliquity is >15° 
over 40% of the time, making the current low-obliquity 
geometry of Ceres unusual. 

 
Figure 1. Backward-integration of Ceres’ orbit and 
orientation shows stable, periodic variations in its 
obliquity [12]. 

Bright crater floor deposits (BCFDs):  While re-
gions in persistent shadow do not receive direct sun-
light, scattered radiation contributes to their thermal 
budget, and provides secondary illumination that can 
be detected by FC. The high sensitivity of FC allows 
the images to be stretched to discern features. Bright 
crater floor deposits (BCFD) may consist of water ice 
[11]. An extensive survey of the FC images shows 
only a handful of robustly-identified BCFDs (Table 1). 
Only five out of the 49 large (>10 km2) present-day 
persistent shadow regions (PSRs) in the northern polar 
region host BCFDs. Their brightness enhancement 
relative to the immediate surrounding varies between 
1.4 and 3.0. 

Modeling of Illumination Conditions:  While im-
ages of the surface taken by Dawn were able to charac-
terize the present illumination conditions, only numeri-
cal modeling from a shape model can inform the dis-
tribution of shadows under different obliquities. Vari-
ous techniques exist, such as raytracing [17] and the 
horizon method [18]. We use raytracing with a multi-
resolution triangular mesh. To account for its finite 
size, the Sun is discretized as >100 point sources. In 
order to evaluate the distribution of persistent shadows 
(defined as the regions not receiving any direct sun-
light at the selected obliquity), only the illumination 
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conditions near summer solstice need to be modeled. 
Current work was restricted to the HAMO-derived 
shape models, but a stereo campaign near the end of 
the primary mission makes higher-resolution LAMO-
based models possible.  

For each obliquity, a map of persistent shadow can 
thus be obtained. Areas in persistent shadow, resilient-
ly over all obliquities, are in permanent shadow. Figure 
2 shows the evolution of the boundary of the persistent 
shadow for obliquities between 2° and 20°, around one 
of the craters hosting BCFDs identified above. 
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Figure 2. The area in persistent shadow within this 
crater (NP4) reduces significantly from ϵ=2° to ϵ=20°. 
The BCFD is found within the ϵ=12-20°  boundary. 
Background shows FC image, stretched over shadows 
(labeled “S” for clarity) to highlight faint features. 

Relationship between resilient PSRs and 
BCFDs:  We find a possible relationship between the 
resilience of PSR to obliquity changes (that is, craters 
whose floor is at least partly a PSR at ϵ=20°) and the 
presence of BCFDs. Both the BCFDs and the resilient 
PSRs are rare, but tend to occur in the same polar cra-
ters. This link is not entirely established because of 
recognized limitations with the numerical modeling of 
illumination conditions: small craters are not necessari-
ly well-resolved in the current HAMO-based topogra-
phy; and the height uncertainties are larger within the 
present-day PSRs. But our hypothesis offers a plausi-
ble explanation for the lack of presence of BCFDs in 
the majority of present-day PSRs, and the reason for 
their presence in others. The most resilient PSRs are 
the only ones in which volatile input can survive over 
timescales long enough (>25 kyr) to have large enough 
probability to be observed by Dawn. In less-resilient 
PSRs, any surface volatiles cold-trapped at low obliq-
uity would not survive a full cycle when the obliquity 
reaches ~20°. This might be the case for crater NP5 
(see Table 1), which is anomalous because part of it 

was imaged in sunlight. It is not a PSR even at the cur-
rent obliquity, and while this might be due to modeling 
issues because of the small size of this crater, the 
bright deposit may also be very recent (formed since 
obliquity was at the current value, ~3 kyr) and now 
start to be destroyed through sublimation.  

Conclusions and Future Work: The periodic var-
iations  in Ceres’ obliquity mean the present-day PSRs 
do not reflect the long-term cold-traps that can host 
surface volatiles, as is the case on the Moon and Mer-
cury. Our study used Dawn-derived shape models to 
investigate the stability and resilience of PSR areas to 
such large obliquity changes. We find a good corre-
spondence between the few PSRs that exist at ϵmax=20° 
and the craters that host BCFDs, in agreement with our 
understanding of source and loss processes of volatiles 
within the Ceres system. 

The use of LAMO-based shape models will help to 
further establish the one-to-one correspondence be-
tween BCFDs and resilient PSRs, in particular as it 
will help to model more accurately the PSRs at high 
obliquity in smaller craters (<4 km).  
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Table 1. Summary of the characteristics of the 
identified bright crater floor deposits (BCFDs). 
BCFD 
name 

Lat. 
(°) 

Long. 
(°) 

Area 
of de-
posit 
(km2) 

Host 
crater 
diam. 
(km) 

Maxim. 
obliquity 
for PSR 

NP4 86.2 79.3 16.9 6.5 >20° 
NP7 77.6 353.9 0.9 4.6 12° 
NP5 69.9 114.0 2.4 3.5 - 
NP26 79.0 259.1 16.0 8.6 >20° 
NP19 81.3 313.9 10.8 6.5 12° 
SP1 -71.3 31.2 6.9 6.9 >20° 
SP2 -69.7 168.5 <1 2.2 - 
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