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Introduction: The Rosetta mission to comet 
67P/Churyumov-Gerasimenko spent nearly two years 
orbiting the nucleus mostly at distances that allow sur-
face characterization and monitoring at sub-meter 
scales [e.g., 1–5]. Following the landing of Philae in 
Nov, 2014, Rosetta was moved to orbits further away 
from the comet in April 2015 to protect the spacecraft 
during times of intense activity as it approached perihe-
lion (Aug 13, 2015) at a distance of 1.24 au, which 
lowered imaging spatial resolution during this period. 
The return to close orbits (50 km and less) in Jan 2016 
allowed characterization of the previously non-
illuminated southern hemisphere of the comet [6] as 
well as carrying out a comparative analysis of many 
regions of the comet’s northern hemisphere and equa-
torial regions to look for changes. During the Dec 
2014–Jun 2016 period, numerous remarkable, yet lo-
calized, changes were observed using OSIRIS [7] im-
ages, which we attribute to cometary-specific weather-
ing, erosion, and unique transient events driven by in-
solation and other processes. Here, we present the most 
significant events that have occurred. 

Erosion:  Erosion on the surface of the comet ap-
pears to begin as in-situ weathering of consolidated 
surfaces, which acts to weaken these materials causing 
their fragmentation. This effect is evident in two loca-
tions where cliff collapses have taken place in the Seth 
and Ash regions [2, 3] (see Fig. 1 for location of re-
gions). We have also observed two more significant 
changes that allude to additional mechanisms. The first 
is an extension of a large pre-existing >500 m-long 
fracture running through the northern neck (Anuket 
region, Fig. 1). The second is the displacement of a 
~30 m-wide boulder for a distance of ~140 m in the 
Khonsu region. Our observations indicate that the ear-
liest possible extension of the neck fracture occurred at 
the time where the spin rate steadily increased while 
the boulder probably moved around perihelion. We 
have also observed indicators of erosional transport of 
unconsolidated materials on the surface resulting in the 
exhumation of previously covered surfaces. 

Transient changes: We have observed unique 
morphological transient changes in the unconsolidated 
materials [2] that appear to gradually fade away with  

 

 

  
Fig. 1. OSIRIS images at different viewing angles of com-
et 67P with regional boundaries overlain. The white dots 
show the approximate locations of significant surface 
changes. See text for more details. 
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time as the surface almost reverts to its original ap-
pearance. These changes are marked by the appearance 
and/or receding of shallow scarps forming quasi-
circular or pitted patterns (first reported in [8] in the 
Imhotep region), which may enlarge with time, and 
later stop their evolution or gradually fade away. Final-
ly, starting in Mar. 2015, numerous patches on the sur-
face of dust-covered terrains underwent textural chang-
es marked by increase in surface roughness to form 
“honeycomb”-like features [9]. Similar to other sea-
sonal changes, these features have faded substantially 
in post-perihelion images. 

Discussion and conclusions: The significant, 
yet localized, changes in the comet’s landscape espe-
cially during perihelion suggest that changes to the 
surface of comets occur on a seasonal scale. By com-
paring the timing of the individual events to the corre-
sponding heliocentric distance and sub-solar latitude 
(SSL), we can deduce that many of the changes appear 
to be driven by insolation. But, there are notable excep-
tions particularly the fracture extension in the neck and 
the cliff collapses. The extension of the fracture can be 
attributed to the increase in the comet’s spin rate lead-
ing to development of stresses in the neck region that 
act to widen and lengthen the crack. This event was 
already predicted by [10] by modeling how stresses 
would build up on 67P with changes in its spin rate. 
On the other hand, the collapsing cliff events are far 
from the SSL yet they still occur around perihelion 
time at distances < 2 au, indeed as most of the ob-
served changes. However, the special geometry of 
cliffs leads to the situation when the top of the cliff is 
not perpendicularly illuminated, the almost perpendicu-
lar faces of the cliff walls may yet be receiving suffi-
cient illumination to trigger volatile loss. The changes 
in the smooth terrains are remarkably constrained to 
the same latitude range (~10S) but appear as a chain of 
events rather than simultaneously. This could either 
indicate different thermo-physical surface properties or 
geometrical influences. Nevertheless, the highly local-
ized nature of all the observed changes suggests com-
positional and or physical heterogeneity on the comet’s 
surface at the scale of the observed changes (i.e., 10s of 
meters).  As another equally significant point, no major 
changes to the comet’s landscape have occurred that 
have significantly altered its shape or major landforms, 
even in the southern hemisphere where lower resolu-
tion, yet adequate data is available from May 2015. 
Given that the comet has only spent <10 orbits in its 
current close configuration since 1959 [e.g., 11], it is 
possible that earlier perihelion passages were signifi-
cantly more active than what Rosetta witnessed. How-
ever, ground-based observations suggest similar levels 
of activity in previous orbits, though only as far back as 

1982 [12]. Alternatively, the comet’s landscape may 
have been shaped up at an earlier period of the comet’s 
lifetime if it had a larger volatile inventory, particularly 
of CO/CO2 ices or underwent large-scale crystallization 
of amorphous ice possibly during its centaur stage [13]. 
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