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Introduction: Pinnacles are local promontories of
different shapes. This term is defined as a positive
spire-like structure (e.g. [1]). For comets it was first
used in the description of the nucleus of comet Wild 2
by [2]. Our presentation is mostly based on findings of
[3, 4] and some additional new considerations. For
identification, mapping and analysis of pinnacles on the
67P nucleus we used the NavCam [5] and OSIRIS
NAC [6] images (http://imagearchives.esac.esa.int/),
and the nucleus shape model SHAP7 [7]. The highest
resolution of the NavCam images is ~2m/px, of the
OSIRIS NAC ~0.04 m/px, and the SHAP7 model has a
horizontal resolution of 1-1.5m and a total vertical
accuracy of 0.3m. Using these images and the shape
model, we identified 166 pinnacles starting from ~20 m
in diameter and ~10 m in height (Figure 1).
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Figure.1. Examples of pinnacles (arrows) in the Set
region. OSIRIS N20150320T0212475871D30F22.

For each pinnacle two planimetric directions (the
smaller d and the larger D diameters), the height (h),
measured as perpendicular to the base line, the tilt an-
gle @, measured as differences between line h and the
local gravity vertical and the slope angles (o and )
were recorded as shown in Figure 2.

Figure.2. Sketches showing the measured parameters,
from [4] with changes.

Pinnacles identification and mapping results: For
each of 166 pinnacles an ascending number is assigned
in the regions listed in alphabetical order (see Figure
3). Pinnacles were divided into two subclasses: (1)
those having planimetrically equidimensional shapes —
\- ‘rounded pinnacles’ (d/D > 0.7) and (2) those having
planimetrically elongated shape - ‘local ridges’ (d/D <
0.7). 54 rounded pinnacles and 112 local ridges were
identified.

Parameters of these subclasses are as following:

Planimetric dimensions: For rounded pinnacles the
range R of small diameters d is 29-269 m, mean value
is 80 m, and standard deviation ¢ is 51 m while R of
large diameters D is 33-349 m, mean value is 95 m,
and o is 61 m. For local ridges, R of small diameters d
is 22-378 m, mean value is 70 m, and o is 50 m while R
of large diameters D is 43-736 m, mean value is 237 m,
o is 151 m. In summary, the pinnacle planimetric di-
mensions vary within tens and a few hundreds of me-
ters and elongated pinnacles are twice more frequent
than planimetrically equidimensional ones.

Heights: Rounded pinnacles have heights from 10
to 93 m, their mean value is 33 m and ¢ is 21 m. The
local ridges have heights from 9 to 137 m with a mean
value of 35 m and o of 23 m. In summary, the largest
pinnacle heights h are ~100 m.

Inclinations to local gravity: The mean value of
this parameter for rounded pinnacles is 59° and for
local ridges it is 54°.

The slope angles «and g: Their mean values vary
from 41 to 73° and from 49 to 74° for local ridges.

The height to small diameter ratio: The mean value
of this parameter for rounded pinnacles is 0.43 and o is
0.16 and for local ridges the mean value is 0.56 and o
is 0.31.

North-south distribution: In the southern hemi-
sphere, the numbers of both round pinnacles (38) and
local ridges (62) are larger than in the northern hemi-
sphere (16 and 50, correspondingly).
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Figure 2. Map of rounded pinnacles (blue) and local ridges (orange) in equidistant cylindrical projection. For each
pinnacle the assigned number is given, from [4] with changes.

Discussion and conclusions: Pinnacles on the
comet nuclei are considered to result from the sublima-
tional erosion of the nuclei material [2,3,4,10]. Parts of
the nucleus composed of the material more resistant to
erosion than the material surrounding them, form pin-
nacles. Pinnacles are not the only manifestations of the
different erosion-resistivity of the nucleus consolidated
material. Areas not covered by the loose “air-fall” de-
posits (including surfaces of the pinnacle slopes) often
show the knobby surface texture which is also consid-
ered as a result of similar phenomenon [e.g.,11-13].

If so, the above considered pinnacle parameters al-
low one to draw conclusions concerning several issues
about the formation of comet nucleus material and its
subsequent evolution. The planimetric sizes of pinna-
cles that we determined, which vary within tens to hun-
dreds of meters, is probably a measure of the sizes of
the more erosion resistant parts of the comet.

The observations that the height to diameter ratios
of the 67P pinnacles cluster around ~0.5 and that the
slope angles vary from ~40 to 75° suggest that the de-
gree of resistance to sublimational erosion of the pin-
nacle material (and thus its composition) differs only
slightly from that of the surrounding material. If the
difference would be large, the relative pinnacle heights
and the slope angles should be larger.

The maximum heights of pinnacles are considered
to be a measure of minimum thickness of the eroded
layer. In the case of comet 67P this is ~100 m. Follow-
ing [8] that the mean thickness of the 67P comet sur-
face material lost to space per orbit is ~2 m, then to
loose ~100 m of the surface material takes ~50 orbits.

The observation that in the south numbers of both
round pinnacles and local ridges are larger than in the
north could indicate the higher effectiveness of the
pinnacle formation process in the south: Orbital pa-
rameters of comet 67P are such that summer in the
south is shorter but hotter than that in the north, so an-
nual sublimation in the south is currently significantly
higher [8, 9]. But the mean values of most the of pa-
rameters considered show no statistically reliable dif-
ference between the north and south. Therefore, we
suggest that the larger number of pinnacles in the south
compared to north may be due to a different reason.
Possibly in the south the abundance of pinnacle-
causing inhomogeneities in the near-surface part of the
nucleus material is larger than in the north. The fall
back material covering large parts of the northern hem-
isphere [8,9] may have some influence.
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